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INTRODUCTION,

The recent astonishing series of discoveries of new hadrons coupled to the e*e~ (and u™u”) s sy
stem (15 has demonstrated the primary importance of e *e~ storage rings for the progress of par
ticle physics. At intermidiate energies, a study of the Adone data, which are briefly reviewed in
Chapter I, showns an intriguing situation with many hints of new phenomena of great importance,
which however have not been clarified because of limitations in the experiments and in the accele-
rator itself. As a matter of fact, at the present time while the experiments at Adone got to an end,
these experimental indications of new phenomena fully justify a new campaign of research which,
however, cannot be done at Adore at the required level of statistics and precigion,

Electron-positron physics in the considered energy range is also covered by DCI, a new french
machine, which is also briefly described in Chapter I. It has a fact, however, that after miore than
one year of efforts to improve its luminosity the principle by which a 1um1n051ty das large ag 10 32
em- 2 s ! had to be reached with this machine (''charge compensation") does not work. This rmachi
ne is cons1stent1y limited to luminogities as at Adone. Onthe other hand, ariew machine can be desig

(x) - M, Sec, Thesis, University of Pisa (1979).



ned (ALA), whichis expectedtoprovide lurninosities in excessof1031 cm-2g-1 by exploiting a well-proven,
optics scheme ("low-B") atlimitated beam currents (Chap. V). This accelerator, when equiped with a mo-
dern magnetic detector (the MDA project) would allow to impirove theAdone data by a factor between 500
for inclusive physics and 2000 for exclusive physics, and thus would open an essentially new field

of research.

The contribution to the knowledge of the phenomena studied with ALA and MDA by the photopro
duction experiments and by pp annihilation experiments can be a usefull complement but cannot si-
ghificantly reducé the unique role of the eT e~ machine. Thiese considerations are developed in Chap
ter II,

It is of gredt additional interest that, while exciting indications of new not-understood structures
in et e~ —— hadrons were found at Adone and DCI, a welth of experimental data on nucleon-antinu-
cleon states were also collected in other experiments, showing that mogt likely this system has many
resonant and quasi-bound states. These data are reviewed in Chapter III, It has to be expected there-
fore that a significant selection of barion-antibarion states would also be found at ALA,

As a cotnterpart of the rich experimental picture, the theoretical expectations are also point-
ing at the importance of et e~ physics at ALA. Vector meson recurrencies are expected to show
up a number of times, as well as baryonium bound and resonant states whose propéerties are anti-
cipated to be different in NN potential models and in dual models, in particular with respect to ra-
diative decays. More excitingly, the vector gluon of the Pati-Salam model can still be expected to
show up at ALA energies, as well as the unit charge unstable light quarks of the same theory and
possibly quarks of indefinite mass considered by T.T. Wu and collaborators. These theoretical ex
pectations are reviewed in Chapters IV, B

As a whole, the rich experimental picture indicated by Adone and DCI and implernented by pho
toproduction and NN experiments, as well as the intriguing and fascinating theoretical expectations
point at the importance of the experimental program whose design is reviewed in the following.



CHAPTER I - THE PHYSICS OF ADONE AND DCI.

I. 1. - Adone

The parameger of an e"e” storage ring which is most relevent for experiments is the luminosi
ty. The Adone'”’ luminosity is shown in Fig. 1in comparaison with that of other machines (record
values). Typical luminosity in normal conditions is L ~ 4%1029 cm~ 2 g-1 atw=3. 0 GeV, As the
hadronic cross-section 6= 6 (ete” — hadrons) is of the order of 20x 10~ 59 em?, the rate of
produced hadronic events is of the order of 30 hour, in each of the four intersections. The cmsg
energy spread depends on energy as  I'y, (MeV) % 0,32 W2 (GeV2) (f. w.h. m. ). This sets a lower
limit of the order of one MeV to the narrow resonancies that can be resolved in an energy scan;
‘The source section is smaller then 1 mri2, The source length, as determined by the head-on col-
Mgion of the machine bunches inereases with energy from about 25 to about 50 e¢m {f, w. h, m, ),

The straight section length available for experiments ig 220 cm, the vacuum tube being 20 cm and
the quadrypoles about 60 cm in diameter. Because of the large source length as well ag of the li-
mited straight section length any large detector covers an effective solid angle appreciably smaller
than the solid angle for point source.

I 2. - The second generation Adone detectors

After the series of first generation experiments (4), three experiments in the period 1973-1978
have provided irthportant data onvariéus hadronic channels. The main properties of these experiments
are summarised in Table 1(%),

The ¥¥2 apparates (6) is shown in Fig, 2. It comprises two gemi-cylindrical telescopes tran-
gverse to the beamin which layers of trigger counters, optical spark chambers and lead or iron

converters are sandwiched up to a total thickness of 5.5 Xo. Thus the system detects charged tracks
and also photons,

For point source, the solid angle covered by the trigger counters is 40% of 4 . The covera-~
ge of the main detector is 66% of 4w (Table I), while the photon signature is improved by additio-
nal telescopes over 27% of 4 . Over this region, pions of energy smaller than 300 MeV are stop
ped by range. A pair of end-cdp telescopes covers an additional solid angle of 0, 15x4x . A many-

TABLE I - Main parameters of the Adone experiments(5)

BB Calorimetry, dE/dx vs, E , yy2 Y detection , MEA Momentum analysis

Bi3 Yr2 MIRA

Orientation of the axis of symmetry
referred to the beam direction parallel orthogonal orthogonal
Solid angle for point like source /4 | 70 % 66 % 40 %
Direction measured by magnetostrictive S. C.| optical 8. C, | optical 5. C.
Momnientum measured by E, dE/dx range magnet
Quality of mom, meas. poor poor good
Quality of photon detection poor good poor
Minitnum energy (MeV) for a pion A~ 60 ~ 120 ~130
to trigger (~ 35+y's)

5. A, Bhabha S.A.Bhabba | S.A.Bhabha
Luminosity monitors W. A, Bhabha W, A.Bhabha { W, A, Bhabha

Double bremss,




fold coincidence generates a charged trigger for pions when T 5 120 MeV and for kaons when

T > 190 MeV. Photons are also inciuded in the trigger by a triple coincidence in the outer coun-
ter layers. A number of triggers are generated, the most inclusive one being one photon and one
charge prong. The computed photon detection efficiency is shown in Fig. 3. For a still loose photon
signature (curve b) the efficiency is not above 70<80% and the threshold is about 50 MeV, Only a
very rough measurement of the energy of the detected photons is possible in practice.

The MEA experiment (7) }g a solenoid, 2 m long and 2 m in diameter, set transverse to the
bearn and generating a-field of about 2 Kgauss (see Fig. 4 and Table I), Thin optical spark chambers
in the field measure the momenta of charged tracks with a resolution of the order of T 8%, Behind
the coils, over a solid angle of » 20% of 4s, two télescopes of thick-plate optical spark chambers
help in diseriminating hadrons from muons and provide some photon signature, The trigger is ge-
nerated by thin vertex detectors and layers of scintillators outside the coils, which accept pions
if Tn) 130 MeV and kaons if Tg > 190 MeV, At least two tracks, one in the above and one in the
below hemisphere, are reguired.

The BB experiment (8) (Fig. 5 and Table I) is an array of counters with cilindrical symmetry
coaxial with the beam. The trigger is provided by barrels of counter hodoscopes, one of which
(Hod 3, 35 g/ cm? of liquid scintillator) measures also dE/dx (with resolution AE/E = 20% at
B = 100 MeV). A set of cilindrical magnetostrictive spark-chambers measgures the charged tracks
emitted at the vertex. An electron (photon) signature is provided by two sets of flash-tubes lead-
iron sandwiches. One track in the trigger is defined by a collinear a 1-2-3 coincidence (correspon
ding to T,> 60 MeV), Two or more tracks at various azimuths can be required in the trigger, de-
pending on background conditions. Background rejection can also require futher off-line conditions.
If hodoscope 4 is required to be fired in the off-line analysis, this corresponds to impose T, > 200
MeV,

.

1. 3. - The physics of Adone

We will briefly review only those data that are most likely to be studied again in detail at ALA,
We thersfore will completely forget about the J/¥ studies.

A scan for narrow reésonances in steps of 1 to 4 MeV (d'ependiﬁg on energy) has given a negati-
ve result (9), The data is shown in Fig. 6.

The upper limit set on the integrated rate is typically

) N
f (6- €6>)dW < 0, 07} (6@~ 20w 1AW
AW VAW

where the signal is derived from fluctuations of o with respect to its average < o> over the ma-

chine energy resolution AW, and the corresponding J/¢ signal (& 10 nb. GeV) is taken as refe-

rence. The limited machine luminosity and detector efficiency did not allow to reach a better sensi

tivity, nor to scan at lower energies (below 1,45 GeV),

o hadronic
O

This data proves the exceptional increase of the hadrotic cross-section above W = 1GeV, and is

highly suggestive of the opening-up of new channels. With reference to the example provided by

the SPEAR data, one can think in terms of narrow resonanc®s followed by broader ones, However,

as we have seen the search for these structures is lacking at the lowest edergies,

The final Adone data have included a good measurement of R = , ag shown in Fig. 7010).

Three structures of width ranging between a few MeV and a few tens of MeV have been obgery
ed. At W ~ 2.13 MeV the MEA group has noticéd a 5+ 6 standard deviation peak (Fig. 8) in K% (890)
production arcund 2130 MeV; 40.5%5.8 events are observed, where 13.1% 2.5 would be expected on
the basis of the interpolating straight line shown in the figure. The attempted fit to a Breit-Wigner



resonance gives M=2130 MeV, I'= 130 MeV. It is observed that the significance of the effect sho
uld be improved and even more, that extracting the K* signal itself from the data is rather delica
te owing to the poor K/m discrimination. The lack of a clear signal in inclusive K«production at

the same energy (nK/nch 8,2% at the resonance, nK/nch ~10,5% at W = 2300 MeV) can be taken

as an indication of such poorness, rather than as a hint for surprising decay branching ratios of
the resotiance,

At W = 1.82 GeV the three Groups have observed a structure in the inclusive crogs-section
for three or more charged particles seen in the apparatus (Fig. 9). The results of Breit-Wigner
fits are reported ih Table II. Some apparent inconsistency among the peak position observed in
the three experiments has led to an attempt to interpret the data as two interphering resonances
(line 1 of Table II); giving the overall fit sHown in Fig. 10. However, in view of the different {(and
relatively small) acceptancies of the three detectors and of the poor statistics one cannot e xclude
the possibility that the differencies among the data are due to dystematic effects and statistical fluc
tuations. On the other hand, the situation might as well be as complex as suggested by Fig. 11, ~

TABLE II -~ The 1820 fits,

' MASS (Mev) 1 WIDTH (MeV) T tas.
M, My ; L, I

BB with interference wet sl st et 5.1/9

BT without interference | 18367, 1765 .0 1 13T (47750 8.8/11

yy2 121975 . ERIS 5.6/11

MEA 1821 %16 31tis ] 10/14

The interpretation of this or these siructures is not at all elucidated by the available informa
tion on the branching ratios. The $72 Group has compaired the excitation curveés in the 3,4 Ch £
+ 2 1y and 3,4 Ch (Fig. 12). The absence of signal in the latter distribution can bé understood if
a G = -1 2¢"25°wO channel is dominating. On the other hand, hoth the width and the position of
the strusture would be much more suggestive of a jb than of an @~recurrence (see Chapter IV), A
search for an excess of kaons at this energy (Fig, 13) did not give conclusive results, Moreover,
typical §* decays would be KK¥*, @, etc,, leading to signals in the 4-charped hadronic channel
which gives an important contribution in the channel with 3-4 observed prongs. May be indeed this
is not a Precurency. However, we can take thig as an example of quite a general situation at Ado
ne and DCI, where low statistics, unsufficient detector acceptance and poor particle recognition

prevents from refiching any firm conclusion on the physics meaning of an observed anomaly in the
data,

A very narrow structure in inclusive hadronic production was observed at Adene in 1977 (Fig. 14
firgt colum) suggesting a resonance at M % 1499 MeV with I'v2 + 3 MeV. Further data collected
in 1978 has brought to the confusing overall picture shown in the second column of the same figure.

An atteraopt by the ¥Y 2 Group to reproduce at least the peak/valley ratio by means of three points
with higher statisties has failed (Fig. 15).

On the other hand, in order to attribute a conclusive power to this negative result one weould have
to trust the Adone energy scale to better than 1 MeV, while it is by no meang clear that the absolil
te machine energy is known so well, Also, the long term stability of the detectors might be questio

ned, In conclusion,itis still unclear whether something important (in view of the narrow width) is
hiding itgelf in this energy region.

A number of inclugive measurements at Adone are also suggestive of interesting phenoména
and calling for better data, In Fig. 16 the NCh /< No> ratio is compaired to the one méasdred
at SPEAR showing a deviation from the value of 2 predicted by isospin consérvation in pion produc
tion and change of trénd at Adone energies, The much larger errors of the Adone data with respect
to SPEAR are due in part to the incomplete photon detection efficiency and more t6 the urcertain-
tieg in the large Montecarlo corrections applied to the raw data. Similar considerafies are applica
ble to another piece of information, the 4w excitation cross-section shown in Fig. 17,



Although the comparison with older Novosibirsk data at lower energy might be suggestive of a
broad ©-recurrency, the large statistical errors, the incornpleteness of the scan, &s well as so-
me large fluctuaction in the data leave the possgibility open for some more subtle phenomenon left
undiscovered by these explorative measurements.

The possibility that at the Adone energies light quarks or relatively heavy leptons are produc-
ed and have not been discovered yet deserves special attention, A gearch for heavy sequential lep-
tons produced as et e-—— LT L- with sybsequent L™ —— ety , Li-—y ,uivv decay has been rma-
de long ago , giving a lower limit to the mass of the heavy lepton of M; 21 + 1.5 GeV. Sincethe
production cross-section can be calculated in QED and the leptonic branching ratio using the univer
sal weak coupling constant, this negative result looks rather significant. This is also strengthened
by the lack of e, & events below W= 3.6 GeV in the SPEAR results (12). However, a conclusive ne
gative result can only come from direct measurements witha detector providing a much better e,
signature than at Adone and exploiting a much higher machine luminosity.

In contrast to the unlikely existence of a new heavy lepton below the ¢ the possibility of an ex-
cited electron or muon is more open. A search for the reaction e e™— e*e was made by the
77 2 experiment by detecting e, ¥ events (13) at largeangles, inassociation ‘—-se? with inelastical
1y scattered electrons in tagging counters set inside the gap of the Adone bending magnets. The re
solution at large angles was A6 = + 90, A0, =140, with no energy measurement (computed ef-
ficiency as in Fig, 3), while the tagging efficiency was monitored by detecting beam-gas bremsstrah
lung. The results are compaired with the expected QED rate of beam-beam large angle bremsstrah
lungin Fig. 18. The poor statistics and some uncertainty in detector efficiency limit the aignifican-
ce of this result, By writing the e y e ¥interaction in terms of the Hamiltonian

e v
* e . Yuv Ve ¥

one can derive from thig data an upper limit to the compling constant 4 as a funection of m* (Fig. 19).

The limit, which is around 3x10~ 4 (0), can and should be largely improved at ALA. Moreover a
gimilar search could be made for u”™ production, if an adeguate muon signature is available.

Finally, one ghotld leave the possibility open that quarks are produced free and are not obser
ved yet. The Adone experiments had no sensitivity to 1/3 e charged quarks, and probably also to )
2/3 e charges, This is also true for the SPEAR and Doris experirmnents, This situation calls for afi
experiment at ALA with accurate dE/dx measurements and gensitivity to very low ionization. One
also has the possibility that quarks dre not stable or not detectable over long path lengths. Unsta-
ble quarks of unit charge are indeed predicted in some theory, as well as quarks which cease ioni
zing after some path. These theoretical ideas are discussed in Chapter IV, The MDA experiment
at ALA is designed such as to tag also these particles.

1.4, - DCIL

DCI is the french e” e™ storage ring which was built some time ago for similar porpouseés as
ALA, The machine is o}ferating in its full configuration since summer 1977, The design luminosi
ty was ~10°% cm” 2 51 3t w= 3.0 GeV, with two bunches/beam and 200+ 250 mA/lo"unch(15). B
Such a high luminosity was based on the principle of "charge compensation': the accelerator is
composed of two rifigs one on-top of the other, having the two 6-m long straight sectiong in com-
mon (Fig. 20),

(o) - Thé absence of stron% modifications to the eye vertex was also checked in the BCF experiment
on Bhabha scattering 14),



One section is used for injection and one is free for experiments. Electrons of beam one and posi-
trong of beam two (and viceversa) merge together at the intersect, such that four-bunch collisions
take place with a net total charge zero (to within a few percents of the single bunch charge). In a
two-beam operation, without charge compensation, the luminosity was expected to be lower by
about two orders of magnitude. The magnetic radius in the bending magnets is 3. 8 mi and the ring
length is 94. 6 m (Fig. 21). The top energy is W= 3, 6 GeV. The energy dependence of the luminosi
ty will be discussed later, in comparison with the expected ALA performances; The charge-com=
pensation scheme has proved to be very delicate and not really understood. At present, private
communications report that with four beams a maximum increased of luminosity of about 30% over
two beams wasubserved, The last official report in summer 1977 (15) on two-beam operation shows
a beam size explosion at a current of 20+ 30 mA (Fig. 22) and corregponding luminosities below
1029 em~ 2 s~ 1 (Fig. 23). For 1.35 S W & 2. 0 GeV, well inside the ALA energy region, the lumi-
nosity obtained with two beams is very similar to Adone.

L: 5.~ The physics of DCI

Even working with luminosgities of the order of 1029 cm-2 s-1, DCI has contributed in, 1977/18
a few interesting indications on structures in partial hadronic cross-sections, An old ACO detector
wag employed; (M3N); consisting of a longitudinal solenoid with sandwiches of trigger scintilla-
tore, optical spark-chambers interleaved with lead-converters, and a double layer of proportional
chambers (also employed in the trigger (Fig. 24)(16). The solid angle ig 4Q =~ 0.6x4m, Ty = 220
MeV is the maximum range for pions stopping in the detector, Ty = 85 MeV ig the minimum ener-
gy for triggering, and ~ 90% ig the photon conversion efficiency at By~ 100 MeV, Begides data on
u(47) which ghow a broad enhancerment at W~ 1,5 GeV gimilar to what observed at Adone (Fig. 25)
two structures are observed (although with poor statistics) in ¢(5#) (and in part in 0(3w)) at My~
~ 1660 MeV with Iy~ 40 MeV, and M, v 1770 MeV with I5~50 MeV, which could correspond
to two resonances with I = 0, G = - 1(17) (Fig, 26).
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CHAPTER II - RESULTS FROM PHOTOPRODUCTION EXPERIMENTS,

II.1, - The Desy-Frascati experiment

The classical photoproduction experiments of 9, @, § , where the mass-spectrum of the photo
produced forward et, e- pairs studied searching for Compton production of vector mesons over B
a non-resonant background (which can be calculated by the Bethe-Heitler formula), have been re-
cently extented to 1‘<me+ o & 1,8 GeV in a Desy-Frascati experiment, 1The effect of very small
Compton production amplitudes was emphasized in this experiment 18,19 by studying the mass di
stribution of the asymimetrical (in the exchange of et with e~) contribution to the spectrum. This
contribution exists because of the interpherence term between the C - odd Compton amplitude

Jer
¥

4 ™~ s
y e
",
p? Xy
and theé C - even Bethe-Heitler amplitude
A
v\yr 2 e
y e
p & X p

and gives much larger effect at the resonances than in the direct mass spectrum, as long as the
Compton amplitude is much gmaller than the Bethe-Heitler one and the latteér is still sizable.

