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This Meeting of March is one of the last occasions to take de
~cisions on the basic characteristics of the machine. One of these is
the straight section's length 1 and the space As available around
them. Our contribute here is not a proposal of an experiment, which
would not be in the spirit of our meeting, but it is rather intended to
give some quantitative indication on the minimum values of 1 and As.

_ To get these indications, we take into consideration a few pos
sible experimental dispositions, which are based on apparata of gene
ral use, and we make an:estimate of their geometrical dimensions
when they are used to analyse multihadronic events, with separation
between different reaction channels. It is important to remind that at
30-50 GeV c.m. total energy the separation of different channels may
be a real necessity to get sound theoretical interpretations: for instan
ce (8 2, 3) it is not garanteed that the pure one photon annihilation chan
nel is by far relevant respect to the others;

More specifically, ca.eful analysis shall be done to distinguish
multiparticle production due to the following different contributions :

a) one photon annihilation:

e+e——'** v — hadrons ; 1



b) two photon channel:
e+ + @ —> e+ +e +X., (2)

This channel has been already examined in many occasions, with
a general conclusion that it is more and more difficult to separate
it from channel (1) with increasing energies.

c) interference effects between e, m. and weak fields, like:
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Such effects would appear in multiparticle events as a lower degree
of geometrical and dynamical symmetry of produced particles, with
respect to the case (1) (see ref. (1)).

d) possible production of superheavy lepton pairs:

ete” — LY + L”— hadrons + leptons .
The decays of these hypothetical leptons may simulate reaction (1),
with a comparable cross section (perhaps 20% of reaction (1)).

Reactions (1) and (2), as well known, may be separated by tagg
ing the outgoing electrons in reaction (2), but this is possible only in a
percentage of reactions (2) (8 2, 3); the necessity to separate all the
quoted contributions, invites to have a good calorimetry and detailed
geometrical analysis of the events ; weak interactions effects can be
studied in the best way using transverse and longitudinal polarization
of electron beams. It is on this basis (calorimetry, tagging, polariza-
tion) that we shall try to fix some limits to 1, As.

The present contribute is therefore divided into the following
paragraphs :
1. - The apparata we are taking into consideration, and their exigen-
cies to be good calorimeters;

2. - The contribute of two-photon reactions, and the separation bet-
ween reactions (1) and (2);

3. - The tagging of the electrons in reaction (2), and in general the
measurements at small angles;

4. - The polarization of the beams ;

5. - A synthesis of the requirements for 1, As from the paragraphs
above, and their interferences.



1, - THE GENERAL EXPERIMENTAIL APPARATA WE ARE TAKING
INTO CONSIDERATION, -

It is not excluded of course that some simple apparata with-
out magnetic field and with rather poor solid angle and energy measu
rement may be useful during the first campaign at PETRA ; and it
may be that some of us are interested in this first experimental sta-
ge. But in the present analysis we assume that the decisions on 1, As
shall be rather irreversible for a number of years, when the more
complete apparata shall be really necessary. Therefore, to discuss
here 1 and As, we consider apparata with a magnetic field with large
solid angle acceptance, particularly designed for the identification of
charged and neutral particles.

We have taken in consideration three basic apparata prepared
to study hadronic events, Two of them, apart few changes, have alrea
dy been considered in PEP 1975(2) and in SUPERADONE(3). The third
one is particularly related to study possible interference effects bet-
ween e. m, and weak interactions,

In Fig. 1 is GUM (General Use Magnet), proposed at PEP in
1975 : it is based on a superconducting solenoid, whose field is along
the beam's direction. The design reported by us was rather dedicated
to the 2y experiments, eq. (2), but with some changes it can be consi-
dered for 1y experiments, as far as encumbrance of the solenoid is
considered, We consider it in two versions, One is just the PEP 1975
proposal (Fig. la; see PEP 1975, page 168). The other is GUM at the
center, but with two toroidal fields for the small angles (Fig. 1b). The
toroidal structure seems to us very efficient for small angles respect
to the dipole magnet of Fig, la. This solution can save some space in
the straight section,

In both cases the tagging for the final electrons of reaction (2)
is indicated: in Fig. la the length of the tagging system is the same
than in PEP proposal; in Fig. 1b this length is reduced: it is our opi
nior. (see § 3) that this contraction does not really reduce the physical
informations on reactions (1) and (2).