The resgults of the Desy+«Fragcati experiments, ag at summer 1978, are shown in Fig, 27,
The structure at about 1250 MeV and the bump at larger masses have very high statistical signi-
ficance, in view of the fact that a negative interference rate ig expected above the ¢ This is
shown in Fig. 28, where the contribution of different vector mesons is ghown geparately., The da
ta provide evidence fér possible resonances with M = 10974_“}8 MeV and I'= 31'*_‘26“Mev, M=
126615 MeV and I'= 110135 MeV and for additional objects at larger masges, These data are
not in contradiction with the Adone~DCI results which do not extend below W = 1400, However,
they should be compared to the Novosibirsgk data at this energy which are sHown in Figs, 7 and 17
of Chapter 1. In view of the small solid angle and poor particle discrimination of the Novosgibirsk
experiment, it is felt that high statistics accurate measurements at ALA should be able to find

structures corresponding to those of the photoproduction experiment, maybe not in the four # chan
nels,

I, 2. - Other photoproduction experiments

The existence of str ctBJres around 1800 MeV hasg been confirmed in a Cornell-Harvard pho-
toproduction experiment , similar to the Desy-Frascati one, but using the higher energy pho

ton beam of Cornell (EMAX = 11, 5 GeV) and selection kaons in the double spectrometer. The da-
ta is shown in Fig, 29,

A broad peak at 1500 MeV was fotind in the large acceptance WA4 photoproduction experiment
at the CERN SP'S, as shown m Fio 30, This data is fully consistent with the data of Figs. 17 and
25 of Chapter I and is tentativély interpreted as a single verybroad resonance. Data whith high sta
tistics at ALA might be able to reveal a number of fine structures in this spectrum, The same
broad structure is confermed at Cornell in a large solid angle experiment (Fig. 31). (20).

The K* (890) excitation curve froim ~ 1800 to 2800 MeV has been studied at Cornell, in the sam-
ple of events of the tipe yp — K*K-a'nw-p (Fig. 32) (20) Although no strong ¢ signal is seen wi-
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thin the still véry poor statistics (lower histogram), a few structures in the K* Ko spectrum at

~ 1900, 2100, 2400 MeV, (black area in upper histogram) if confirmed with more statistics, sug-
gest that the study of final states involving kaons might be very interesting in the high-energy re-
gion of ALA. With reference to the discussion on the baryonium states of Chapter 1V, it is intere=
sting to hote preliminary data by the same experiment in the yp— ppp channel, (Fig. 33y (20
which indicate that final states with nucleon pairs might reveal important and maybe resonant struc
ture at the higher ALA energies.
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CHAPTER III - NUCLEON-ANTINUCLEON INTERACTIONS.

111. 1. - Experiments on nucleon-antinucleon interactions

A number of experiments on pp interaction have provided evidence for resonant or quasi-
-bound states strongly coupled to the Pp system. These states are usually referred to as "ba-
ryonium" candidates, and their nature is tentatively understood in a number of models, which
are reviewed in Chapter IV. Since some of these states (or similar ones that might still be un
digcovered) are likely to be observable at ALA/MDA, we shall briefly review the most gipnifi-
cant ones among these data,

Inclusive measurements of inelastic Pp cross-s«ecti13n(21)show a bump at M(pp) ~ 1935 MeV
(the S-meson), as shown in Fig, 34. A comparison of the signal in Pp and pd cross-sections
(Fig. 34) allows to conclude that most likely I=1. Since the signal is also observed in o¢-elastic
(pp) (Fig.35) 2)yne can perform a phase-shift analysis, which favours J=2. Therefore the S-
-meson cannot be seen directly at ALA (it could, however, 'Geen in a radiative decay of a J=1
state of larger mass), However, there are question marks in this finding, which leave the pos
sibility open that some effect could also be obgerved at ALA, Since no peak is seen in Dp -» in
(Fig. 35), which is connected to pp = Pp by simple isospin relations, one must either assume
that two isospin degenerate states conspire to give zero net effect in charge exchange, or that
in the Tin channel a large background amplitude interpheres negatively with the resonanceé, In
this frame a combined fit to elastic and charge exchange data gives either J=1 and x (elastici
ty) = 0.37, or J=2 and x = 0.22(23). The width of the 8§ is of the order of 10 MeV, which can
be understood easier if, being a baryonium state, has a small corpling to many-pion states (and
small phase-space to pp).

Broader states of larger mass, called T (2190) with I'~90 MeV, and U (2350 with I'~160
MeV, are algo seen intotal and elastic cross-gections (Fig. 36)'“*/ and might therefore be other
members of the baryonium family., The derivation of the guantum numbers of these "states" is
by no means unique. In the same approach as above (no signal for T and U is seen in charge-ex
change) one gets J £ 1 and x20,74 for the T (2190) and J<2 and x 20.85 for U (2350}, On -
the other hand, these bumps are probably due to a sum of various contributions, For instance,
a phage-ghift analysis of pp =»s ‘o~ 5 gives eviderice (Fig, 37) for broader resonances not
far from T and U (at M~ 2150 MeV with T'~ 200 MeV and JPL = 37, and at M =2310 MeV with
I'~ 210 MeV and JPL = 47+ It should be recalled, in addition, that ¢ (pp =»x*n") is about 1%
of the total annihilation crosg-gection (and also therefore much smaller than the signal shown
in Fig., 36, and it is a sum of many smaller effects. Maybe therefore the 2190 structure,

It is interesting that strong signals are found in particular channels with gmall cross-sec-
tions, which are not noticeable in inclusive measurements. A CERN experiment uging the Ome
ga gpectrometer 26) hag studied the reaction g-p - (pE;f) resonant +(pp) backward when the h
forward recoiled proton pp and the g~ are in a resonant A(1236) or N*(1520) state, The miass
spectrum of backward emitted (pp) pair is shown in Fig, 38. Three peaks are seen, one corre-
gpording to the $(1930) and two at ~ 2020 and ~ 2204 MeV with widths of the order of 1030 MeV,
The quantum numbers of these possible resonances are an open problem, Baryonium candidates
are also found with non-zero strangeness in Kp ~»ApK at 12 GeV/c, again in the Omega spec
trometer (Fig. 39)(27). Peaks in the (Ap) system at ~ 2,2, ~ 2,9, ~ 3,1 GeV are seen, which
are natural baryonium candidates, It is natural to conclude tlat the possibility is also open at
ALA for pair-production of low-lying strange baryonium members, like ete= s B(2400) = A/,
These states, if they exist, might also decay in a non negligible fraction of cases into Rk .
Therefore a scan for final states containing KK pairs at ALA can to some extent be considered
as a search for members of a particular family of baryonium states (not only foy il recurren-
cies 1), In this connection we note a bump at M~ 2, 0 GeV in the ratio (pp-» KK ™= /pp = all)
(Fig. 40(28)), Candidates to quasi-bound baryonium states have been found at CERN in an expe-
riment studying the spectrum of photons emitted in the capture of p at rest in hydrogen. The
data after subtraction of a large continuous background is shown in Fig, 41 29), Besides the 132
MeV peak due to radiative capture of the s~ contaminating the p beam, one observes three peaks
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which are naturally interpreted as being due to pp <> yB with masses of the bound baryonium of
~1684, ~1864, ~1395 MeV., The observed width is due to the detector resoclution., Since the P
capture ig likely to take place in an S-gtate, some of these "baryoniums" might well have J =1
and possibly be directly produced in ete.

In sumimary, it seerns likely that being MDA and ALA able to detect very small crogs-sec-
tions, a number of baryonium states will either be directly seen in particular channels, or indirec
tly revealed in a study of radiative decays.

III. 2, - Pergpective of the low energy Pp CERN program

It is being considered at CERN(30) to build within the end of 1982 a storage ring for low ener
gy anti=protons (LEAR). This facility will be provided with an internal jét-gas target allowing ex
periments on Pp interactions in flight for c, m. 8. energy 2m_< W < 3.5 GeV, Also, by slowly
ejecting the antiprotons one expects to get a beam with good cf\)rcy-cycle and & 106 antiprotons per
second, that can be stopped in a thin solid or gas target, We briefly review here the main featu-
reg of tliis project, and the areag of commion interest with ALA/MDA, One such area is first of
all the study of baryonium states,

When antiprotons are sgtopped in low pressure hydrogen gas, pp "atoms" are created with or
bital angular momentum varying from zero to several units. The capture in a definite angular mo
mentum state is accompained by the emission of monochromatic X-rays, The subsequent arnnihi-
lation may have & large branching ratio for ¥ or s decay to quasi-~bound baryonium states. In
principle, a large solid angle detector can measure at the same time the triggering X-rays, the
decay photon or pion, and the annihilation products of the final state baryonium, Those baryonium
gtates which have JPC = 1“~op Jpc=.0++’ 9+ are in principle observable, directly, or indirectly
in radiative décay, also at ALA/MDA. However, at the present momantum the rate of production
of such baryonium states at ALA cannot be reliably predicted, As far ag the signature for baryo=
niom is concernéd, LEAR has the qualitative advantage that ore would know automatically that any
state with mass < 2Mp observed by the above mechanigm is strongly coupled to the initial pp sta
te and therefore is likely to be baryonium., However, clear-cut prove of baryonium must eventual
1y come fom some peculiar decay featires, which can be studied at best with MDA. As far ag the
determination of quantum numbers is concerned; if a state is produced directly or is seen in ra-
diative decay at ALA it must have JPC = 1= or 07+, 2%F respectively. LEAR on the other hand
will produce baryonium from initial states which can have a large spin, and the orbitdl momentum
of thege states is experimentally determined by the X-ray emitted in the P capture and the final
state baryonium had dn orbital momentum which is the same for @ and differs by one unit for ¥
decays. Thus & good efficiency for X-ray detection ig essential at LEAR, which is a difficult prob
lem, This facility should see moPEEEn ALA/MDA, but will have to separate them from each ot-
her and will have difficulties in determinihg their spin, In this situation, it seems fair to say that
ALA /MDA will compete on squal grounds with LEAR in the study of those baryonium states below
threshold which can be produced in e%e~ annihilation. Of course, the study of additional resonan
ces at ALA which are nhot baryonium should be much easier and cleaner then at LEAR where one
has many more competinig channels,

For W22Mp, pp annihilation can also be studied at LEAR, in particular with the iriternal
jet-gag target, and resonant baryonium statég can be directly geen either in the elastic or inela-
stic chiannels. Thig gives an advantage to this machine, even-if the spin of not strongly coupled
resonances to two body channels would remain unknown, An accurate gtudy of those among these
states which have JPC = 1=~ or 0TF, 2+t can be performed at ALA/MDA (including the branching
ratio into baryon pairsg), Besides baryonium studies, for W= 2 Mp one can meagure at LEAR the
proton form factor in the time like region. This will also be measured at ALA/MDA, For 2 =
= -4,3 GeV2Z/e (W = 2,06 GeV) the expected rate of events at LEAR using the slow extracted
beam ig ~ ELSOO/day(?’O), while at ALA (L~ 1031 cm~2g-1 and Ot ensp ™ 1 nb at thig energy)
one expected abotit one thousand., It seems therefore that in both experiments the rate will not
be a problem, However, it might be easier at ALA to separate collinear non-relativistic pp pair
from.atn™ or K¥™K™, than at LEAR to separate eTe~ from a'm- (although this is possible, ag
shown by & -CERN expex‘iment(sl)‘.
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The authors of the LEAR proposal hope to be able to study the spectrum of vector mesons of
lower mdsgs than the available c. i, s, energy by exploiting the reaction pp -»V#© . with the

game detector where the reaction Pp-» e'e” is studied. The extimated rate frometh?s reaction is
model dependent. The background from hadronic events ig difficult to extimate, since several re
actions can generate the observed topology 2ch + 2y, In the most optimistic case, the output of
the tneasurement would be a mass spectrum of the vector states coupled to ete~, which will have
to be compared to the one medsured in the photoproduction experiments. The LEAR project can-
not, therefore, compete with ALA/MDA in the detailed study of the branching ratios of these sta

tes,
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CHAPTER IV - THEORETICAL EXPECTATIONS FOR THE PHYSICS OF ALA/MDA

We briefly resume in this chapter only the most relevant theoretical argiments and questions
which can be elucidated with data from ALA /MDA, Not orly this is not intended to be a fully com-
prehensive summary, but in particular it should not lead to underestimate one of the most impor-
tant quality features of the project, which ig inherert to the jump forward by three orders of ma-
gnitude in Tuminosity x efficiency ! the ability to discover new subtle and yet urnpredicted phenomens.

1V. 1. - The vector meégon recurrencies

Below W = 1 GeV, the reaction ete~-—s hadrons is dominated by the production of 0(765) with
I'= 125 MeV #nd 1G = 17 of @ (784) with I'= 11,4 MeV and 16 = 0~, and o6f @(1020) with -I'= 4
MeV and 1G = 0=, In the frame of quark moedels, these mesons are mixtures of gq states; whose
radial and orbital excitations are exgected to generate families of higher masgd mesons with the sa
me 1 and in a number of cases JF 1-*, An approximate masg formula ig(32) .

me = m? + nda? s
n o

when Az is 1s1.2 GeVZ, n=20,1,2,... is the order of the recurrency, and m is the mass of the
excited meson. This formula predicts a number of resonances in the-energy range of ALA: My~
~1300 MeV, MQ"'V 1600 MeV, Mgm ~ 2000 MeV ; ,M‘a)'"' 1300 MeV, Mg~ 1600 MeV, M g ~
~ 2000 MeV ; Mg, ~ 1450 MeV, Mga~ 1750 MeV, Mgm ~ 2150 MeV. The coupling of the:recurren
ces to ete™ can'be predicted only on the basis of dinamical models, Typical values for the g-re
currencies are -

Iy = 125 MeV , Iy, = 180 MeV Ton = 350 MeV .

SUg relations can be used to predict F“’n’ I‘¢i giving values like

I;D,“ 470 MeV , T

o™~ 560 MeV, Ty~ 40 MeV, Ty, ~ 280 MeV

These figures, however, are largerly uncertain and should be taken only as expected order of ma
gnitudes for these parameters in the quark model,

Infinite series of resonancies of the ¢, w, § families are also predicted in Regge models! 34)
it particular while the main trajectory gives rise to recurrencies of larger mass and larger spin,

each daughter trajectory contains a merber of mass larger than the o and JPC = 17=, Inthe ca
gse of equally spaced daughter trajectories with the typical slope in the spin versus q° plane
da/dq®~ 1 GeV~2; the mass formula is again
m2 = me +na’
n o

with 42~ 1 GeVz, viz, very similar, even numerically, to what obtained in quark models, By
making uge of a number of experimentsl indications from Adone and DCI and based on the exten-
ded vector dominance model ag well ag on quark model considerations, Greco has digcussed pos
gible values for the decay widthe of these recurrencies 35), which depend heavily on the agsumed
dinamics like for instance dominant gmer or g¢ or @, -decay, One gets estimates like

I, ~ I ~ 100 MeV, 100 MeV .5 Pw, ~ 400 MeV ,

gv on wl"‘

26 MeV S I, X 50 MeV , 30 MeV < I’¢" 2100 MeV .
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Apain, one should take these values as guidelines, while a better theoretical understanding of the
redl phenomena can only be baged on better experimental data, in particular on detailed measure
ments of the energy dépendence of the various final states,

The peak cross-sections are expected to vary with the order of the recurrency like(35)

. Mo 3 To
n,; peak my, Iy

0o, peak

Although the expected values depend on the rather unknown I'j's, it is significant that in all cases
one predicts o,'s of 10-100 nb. No matter which the dominant decay channel is, MDA ghould be
able to perform the job easily.

With the experimental picture available at present, there is no interpretation of the data that
can be made convincing, The bump at M = 12668 MeV with '~ 11 MeV of the Desy-Frascati expe-
riment could be the g, However, while an anomaly at about this energy ig found in the pion form
factor measured at Novosibirgk(36) (Fig., 42)no signal is seen in o2t 27) and data on 6 (2007T~)
and ¢(8m) are too poor to be of any use, The bump seen a’r W~ 1500 MeV in o(e+ -y 2ovt 207 7)
(Fig.17, Chapter 1) as well ag in photoproduction y —» +2m~ (Fig.30, Chap. II) which ig consi-
stent with the large interpheréence at m t,- %1400 MeV in the Desy-Frascati experiment (Fig.
Chap. I1) could well be dominated by the ", However, a separate study of the different final sta
tes (pmsr, wm, etc.) hag not been possgible and the real signal is most likely mixed with a large
non-resonant background, One of the bumps in ete~~»3m orin ete~—» 5a seen at DCI (Fig. 25,
Chapter ) might be the @" (at m ~ 1750 MeV), but the statistical significance of the signal is mar
ginal, and moreover what about the second peak at lower mass ?

The strticture marginally seen at Adone at W ~ 1500 MeV is where the §' is expected. Howe-
vey the slgnal ig too narrow (I' < 5 MeV), such that Greco tries to explain it as an orbital excita-
tion of the 8§ system, leaving the point open for a jet undiscovered nearly @' (35), The gignal at
W~ 1820 MeV (Fig. 12, Chapter I) might be the @' (although it is very narrow too, but there is
no prove for this interpretation, also because there is no significant mgnal in inclusive K-produc
tion, If one forgets about theoretical prejudices favouring very large -Wldths, this signal might
well be the w", The 2130 MeV gignal at Adone (Fig, 8, Chapter I) is commonly considered to be
the @M, but any firm interpretation should await more detailed experimental information, It can be
anticipated that the true picture will only emerge by the future data interpreted in critical close
connection with the theoretical models,

We shall now digcuss in some more detail the energy depeéndence of the crosgs-section for
ete~ =» hadrons to be expected at ALA in presence of a number of resonances whose widths in-
creasée with energy. Quite in general 37 , the process of hadronic production in ete- annihilation
ig described by a diagram like

e (Kj)

1 ) -
B v (KI*KZ)‘ ' jn> hadirons
aYAAar A

- e+(K2)

where Ki, K, are the electron and positron four mormenta, The matrix element for this process
is

, -, N <lad
M= o W(Kz) )’H/ ll(kl) _-5__ <l ]v 0>

where q , and q“’ K” As a congequence of the continuity equation of the elettromagne
tic current bﬂ.]’” 0 the current and the four-momentum transfer are orthogonal, ql“Jy 0. Since
the space component of g is zero (Kl = . K24 E), this equation says that qOJ =0, viz, J, =0

(sirice q° = 2B). Thus the e, m, current ig purely space-like. Since the vector space -like part of
the e, m, current has JPC =1=- and 10> has JPC = ++, the state J*10> has JPC = 1=~ The

onlv matrix elements (nlJ”lO} which can be different from zero are those for which <n{ has

JPC = {--, Therefore we expect the hadronic cross-gection to be dominated by production of vec
tor mesgons, by their tailg and their recurrencies. For a given vector final state with mass m



one writes conventionally

2
<vlo> = o g5,
\2

where Bv is the adimensional coupling constant and the polarization four-vector, s"(q) is direct-
ed along JH. The crosg-section is derived by averaging over the initial and summing over the fi-
nal state spin orientations, and by multiplying by the one-particle phase-space. One obtain in the
zero-width approximation (37)

2 2 2 .
0(e+e'—>V) = if; n;x anm (s -m)2 s where % vaa - B58b nbz
B, &(Gev?)

Tor a resonance represented by a Breit-Wigner distribution with finite width I' one'has :

_ 4 naz 3nm2 ml
. 2
e’ e~V 3 s 3?, (s - mZ)Z +m21[’2

The coupling constant Bf is uni(;ualy related to the width of the vector meson into ete~ which is
proportional to | M(ete~w» V|2 in a similar way as 0(ete™—> V). One gets

2
o
I'vseter) = I = Lrm
ee 352
v
One can therefore rewrite
o _ 4 mzz 9I.eem mI
- = =2
eTe"->»V 3 s a? (s --m2)2+(mf)2
The peak crosg-section is :
B Tot.-
i ee _ e'e
OPEAK = 12w 5 5 where Bee = —F——
m

The partial cross-section into a particular decay channel of branching ratio By is 0By In parti-
cular By = Bee if one isolates the vector meson decays into ete™. One sees here how one can ex-
ploit measurements of total decay rate and partial rate into ete to derive I' and Fee for mesons
narrower than the machine energy spread. Indeed

2 2
fd(\['é)a(e+e'»—¥ v>all) = 2% B, = em®GeV fd(\rf)cr~(e+e'-—* v-retel) = 25 B,

m m

the unknowns in there two equations being only I and B,o. When many vector mesgons are produ-
ced in the same energy region, as expected at ALA, the cro$s-section is the sum of the various
contributions, including poesible interpherence terms. When the width of the resonances becomes
compairable to their masses, which is possibly true at the top ALA energies, the ratio R = dh/oy‘u
tends to

+-.

om ™ L1

R 275 —ar
i a A

2

and one expects R~ 2.5 below W =3 GeV in the V. D. M, This is compatible with the recent Adone
results (fig.'7, Chap.I). On the other hand, the asymptotically free quark models predict
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i in(s/ 2)

where @y dre the c¢onstituent quark charges of any colour. For three light quarks of three colours, as
appropriate for energies increasing from W~ 1, 8to Ww 2, 4 GeV, one expects R to tend to the value
of 2 form above, This ig fully compatible with the Adone data, Although the top ALA energy of only
2. 4 GeV will be & limitation in this context, it is expected that accurate absolute measurements of R
from W« 1, 8 to W = 2, 4 might contribute to elucidate this point.

1V. 2, - Baryonium models.

The existence of néw families of hadrons which have been given the géneral name of baryonium
states, is predicted both in nucleon-nucleon potential and in dual models. 1. S. Shapiro (38) and colla
borators have analized the data on nucleon-nucleon interaction at low energy and derived parameters
for an efféctive potential, by taking into account T, n,00 as well as 2@ and 37 non-resonant
exchanges. The various contributions to the potential are written as

~ . ‘u“]_f'
s e e 10
Vi - gi “Qi T

{ py = effective mmass of the exchange) where the form of the real operator & is uniquely specified
by the quantum numbers of the exchanged particle. It is empirically found in the fit that the cou-
pling constant ghwz of the repulsive ® -exchange term is very large. In a model in which the nu
clecn-nucleon potential is generated by exchange of non-strange mesons, one dérives a very simple
relationship between the NN and the NN potentials: when passing from NN to NN, the amplitude con
tributed by G-odd exchange terms change sign, and those contributed by G-even exchanges remain
unalterated, Therefore one can predict the NN potential in terms of the NN one, In particular the
@ -exchange contribution takes a very important role bécause it is strong and attractive in NN, such
that a number of resonant and bound states an predicted. Of course, these states cannot be stable
becduge annihilation will eventually kill them. Indeed; an additional contribution to the scattering
potential is givern in the NN case by the annihilation graph

N N
\H
TN

Sinee this corresponds to an exchange of two nucleon masses, one expects that the:modifications
generated by annihilation on the NN potential come in at a distance 1/2mnN 0,1 fermi, Thisis 1/3
of the characteristic distance for w-exchange and therefore the ability of the potential to generate
bound and resonant states is preserved. Shapiro et al. have approximated the effect of annihilation
by tneans of an absorbitive Saxon-Woods potential
r/r

Vann v -1 WO/(l + e / 9

with rg of the onder of 0,1 f. Indeed, a fit to low energy NN scatterihg and charge-exchiange data

gives ry » 0,17 ¢ while Wo~ 8 GeV.,

The parametrization of the global Pp potential obtained in this way has allowed to derive on or
der-of-magnitude prediction for the spin vs. mass trajectories of both I = 0 and I = 1 baryonium fa
milies, which are showr in fig. 43 and 44 (39).

It is noticed that several states with J = 1 exist in the ALA enérgy regibn, while several more
could be reached by radiative transitions,
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More recent calculations by the same group predic‘twa group of resonant states centered at
W ~ 2,0 GeV decaying predominantly into NN, NN#& , N Nw, etc., as well as a group around 2. 4 GeV
decaying predominantly intoA & ,AX a A m , ete. Typital resonance widths and separation be-
tween nearby resonances are 50 MeV. The prediction is made for the branching ratio for radiative
transitions from atomic to resonant and bound states to be of the order of 1073, This process can
explain séme photon excess observed in Pp annihilation. On the other hand, if this excess is due to
transitions between baryonium states, ALA/MDA should be able to find the radiative photons, A
poptilar quark model of baryonium is due to Chan Hong~Mo and collaborators (40), in which the new
states are predicted based on the only assumption that all multi-quark states with zero total colour
can in principle exist in nature. With Jq one gets in this way all mesons, with qgq (or qqq) all hadrons.
Since no mesons are found which Q = 2 (nor barions with @ = 3) one has taken in the past the attitude
that four quark states like qqdq are not bound in nature, since they would naturally lead to Q = 2 sta
tes. However, if one consider than states as bound objects of qq and qq, one can mike a model in
which a number of hadronic states are predicted that bear close resemblance to what experiméntally
found and discussed in Chap. III. For instance, these states would not be able to decay into mesons
without violating the OZI rule, while they would naturally decay into barion pairs,

d— q BARION

! q
el % ALLOWED

d—————1q(  BARION

'q" ——
2 % MESON 2 T

>< FORBIDDEN D) 9 ymson
— o—-/
g q : q -5
3 MEsoON q _—9

g q g

This simple rule is able to predict directly that théese states are narrow below NN threshold,
afid have normal hadronic width (w~w 100 MeV) well above threshold. They may legitimally be cal-
led baryonium because of the large decay rate into BB; on the other hand, being 4-quark states,
they are not bound states of two barions {as in the potential model), such that Chanetal, liketo call
them rather "diquoniuims''. Since q is a colour triplet, a qq system can be in a3 or 6 representa
tion, while G§ can be either 3 or B. If the net colour must be zero in physical hadrons, one can
have two diquonium families, (qq)y (?161)3 and (qq)6 (§4)g. These families are called True and Mock
diquonium respectively, and in fact it is only the T-diguonium that can eagily decay intc barion
pairs as discussed above. M-diguonium, if colour is a good quantum number, cannot do it, since
a colour 6-set and a colour triplet cannot combine to give a zero coloiur barion.

m "é_————“: Ez()ie } # BARION
(@ } 7~ BARION
(g) - - (30)g ;é

Because of this assumed property, the existence of the M-barionium would beé congidered by the
authors of the model as the very prove that colour is a genuin quantum number of hadronic inte-
ractions. M-diquonium is narrow ( I'= 10+ 20 MeV) both above and below the NN threshsld because
it can decay into mesons only by viclating the Zweig rtile,




The predicts J(Mz) distribution for T-diquonium states generated by u and d quarks only is
shown in fig. 45.

A spin dependent interaction is introduced to separate members of the family in which both (qq)

and (qq) are in a T = 1 state. A number of predicted states correspond to the peaks discussed in Chap.
111,

The predicted J,(Mz) distribution for M-diquonium is plotted in fig, 46. There is no really good
experimental candidate for a member of this family yet. The signature for such states is to be found
not only in the narrow width but also in specific decay channels. It is found in the model, as a conse
quence of the assumption that colour rearrangement is avoided as long as possible, that higher spin
states decay mostly into lower states of the same family by pion emission. Therefore specific pre-
dicted signatures are BE, BBw, BBmw, ete., with one or more monocromatic pions,

A number of both T and M-diquoniums states have the right quantum numbers for being directly
coupled to a photon. The predicted spectrum is shown in fig. 47 and compaired with the DCI peak at
1660 MeV, with the Adone peak at 1820 MeV and with the data of the Omega photoproduction experi-
ment. Although specific predictions should not be taken too seriousely, it is clear that in the gene-
ral frame provided by this model many interesting phenomena are anticipated and submitted to the de
cisive test of ALA/ MDA, ”

A dinatnical quark model of barion-barion scattering has been developed by Rossi and Veneziano
(41) in which families of exotic hadrons (some of which including four quarks) are predicted. Quarks
enclosed inbarions are agsumed to be bound toghether by gluons via a junction

! Omﬁ”‘“z.:”\f 2

g J

q

and BB scattering is described by a number of dual diagrams, in which states with 4 quarks and 2
junctions (MJ4_), 2 quarks and 2 junctiotis (MJs), 2 junctions only (MJ, a gluon ball) as well as
regular mesons can be exchanged in the t-channel (see fig, 48). All these states are directly cou-
pled to BB states and can therefore be considered "barioniums". The Zweig rule forbids the de-
cay of MJ, into mesons, as illustred at the bottom of fig, 48 and are therefore expected to be nar-~
row below NN threshold, The above exchange generate Regge trajectories which are tentatively
estimatéd in the model as shown in fig, 49. One sees that the masses of the J = 1 members of the-

se "barionium' families, including the gluon ball, are including in the ALA energy region.

in conelusion, no matter whether a potential or a quark model is adopted, one is brought to
conclude that ALA/NMDA have a good chance to pin-down a significant sample of the expected baryo
nium states.

IV, 3. - Coloured gluons and quarks,

New foundarmental particles coupled to eTe™ are predicted in the unified gauge theory of quarks
and leptons developed by Pati and Salam (42). In this theory neither quarks nor gluons or colour in
general are confined, Quarks have unit charge and are unstable against decay into leptons; with
lifetimes so short (v gl 0-11g) that they would have excaped detection until now. An octet of colour
ve‘ctcrre gluons is predicted, whose two netutral members can mix into two neutral gauge gluons (U
and V), one of which (U) is coupled to ete- similary to the photon

+ ~ +
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In reéal life two physical particles could exist coupled to ete- with weights 0032§ and sin?fg
U = Ucos§ -V sing , V = U sing + VO cos§

The dominant decay modes of ﬁ, with numerical values for the widths estimated in a particular mo
del and for mey = 1 + 2 GeV, are listed in the following table

U -y ete” or pu I's 6 to 30 KeV
7'y ; 40 to 1000 KeV
27,40y Y, KK 50 to 500 KeV

3w, 0,5, KK

10 to 1000 KeV
27,4 m,

10 to 1000 KeV

Thus the leptonic branching ratio is of the order of percents, and the overall radiative branching
ratio is very large (=30%). The above decay channels are either forbidden or very small for the N
This means that one or two resonances could exist inthe mass range 1 - 2 GeV having (with split
ting of the order of 1 m7; .and relative weights cos2§ and ¢ 1n5§ ) appreciable branching ratios
into ete” and ;L w 10 4nd large branching ratios for radiative decays. There are several clear si
gnatures directly accessible to experiment, first of all the exceptional rate of y-decays (notice -
also the large two-body %'y channel), and also the resonant behaviour into odd number of pions,
as well ag into éven number of pions and into kaon pairs, which can be well checked in a large so-
lid angle detector like MDA and are inconsistent with any vector meson recurrency. The total
width of 7 is estimated to be at least 100 KeV in this model, which would lead (using Bee ~ per-
cents and the formula of page 18) to an integrated crogs-section of 10 pbarn x MeV, This is a ve-
ry large signal (~J/y) which would be very easily detectable at ALA/MDA, The authors of ref.
(49) note that if the narrow structure observed at Adone at M~ 1500 MeV is one of these coloured
gluons, it must be the weakly coupled one (sin E~ 755, such that the second stronger partner is
expected in the region M ~ 1300 «+- 1400 MeV, It is interesting to note that no search for narrow re
sonances (nor in fact any measurement of oy even at VEPP 2 M, see fig. 17) was made at Adone

in this energy region. The 1100 MeV structure observed in the Desy-Frascati photoproduction expe
riment can also be considered a candidate vector gluon, although one may feel that its width is ra-
ther large. It should be recalled that both the absolute magnitude of I' and[l'y, are estimated in
the above model under very specific dinamical assumptions: [y, might be smaller if finite mass
renormalization corrections are not negligible and]” might be larger, up to a factor of five in the
estimate of the authors, Therefore the actual signal in eTe™ could be well smaller and riot as nar-
row as indicated in the previous example, but in any case detectable and clearly identifiable at
ALA/ MDA,

Ag well as coloured gluons, coloured quarks of unit charge or coloured or qg mesons can be
produced free in the Pati-Salam model. These hypotetical particles can be of interest for ALA/MDA
if their mass is of the order of 0.5 + 1 GeV. From ref, 42, ohe estitmates that v = 2. 10‘9sec in
this case, which would leave the possibility open for short collinear tracks to be dbseérved in MDA,
followed by decay inside the detector. These events with unit charges should be easily identified
(the possibility for similar events and fractional charges will be discussed in the following in con-
nection with the quark-imps model). The decay signature of a reaction ete—3 gq*¢q~ depehds on the

uark colour involved: for instance typical decays are ——b ¥ 4 mesons
4 ¢ v + P + cay ] qblue yellow, red "
and q ~~——-> lepton™ + miesons or lepton™ + neutrinos

and also, 1f mgy happens to be smaller than m,
-+
—————} gluOn + neutrino — lepton + 2 neutrinos.

Although final states with neutrinos and mesons will show misgsing energy and momentum in
MDA, it looks unlikely that such an indirect signature might be of great importance, because it can
be faked by a number of detector 1neff1c1enc1<=s More interesting are the decays involving charged
leptons, which will give rise to anomalous et ui events a5 those observed at SPEAR, It is remar
kable that if indeed m{y & mgy and if mf £ 1 GeV, the final state charged lepton generated by the
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two-gstep process qi Y WU"—"—' +V - ei + ¥ +? has a momentum distribution which is little different
froin a genuine tree-body decay spectrum, as in a héavy lepton decay. Along these lines it is argued
in ref. (12) that the anomalous e @ events of SPEAR might be interpreted as being due to qtq” pro
duction and decay. Of course, this argument is now very weak in this specific case, because of the
increased evidence for production of v at SPEAR and DORIS: however, in the ALA energy region
the possibility for mg « 1.2 GeV, M{j ~ 1.1 GeVig in principle still open.  The corresponding e
events have been looked for at Adone (ref, 11, Chap, I), but since the branching ratio for these decays
are hardly predictable both this negative result and the lack of ey events below Wns 3.7 GeV at
SPEAR and DORIS do not completely remove the interest for a similar search at a very luminous
machine as ALA, Finally, a sizable branching ratio for q__,— qyellow,blu + 7 is also predicted

in this model, which adds an increased interest for an accurate study of monocromatic photon with
MDA,

IV. 4. - Indefinite mass particles.

B. M. Coy and T. T. Wu have recently discussed the possibility that quarks might be indefinite
mags particles (imps) as those which are encountered in two dimensional Ising models (43). Since
there is no basic quantum-mechanical argument that can exclude this possibility, one is led to
wonder eitherquarks of fractional charge are produced free in nature but have not been digcovered
yet because of the peculiar properties of imps. If this is so, the principle of confinement which is
insert in current quark-modéls would simply express the fact that untill now the experimentalists
did not lock for quarks in the right way.