A solenoid field needs compensating solenoids : in case of GUM
(Fig. 1) this extra length is rather heavy (3 meters). Unfortunately
our analysis until now seems to exclude that compensation may be ma
de outside the free space of the straight sections,

In Fig. 2 it is shown a general apparatus with toroidal magnets,
as considered at SUPERADONE(3), Considering the higher energies
at PETRA it has been scaled by a factor ~ 1, 5 respect the SUPER-
ADONE proposal. Tagging length is reduced as in Fig. 1b.

In Fig. 3 we have given a rather different solution. We have as
sumed that the transverse horizontal field used to polarize the elec-
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FIG. 1 - a) A possible detecior system particularly designed for two-
-photon processes, taken from ref. (2)(Fig. 15). The apparatus is sym
metrically placed on both sides of the interaction point and arcund the

‘beam line,

b) A different version of the apparatus shown in a). GUM

magnet is always at the center, but with a toroidal field (for the small
angles) in the place of the dipole magnet. Moreover the space for tag-

ging system, lp, is reduced according to some considerations repor-
ted in 8 3 (see text).
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trons in a longitudinal way is also emploied to analyze the particles
emitted at small angles. Of course, the magnetic dipole BVg is rat-
her long, for one must provide about 20. 000 gauss x meter (see 8 4).

Let's compare solutions la, 1b, 2, 3. Solution la requires
1 = 20 meters, as decided at PEP for the total free length of the
straight sections, Solution 1b gives 1 =16 m. Solution 2 is among
the shortest, due to absence of compensating solenoids: 1 =11 m (of
course, the solenoid GUM could be compensated inside, with a small
radius solenoid giving opposite field : but this, due to encumbrance,
would give the same limitations in the observation of the produced ha
drons than the toroidal magnet). Solution of Fig. 3 is at present the
most uncertain : it requires 1 T 14 m.

In first approximation (& 2, 3, 4, 5) one would say that 1 = 20m
is not strictly necessary: 1 = 10 m may be too short. But, at this
point, we must remind that a comparison between the two types of
central magnet (solenoid versus toroid) is not easy. In fact, a lot of
discussions have been previously done on this argument, see {1,
ref. (2, 3).

We only remind that in terms of gauss x meters, i, e. the quan

tity /4 BdR calculated along the radius R, GUM has a value:

0.9
4 . 104 ~ ~
1.5x10 dR = 1,2x10" Gauss x meters,
0.1

A toroid with Ry = 0.2 m and Rg = 1.4 m (Fig. 2) should have a field
B(Rl) 3x 10% Gauss to have the same value of deR This iz a very
high field, with a lot of mechanical problems around the donut.

It seems to us, therefore, dlfflcuh for a toroid to compete with

a solenoid, when high resolution Ap/p is really needed. But which is
the most convenient value of Ap/pz‘? We can compare it with two abso
Tute numbers : one is the natural energy resolution of PETRA at 20 GeV
This is ~ 80 MeV (FWHM). The corresponding request to a calorime
ter system would be AE/2E ~ 2, 0%, and this is clearly too much,
The other is the k-m mass difference, This is AE/2E ~ 300/30, OOO"'
~ 19, This number seems tc be compatible with the value /Sp/p

= 0.5 (% GeV~1) which has been chosen for a magnet like GUI\/[(x

(x) - It is difficult to say more on this point without acuurate and exhau
stive calculations. For discussions and details on this subject see
ref, (2) and (3).