If a field has free particles (asymptotic states) there must be corresponding poles in the field
propagator at c,l2 = m?2, If there are no asymptotic states (confinement) there are two distinct pos-
sibilities consistent with no poles in the propagator:

a) the propagator'is a simple function without discontinpities in the complex g-plane, like a pblf—
nominal, an exponential, etc.

b) the propagator has a cut on the real positive axis, which can be considered like a sequence of
poles with. infinitely small separation from each other and with zero residues,

In case b), one can consider that the carrier associated to the field has an infinite number of sta-

tes with a contihuos mass distribution. A quantum particle, of this type, called impf{indéfinite mags

particle)in ref. {43), will acquire a definite mass when is produced, For instance, one may have a

light quark which can have a mass from —1-_- M to £ M + 1+ 2M ., . A peculiar featu
3 Tproton 3 “proton -

re of imps is that after production over a region of linear size~ 1 fermi (as it is typical of strong
interactions) théir geometrical dimensiong must grow indefinitely with time (as long as they are
not captured in matter) while they preserve their remaining properties (mass, momentum, total
charge ete. ). Thig feature is imposed by the absence of asymptotic states. In the quark-imp case,
the particle after production in a very small volume will have to tend to acquire its natural infinite
gize, just because its natural levels are an infinite series with zero spacing. Although the speed
and law of growth of imps ig hardly predictable, they will acquire after some time dimensions of
the order of the optical wave lengths (]L03 .&), after which they would cease ionizing and would not
be observable in seintillators, spark chambers, bubble chambers, nuclear emulsion and so on.
Detection of particles of such a peculiar property requires special attention: it is argud in Cap. 1
that if 1p=c v £ 10 cm (lp = natural ionization lenigth) they would have excaped detenction in pre
vious experiments, while they would be detectable at ALA/MDA (for a quark mass of 1 GeV) up
to a confinement factor of about, 10~%, The characteristic signatures of quark-imps which can
be exploited in MDA are
1) one track (or possibly two tracks, which would be back-to-backintwo body production) which
suddenly disappears without interactions or increased ionization at the end of range
2) 1/9 or 4/9 ionization power of a normal particle of the same velocity
3) continous bending in magtietic field which can be signalled at distancies larger than the ioniza-
tion path by nuclear interactions of the outgoing imp.
The exploitation of these features is discussed in detail in Chap.VII, Although the idea of quark-imps
may look rather dairing, the novelty of the idea, coupled to the peculiarity of the experirmnental si-
gnatures as well ag the importance of a possible discovery indicate that this is addition relevant
field of interest for research at ALA/ MDA,
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CHAPTER V - THE ALA DESIGN,

The basie design of ALA has been published by the Adone machine group in ref, 44. Work on the
detailed design is still in progress. We shall describe here only those machine parameters which
are of more direct interest for the éxperimental group. The machine layout is shown schematically
in fig. 50. The length of the two straigth sections available for the experiments ig 3. 0 meters., The
polar angle covered by the quadrupoles, as seen from the intersect is about +14°,

The magnetic radius is @ = 2, 5 m, which gives a maximum energy of 1. 2 GeV with B = 16 KG.
The design luminosity of the machine is shown in fig, 51. It is seen that the design ALA luminosity
is much higher than at Adone and at the present DCL

The natural dependence on energy of the luminosity of a machit aeelik‘e ALA can be easily esti-
mated on the basis of some general considerations. Let Njp, Ng be number of particles in the elec
tron and positron bunches, and assume for simplicity that the density of: particles is distributed

uniformily in cilindrical bunches of section S, The event rate for a cross-section o is given by

R= 06 Ny- 2—191-;—1-‘ . '52' where ¢ is speed of light, r is the machine radius, and i—a_tq—l: = f

is the frequency of the bunch-bunch crossing. Of course with h bunches in each beam, the lurni-
nosity is written I, = Nj«f « —1\%2— +4 . When turning around in the machine, the particles emit
gyncrotron light, anil the power lost by one particle is given by the formula
U (KeV) = £+ 88 E% (GeV)
e (m)

This power is restored by the radiofrequency such that the particles, in average, remain on the
ideal orbit. However, fluctuations in the emission acts cannot be compensated by the radiofrequen
cy and produce an increase of the beam section as E2, Let's assume that we want to store in the
beams as many particles is possible, This number is limited in pratics by the beam-beam inte-
raction: the "target beam' is seen by the "'projectile beam'' as a lens which modifies the Q of the
machine. This Q-shift £ can never exceed the distance from the operating point-and the nearby
ingtabilities (a reasonable number for this maximum shift is g = 0,06), The strenght of this ad-
dictional lens is (inverse of the focal lenght) proportional to the partical density (-g—) and to the
inverse of the projectile momentum (Tl)—): &~ _]‘\L . %. ~ “%13— . This means that for a given £ ,
N cannot grow with energy more than ES,
Ny Ng g 3 4 s s

o oG ) o¢ E*, This ig called the natural-energy de-

Therefore, at most L o

pendence of Luminosity. In ALA, as we shall see below, it is planned to vary the machine optics
over part of the energy range in order to get L. 0c E, This is a very important improvement. In
Adone, on the other hand, for reasons which are not well understood but probably because of the
weak radiation damping associated to the rather large bending radius, L & E7 for W&£1600 MeV.
At the highest machine energies, the available radiofrequency power is non sufficienty to accele-
rate a constant number of particles and the luminosity drops very fast with energy. The total

power radiated by the two beams is W __ . = U«Ny+Ng). When Woad is equal to the radiofre

gueéncy power, an increase of energy which produces a fast increase of U like E%, can only be
obtained at the expense of the fast decrease of Nj+ Ny, with W __ . = W, = Us (N1 + Ng) =constant.

N1No o E7% B4
S EZ

Then Ny+ Ny 6 E™%, andso L & o 110,

In 4 more realistic treatmeiit the transverse particle density in the beam is approximated to
two dimensional gaussian distributions with standard deviations oy and 0y, and equivalent section
S = 47 « 64 ¥ qy
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The luminosity is written as
1

L=NiNy 5 7 47+ 0x. 0y

It is usefull to express Ny and Ng in terms of the beam currents, which are directly measurable.

Since I{ 9 = e Ny o 5 < - h and assuming 11 =I9, we have:
’ 2w
2 12 ) ? r c 1 1
62(:]'1 4J’l7‘0’xu gy IOI 9 rg o’x-ay h
where rg = 5——52— = 2,82 x 1071%¢crn  is the classical radius of the electron, and
e

= .£C - ‘
Ip = To 17000 A.
The Q-shifts are in general different in the =z and x directions, and one gets
I, Bx,z APx, z

4:’! X, Z P

g:x,z

o

where B is the local betatron wave-length, such that the integral along a full orbit ﬁ Bd; - = Qx, z

It is convenient to express in the luminosity formula the beam currents as functions of the Q-
-shifts that they produce by beam-beam interactions ( §y, &,). These shifts can be computed as
follow (45).

A relativistics bunch of N particles with transverse charge density in the laboratory

(-r2/202) Ne 1
o(r) = gy € : with = —iZes— ——— (positive bunch I, = length of the bunch in
( ¢o : o 2 62 L ( ) g
the laboratory) generates a transverse magnetic field By that can be computed asg
L - 1"._‘__2
L 4n f‘” 2062 . s o2 2o
2wy By = c 0 % © .ce2xrdr giving By = -4« eg =~ (e - 1)

The longitudinal electric field is depressed by the Lorentz factor Y , and the radial electric
field can be derived by a two-dimensional Gauss theorem:
2

r '-‘E-—-'z-
2nrEr = 4a jy oy € 2 0° 2g4¢dr

giving I_2

2 )

o 26
= . Ry . . -
B, 4 Y 0~ % (e 1)
In the beam-beam crossing the charges of the negative bunch are therefore affected by the follow~
~-ing force: 2
P 2 5.2
i = V =2 o 20 -
= . R = ;& . e -

= -eE+~—/\B) 8me .0g—g— (e 1) F

where use has been made of the above formulae for By and Er' For small displacements

rad ety

f'a -4mee gy T, viz, fx = - 4 mee ¢ QpX, fy, = -47e € c Q-2

We see therefore that the perturbation is equivalent to a focalizing effect. This is meagured by the
reiative momentum deviation

dpx, z - fx,,z'A’t ,
p p
. . , . . L/2
At being the duration of beam-beam overlap in the laboratory, A4t = ——

C



We thus have

Ne
fy,7z = -47W-e.0pa~ (x,2) = -47 e . (Xiz)'
’ 2% o d
‘ 2 Ne N
T R 1 LR
P P mcy 42, Yo

We can now re-write £, , asfollows

v Nre | roBx, 2

e ot Bns Nreo o Tebus

%X,2 4% [x;2 )’0‘2 4762y

If the beam has (more realistically) an elliptical section, one gets

Te Bx, 2
A FICTT) ‘
X5 4 Oy t Oy UX, v
Now N can be related to the beam currents, I = h -2-—7%%— and
£ I R mC,Z Bx,z ,
x,2 lg h E o, Z( o, + 0,)
The luminosity formula becomes, in terms of §y 5 :
2 §x &
L = — chE xz(d+0)2

2R ri(mcz)2 Bx Bz

The radial displacement of an electron of energy E with respect to the ide&l orbit is usually expres
gsed by the dispersion vy defined as

The syncrotron radiation generates energy fluctuations whose standard deviation is usually expres
sed in terms of an adimernsional parameter ¢;; defined as .

(& - )2 ’ 2
¢ = —————9-—> = 3,84x10 13 _E° L ( ©1in meters)
P gl (mc?)2 2

The horizontal beam dimensions - as well as the vertical ones, coupled to them by a mixing factor
&- are determined by these fluctuations, One can show that the following relation holds

o -a\/ : - 2M3'%11:2 gk\f 82“21\/’[3’
s = - : o, ° 5 -
% p 1+€2 X A P 1+82 A

where M is a function with the dimensions of 4 length which is uniquely defined by the prc»pertles of
the orbits over the section of the bending magnets. The following identity holds

62 0.2 ,
e SR z(w +2M) = 2:021\/I’h
ﬁx BZ p Bx p

This formula shows that M* (dimension of a length) gives a weiglited measure of the beam linear
gize at the intersection, By isolating a 2 M* Upz factor the luminosity forimula can now be re-writ

ten as + 9
L= chE? §x gz (Gx ,Gz) ok g
- 2 2,2 k 2 Bx 2 2M
2Rr " (me*“) Bz 64 B2 o
€ S P z
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Bz 2
and setting (1 +M—==)
- _§§:_ . 9z .ﬁ}i L = chE? Ex§, Bx oM o 2
&, Ox Bz 2"R1c'ez(nr1c2)2 B2 1 +n2 —E—Z— p
The maximum value of §, & is obtained for £, = &, =8y

(and 7 = 1), and therefore the maximum luminosity (as far as the acceptable tune-shifts are con-
cerned) is by making use of the explicit expression for o,

. EY o+ .2, 1 1

i = K, = hM E2(— +—)
v L Re m By B
with Ky, = o/ (2¢2(me?)) x (3. 84 x 107 Tem) = 1,06 x 1038Gev 4571, and By, are the betatron
wave lengths at the croseing point. Along similar lines one can derive the energy dependence of the
maximium beam intengity. Since

; 6, t 0, .
N = —E—z—— E o - .z , one can write identically (isolating a 2 M*‘ﬂ Upz factor)
m’c“re X X Bx
. I
o  + M” o "
N=_27E g ot o, 2 ’p . _2aE £ 1+ 9 /0y ot o2
which gives at most (9= 1, §X: gz gM) . _B—x B_ B, Oy
: Z
N = B e when ' K, =—22_ 3 sax107!l 012 geyd
Ky SMy N2 T (em) CALX e .

The specific luminosity L/N is therefore

r . . 1
LN =Ky /Ky) (Eyg /BB (=4 )
’ x Pz
. The nimber of particles in a beam i{& limited in practice by injection problems and also by the need

of limiting the single beam longitudinal instability, In ALA a rather safe of 150 mA was agsumed as
maximum current,

For a given current, the luminosity can only be increased by a suitable choice of machine para
meters. It is seen in the previous formula that R and B x, z should be made 28 small as pogsible,
Since the space needed in ALA along the ring to locate the various machine components 270 m, the
adopted value for R is R = 11.14 m, On the other hand, Bx and g, can be varied by varing the
machine optics,

However, a lower lirnit to g, is set by the bunch length for optical reasons, and therefore-at
ALA B, ='0.2m. Itis also convenient to have B, > 8, . AtALA B, = 1. With the adap
ted numbers &y = 0.06, B, =0.2m, By= 1m, R=11L14m, Nt = N- = 2,2 x 1011 (150 mA).

One gets ‘

L/N = 6.4 x 1019 cm=25-1 particle™!  and L - 1.4x1031 cm-2s-1  at W =3.4 GeV

The optical parameter M#* (0.82 m given by the formulas above, with €= 2,5 m) canbe made ener
gy-dependeént, in order to have a higher luminosity below W = 2,4 GeV.
Asguming a law like ‘ ,
suming ME - ME (B/Epay) ™
g B ¢
one hag ; ) MAX 3
L =L pray (B/Emax) 4™ and N = Ngmay (B/Bmax) "™,
Which means that if m = 3, N =constant and L = Lgp.ae? B/Emax.
Indeed the ALA optics allows to.make m = 3 from W = 1.6 to W = 2.4 GeV, which eorresponds to

increase M¥ from 0,82 m to 3 m. Below W = 1,6 the luminosity follows the natural 1ayw E4 and the
beam current follows the law ES.
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An important parameter in the search for narrows resonancies is the energy speed of the ete”
interactions. With the adopted optics the ¢, m. energy distribution is expected to be roughly gaus-
sian, with [, (MeV) 2% 0.45 W? (GeV2).

The transverse dimensions of the source are hegligible (<¢<1 mr‘nz), but its lenght is much lar
ger. This is due to both the natural length of the radiofrequency bunches and to an anomalous
lengthening which takes place at the bunch-bunch crossing, Using the 52.5 MHz new Adone radio-
frequency the naturdl source length is expected to vary between ~ 8 and~ 20 cm f. w. h.m, (see
fig. 52). However, a 102.8 MHz RF will probably be adopted for ALA, In this case, it will be pos
sible to operate with a fixed source length ofx 6 cm (r. m. 8. ) at all energies (this will be obtained
by increasing the RF voltage and power up to ~ 400 KV and &~/ 50 KW at the top ALA eénergy)fig, 53)

A model wich fits well the data on anomalous source lerigthening in the existing ete- storage
rings (46) predicts that this effect should be negligible for ALA (47). The use of a 102,5 MHz fre-
quency should also allow to achieve an increase in luminosity of a factor of 1,4, as shown in fig, 54.

The beam lifetimne with the expected average reésidual gas pressure of &/ 10-9 torr is of the or
der of 10 hours. The injection in ALA has to be accomplished by means of two fast kickers along
the ring that bend the incoming bunches toward the central orbit, followed by two magnets that set
the bunches on an orbit inside the acceptance. The optics ie designed such thdt these operations are
possible without perturbing the stacked beams. On the other hand, the logges on the injected bun-
ches as well as their intensity depend on the pre-accelerator that ig used as an
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CHAPTER VI - THE MAGNETIC DETECTOR FOR ALA (MDA),

In this chapter the design and test work made by the physicists of the MDA Group is summari
zed. The author ligt is the following: M. Ambrosio, R. Baldini-Celio, G. Barbarino, S. Bartolucei,
G. Battistoni, R.Bertani, S.Bertoluceci, C. Cerri, F. Cervelli, R.Del Fabbro, G, Giannini, P. Giromini,
R, larccci, P.Laurelli, M. M, Massai, G. P. Murtas, G. Paternoster, S. Patricelli, P. Patteri, G.B,
Piano Mortari, A.Sermoneta, ¥, Sergiampietri, M, Spadoni, L, Tragatti, U, Troya. Inthe various gec
tiong mentionwill bé made of tive people whohave been directly involvedin thte specific work. This ap-
plies in particular to the author of the present Thesis (see VI, 2).

The inain parts of the detector, which ig shown skematically in fig. 55, are:

a) a solénoid magnet, whith field parallel to the beam, whose ¢6il is centered around the machine
pipe

b) a charged particle detector with cylindrical symmetry inside the coil, which compriges an in-
nerhodoscope of thin scintillation counters to start the time-of-flight meagurement and a multi-
layer cylindrical drift chamber to measure the curvature of the tracks down to polar angles of
v 28°

¢) a barrel hodoscope of scintillation counters, just outside the coil, to stop the TOF measurement

d) a photon detector behind this hodoscope contained inside the cylindrical magnet return yoke, that
covers polar angles ¥ 36° and extends over the full azimuth

e) a hadron détector sandwiching the magnet yoke, over the full azimuth,

f) a muon filter behind the hadron detector arranged in two vertical telescopes on both sides of the
detector ]

g) small angle monitor counters and tagging counter of inelastic electrons.

We ghall in the following describe in detdil the teature of the various parts, including the re-
sults of tests performed before the end of 1978,

VI. 1 - THE MAGNET, (Designed by T, Taylor, CERN),

Since the free straight section of ALA is 3 m long, the magnet gap cannot be large than~ 2 m;
in order to leave space for the compensators. A gchernatic drawing of a section of a:quaf-te‘r ofthe nia
gnet is shown in fig, 56. The relevant dimensions are shown in the figure. The solid angle that the -
pole profiles (at v 369 ) leave free for the photon detector is 80%. The solid angle for p.y measure-
ment ( 90%) will be discussed later. The total weight is &/ 60t, It should be noticéd that the eylindri-
cal reéturn yoke (6 cm thick) is commercially available from the container industry,

—

The computed field map is shown in fig. 57. At the nominal field intensity (3, 82 KGauss) the field
non-homogeneity is expected to be at most 24 5% on the coil edges. At the maximurn momentum of the
ALA secondatries (1.2 GeV/¢) the radius of curvature is w 10,5 m, For particles at 907, the bending
over 70 cm path length generates a displacement of~ 2.3 cm, which is quite adeguate to allow an ac-
curate momentum measurement by thé inner drift chambers (see later).

A drawing of the section of the coil is shown in fig. 58 and the main coil parameters are collected
in Table III,

The alurminium ecoil will have to be wound onto the inner cylindrical support under 200 Kg tension
to allow coil stability when it heats up during operation. The coil will then be impegnated under va -
¢uum with resin. The bore support tube will be supported from the inside witil the assembly is pro-
perly polimerized. The special effort made to design a thin coil (3.1 cm Al equivalent, everything in
cluded), has implied a number of special feature (e, g. 45 independent water-cooling systems).
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_TABLE III

Coils Field
Al total-section 18 x 20 mm? 47 . .
resistivity 0,0278 £ /mm B=—— 1 n=0.0126 I(Ampere)n(coils/m)
hole diameter @ .= 10 mm . _ .
distance between wires. 2 mm magnetic field = 3.82 KGauss
length of solenoid 180-cm Current 6375 A
mimber. of turns 96 .
coil radius 80 om power consumption 1,86 MW
total coil length 452 m

350 Kg coil
e 400 Kg support
weight

g 150 Kg resin -
900 Kg total -

pa » . p . c
45 water circuits, At (out-in) A~ 20 , pressure 5 Kg/cm2

The problem of ensuring an easy access to the inneér detectors is not an easy one and is still

under study (by G. Gennaro and the M

echanical Design Team in Pisa). A tentative golution is indica

ted in fig. 59. The return -yoke and photon detector would first be rolled sideways together; nexﬁ/gthe
dvift chambers and the outer TOF scintillators would be slided longitudinally to free one maghet
pole, which can also roll sideways. This gives access to the coil that is conceived as a telescope
such that one half of it slides lingitudinally inside the second half, and to the central chambers that
can be opened sideways in two blocks. This system would allow the assemble and disassemble the
detector without removing the machine pipe. This condition, however, gives complications in par-
ticular in the coil mechanics.

vi, 2. - The central chambers,

VI, 2. 1. - General design of the detector.

Central track measuring devices for storage rings based-on sets of longitudinal drift cells ha-
ve been emploied in a number of modern magnetic detectors (e. g. MARK II at SLAC, R 106 and
R 807 at the ISR, CELLO at PETRA). These chambers dombine excellent space resolution trans-
verse to the wires - which is most important in a:longitudinal field - with easiness of operation in
a magnetic field (48). The factors determining the space resolution are basically three, as illustra
ted in fig: 60. The fluctuations of the electronics in the drift time measuremeént contribute a . con-
stant term of about 40u . Next, when the particle crosses the chamber at very small-distancies
from the wire the cascade generating the drift pulse is cut-down with increasing statistical fluetua
tion of the collected charge. The dominant term at large distancies s contributed by the diffusion
6f the electrons during the drift and is proportional to the square root of the distance from the wire.
The overall resolution over distancies of a few centimeters can be as good as 0,1 mm, As discus-
sed in ref.(d8), these features are not appreciably changed when the chamber operates in a longitudi

nal maghétic field, The drift velocity w is modified according to the formula

W, - w/\[l ra B (Ey?
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and therefore is still a constant, For B~ 4 KGauss and E ~ 3000 V/em (E should be kept constant
over the full chamber volume), the change in drift velocity is about 0.3%.

Since the sagitta of the charged secondaries at the low energies that are typical at ALA canbe
eagily made much larger than the precision of position measurement in the chambers, the relative
error is dominated by multiple scattering (as will be discussed in more detail below). Thus
one shoufd build the chamber using as little material as possible. This is achieved in our design by
reading the longitudinal coordinate along the wire with the method of charge division which provides
for each hit a space-point (except for the left-right ambiguity) using information collected by the
sense-wire only. The full useful volume is thus filled with drift cells according to the schema shown
in fig. 61. The main mechanical parameters are quoted in Table IV,

TABLE IV - Main parameters of central chambers.

inner radius 12 em

outer radius 72 cm
number of layers 11

length 160 cm
minimum drift space (inner layer) 0,4 cm

maximum drift space (outer layer) 2,4 cm
number of sense wires in one layer 96

angular opening of one cell 3.75°
total number of sense wires ~ 1000
total number of field wires ~ 2000

Serise wires:

30 ¢, Ni/Cr, tension ‘60 gr, resistivity 3000:Q/m
Field wires:

100 $,Cu/Be, tension 120, gr.

total mechanical pressure on end caps ~ 300 Kg

gas mixture: Argon 60% Ethane 40%

Across the chamber, §g4.qt1p generated by the gas is tipically (p = 300 MeV/¢) about » 4 mrad

(r. m. s.). This is also the typical scattering angle when a 300.MeV/c particle crosses a wire, which
happens with probability 1%.

The lines of force and the curves of equal delay from the sense wires are shown for B = 0 and
B = 4 KGauss in fig. 62 and 63 (computed by S. Bertolucci and P, Giromini). On the basis of these
computations an essentially constant drift velocity is expected. Direct measurements on a similar
prototype have given excellent results, as will be shown later,

In the charge-division method (CDM) the sense wire is made of high resistivity tnaterial

(&~ 3000 Q/m) and the charges transported to the wire ends are measured. Qualitatively, these
charges are inversely proportional to the distanceé from the point of imipact of the avalanche to the
wire. The maximum precision that can be obtained with this method is set by the equivalent noise
charge (ENC) which is present at the wire énds. At normal temperature this limit is approximately
—AI——— v *+ 0,2%, viz ~ + 3 mm in our case (see later). This is as good as what one can-achieve
with the small angle stereo, which however:would require three times more wires and would not gi
ve enough space points inside the available magnetic volume. An accurate test of the charge division
technique has shown, as discussed below, that this limit can be very well approached in practice,
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VI, 2. 2. - Estimated momentum resolution,

The expected momenturn resolution has been computed in a number of ways. First one has
checked with finite approximate formulas that the result was of the desired order of magnitude.
The result of such a computation (due to P, Giromini) is shown in fig. 64. To be conservative, an
error -of + 0.4 mm onthe transverse coordinate y and of + 16 mm on the longitudinal coordinate
z: was assumed. At a typical momentum of 500 MeV/c, the error 2 generated by the ¢
resolution alone is shown in the left graph of fig. 64, as a function of P the polar angled . When
decreasing ¢ from 90° to smaller angles at a fixed total momentum, the bending radius grows
because of the reduced p,; and the resolution improves. However, at B v 4:5‘9 the particle be-
gins to miss the outer chamber planes (see upper graph in fig. 64) and -—-]p——-p— jumps-up in steps.
The error contributed by the z-measurement is shown in the central graph, again for p = 500 MeV/e.
Assuming to derive p from the measurement of z at an exactly known radial distance d, one has

p o= R2__ , with cos?d = .- Z___ and Apy - Az
cos P VTZ 7 d-2- p// Z
This gives 4P - cos%ﬂ\._ gz , giving an in¢reasing error when 4 is decreased from 900, as

sken in the figire, The contribution by multiple scattering, which is momentium independent since
both the bending angle and the scattering angle are o 1;..., is shown in the right graph of the figure,
The increasing error in steps at & ~45° ig due to the decreasing path in the magnetic field. The
overall resolution is therefore expected to be » * 4% at this momentum, for ¢ > 45 . One sees
in fig, 64 that at % ~ 28° the error grows violently. One can estimate from here that the useful so
lid angle for momentum measurement will be ~ 90%. Inpractice, the overall error will of course
depend on momentumn, becausé the contribution by the first two terms is ___Ié_B. ~ D

VI. 2. 3. - Montecarlo computed momentum resgolution.

In order to get a better estimate of the actual errors; a Montecarlo generation of the points to
Be meéasured and a best-fit reconstruction of the tracks in the chambers has been made by R. Del
Fabbro. In this computation, the contribution of the wire material was neglected and the gas was
stupposed to be concentrated in eleven equally-spaced cylindrical layers.

With reference to the frame shown in fig. 65, the trajectory of a particle emitted at (0,0, zg)
with polar angle ¢ will be an helix, with longitudinal and transverse velocities

BI/ = P, /E B.L: P /E
The radius of curvature and the angular velocity of the rotation are
o - Pic/eB ’ _ eB %& (c = spee;‘Lof flight) (B =magnetic field)
m_c¥ (@= 3.3 5" cm(Mev /:)—IKGauss)
The equations of motion are
x=R|:- cos (ot + @) + cos !D:l, v = R |sin(wt 4}¢)-sin¢:|

Z =z, + Bﬂ ct .
The equation of the x; y trajectory is
(x « R cos @ )2 + (y+ R sgin ¢ )2 = R2
viz. a circumpherence of radius R and centre at
Xe ® Rcos @ ¥Ye = ~-R sing@
In terms of xa, ¥ which are the effective unknwns, the equation is
2

x:2+y - 2%3%, - 2y¥c= 0
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The x, y coordindtes are measured up to 11 times in the intersections of the trajectory with the
chamber sengitive planes. This gives the information by which xq, ¥ are deduced with a best-fit
stV A
procedure., R~ _.L .. isin turn derived as R = \/xg +yé,
Py
The assumed measurement érrors were again 6z = + 16 mm, while 6x= ¢ where
derived from the error on the drift distance, O apift - + (0.4 + s 0,0444 mm), P,[bi"le dip angle

0 is the angle between the radiug and pj at the impact points. The weight by which the error is
increased when d#0 is derived from other experimments. From fig. 65 one sees that the radius of
ot

2
This allows to remove the time from the z-equation of motion

2 -1 . .
23 = 25+ B¢ = sin” (2;/2R) =z, + 2R Zr—f— sin(¢,/2R)

the ith—layer is @3 = 2R sin

which gives t; = --(%— sin~1 ( @3 )

In this equation, R is known (from the best-fit to the x, y measurements), z; are measured &
number of times and the unknowns z, and BI;/BJ_ can be derived in a begt-fit analysis. Thus the
production parameters can be fully reconstructed:

g = tan-1 (-yc/xc) , 0 = tan-1 (B_L/ﬁl/) s pl(].\/[eV/c) = (B(Kgauss)/3. 3) R(em), .

S P T

In our Montecarlo computation pions are generated at various polar angles and at P = 0,25 =0
for a number of significant momenta, The trajectories are followed inside the field and the impact
points on the chambers are recorded. Next, these coordinates are read out with the previousily
mentioned experimental resolutions and the best helix is fittedthrough the data, ending withthe recon
struction of zg, @ , & . Py Py, P The distribution of the reconstructed parameters is finally -
compaired with the input values to give the regolution.

The Montecarlo calculation was first run neglecting the effects of multiple scatteririg. As men
tioned before, the momentum resolution —4B  is expected to grow with p. We shall now give a
more detailed estimate of this effect. In an drc of angle ¥ and radius R, the cord ¢ and thé arrow
f are given by

c=2R sin 7/2 f=R(1 - cos 7/2)
2 2 X
‘s c 2f 9 ) . ¢ f
= S 21 - ERFE
giving R 3 (1 +( - ¥9). In our case R A ar (c << 1)
4ap AR At
Therefore —p—— R - T
AP SR £ (crm) Py (MeV/c)
and ——— = Af —5 = o 803,38 e
p o2 C2 (sz) B (KGauss)
AP
we write e = Kpl(MeV/c) where K = 28,4 Ag (em) '
Py c“(em”) B (KGauss)
Montecarlo results on —A4Pr  are shown in fig. 66 for ¢= 30° and ©9>50° asa function

of p. The fitted curves give K = 1. 58 x 10-4MeV~! and K = 4,29 x10-5MeV~-1 respectively. In the
latter case (¢ = 70 cm) this corresponds to Af ~ 0,3 mm, This is also the order of magnitude of
Af at  ®= 30° where c = 35 cm.
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The dependence of _4pu_ on p, can be estimated as follows.

Py
Bu APy 2 ARg o APy 9
Py = = R {where R, = s )= +
2y Py BP,L g Bu/gy) ( Py ( RB ) { By )
From the previcusly derived linear expression z = 2z ( ﬁt,,/ g, ) one gests
ARﬁ /R = AZ/Z ! ARB A
At any distance' from the axis, z = @/tg(@). Thus in our case __Rl_g__ = (__D_Z._> tgo,

with<Az/ g> being the effective z-resolution weighted over the distance. At an intermedidte anpgle
#l= 60° (tgd ~ 1,7), since the effective ._4Z mustbe L6 ~ 0,023, one estimates ARg/Rp
e . e
~4% while gpy/p, is ~ 1%.

Thus to a first approximation Apg/p;, s <4z/eL> tg0, independent of p. In our Montecarlo compu
tation, at typical momenta (200-400 MeV/c) one finds at 4> 50°¢ the results quotéd in fig, 66,Db.
Oné sees that at @ - 60° »APJI/P//N 5% which is close to our estimate, As far as the overall momen
ta resolution is concernéd, one easily finds ’

\ 2.5 1 ¢Az%; 2
Aap/p = \[szj_ +25in%0 cos 20 (—2— 5—-—52—2—2—— - k2 PL)
and the results of the Montecarlo computation are shown in fig. 66,c. They check very well with the

estimate given in the left and central part of fig, 64. The distribution of the reconstructed zg's is
shown in fig. 67,

After having understood the effect of the errors of measurement, multiple scattering was taken
into account.

Starting from the intersection, the secondaries cross the pipe (5xl 0~2cm of steel,—;ls— = 0, 0284)
.4 - 0

the TOF counters (5x10-lem of scintillator, -E—— = 0,0116) the chamber wall (~ 10 lem of alumi

nitim, w(—T;(—— = 0,0112). This gives *0
0 3.17
& vt
ms " p(MeV/a) (walls)
atithe entrance of the useful volume. The gas mixture is assumed to be 60% Ar (xg = 1,1X 10"4cm)

and 40%  CgHglxg = 3,3 x 1074em). Therefore for a radial crossing of the chamber (60 cm' path-
-length) one has

Z ng7 - E)—(ﬁevm (gas)

In the computation, the gas was assumed to be concentrated in 11 eylindrical surphaces.at the -
sense-wire distancies. The effect of the wires themselves was neglected, Because of the large scat
tering in the walls, the fit was made to a circumpherence in the azimuthal projection after rilaxing
the condition of passage through the beam axis by generating the tracks at the chamber entrance. The
results of the computation are shown in fig. 68. It is noticed a large loss of regolution on py with
respect to the case of zero multiple scattering (full line in fig. 68,2) and a stnaller increase of APy /1y
(fig. 68,b). Alltogether one predicts a rather ¢ -independent 4P, The overall resolution is shown
it fig, 69, as a function of p. The parameters of the fitted straight line ,_f.)l_.Q* =ap+b are
a; = 7,5x 10-3Mev/e-1, b = 1,86

Iri éonclusion, the results of the Montecarlo calculation have confirmed, with many more impor
tant details, the estimates of fig. 64.
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VI, 2. 4. - Tests of the charge-division method,

In order to understand the practical problems of operating a central drift-ehamber detector
with charge-division read-out, I have joined for three months in the group of experiment R 807 (49)
at the CERN ISR .and helped in setting up and running a prototype chamber. The results of that
work are described in detail below.. I express my deepest appreciations and thanks to the collea
gues of that group, in particular to the Group Leader C,Fabjan and to A, Redge, E. Rosso, R, Hogue,
T, Ludlam.

The drift chamber which we used in the test was a sector of a cylindrical detector comprising
three azimuthal cells. Fach cell had a 4 ° opening angle, an inner radius of 204 mm and an outer
radius of 328 mm (fig. 70). The drift space varied from 7 mm to 11 mm. Each cell had 16 gense
wires, staggered by 0,4 mm to solve the left-right ambiguity. The radial distance between a sense
wire and the nearest potential wire was 4 mm,. Notice that in MDA we hope to eliminate the poten-
tial wires between one sense wire and another along the radious, sincé the computed field (fig. 62,
63) is still good enough, The first and the last wires of each cell ‘whére the electric field has grea
ter non-homogenity were not used.

The sense wires (Ni/Cro, 254 in diameter) were 1411 mm long, with a resistance of
3800 2 . For a comparison, there were also 7 wires 30 in diameéter with a resistance of
2500 Q . Potential wires were Cu/Be, 100 u in diameter. The gas was a mixture of Argon (60%)
and Ethane (40%). The mechanical tension was 40 gr for the sense wires and 120 gr for the poten

tial wires.

The supply scheme to the field wires is shown in fig. 71. Notice the bypass capacitors bepassr
which are used to keep the voltage stable by removing the positive charges which are déposited on
the electrodes during the chamber operation. The power supply (HV) was set at -5380 V, which gi
ves ~-3300 V at one extreme (Vl) of a cell. In order to compensate for the variable cell width and
to keep the drift velocity constant, the voltage difference between a field wire and the adjacent one
is close to 20 V, giving about -2500 V in Vg. The sense wires are grounded. The voltage of the
field wires interlieved to the sense wires is V. Vp could be varied between -1400 and -1650 V.

The scheme of the read out electronics is shown in fig, 72. The preamplifiér is connected direc
tly at the wire end. The output signal runs through 3 mt. of cable to reach the time pick-off (TPO)},
Three 60 m long cables carry the time information and the two analog information on charges A
and B from the TPO to the TDC and to shaping amplifiers,

The preamplifier (49) (fig. 73) is a low noise, low input impendence (758 ) circuit, amplifying
current to voltage with a gain of 30 mV at the open output for 1 mA of input, The paragitic capacity
at the T1 collector determines the rise time at the output. It is of course important that the rise
tirme be fast to give a good knowledge of the drift time. For input signals with rige time of 10 ns
the output riseé time is 25 ns. The output impendence is 50 . There are two output lines, one po
gitive and one negative, balanced and twisted together to avoid the cable cross tdlk., zg (close
32 K§) is chosen for each preamplifier, such as to produce the same gain, There is dlso a cali -
bration input, with an input impendence of 30 KQ .

The scheme of the TPO (49) is shown in fig. 74. The TPO is a discriminatér with-a 3 mV thre
shold which is triggered by the sum of the signals from the preamplifiers connected at the ends of

one wire. The 50 ns long output pulse runs through a 60 m long twisted pair, at the end of which
ig converted to NIM standard and stops a TDC,

The scheme of the shaping amplifier (49) is shown in fig. 75. Transistors Ty, T, Tg, Tx
amplify the input charge., On the Ty base there is a signal which, after a fast rise, decreases with
a time constant of Ryg Cg = 4.7 ps/ This signal arrivés to the Tg emitter and to the Tg collector,
where at zero time it splits into two equal parts (since z; is the characteristic impendence of the
delay line). After a time equal at the delay time, the current reaches the T, collector and then co
mes back through T, into zj, being twice larger and opposite in polarity. Since the delay line is
not matched one has, after twice the delay time, a reflected signal which brings the output back to
zero, This asignal is eventually amplified, such that-the output aplitude is proportional to the charge
injected by the wire. The three above circuits have been designed by J. Lindsay and W, J, Willis.
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The logic of the electronics used for the calibration of the chain is shown in fig. 76. The clock pulse
from the computer stats timing unit 1 whose end-mark after 350 ns opens a 600 ns gate to the chamber
ADC, The output pulse of TUL is shortened to 120 ns to gate ADC 2, where the injected charge into
the test input of the chamber is monitored. The computer output also operates a pulse whose output

igs fed into the test input and can be varied to simulate different injected charges by the wire.

To operate the chamber on the test beam the arrangement of fig. 77 and the circuitry schemati
zed in fig. 78 were emploied. In normal conditions Co has two activated inputs and one input waiting
fon the trigger signal from Cq. A particle crossing the chamber is detected by scintillation counters,
Spilin front) and Sy, Sg (behind) and triggers both Cy and Cy. A prompt output from a timing unit
inhibits Cy while a 10 p s delaied end mark restores the LAM grader. The C, signal is suitably
shaped to generate a 700 ns gate to the ADC's (reading Qq, Qy) and the stop pulses to the TDC's, The
data are at this point read-out by the computer (which inhibits the LAM grader). The read-out cycle
lagts less than 10 #s, The beam emploied was a 4 GeV/c £~ beam whose width was defined to
2 mam by the trigger counters,

- In the calibration with the pulser, the pulse shape at the key points along the chain when the elec
tronics was properly operating was as shown in fig. 79, A typical calibration curve is shown in fig. 80,

Data on test beam was collécted with the chamber set at two orthogonal directiofis on a plane nor
mal to the beam ( @ = 0°and ©= 90° in fig. 77). The ratio __ A _ was recorded (A and B being the
digital readings of Qy and Qg) as a function of the 1ongitudig&msition of the beam along the wire. A
typical result is shown in fig. 81, where one sees that linearity is very good. It is interesting to ob-
geérve that when the beam is positioned at the end of the wire one finds that Ql is still slightly diffe-
rent from zero. This is because the input resistence of the preamplifier (75 Q) is not negligible,
being equivalent to 2. 5 cm of wire (resistivity 30 @/ cm).

With the correct choice of the bypass capacitors (fig. 71) the spread of the data at a definite beam
position was also quite. small as seen in fig. 82. It is shown below that this resolution (+ 6 mm) is
not far from the limit due to the thermal noise on the wire,

Oné can get an estimate of the gas gain in the following way. With a 50 ns, 480 mV input calibra
tion pulse the reading A + B = 1950 was found. Since the input impendence is 30 KQ , the input char
ge is 0, 8% 10714 Coulomb. On the other hand, the typical reading on the beam was A + B = 800, i, e.
the charge deposited by the beam was Qg =0, 33pC 1,7x 105 electrons. The beam crossed ~ 1 ¢cm
of Ar-BEthane - gas with a total ionization of ~ 135 electrons. The gas gain is thus about 104,

The chamber noise is given by the thermal noise of the resistive anode, The equivalent charge
is (50) ENC2n KT 3 ©

with: R = wire resistence, T = width of the output signal, T = absolute temperature, K = Boltzman
constant, Since the output pulse is 300 ng long and R = 3800 £ , one has ENC ~ 3 x 103 electrons.
The estimate for the ultimate resolution is therefore

AL/L = 4Q/Q = ENC/Qg~ 2x1073

On the other hand, the experimental resolution of ~ 10 mm f. w, h. m. (fig. 82) corresponding to a
standard deviation of &~ 4. 2 mm, gives

——1151~3x10'3

One thus concludés that one is near to the ultimate limit of the technique. In order to lower the noise,
tests were made with delay lines 200 ns long. The results are quoted in Tablé V. It is seen that the
riesolution i improved by approwimately 30%. A comparison was also made between the performan-
cés of the 25¢ and the 304 wires. There are strong ¢lectric fields in the chamber and for 140 cm
long wire at a tension of 40 g the arrow is close to 100 - 200 ¢ . This effect was accurately measured
as a function of the applied field with the help of a narrow laser beam mountéd on a high-precision
goniometer, The results are shown in fig, 83, For a 254 wire the elastic limit i close to 40 gr, whi
le for a 30 M- wire is 90 gr, such that it is possible to use a tension of 50 - 60 gr. It was found in a
test that the working performances of the 30 ¢ wire are good enough. For example; fig, 84 shows
that the resolution (Vp = .1650 V) is still 5 x 10-3 (f, w,.h, m, ). As a result of these tests, 30 p thick
wires with 60 gr tension will be used in the experiment,
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TABLE V - Performances of different delay lines.