Our conclusion is therefore that the dimensions (size and po-
wer) of a magnet like GUM seems to be a reasonable choice.

In the following two paragraphs we report some basic reasons,
which may impose good calorimetry and the necessity of tagging. .

2. - SOME REMARKS ON THE CONTRIBUTE OF TWO-PHOTON
REACTIONS, -

The possible contribution of two photon processes has been stu
died extensively in the SuperAdone study(4) and in the PEP 1975 Sum-
mer School'*/| In what follow, we shall try to add some more conside
rations in order to conclude if, to study one photon reactions, it is ne
cessary to separate these from two photon processes (singularly or at
least on a statistical basis, in each experiment).

It was already reported by Gatto and Prepara’ca(l) that for a
total energy around 20 GeV the one photon annihilation process :

ete”™ = g+ X , (1a)
dominates over the two photon processes:

ete” = ete™ + 4+ X (2a)

for transverse pion momenta larger than p,ZI, ~1-1.5 GeV2.

We shall see however that, in our opinion, at energies = 30
GeV the separation between these reactions is hot immediate and with
out problems. Starting from the analysis done by ref. (1) the situation
is specified in some more detail in Fig. 4. In this flgur‘e Wwe compare,
for 2E = 30 GeV, the differential cross section (d G‘/d Rdp)vs p (pion
morentum, LAB) expected for processes (la) and (2a), in corrlspon
dence of some peculiar pion production angle, 6 = 75°, 40°, 15° (Lab.
system). One can see that, f.i,, at 6 = 40° the contribute of pions
with 1< p<1.5 GeV is about the same for reactions (la) and (2a). To
have a fraction # w (2v reactions)/#m(ly reactions) =< 10%, one must
select pions with p > 1.5 GeV. This must be compared with the ave-
rage expected energy of pions in processes (la), which could be
~2-2.5 GeV. So, itis a rather severe cut,

The situation would be definitively severe at 8 = 15 where
the larger part (p_<3.5 GeV) of the inclusive spectrum could be do
minated by reactlon (2).

Moreover, it is well known that the cut-off in pion momentum,
which results to be necessary in order to reduce in the measured spec
tra the background due to process (Za)(") increases with increasing the

A

(x) -~ See, for instance, the quoted analysis of Gatto,- and Prepara‘ca(l).
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FIG. 4 - One pion inclusive cross section (d°6 /dQdp)vs p (pion's
momentum) as calculated for one photon annihilation process (1), and
two photon process (2) for 2E = 30 GeV and 06 (L. S. pion production
angle) = 75°, 40°, 15°, The one photon contribution has been calecula
ted assuming R = GL/'GMH =1 and <n,> = 6. (For convenience also
the case R =5 and <n,~> =6, 0= 400, has been reported, broken
line). Moreover the scaling function used in ref. (1), eq.(1.34) has
been modified in order to have a better agreement with pion inclusive
spectra, recently measured (Dasp 6)).

total energy. So the separation between processes (la) and (2a) comes
10 be more and more difficult with increasing energies, and one can-
not hope to get a "blind" inclusive spectrum of reaction (la) without
subtracting the two photon contributions.

The following features can help in distinguishing between the
two quoted processes : i) the angular distribution of hadrons due to
two photon processes ; ii) the total energy of these events, ]

B

As for angular distribution, the one photon multihadronic events,
at 2E = 30 GeV, are expected to appear as Jets or as’larjgé "stars™ with
many particles (or prongs). The expected angular distribution (of the
type a+b cos20) largerly includes large angles. Moreover the c.m.
is fixed with respect to the laboratory system. '

The two photon events, on the contrary, will exhibit a ¢.m,
usually moving fast, so a very large fraction of events contain par-



ticles emitted at small angle in the Lab, system (£.i. < 10°)., This
point is, for example, evident from Fig. 4, which shows that the con
tribution of particles (with p> 0,5 GeV /c) is definitely larger at
small angles, :