WIRE 1 (300 NG) WIRE 2 (200 NG) WIRE 3 (300 NQ) WIRE 4 (200 NG)
Longitudinal | A+B | A jFwuM | A+B| A Jrwom | A+l & | Fwem | a -2 | pwam
coordinate A+B ATB ATB A+B
(cmm) (mm) (mm) {(mm) (mm)
0 800 70 19 900 82 9 1000 72| 14 1600 | 80 12
30 800 | 281 16 900 | 294 10 800 | 291 12 900 | 288 10
60 800 | 494 9 900 | 505 8 1000 | 508 10 1000 | 497 8
90 800 | 715 18 800 | 713 11 800 | 712| 12 900 | 705 10
120 900 | 935 26 900 | 924 16 1000 | 935 29 1000 | 921 16
< FWHM > 18 11 15 11
mm

The performances of the chamber under high rates were also testeés. The positive ions accu
mulate near the anode where the electric field is larger and where the avalanche is located: their
drift time to the anode is of the order of hundreds of ns. Under high rates this positive charge in
the chamber, which gives a space charge effect, can cause troubles, By varying the beam inten-
gity, the total charge A + B was measured and the results are plotted in fig. 85. One can see a
clear decrease for high rates. However, the chamber is expected to operate well even for rates
as high as at the ISR (up to about 105 charge tracks per cell) and therefore no problem is anticipa
ted at ALA, where the rate of beam-beam events is down by ~ 107 with regpect to the ISR, Asg a
matter of fact, the overall radiation density at ALA will be dominated by rmachine background.

Another factor which can cause the operation of the chamber to deteriorate with time is poli
merization of the gas due to radiation, This effect was studied using a sraall chamber of the sa-
me characteristics as the one previously described but with wire length of 30 cm. We have star-
ted measurements of the total A + B signal, with the chamber irradiated with a radioactive source
(sr90, 50 m Curie, 109 B-desintegration per second) collimated to ~ 2%, The results are shown
in fig. 86 and again indicate that the chamber will be able to operate for long times at the ISR. The
same conclusion should be valid fo ALA, although the background radiation will be much higher
than at the ISR,

The height-of the output pulse was studied as a function of the electric field in-the cell (for
25 u wires). The results are shown in fig, 87. The function A + B is an exponential in the fiéld:
Ln (A+B) is fitted very well by a A comparison was algo made bétween 25 p and
30 4 wires. The results is shown in fig. 88 (where the gudted signal is an average between the
output of two wires), Although the 25 u wires are better, quite a sufficient pulse height can be
obtained with the 30 4 wires. The spread with wich A + B is measured in the two cases ig shown
as an example in fig., 89, The resolution is gat 50% for 25 4 wires and dat 100% for 30 4 wires.
Therefore the loss of information in a dE/dx measurement is apprecisble if 30 g wires are adop
ted.

In order to measure the drift time, the chamber was moved transverse to the beam by dccu-
rately medsured steps, A typical result (using a 2 mm wide beam) is shown infig. 90. Notice
that at z = 9 the beam crosses the wire, and the measured tirne distance (the stop being provided
by the trigger) begins to decrease, It was found in all cases that the data can be well fitted by
straight lines with slope ~ 15 channel/mm. The time scale that is needed to derive the velocity
was obtained bv reducing by 60 ns the delay of the stop signal. An average difference of 35 chan
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nels was found in the output. Thus 1 channel = 1,7 ns, and vgpig ~ 40 mm ,us"l. A direct check of
tHis result was made by noticing that the difference between reading of even and odd~numbered wi-
res in one cell was ~ 12 channels. This must correspond to 0, 8 mm, which is the staggering
between the wires, and corresponds to vgpiet ~ 40 mm/us. The conclusion of the tests made at
CIERN on the charge division method for chambers similar to the one to be used in MDA can be sin
tatized as follows. The method can work: it gives ¢~ + 5 mm at the cemtre and ¢~ + 9 mm at the
edge of a 140 cm long wire, The linearity is very good when bypass capacitors are placed on wire
ends. A delay line of 200 ns in the shaping apmlifier is better than 300 ns, in particular because it
allows to use 30 4 wires with a mechanical tension of 60 gr. However, the dE/dx ability of the
method is reduced. The gas gain is close 10% with a field of ~ 3 KV/cm. In these conditions the
drift speed is close 40 mm/ ps. A staggering by T 0, 4 mm looks adeguate to golve the left-right
atnbiguities. Argon 60%, Ethane 40% is a good mixture, Finally, although some information on the
total charge can be derived from the A + B signal, more work would be necessary in order to make
it useful for a dE/dx measurement.

VI 3. - The time of flight system,

Theé arguments discussed in Chapters I+ V show the extreme importance of separating pions,
kfaons and protons. This can be done in MDA by a combined measurement of pgsp and TOF (giving
1yor Pep and a}l?.(giving _-L) at ALLA energies). The job is increasingly difficult with increasing
%article momentum. The oFder of magnitude of the momenta involved is seen in fig. 9L a,b (courte
gy of P. Spillantini), which show the differential and integrated momentum distributions of pions in
ete—s3 2 a1+ 2 ;- and kaons in ete™—3 KTK~ 5% 7~ at W = 1.6 GeV according to phase space.
We shall therefore worry about momenta £ 600 MeV/c.

The method-of particle separation based on pgy, ve. TOF has been studied for MDA by G. Bar-
Barino and S. Patricelli., The TOF counters in MDA are arranged in two cylindrical layers at~ 10
and ¥ 90 em from the beam. The dimensions are 200 x 4 x 0.5 cm3 (16 counters), and
300 x 18 x 2 (4) cm? (32 countérs). We plan to stick a photomultiplier at both ends of the counters,
The estimates that are described ih the following are relative to a single cutput. We expect an
improvement by about 4 factor of \2 in resolution with respect to be estimates below by exploiting
the information from both ends. We show in fig, 92 the TOF vs p relation for plons and kaons for
P 4 600 MeV/c and over a 75 ¢m path length. One sees that at 500 MeV/c Tk T {4 ns. This sets
the order of magnitude of the resolution required to- A¢< 0.5 ns. In the same figure is also plotted
the specific ionization of kaons and pions in units of minimum ionization (right scale), It is well
known that the start time of a fixed discriminator threshold depends on the pulse-height of the trig-
gering pulse. Thig effect was calibrated in the laboratory and a law of this type was found

_ 1 1
‘D'h - ‘Uho = K(VTI_ - V—_-‘HO }(Ref. 51)

The value of the constant K was found empirically by optimizing the time resolution provided by each
counter, as explained in the following. Experimental tests were made in collaboration with the diba-
tion Rome-Group, by installing & counter telescope comprising two scintillators (H, N) of realistic
size as shown in fig. 93. The electronics logic is also shown in the figure. In order to reduce the
background trigger rate a coincidence was requested between the signal from high threshold discri
minators fed by the signals from the two extremes of each scintillator (H, N) under study. The di-
gtance Sy - 85 = 7Tm = 20 ns was used like a monitor for tagging incident pions and protons. For
tixed positions of H, N relative to the beam (defined to about 0,5x 0,5 em?2 by C), the time distribu-
tion of the p.m, outputs from H and N relative to Sp was measured, Example of such data are shown
as full hystograms in fig, 94.a,b. The broken hystograms give the data after applying the correction
for pulse-height dependence of trigger time. It is seen that the correction is most effective (= 10%
improvement-in resolution) for the largest counter, where fluctuations are largest.

In long counters like those being corisidered, the cutput pulse-height suffers not only large sta-
tistical fluctuations, but also varies stronghly in a systematic way depending on the distance of the
particle from the photomultiplier. If £(t) is the time distribution of creation of ionization centers
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along the track and L. e -t/v

ig the normalized decay probability for emission of scintillation
T . s
light ( T~ 3.3 ns), the natural time dis tribution of the light emission per unit of solid angle ig

a _ 1 “tfv
& ° 7w O
If the source is at distance d from the photocathode, the light received at time t was emitted at

the delayed time t ——g_c%-ﬁ' , where ¥ is the polar angle of light emission relative to the photo-
. C f
multiplier, .£ is the speed of light in the scintillator, and ._0_(5‘;_, in the path, Assuming that one
A

collects all and only the light emitted below the total reflection

y angle #h » the time distribution
of the light arrival on the photomultiplier is

00 1 ( __dn
a _ 1 _dn_ ., "7V T ceosB’ L, L
dt 4wv (- c cos 0 )e @ =
0 dn
oy 6 c cos®
: ~tfr [0
=——1—e / :E(t--*g-rl-—-)e dcos® .
27 c cos 0 ;

The distribution computed according to this formula as a function of d (after assuming a step func_
tion for f (t) is shown in fig. 95. Notice that d = 50 ¢m is a realistie estimate for the length of the
light-pipe. THhe pulse height scale is derived by assuming 104 useful photons for e¢m of plastic, a
quantum efficiency of 10%, a photomultiplier gain of 108 and an output resistence of 5082 , It is
seen that for standard values of discriminator threshold {10 to 30 mV on 50 ) the trigger time is
expéected to vary more than 1 ng when the impact point varies by 3 m (fig. 42), This shows very
clearly the importance of employing low threshold discriminators (and consequently of using diffe-
rent discriminators for triggering and for TOF measurement), as shown in fig. 93, The dotted hy-
stogram is obtained after applying the pulse-height correction (as in fig, 94 a,b). The overall reso
lution is about 4 0.35 ns. One sees that the two particles are satisfactorily separated. Notice that
the p/s; ratio in the beam is about 5%, which is also of the same order as the expected K/s ratio
at ALLA. These results are considered satisfactory, also in view of the fact that in the off-line ana
lysis, when the impact point on the scintillators will be separately determined from the reconstruc
ted tracks in the central chambers, one will be able to correct the time reading of each p.ni. and
to further improve the resolution. Fig, 96 shows in detail the expected jitter for two and four-cm
thick scintillators and for different level of discrimination, When reading separately the pulses at
the two scintillator ends and taking the mean of the time information (fig. 93) this effect is compen
sated to a first order. -

In the experimental tests, counters H and M were set at 4 distance of 38 ¢m such-that the
TOF difference between pions and protons in the 600 MeV/¢ positive beam (~ 1,1 ns) was very si
milar to that expected for 500 MeV pions and kaons in the experiment. Typical results of the ana
lysis are shown in fig. 97.

V1. 4. - The photon detector.

A problem of great importance in MDA ig the detection of low energy photons. While in the
recongtruction of low energy n®'s and N 's decaying into two gammas the space resolution is
often more important, a good energy resolution is essential down to low energy ir the search for
radiative decays. These are in practice conflicting requirements (at list if one wants to limit the
cost), and one must make a compromise when choosing the experimental technique, The MDA
team has taken the attitude to test a number of detector prototypes in order to make the final
decision as much as possible on the basis of pratical data. One such prototype will be an assembly
of sodium iodide chrystals or chrystal fragments immersed in a suitable liquid. This detector is
conceptually simple and mechanically similar to a matrix of lead-glass blocks, and should be re-
latively easy to assemble and operate. The tnain parameter to be checked is the cost as a function
of resolution achievable with different types of chrystals, Work on this type of detector has star-
ted since a few months, and the first tests will be made in spring 1979,
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Typical résolution curves for a number of photon detectors at Ey < 500 MeV are shown in fig.
98. The band enclosed between Pb-glass and Nal counters should be considered as the area of ac-
ceptable resolutions for this experiment. This can be understood first of all on the basis of the . _
expected photon energies from 7 ° -decay. For example, the reaction ete"—s 47 at W = 1500 MeV
gives a 7 spectrum with <E y7 140, as shown in fig, 99 (phase-space Montecarlo), In addition
and more important, the radiative photons expected at ALA are also in the same energy range
(10 - 200 MeV, of the same order as the spacing between resonances), as possibly anticipated by
the inclusive photon spectrum reported in fig, 100, This figure shows (ref. 52) that Pp annihilation
at rest the observed photons (hystogram) are much more abundant than what expected on the basis
of isospin conservation in pion production (full curve). If baryonium states will be produced at
ALA, their decay producis are likely to show the same anomaly,

“The prototype detectors which have been studied in detail are liquid argon calorimeter specia_
lly designed for high resolution at low energy called LELAC, and a cheap and practical version of
3 sandwich calorimeter employing resistive streamer tubes called TULAC (tube calorimeter). De-
tails on these two photon detectors will be given in the following.

VI, 4.1, TULAC.

The design of this detector is due to G. Battistoni, E, Iarocci, M. M. Massai, G. Nicoletti and
i, Trasatti, The detector emploies proportional tubes of original conception (53). If the cathode
of a proportional tube is made of high resistivity material (a carbon-glue coating on a platic die-
lectric), induced pulses signalling a traversing particle can be detected outside the tube, The prin
ciple of operation is illustrated in fig. 101, In this particular example the induced pulses are read-
-out by a wire wrapped as an helix around the plastic tube. The helix/dielectric/ shield sandwich
works as a delay line whose specific inductance and capacitance can be approximately computed as
ihe difference between those of the inner and of the outer cylindrical conductors, This allows to
derive the characteristic impendence z and the propagation time 7 of the line

0:

L ... 1 d _ Ver (D + d)
Lo = L@y, =\/ - Mer O A
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where &p i& the dielectrie relative constant, D the helix diameter, d the distance between helix
and shiéld, and p the helix pitch. Typical experimental values for zp and v are (PVC tube,

17 mm inner, 19 mm outer diameter with a 40p sense wire and a 2K Q/em resistive cathode
woating, equipped with a 1 mm pitch helix covered with a 0.15 mm thick teflon foil and 50 Al
shield) Tex = 3 ns/cm, zgey = 928 , while the predicted values on the bagis of these formulas

are Ty = 2.9ns/cm, zgy = 7682 . Inthese detectors the wire pulse is negative with rise-time

of ~ 20 ns, and the helix pulse is positive with rise-time varying from a minimum of 30 ns for
short propagation distances to about 150 ns for distances of 2 -3 m.

The resistive tube technique has been continousily improved to achieve easyness of construc-
tion, reliability, better resolution. The tubes are chosen to operate with a Argon-<Isobutane mixtu
re (typically 50% each, more isobutane being needed for tubes of smalled diameter) in the limited ¢t
remar mode, In this regime the anode potential is high enough to initiate strong discharges such
as to provide large (at least 40 mV over 50Q ) output pulses. Such large pulses are necessary if'
one wants to exploit induced pulges on sorrounding electrodes in the read-out, as explained below.
The concenttation of ischutane, which absorbe the ultraviolet photons emitted in the discharge, is
large enough to prevent the propagation of the discharge along and across the tube. Modules compri
sing eight tubes of square section as small as 8 x 8 mm? have been developed, on which signals in-
-duced by the discharges are read-out through orthogonal stips. A gketeh of such a 8-tube is shown
in fig. 102, The eight wires are slort-circuited and connected directly to HT. Longitudinal strips
0,6 cm wide on the outside of the insulating tube are read-out rather than the wires. The transverse
coordinate i provided by transverse strips, typically 2 em wide, on the opposite side of ‘the tube.
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The system ig sandwicheéd between two 1 mm thick PVC insulating layers and two grounded 50 ¢
thick aluminium shield layers. With this system the output pulses are transmitted on the characte
ristic impendence of the read-out cable and have a rige and fall time which is determined by the
capacitance of the strip relative to the shields. The relevant parameters (strip surfaces, thick-
ness of insulator) can be chosen such as to give Tpjse< Tfal] & 200 ns for pulses 2210 mv/508.
The wire pulse height dépends on the wire diameter, on the gas mixture and on the applied poten-
tial, and is chosen to be 3 50 mV/509Q .

The operation of sizable assemblies of resistive tubes has been tested in the central detector

of the Y72 Adone experiment, comprising 330 circular tubes 18 mm in diameter and 80 ¢m long.
In this detector 384 transverse strips in addition to thé 330 tube wires were read-out. Typical pa
rameters of the detector (fig. 103) were 50 K  /cm resistivity of the conductive coating, 100 M
wire thickness, and 65% Ar, 35% C4H, gas mixture. The detector has worked well, with 96%
layer efficiency for single tracks (ref. 53). A detailed comparison among the performancés of sin
gle and multiple circular tubes 18 mm in diameter, and single and multiplés square tube 8 mm in
diameter has also been made (ref. 54). The dependence of rate on the applied potential (SR90 sour
ce) for a tube of the Adone Experiment is shown in fig. 104 for various Argon/Isobutane concentra
tion. ‘One observes that it is easy to obtain a large plateau (as a consequence of the limited strea
mer mode of operation which provides a pulse-height distribution with a sharp lower cut). The
recovery-time of the tube depends on the applied voltage, Below ~ 3.7 KV it is as small as

A 100 p&s cm, At voltages of the order of 4.2 KV if increases tor’300 ps-cm because of a number
of after-pulses following the primary one. Even so, the tube performances look fully adequate for
a machine of a relatively low background rate as ALA, The efficiency of a layer of 18 mm diame-
ter tubes has been measured with cosmic rays and found to be ~ 96% (ref. 54).For a 8 x 8 rom?
square tubé the HYV plateau is less wide but still quite acceptable (see fig. 105)., On compairing
with fig.104 one sees that larger CqHjg concentrations are needed to get wide plateaus, Similar
curves are obtained (at a potential lower by ~/ 1000 KV) if 404 diameter wires are used rather than
100 u ones (as in fig. 105). The recovery time is still ~ 200 ps-cm even at the highest plateau po-
tentials ( ~ 5.5 KV). The efficiency of a layer is measured with cosmic rays to be ~ 98%, The
improvement with respect to the layer of circular tubes is to be attributed to the reduced dead-
-gpaced in between the square tubes,

In MDA, resistive tubes working in the limited streamer mode can be employed in a number
of ways. The main photon-detector can be made out of lead-tube sandwiches, Also, a number of
sheéts can be sandwiched around the magnet yokein order to detect neutral hadrons, Finally, the
muon detector is made out of tube layers interleaved with iron walls, These detectors will be de-
scribed later. We shall outline here the design of the photon detector employing resistive tubes
as sensitive élements. A sketch of TULAC is shown in fig. 1068, The system has an octagonal sec-
tion with ?%‘v 97%. Polar angles larger than dygy % 37° are covered, corresponding to 42 .

76%, The length of the détector is as large as the ALA straight section, 1. e. 3.0m. A reéfﬁvstic
stratigraphy of each element of the octagon is shown in fig. 107. Thirty tube layers interleaved Pb-
-sheets of thickness add up to a total of 6 xo.’ A Pb-scintillator sandwich completes the energy mea
surement of the cascade. Notiée that the first layer of counters has been introducéd for an additio-
nal TOF measurement on charged hadrons (after traversal of ~0.3 4jnt). The overall thickness of
the detector is 8 x. Such a system would employ A~ 22000 tubes (of 10 x 10 mm? section), The in
formation bits to be-read-out would be a 22000 from the parallel strips and 24000 from the longi-
tudinal ones (2 ¢m wide), The ¢, ¢ projections of the cascade centroid would thus be rmeasured
to £ 2 cm and £ 1 cm respectively. The photon energy would be sampled twice, by thé multipli-
city of the longitudinal and transverse strips. The number of traversed layers, &nd more the pul
se-height in the Pb~scintillator sandwiches, would implement the energy measurement,

The energy resolution of such a calorimeter is hard to estimate, Onie expect it-t6 improve when
decresging the tube section: this is why tubes as small as 8 x 8 mm?2 have been developed. It will &l
so depend on the gE sampling made by means of scintillation counters. A Montecarlo computa~
tion (by G. Battistoni and L. Trasatti) is in progress to evaluate these effects, while a prototype ca-
lorimeter will be tested in spring 1979. Results of the computation have been obtained in the case
of 4 calorimeéter comprising 30 layers of 10 x 10 mm? square FPVC tubes, intérl eaved with Pb-Al
sheets up to a total of 6 x4, set behind a %_ xg Al-layer (to simulate the magnet coil), Layers have
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been assumed to be 100% efficient. Electrons are assumed to be lost when they reach ~ 0,35 MeV
(approxirate energy needed to cross the tube wall). The physical processes taken into account are
pair production, Compton scattering and photoelectric effect for photons, bremsstrahlung and sin-
gle and multiple scattering for et and e~, and annihilation for positron. Electrons and positrons
loose enérgy both for ionization and for soft photon emission. The computed detection efficiency for
photons and electrons up to 200 MeV are shown in fig. 108 for two possible photon signatures. The
average number of hit tubes is shown in fig. 109. a,b. The photon energy resolution, based on tube

counting only, is shown in fig. 110. The standard deviation of the measurement is ~ 20% at all ener
gles,

The small calorimeter prototype which is ready for test on a beam is sketched in fig. 111, Three
hundred cylindrical tubes as those employed at Adone are assembled in 20 layers and interleaved
with Pb-sheets up t0 4 x5 A thin counter in front of the detector is used to separate charged parti
cled frorm photons. A thick counter behind provides some pulse-height information, An example of
Montecarlo predicted distribution for this set-up is shown in fig, 112,

V1 4. 2. - LEDAC,
The design of this detector is due to C. Cerri, F. Sergiampietri and M., Spadoni

Notwigtanding the mechanical and criogenic difficulties associated to the use of large volumes
of liquid Argon (boiling point ~ 70 °K), liquid-Ar calorimeters have been used in several modern
experiments for a number of important quality feature favouring a stable and linear response to
energy loss. The principle of operation is the following. When a charged particle (the electrons in
the e. m. shower in our case) crosses a sheet af liquid Ar between two planar electrodes, the ioni-
sation electrons drift under the action of the uniform electric field and are collected by the anodic
plate. In such a geometry the field does not reach values high enough to generate an avédlanche {no
tice the difference with respect to wire chambers, where E 1, Tiquid Argon can be purified
enough (less than a few p. p. million residual oxigen) that the action of electronegdtive elements
can be neglected and the collected charge made precisely equaly to the primary ionization. The si
gnal provided by the calorimeter is therefore calculable
Q= —-——‘%—]—3— v e, with AE = eénergy loss in the gap, W = ionization potential in Ar (23 ev),

e = electron charge. Liquid Argon is chosen rather than gasinorder to have a reasonably short ra-
diation length (xy = 14 cm).

The natural pulse shape provided by a cell is determined by the electron drift velocity in the
liquid, which corresponds to risetimes of a few hundreds of ns a gap a few mm wide. On the other
hand, with the adopted electronic times as long as 100 us can be needed for amplification and di-
gital conversion by the eléctronics. This value sets the resolving time of the detector.

Conceptually the calorimeter is very simple: it consists of a series of planar metal electrodes
immersed in the liquid and set at ground and high voltage alternatively. The positive electrodes dre
suitably split to provide space information, A prototype calorimeter (LELAC) with proper parameters
for providing optimum detection of low energy photons will be described inthe following, To design
such a calorimeter a number of general arguments must be taken into account, accordirig to the fol
lowing lines (ref. 55). The charge flow on the anodic plate is equivalent to a current generator fee-
ding in parallel a condenser (the two plates separated by a sheet of liquid Ar) and the input circuit

of the read-out amplifier. An equivalent circuit is shown in fig. 113. A transformer with input/out
put winding ratio 1/n is needed to adapt the impedence. Cp is the detector capacity, and Cp is
the equivalent input capacity of the amplifier (Cg~ 20 pF in the adopted electronicg), One can

show that the optitnum energy transfer by the transformer is obtained when n = | _(_:_____CD . With
_ el A
n = ngpt the voltage signal on the amplifier input is Vip % g-l?.ril_—zr‘?‘—— _t}_(fl

This formula shows that any thermal noise in the amplifier (more precisely, in the emitter re-
sistence Ry of the field-effect transistor in the amplifier, Ra ~ 60 © in the adopted electronics)
is equivalent to a fake charge Qpupige ~ 2 \J Cp CA Vppige- At a temperature T the noise
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signal is given by (ref, 50) Vnzoise =4 KT Rpdo where Ao is the frequency band of the

amplifier, One sees therefore that Qugigev 2 v Cp \/ Ca \/ 4 KTRA A® Li. e,

Qnoise Q¢ ¥ Cp, Cp Dbeing the only parameter depending on the design of the detector. In
order to have Qpgige 28 low as possible, one must minimise Cp. Since one must eventually inte-
grate over the physical size of the shower, this can be done in practice only by increasingthe gap
size,

An important phenomenon to be taken into account when choosing the detector parameters are
the sampling fluctuations of the charge released in the sensitive volume, which influence directly
the energy resolution, These are not only due to the overall ratio of sensitive {Ar) to dead (metal
plates) volume, but also grow with the gap width. This is because the gap width gives the range
of variation of track length both at the start and at the stop of each ionizing track in the calorime
ter, Although the precise law by which effect depends on gap width ig not fully clear, the situation
is qualitatively as illustrated in fig, 114,

Using available information from previous detectors one find, for the particular parameters
of our electronics and for aluminium plates of the geometry illustrated below, that the overall
(r.m. s.) fluctuations are smallest for a gap 9 = 2,5 mm. In the LELAC prototype a slightly dif-
ferernt 0 has beeh chosen for mechanical convenience, 4= 3,2 mm. The electrodes-have been
made of Aluminium (small atomic number and still good mechanical resistance), with thickness
1.0 and 0.5 inm for the HV and ground electrodes respectively (minimum thickness being limited
by miechanical considerations). The HV plate is a strip 2, 5 crn wide and of average length ~ 40
em, The ratio of energy loss in Argon and in the plates is very large (66%) while the energy loss
per cell is very small (£ 1 MeV). These values are dictated by the requirement of good energy
resolution for low photon énergies,

A drawing of the container of the prototype calorimeter LELAC is shown in fig. 115. The re
levant parameters of the calorimeter are quoted in Table VI

TABLE VI - LELAC parameters,

Ground plates number 129
dimensions {cm?2) 40x40
thickness (cm) 0.05
Signal (HV) plates: number 17x128 )
dimensions (cm?) 2.5%40
thickness (cm) 0.10
Liquid argon gaps: number 256
dimensions (cm?) 40x40
thickness (cm) 0.32
Mean density (g/cm?) 1.64
Energy loss/cell (MeV) 1.02
a % of energy lost in Argon 0.66
Total radiation length: longitudinal 8.03
trangversal 1.6
Channel: longitudinal number 8
transversal number 17
total number 136
gaps/ channel 32
dimensions (cmz) 2.5x40
length (cm) 12.64
length (rad. L.) 1.0
capacitance (pF) 1064
ENE (MeV r.m, 8. ) 0.46
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The electrodes are octagons, with diameter ¢~ 50 cm, The HV electrode ig split into 17x2.5
cm wide strips at 1 mm from each other. The stirips are inclined by 45° with respect to the verti
cal axis. In future tests they will be alternatively inclined right and left. The 128 HV plates are a
divided longitudinally into 8 groups of 16 electrodes, and for each group all strips at equal distance
from the axis are connected toghether to make a channel. In total one has thus 17 x 8 = 136 read-
-ott channels, The energy measurements is obtained by adding the charge collected in all channels
over which the signal is larger than the noise. The hand-estimated energy resolution, after taking
sampling fluctuations and noise into account, turns out to be 10%, 7%, 3% at E y < 50, 100, and
500 MeV respectively (standard deviation).

A Montecarlo calculation has been developed (by M. Spadoni) to provide a more accurate esti-
madte of the space and energy resolution expectet from LELAC, The physical processes taken into
account . were the same as for the TULAC Montecarlo, At the end of the cascade, electrons are asg
sumed to loose all their energy uniformely along their residual range when they reach E = 1,5 MeV.
Photons are stopped at E = 0, 5 MeV, The energy dependerice of the resolution is giveh in fig. 116, It

follows afproximately the law AE/E ~ 3.7/ E% (f.w.h.m.}.

The longitudinal ‘and radial development of the cascade are illustrated in fig.)11'7 and 118, re-

spectively, for 50 and 100 MeV incident electrons, Although for incident photons fluctuations of the
order of tens of centimeters will be added on the depth of cascade origin, one sees that LELAC
thickness (~ 1 m) should be sufficient to contain well all photons of interest at ALA. The radial
ditnensions of the _cascades are of the order of centimeters, such that in the off-line analysis it
should be possible to locate the cascade centroid to a few mm,

It is worth obsgerving that 42, measurements on the non-showering charged particles
(w, x, K, p )} can also be made in}é calorimeter like LELAC, provided each longitudinal cell is
read-out separately. _dd"%‘" curves for liquid argon, for large (10 cm) and small (1 cm) sampling
are shown infig, 119. It is seen that a momenta as large as 400 MeV/c, AFEk/ AE, is still ~ 2.5,
After taking into account fluctuations in energy loss and ripple due to electronics noise, one estima
tes that with 17 traversed cells by 400 MeV/c pions and kaons, the two pulse-height distribution
would overlap at 8% of their maximum. The precise signal to-background ratic would of course de

pend on the rate of the rare particle to be separated, On the other hand, the available gaps in
LELAC are as many as 256,

One c¢an extend the electrode design of LELAC to a large coverage calorimeter for MDA, in *
an octagonal arrangement with inner radius of about 90 cm and outer radius of about 160 cm, as
discussed for TULAC (fig. 106). The electrode strips in the octagon section would have to be set
alternatively parallel and orthogonal to beam axis. For such a configuration the calorimeter volume
would. be ~ 20 mg’, and the number of independent read-outs ~ 9000,

V1, 5. - The p -detector,

The importance of tagging single muons can be found in a search far leptonic or semileptonic
deécays of heavy leptons, unstable quarks, etc., as discussed previousely. However, this problem
is experimentally difficult because of the low muon energies involved. On the other hand, the pro-
blem of separating eTe st 5 - from eter—yt p~ is much easier because of the back-to-
-back configuration of two monocromatic particles and is interesting in itself, since a clear separa
tion between these two channels is necessary if one wants to extend the measurement of the pion
form-factor to higher energies. This problem has been studied for MDA by S. Patricelli and U.Troya.

A straightforward way to tag the p's is to filter them out in absorbes interlieved with detec-
tors. A scheme of a possible arrangement is given in fig. 120, The overall thickness of the main de
tector, including the magnet return-yoke, is equivalent to ~ 12,7 ecm of Fe. Seven iron shiélds,

8,3 cm thick, are set behind the yoke and the particle transversal is detected in between them, One
ghows in fig. 120 the probability that a pion of a given energy is either absorbed or suffers a nuclear
scattering at angles > 25" This probability is near 100% after a few traversals. For instance for

E 5 = 1 GeV, this probability is & 95% after traversing five shields, while the probabilityﬁfor 1 GeV
muons to suffer & Mott scattering at $>25° is ~ 3%. Therefore a fiducial region ¢« 25" is suffi-
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cient to accept > 90% of the good i -pairs, even at the lowest energies. There is, however an ad-
ditional contamination due to sr-decay in flight ( ¥, < 5° even at the lowest ALA energies). We
show in fig. 121 the probability for one pion from the reaction ete—a gt g~ to decay in flight
such as to be accepted as a direct muon, We ghow in fig. 122 an estimate ( ¢ -tail for the @ form-
_factor) of the two competing cross-sections. It is séen that oy 'g‘u} 1% even at the highest ener-
gies. One thus concludes that the measurement is possible.

To cover an angular range 45°2 9 2 135° and -45'¢ @& +45° with such telescopes one

would need ~ 240 t of iron. As détectors, double layers of resistive tubes would be employed. For
a-space regolution of 2 x 2 cmz, one would néed ~ 2 x 2000 three mieter long tubes.
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CHAPTER VII - EXPECTED PERFORMANCES OF THE APPARATUS.

VII, 1 - Many body reconstruction,

The capability of to detect a nuthber of typical final states has been studied by G. Paternoster
and U, Troya with a Montecarlo calculation. Ten thousand evénts have been generated at W =1500
MeV for each of the following final states: at 4 2%, a1 57 27% 258t 28" 5%, 2% 28~ 227, An
event was acecepted by the trigpger if at least one charged prong entered the cert ral chambers with
pL> 50 MeV/c, The Pch resolution assumed was as computed by Montecarlo (Chapter VI, 2, ).

The space resolution of the photon detector was assumed to be 0x =T 2 cm (it was checked that the
efficiency was sensibly independent of oy, aslongas oy 4 3 cmn), The reference photon energy
resolution was taken to be o= 2 \/TE— (MeV) (corresponding to ~ 50% f, w.h. m, at E y % 100 MéV,
with a lower cut Brmin © ‘s’iﬁ%‘ MeV. Out of the events accepted by the trigger, the sample df re-
congstructe everts is defined as those evente for which the correct multiplicity is reconstructed. The

event multiplicity is derived according to the following rules. If the observed nehp = 1,2 one conclu
tru , . L . -
des that nc][];l ) {excepted for a minor correction which is pogsible when 3 or 4 photons are de-

tected, see below). If ngy = 3 or 4, Ny, = 4. If no photon is detected, the missing masg MM is worked
worked out and ngo = 1 is assumed if my, ~50 MeV £ MM < mg o + 50 MeV, ng e = 0 otherwi
se. For one detected ¥ , n, o =1 if MM = 0 to within m gzc+ 50 MeV, n 4o =2 otherwige, For two

ar
detected photons, nge= 1 if mge-50 MeVe MM« m. + 50 MeV and n o= 2 otherwise. For 3 or

o 4
4 detected photons, Tlnc = 2, In addition, for events with two observed pfongs, the photon coribina
tions consistent with the #° -mass are searched for, and the #° -mass is dttributed them and the
overall misging mass of the event is computed. If this is inconsistent with zero (50 MeV tolerance
for 4 ¥'s, mge+50 MeV for 3 detected 9 's), onme assumes hep = 4. The results of the computation
are shown inTable VII,

TABLE VII - Reconstruction efficiency with GE}’ = 2{E

nta a2 88% trigger effieiency = 97%

PR A A A XU 98%

. a 7wt wT 90% 100%
wr*a wt w7 80% 100%

a'n 7 7 A a7 94% .100%

The dependence of reconstruction efficiency on-energy resolution of the photon detector is shown
in fig. 123, It is seen that in all channel the efficiency can only be increased by a few percents by
improving the resolution. It should be observed, however, that the merit of energy resolution has to
be found in the possibility of measuring directly reactions with single monocromatic photons, More-
over, since these reactions are likely to have quite small cross-sections, any leakage from migiden
tified events of large cross-section would contribute a relatively large background. An example of
such a situation iz mentioned in the following paragraph,

VIL. 2. - Photon-photon procesges,

In addition té ohe-photon ahnihilation, the two-phston procéss eter.y ete- 2 (56) gives rise
to particle production as shown schematically 2% 1F Ly X
g, - N
~3 //
K\
)
== X
3K,

T e~
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The produced mass my (my =\r§ of the photon-photon system) is m}% =4k kg, where k,, kg are
the three-momenta of the quasi-real photons. In the laboratory frame, X has a momentum which is
in general different from zero, with components ky = k; 1 +k  oand k= ky-kg. This process
hag Been observed in the past both at Novosibirsk and at Adone (57). A Frascati experiment made
use of special tagging counters of the final state electrons. R.Del Fabbro and G. P. Murtas have stu
died the possibility of performingyy physics at ALA,

The two colliding electrons of energy E radiate quasi-real photons within a typical angle\‘me/E
~ 20imr and produce a state X of mass my with cross-section (58)

. 4g?
S A

Oee?>xX =

m r 1R E'Y
. € 0 \"—s:
where F(x) = (2 + xz) 2 Ln ‘}E 1 - xz) (3 + xz) and x = SR ig the relative energy of the
gystem. Integration of this formula gives “
_ & 2
Opx = 3 In“(E/m )

Stnce this eross-section grows at hl}éh energy (for fixed Mx) one expects this effect to be more impor
tant at the large ete” machines. Even at ALA/MDA, however, one can estimate that the rate of a
number of processes in which low mass-states are produced is not negligible.- We show in fig., 124
the two-photon cross-sections for @ -pair and g -pair production (58), where one sees that they be
come comparsble to the annihilation cross-sections at the ALA energies, Since the X-state produ-
cedias yy =X must be JC = ot, 2%, it is interesting to consider the production of the lightest meson
rescnances with these guantum numbers, i, e. %, 1 (550}, 17’ (960). In particular, #! production ig
interesting as a means for measuring the n‘-;)'y coupling constant. The estimated rate of #' and 79
production (using the experimental ¥y coupling = 0, 85 KeV for 1 , and the existing upper limit
[te- = 20keV for W) is giveninfig, 125, for an integrated luminosity of 2.6 x 104 nb-1 (30 full days
at 1031 em=2 =1 luminosity).