Concerning the total energy distribution of multihadrons pro-
duced by two photon interactions most of these events have a total
energy (in their c. m. as well as in the L. S. ) definitely lower than 2E.
Let us look, for instance, to the case of a tagging system accepting
electrons (and positrons) scattered by an angle 10 < 0 < 200 mrad.
Starting from the virtual photon energy spectrum (Fig. 4 in ref. (5))
one can estimate that at 2E =30 GeV, about 15% of two-photon events(x)
have, in the L..S., a total energy larger than 1/2(2E), These conside-
rations indicate that good calorimetry (that is a good mesurement of
the energy of the neutral and charged particles at all angles) and a good
geometric analysis of each event are important to separate events (1a)
and (2a),

Summarizing, the conclusions of this short analysis are:

a) A one particle inclusive spectrum would be very difficult to inter-
pret, if we do not proceed in separating singularity events due to
processes (la) and (2a);

b) In order to separate these two channels one must use at least two
of the following elements :

1) tagging system to detect the surviving electrons (see next sec-
tion: tagging cannot be used to anticoincide all events (2a) res-
pect to (la);

2) a good picture of each event (charged and neutral particles);

3) a good measurement of the total energy of each event (a good ca
lorimeter).

In general we tend to agree with the statement (cfr, PEP 1975,
p. 172) that every PETRA experiment should have a two photon tagg-
ing system, Some discussion on tagging system is reported in the next
section, ‘

(x) In carrying this calculation a lower energy cut off ~ 0,1 E has
been supposed on the energy spectrum of the detected two photon
events, Our estimate of 15% (see text) agrees with a similar
estimate carried out in ref, (5) (f.i. see Fig. 8).
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3, - TAGGING FOR TWO PHOTON PROCESSES. -

The simple tagging used at ADONE at 1, 2-3 ¢c. m, GeV would
be impossible at PETRA. In fact a simple calculation shows that in
average, with L = 10‘32 cm"zs"l, more than one bremsstrahlung
single act happens at each (bunch + bunch) interaction, and the two
accidental bremsstrahlung acts are so close in time (10~ 10 sec) that
they simulate an etre - e++ef-+'y+'y process (cf, SUPERADONE,
PEP).

This alreadyexcludes a 100 % tagging, that is use of tagging
to anticoincide all events 2) respect to events 1), 3), But it is still
possible (and necessary) to study by tagging technique processes 2) -
which are as well known very interesting by themselves - and to iden
tify their nature in order to separate statistically, if not one by one,
events 2) from events 1),

The: way out is in fact to profit of the fact that the average
angle 0 of the outgoing electron in reactions 2) is much larger (6 mrad
with ~ 0~1 decrease) than the corresponding angle 8p in bremsstrahl
ung’ e+}+ e"— eTtre "+ v (~3x 10-2 mrad with typical 9"3 decrease).

Therefore it shall be possible not to consider electrons emit~
ted at angles in the region of 05. In Fig., 5 we have evideneiated the
situation in a quantitative way by reporting the angular distribution
for bremsstrahlung, calculated according to ref, (13). In Table I we
—.estimate in a few cases the efficiency in detecting the tagged electrons
coming from angles definitely larger than 6y,

Fractional geometrical acceptance for tagged electrons (positrons)
at 15 GeV, Presur}lable PETRA parameters have been assumed,

E’Y>’0‘ 2 ©@eV has been requested for quasi-real photons.