The detection probability in MDA for ¥7—3 1 and 77~ %' has beén computed with a Montecarlo
program (taking into account the geometrical cuts only) for the dominant branching ratios

nsyy , wtan,®, 000 N 7w, 0 La’ v
for three different cases: a) all final state particles detected, b) one particle missed, c) more than
oneé particle missed (in practice, these events are 16st). The results are shown inTable VIII
for different beamn energies. One sees, for example, that at the top ALA énetgy about 30% of the %'
decays are fully accepted in the detector. This corresponds tos 8000 events in the above-mentio
ned integrated luminosity (fig. 125),

In general; the experimental signature for yy -production should be found either in associated
final state electrons or in the small obgérved energy inside the main detector. Although an efficient
tagging is probably sagential, it will also be important to exploit the available energy signature.
How well this will be done will depend on the energy resolution of the charged as well as of the neu-
tral component, With reference to the study of a particular resonance like the ' , an addition si-
gnature can be found in the total effective mass (which is different from the observed ¢énergy, since
the X-laboratory momentum is in general # (), In the n! case the ¥ nt* w” decay, which contribtites
about 50% of the fully accepted events (see Table VIII),is a good candidate to provide a peak in the
effective mass spectrum.

A reaction of interest at ALA is also etempete” gt - whose crosg-section can be eéstima-
ted in the approximation of point-like pions. s resonance (like the 6 ) can give additional contriby
tibn in this chahnel (58). However, at W = 9.4 GeV, the expected total yeld is only & 500 events
for fLdt=2,6x 104nb-1. Moreover, a large fraction of events is expected to be lost in the dead
cories of the experiment at small angles, since the differential cross-seéction is forward-peaked (in
particular in the laboratory, pecdise of the longitudinal motion of the 7wz system), We therefore
have little hope to collect a significant amount of data in this channel., The most clear-cut gignature
for two-photon reaction would be the observation of at least one of the final state electrons: The
feasibility of this has been studied for ALA/MDA by R. Del Fabbro, We show in fig, 126 the magne-
tic elements of ALA down-stream of the intergection point. Qp, Qp are defocusing and focusing
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TABLE VIII - The probabilities of detecting various decay modes of the and ! are
.given for different conditions of detection (see text).

, F=8GeV| E=1 E=11 |E=12 |E=13 | E=15
DECAY
albljclalblclablclalblelalblelalble
yy 4813517 |43 14215143144 |13 |46 (42 [12|50{37 |13 |58[26 |16
g | T 77 126147127122142136 (21142 |37 [22]44 (34 |24 (4531 |31 |49]20

37° 8 1301626 12417016 {24 (7017 {25]|68|8 [27]6519 [33{58

Ny |8.616113.6(736614.21725(7.2|40 5718.014.8 6471 |5.316.2180 |4.9

Nt At 52 70028 a1 67 (47 [34163 (5.2 b lea 61 (3055 5.7 brlsales
N-37 10 32169111 2817.6{.7 130(7.3 |.7]21 {856 [2417.8 1.6 [25]85

3!
U M= FV[3.7134125 (30143 3.0 133 3.8 (3.1 |25k |34 |27 (3.7 3.6 haz |38 |34
T 7,9 (34123 10128 13.6{12(2.9]3.6 [11 2.9 35|12 28139 111 2413.9

N-37ls f171a2|5 2 517 ha3laal2alaz] 2 halaz].alisla

P 19.313.8 |30 7.8 2.8 hes[11.23.5 {160M2.2[3.2 M6 7123131 lssinélao

quadrupol es in the horizontal plane, Since the electrons are emitted at small angles (~ 50% at

) Cvae ) they cannot be seen in the miain detector, but they could be observed by siiitable coun
ters or chamber when they exit the pipe after crossing a number of magrnetic élements, The actuyil
orbits depend in a complicated way on electron energy and scattering angle. Such orbits hiave been
computed in & number of cases., The result is shown in a particular case in fig. 127 (upper plot,
scattering angles 4= 20mr, $=% ; lower plot, ¢ = 20 mr, ®=0), for four values of the relati-
ve enet'gy retained by the electrons. For larger scattering angles the exit point is in general nea-
rer to the entrance of the first quadrupole and the opposite is true for smaller scdttering angles,

The relationship between point of exit from the pipe and électron momentum is not unique and
therefore one cannot in any realistic way measure the momenturn of these electrons. However, it
is possible signal them with a system of counters gorrounding the beam pipes. With a limited co-
verage (a couple of meters on each'side) one finds that this can be done with an efficiency ~ 50%
for detecting both eléctrons, This would be enough to save an appreciable rate for reactions like
7, 7' production. Only on the basig of practical experience it will be posgible to state whether with
this method one will be able to achieve a sufficient improvement of the signal/background ratio for
studies of ¥ y reaction, It should be observed that a very dangerous background is contributed from
not-reconstructed annihilation events. With the aid of the Montecarlo calculation mentioned in the
previous pdragraph, the apparent crosg-section at W = 1500 MeV for a number 6f topologies  of
such events have been computed. The production cross-section have been used as meagured at
Adone, The results are shown in Table IX and compaired with the cross-gections of the same topo
logies from 2@ | n and 7' production as discussed above. It is seen that the expectal rates
are roughly the same, A separation of 7 y events from this background can only came from flags
of decompanying inelastic electrons and from vigible energy measurement (lower energy being .in
general-agsociated to'y yevents), Of course, it would also hélp to performe a more complete re-
construction of the events (for instance, by implementing the detector at small angles).
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I}ABLE X - Cross-sections detected for not-reconstructed one photon events {nb).

2 PHOTON
Eap.Chan, |77 [ a2in |2A2727" | TOT. CROSS SECTION

2chatne | 001 | .12 |. 035|. 006 |.162 3. nb
>+1 |.002| .65 | .2 |.06 |.912 6

2 42 27 | 23 | .23 |1.23 64

2 43 .91 5 |14 12
2 +4 005 .33 |.33 .66 v
4+ 1 14 | 16 | .3 3

VILi 3. - An anconventional perspective: the search for quark-imps.

A search for fraetional charge quarks would be highly interesting at ALA/MDA, since no real

good measurement was done until now at ete” machines. Although an effort in this direction will

certainly be made, one must realize that the detection method requires accurate repeated 4E
measurements. —ﬂ};(E— information will be provided by the TOF counters, whose resolution
will however be rather limited resolution since they are quite long. As mentioned at the

end of Chapter V1,2, the central chambers are not likely to produce accurate _%..X]lj_ inférmation.
Fuprther dE  information might eventually come from the photon detector, whose resolution can-
not be spegi)%ie'd yet, All in all, a quark search based on _%E_ is likely to be vary difficult, The
situation will be less difficult if quarks have integer charge éind mass different from any known
particle), as expected in the Pati-Salam model (ChapterV ), and relatively long lifetime.

Surprisingly enough, the problem might be easier if quarks have short apparent lifetime, as
the imps which were mentioned in ChapterV. G. Bellettini and T.T.Wu have studied how these par
ticles could pogsibly be signaled in MDA. We consider the two following production procesges

1) ete"—3 q + 4, 2} ete” — prtTtd (quark charges - - e, - 1 e). Both reactions

would be detectable in an upgrated detector, as shown in fig. 128, Two emall planar drift chambers
have been added immediately above and below the elliptical beam pipe to extend the tracking 1o
smaller distancies, while a double layer of resistive tubes detects the hadrons (the imps) interac-
ting in the magnet yoke, Reaction 1) would be signaled by two (low ionizing) tracks produced back
to back, disappearing after a while in the cylindrical chambers, but still interacting in the magnet
yoke and even more at a position indicating that bending has continued after disappedrence. For
charges t 'il’,‘ e, my*= 500 MeV, W =2 MeV the expected displacement with respect to a straight
}ine is ~ 15 mm on the magnet coil and ~ 46 mm on the yoke. The interaction probability in the yo-
ki is « 40% if the cross-section has normal hdronic values. The detection efficiency would be~r 10%
and ~ 4% for one and two interacting imps respectively. Reaction 2), one will have different obser:
ved configurations depending on the direction of the final state particles and on the track length of
the imps. Even if only the st is tracked in the chambers, the accompanying two hits (¥ 1% proba
bility) or one hit (A~ 15% probability) in the nadron detector will provide powerful signature (notice
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that these cannot be attribited to photons, that would be abgorved in the photon detectors in front),
Moreover, these events would apparently not conserve the charge, This signature, however, would
be of greater weight if forward and bacHground track measuring devices are installed at & £ 30 °
(see fig. 75), to reduce the number of misindefied normal events.

To give an idea of the level of sensitivity of such a measurement on inclusive imp production

cross section one can argue as follows. We guess that for imps of charge 1 e ¢ (ete—s q + x)
8 0, 4 & where the factor 3 accounts for two quarks produced in eta—s 44§ and for some mo
g % nu °

re production in tmany body channels, and & is a suppression factor due to intéractions in the fi-
nal state. Therefore

o (ete—pimp +x)n 710°%%0 e om? at W = 2 Gev.

With a solid angle of the hadron detectors of ~ 25% the rate of single interacting imps at ALA can
be estimate as R ~10-2,¢ g-1,

Therefore, evenift is as smaller as « 103 one would get approximately one event/ day. Thig
can be considered the ultimate sensitivity of the meéasuresient,

- Conclusions.

The intriguing experimental situation, the fascindting teoretical expectatiohs and the high
quality of the machine/experiment that can be designed nowdays anticipate a scientific sucécess
for the ALA/MDA project.

ACKNOLEDGEMENTS,

I am pleased to ackiowledge the invaluable help and advice received by my Thesis Adviser,
Prof. Giorgic Bellettini,

Epe Eft { A (Sy
(o) At A (o/o) T A W atagae (SR
100 9o} ao} 100t
a5t 85} gst 95\
9ot 8ok 30\\, g0 —
\\\
a5t 75k 78, — IR
» N ‘ ,
BO 70» i i l\\ i mp i i i 4% BOL Lo 4 4 4 P 1
EREE ] 0T r 01 2 4 s
0 1 2 3 4 5 0 1 2 3 4 5, N W 1 3 )

FIG. 123 - Photon energy reésolution,



_ 79 -

102

T H T

Py

X/ Te—meeutu” (EP) :

\ se-=éeo Ty =400 MeV|
/

T

3

T T

Loidarsid

7
i

o; (b =107 em?}

=)
&}

sl

¢*i -t~ (Point - Like)

T TV
o

ce —mgew*n (E.P) R

ot TR | i L I
o 05 10 15 20
£ (GeV)

FiG, 124 - Expected values of a
number of one and two photoh
cross section.

/>SOLENOID
mzosak@
&‘72 o
O‘D AN 5
; O&A‘I.Om

O‘D E \3
N ANUBENDING
< MAGNE T
Ve

4 \
1\5‘5:’-_,___ \

2.5 m : |

MDA
N

SOMPENSATOR

/s

HiG. 126 - Horizontal view of a half straight
section where MDA and comipensator soleno
idg are vepresented ; 4 partial view ol ALA-6
optical structure is algo shown. Longitudinal

dimensions are indicated.

YELD

month -1
3000+

Y] 1]
20001
1000 // "
< o
[
1 1.5 E(BGeV)

FIG. 125 - The yield of 5 and 7' pro-
duction corresponding to the total cross
section for our standard integrated lu-
minosity (2. 6x 104 nb-1y,

Magnet coil
Cylindrical drift
charnibers

i

Planar drift
chambers

Section tranverse to beam

<;  End gaps ¢)

Seclion along beams (Mer ¥o seare)

FI13. 128 - Implementations of MDA (atb+¢)
for the quark-imp search.



- 80 -

" CIRCULATING BEAM '
N ,\/\/\\ /__\/\/\\/—-\_/\//—\/‘\_/‘\/W

Pt

FI3, 127 - Blectron trajectories in the radial (down) and vertical (up)
view at different electron energies (x = 0.2, 0.4, 0.6, 0.8) and at sa-
me polar and azimuthal angle (0 = 20 mrad, p = 0, p = w/2).

REFERENCES

(1) -

(18) -
(7 -

(18) -

The great amount of experimental and theoretical work on J/% physics has originated from
the primary discoveries, reported in Phys. Rev. Letters 33, 1404, 1406, 1408 (1974),
The new physics for the heavier b-quark has originated from the discoveries, reported in
Phys Rev. Letters 39, 252 (1977),

Adone Status Report, Frascati Report LNF-71/7 (1971).

These experiments ended around 1972, For a review of the data see for instance: C, Bérnar
dini, Results in e"e™ Reaction at Adone, Proceedings of th Electron-Photon Symposium,
Cornell (1971), p. 38,

C.Bemporad, Proceedings of the 1977 Intern. Symp. on Lepton and Photon Interactions at
High Energies, Hamburg (1977), p. 185.

C.Bacci et al., Phys. Letters 64B, 356 (19786),

W.W. Ash et al,, Lett. Nuovo Cimento 11, 705 (1974),

M. Ambrosio et al. Phys. Rev. Letters 68B, 397 (1977)

For the search of narrow resonancies see for example: B, Bartoli et al., Frascati Report
LNF-75/40 (1975), and C.Bacci et al. , Frascati Report LNF-78/29 (1978), to be published
in Phys. Letters.

G.P. Murtas, Frascati Report LNF-78/40 (1978), presented at the XIX Intern, Conf. on
High Energy Physics, Tokyo (1978},

M. Bernardini et al., Nuovo Cimento 17A, 383 (1973): A. Zichichi, Riv. Nuovo Cimerto 4,
498 (1974).

J. M. Feller et al., Phys. Rev. Letters 40, 1677 (1978).

C.Bacci et al., Frascati Report LNF‘-77—/——33 (1977) ; Physg. Letters 71B, 227 (197,

M. Berndrdini et al., Phys. Letters 45B, 510 (1973). T

Status Report on DCI, Orsay Technical Report 2-77 (19717), presented at the X Intern. Conf.
on High Energy Accelerators, Serpukhov (1977),

F. Laplanche, Recent Results from DI, Proceedings of the 1977 Intern, Symp. on Lepton
and Photon Interactions at High Energy, Hambuirg (1977), p. 189,

G.J. Feldman, Speaker of e*e- Reactions at the XIX Intern, Conf. on High Energy Physics,
Tokyo (1978).

S. Bartalucci et al., Frascati Report LNF-77/1 (1977) ; Nudvo Cimento 39A, 374 (1977)



(54)

(55)]
(586)i
(57)]

1

81

Proceedings of the Topical Meeting on e*e " Annihilation at Medium Energies, Frascati

(1978), p. 29.

E. Gabathuler, Rapporteur talk at the XIX Intern. Conf. on High Energy Physics, Tokyo (1978).
A. 8. Carroll et al., Phys. Rev. Letters 32, 247 (1974).

V. Chaloupka et al,, Phys. Letters 61B, 487 (1976).

R. L. Kelly and R. J. N. Phillips, Report RL 76-053 T159/LBL -4879 (1976).

L. Montanet, Report CERN/EP/Physics 77-22 (1977), Proceedings of the V Intern. Conf. on
Experimental Mesons Spectroscopy, Boston (1977), p. 260.

- AL A, Carter et al., Phys. Letters 67B, 117 (1977).

. P.Benkheiri et al. , Phys. Letters 68B, 483 (1977).

. T. Armstrong, quoted in ref, (24).

- Ch. Defoix et al., Collége dé France, Report LPC 76-08 (1976).

- P. Pavlopoulos et al., Phys. Letters 72B, 415 (1978).

- U. Gastaldi, pp Experiments at very Low Energy using Cooled Antiprotons at CERN, Proc.

of the IV European Antirpoton Syrap., Barr (1978) ; P. Dalpiaz et al., ete~ Pairs Produced in
pp Annihilation, same symposium,

» G.Bassompierre et al,, Phys, Letters 68B, 477 (1977).

~ M.Bohm et al., Nuclear Phys., B51, 397 (1973),
= A, Bramon and M, Greco, Lett. Nuovo Cimento 3, 693 (1972).
~ J, A Shapiro, Phys. Rev. 179, 1345 (1969).

-~ M. Greco, Phys. Letters 70B, 441 (1977); Frascati Report LNF-76/55 (1976).

- A.D.Bukin et al., Phys, Letters 73B, 226 (1978).
- G.Nardelli and G, Preparata, Frascati Report LNF-77/56 (1977); see also J. P. Perez-Y-Jor

ba and F. M. Renard, Phys. Reports 31, 3 (1977).

- 1.S. Shapiro, Soviet Phys. -Uspekhi 18, 173 (1973): O. D. Dalkarov and 1. S. Shapiro, Report

ITEP-154 (1978).

) - F. Myhrer, Report CERN TH-2348 (1977).

- C.Hong-Mo, Report CERN TH-2540 (1978) ;: C. Hong-Mo and A. Hpgaasen, Phys. Letters 72B,

i

T

H

400 (1978) ; Nuclear Phys. B136, 401 (1978); C.Hong-Mo, Report RL 78-094 T 230 (1978},
Invited Paper to the XIX Intern. Conf. on High Energy Physics, Tokyo (1978).

G. C.Rossi and G. Veneziano, Report CERN TH-2287 (1977) ; Nuclear Phys, B123, 507 (1977).
J. C.Pati and A, Salam, Phys. Rev. D8, 1240 (1973): Phys. Rev. Letters 31, 661 (1973);
Phys. Rev. D10, 275 (1974) ; Trieste ICTP Report IC/77/65 (1977). o

B.McCoy and T.T. Wu, Report CERN TH-2405 and TH-2487 (1978).

M. Bassetti et al., Frascati Report LNF-78/7 (1978) and LNF-78/15 (1978).

CERN Yellow Report 77-13 (1977), p. 377,

E.H, Chao and C. Gareyte, Internal Report SPEAR, 197/PEP 224,

S.Tazzari, Adone Int. Memo T-93 (1978); S. Guiducci and G. Martinelli, Adone Int. Memo
T-89 (1978).

P, Sauli, Principle of Operation of Multiwire Proprtional and Drift Chambers, CERN Yellow
Report 77-09 (1977).

C. W.Fabjan et al,, A Drift Chamber Vertex Detector for ISR, Contribution Paper for Wire
Chamber Conference, Vienna (1978); Specification of the Linera Hybrid Circuits for R 807
Drift Chamber, CERN Int. Report EP/JL (1978).

V Radeka nad P.Rehak, Report BNL 23345 (1977) . V. Radeka. IEEE Trans. NS-21, 51 (1974);
J. L. Alberi and V. Radeka, IEEE Trans. NS-23, 251 (1976).

W Braunschweig et al., Nuclear Instr. and Meth. _]ﬁ, 261 (1976).

T.E, Kalogeropulos, Phys. Rev. Letters 33, 1631 (1974); Proceedings of the VI Intern. Conf.
on Nuclear Structure; Santa Fé (1975}, p. 155.

G. Battistoni et al., Nuclear Instr. and Meth, 152, 423 (1978) ; V. Bidoli et al., Frascati Re-
port LNF-76/58 (1976).

G.Battistoni et al., Frascati Report LNF-78/60 (1978). to be published in Nuclear Instr, and
Meth.

C. Cerri and F. Sergiampietri, private communication.

H.Terazawa, Rev, Mod. Phys. 45, 615 (1973)

C.Bacci et al., Lett. Nuovo Cimento 3, 709 (1971) . Gi. Salvini, Suppl. Journ. Phys. 35C, 1
(1974) ; G.Barbiellini et al. Phys. Rev. Letters 32. 385 (1974).

(58) - S. D. Drell, Proceedings of the Intern. Conf. on Elementary Particles. Amstedam (1972),

p. 307,





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