Angular acceptance ' [
. LA . .5 v >10 1-10 1-60
Logic proses——(urad) 12-60 10-50 | 12-300
SINGLE | b o o¥e= + (yy) 24x1072] 25x1072] s2x107%| 42x107%| 45x107%| 70x1072
TAGGING
L__.p-x
| (double | 4= otomy Lax107t{1. 9x1074] 1. 6x107%| 1. 9x 1074} 1. 6x 1072 1, 6x 1072
ended) _
DOUBLE | += _ ote™ 4(py)  1.7x1072 |1.8x1072}4,1x10°2|5.3x1072 |5, 4x 1072 7x1072
TAGGING i ,
. L——»X |
“ -9 ~81. -
Jefe"—e’e™ 1x10°% |1.7x107%]1.3x107% |1, 7x10 1.2x70 419.2x107%




11,

FIG. 5 - Angular distribution of the
final electron in a bremsstrahlung
act for a primary energy of 15GeV.
at various fractional momenta,
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In order to detect two photon reactions 2), one can consider
tagging in two places. The first place (A) is inside the free straight
section itself, The second (B) is tagging out of the straight sections,
by placing detectors in the free space available between magnetic
elements.

Place (A) has been already indicated in Figg. 1-3, In Fig, la
the GUM design is reported, and we can see that a rather large spa-
ce 1'.[‘ ig left between tagging chambers, with the addition of a Nal
array, This, adding the two sides of the straight sections, makes
lT = 3. 50 meters, to be added to get the total length 1 of the strainght
sections, We think that 17 may be reduced by more than a factor 2
without any damage, still maintaining the possibility to distinguish (by
shower counters and scintillators) electrons by other particles, with
a measure ('f 15%) of their individual energy. This reduction is indi-
cated in Figg, 1b, 2, 3. The value of 1y, at the very limit, could go
to ~ 0.4 m or so.
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In case of place (A), the contribute of ete”—> ete ™y brems-
strahlung electrons - which is the main source of background - has
been calculated taking also account of beams' divergency: it results

to be 0,025 occupancy (1 bremsstrahlung act every 40 bunch-bunch
collisions).

As for tagging (B), inside the machine optics, we are making
an analysis similar in principle to that for SUPERADONE (p. 218Y:
some detailed results are shown in Fig. 6. Our present conclusions
are:

- Occupancy of bremsstrahlung acts is definitely less than one at each
element in the magnetic optics, when a cut 0 >1 mrad is practiced,
It seems possible to operate in a logic with simple tagging.

- Tagging in region (B) results to be definitely convenient. for (see

15-p-beant energy (Gev)
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FIG. 6 - Possible tagging systems at zero degrees for PETRA: results
of detailed calculations, assuming the optics shown in the middle (whe-
re the shaping of the beam pipe is shown too, together with the position
of the tagging counters). The upper curve describes the variation of

tagged electron energy (if =0), along the machine optics. The lower fi-
gures give the occupancy due to the bremsstrahlung at the points of in-

terest for tagging. Detailed presumable parameters of PETRA have
been assumed,
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Table I) we gain for reaction 2) a geometrical acceptance ¢f" at least
a factor two.
- Tagging (B) should be distributed in 5-7 places on each side, To rea
"lize it the shaping of donut in each place should be similar to that
considered in Figg, 1-3, This is not much, respect to the advantage
ol controlling more fully reactions 2),

Combining both tagging (A) and (B) it seems possible to achieve
a tagging efficiency for two photon processes of 40-50 %,

4. - THE POLARIZATION OF THE BEAMS, -

4.1, - It is well known that electrons (positrons) rotating in a storage
ring can acquire a transverse polarization which is antiparallel (paral
lel) to the magnetic field of the machine(7), The synchrotron radiation
process is responsible for this transverse polarization, which grows
up with a time dependence '

P, = P (1- A
1 1

; P =0,924
pol/ tc’lep © 1.+ 1’—pol/ ‘vdep

where ¥= 7., "

Tfp ol is a characteristic polarization build up time, and it is given by
7 01(55) = [_98 JE° ((E‘reV)] RéR

(RB = magnetic bending radius ; R = average radius; E = one beam
energy),

In the case of PETRA it is:
RBg = 197 m ; R % 365 m; T ol ™ 1800 sec (15 GeV)

~ 121 h ( 5 GeV).

The time constant Tdep has been evaluated by many authors(g),

‘We shall assume that transverse polarization is possible, and we shall
discuss now how to convert transverse into longitudinal polarization, in
view of the great interest of this conversion in the study of weak interac
tions (Cfr, PEP Summer study and PETRA Proposal),

Let us remind a few essential concepts on the spin behaviour
in an electromagnetic field. The interaction H of the electron with
the field takes place through the magnetic moment p of the particle:

[ = .u B - = 2e.
H RxBy; n= £

34

with %3 =1 16x10°3

(for an electron at rest in the field By).
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From these relations one can deduce easily the classical equation of
motion for the angular momentum P of the particle

P . - .3 -

0 o AP | (4.1)

. .1 eBo
where @ = 5 &

polarization vector,

is the angular frequency of precession of the

To get the polarization vector behaviour in the Lab, System
one has to move from the rest frame of the electron to the L.S., by
using the transformation rules of relativity,

A rigorous treatment has been given in ref, (9). We only recall
that in a relativistically covariant description one can define a polari-
zation (axial) four vector whose spatial part, in the electron rest frame,
coincide with the spin operator (in units of -h). At the end one finds that
when an electron moves with a velocity v in a field E, B, the angle §
between the polarization vector P and the velocity varies according to
the law

— _ _ ) _
4 _g- e |adbsap 2820 g, E] (4. 2)
dt m, v

where ¥ and n are unit vectors parallel and perpendicular to ¥, re-
spectively. In a pure magnetic field, which is our case now, and for
vl B, if the electron spends a time &+t in the magnetic field, it has
a deflection A@ such that At = A®-p/v and equation (4, 2) gives

AP = ayde ; a = %‘2' =1.16x107% ;
(4.3)

S

From (4. 3) one deduces that to transform transversal polari-
zation into longitudinal (A @ = w/2) one has to turn the velocity direc-
tion of an angle A@ such that

n/2 = 1.16x107° vAp

We then get, for the overall variation of the velocity direction
of the electron :

A® =138 mrad = 7. 92° E = 5GeV,
= 46 mrad = 2. 64° = 15 GeV |
= 923 mrad = 1, 32° = 30 GeV .

We see therefore that a general arrangement for rotating the
spin may be of the type proposed by B, Richter and R, Schwitters(10)
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for PEP (see Fig. 7). In the R-S solution, starting from (4. 3) one
finds, at 15 GeV per beam :

A® =46 mrad
BL, =23 KGauss xm
L =2.8m => B =8,2KGauss, and D, =D, + L/,
Bo
Lt b, L2 e 20y - Lo D, L1
® 8 (-)”El © B @8
T
e-i' l§\ - Z‘\

\N //— & -

\\__/

PEP-87, to transform the transversal polarization into a lon
gitudinal one, at the interaction point.

The overall distance AB in the R-S solution is around 20 m.
This device can therefore hardly be contained in the PETRA experi-
mental straight sections,

One way out could be to put the polarising magnets between
the beam optics elements of the machine,

N ——————

4.2. - Among different possible solutions we selected the following

- Solution 1 (see Fig. 8a). This solution leaves the straight section
free for experiments, but requires the radial bending magnet posi-
tioned before the B (90%) magnet being removed and its the bending
action reabsorbed in the last radial magnet.

Of course, it would have been preferable to remove the last radial
bending magnet, but from the bahaviour of Dy function we see that
this magnet is very important to obtain vanishing values of Dy and
its derivative at the interscction point, Anyhow it miist be still ve-
rified that it is possible that our solution is compatible with the ma
gnetic optics constraints.

The possibility of inserting a radially bending magnet between the
vertically bending magnets is based on the fact that the first two
vertically bending magnets have an opposite bending action so that
the spin is left vertical,
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TIG. 8 - Schematic side view of the insertion in the basic PETRA
lattice of the polarisation magnets, according to the different solu-
tions discussed in B 4,

- Solution 2 (see Fig, 8b). This second solution requires i) 2 ma-
gnets inside the beam optics and another one in the straight sec-
tion, and ii) a vertical displacement of quadrupoles QIK, QZK. We
see that the maximum displacement is ~ 18 cm at 15 GeV (~12cm
at 20 GeV).

4.3. - Radiation problems. The radiated energy in-a magnet of length
L and magnetic field B (for small bending) is:

AE (MeV/e™) = 1.27x 10~% &2 (GeV) Bz (KGauss) L (meters).
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The spectral distribution of the radiation, for a bending a,
with a curvature p in the magnet L is given by:

dn/dA '»=12.76x10¢8w(l/lc)/ﬁ>2/31§,/3 ,

3
) o _ 4 ., 5.59%x10° L (m)
where 'Q’F =0.7T4,(A) = 0.7 =g a{mrad)

3 :

EY (GeV

an "universal function", and n the number of photons, The maximum
of intensity is. at

> W(A/a ) is

Am = 0,42 Z’c .

5

The radiation is emitted at angle 0,~ m/E = 3x10" " radiant at

15 GeV,

This in general. The relevant numbers for our examples (Fig,
8) are reported in Table II, As we shall see, they may be rather im-
portant in influencing our choices. The numbers of Table II are obtai
ned for a PETRA machine energy of 15 GeV.,

TABLE I

Solution 1 (Fig, 8a) Solution 2 (Fig. 8b)
I‘ 1

BV, | BV}| BV, | BV} BV, | BV, BY,
L (meters) 4 4 4 5 6 4 2
B (KGauss)| 12| 12 [4.5 1 3.3 4.9] 11.5
a(mrad) 90 | 90 | 36 | 10 | 39.4139.4| 486
AE (MeV) | 1.7 {1.7 10.24 {0.01 | 0.19}0.28} 0.77
W (kW) 150 |150 | 21 1 16.8] 25 68, 4
lmax (keV)| 405 {405 126 | 36 | 78.5| 126| 280

E energy radiated in the magnet; W the corresponding

power ; }Vmax the wave length value corresponding to the

maximum of intensity of radiation.

4.4, - Comaments on the different solutions, As a first comment it is
gi;';-l;l’that from the point of view of the machine, solution 2 is mmore
convenient, for it needs smaller vertical displacement of the quadru-
poles ; but conversely it leaves less space available for the experi-

mental apparatus,

Let's consider now the synchrotron radiation power emitted
in the magnets, for each beam, as reported in Table IL,
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We fear that the radiation emitted in the bending magnet can
give serious limitations both on the donut characteristics and on the
experimental set up. In fact to absorb the synchrotron radiation the
donut must be cooled and be rather thick in the interaction region,
where we would rather have it as thin as possible,

In solution 1 (Fig. 8a) a standard thin donut is still allowed,
because the radiation emitted in the last magnet BV} and directed
along the beam toward the crossing point is not very intense. So in
this case no experimental apparatus is seriously disturbed by the ra
diation,

In solution 2 the situation is more critical, because to avoid
heating of the donut in the straight section one must have a large do-
nut radius (r = 35 cm), which is not convenient for the usual experi-
mental sets up. Perhaps the solution 2 is more convenient for some
special experiments like the iron ball(ll’ In this case One can more
easily accept a thick donut,

We did not make yet a sufficient analysis of a few problems
of beam optics (vertical dispersion, matching, etc.), as already in-
dicated, for instance, in ref, (12).

5, - ON THE MEASUREMENT OF THE TRANSVERSAL POLARIZA-
TION OF THE ELECTRON BEAM, -

5.1, - General considerationsg, -

The problem of measuring the transversal polarization of
electrons circulating into a storage ring has been discussed exten-
sively by many authors 7,14,15) ; we limit ourselves to investigate
among the fast methods which appears to be the most promising
for PETRA (see also the conclusions on this problem in ref. (15)).

The method chosen consists in measuring the up-down asym
metry of back scattered photons coming from collision of circulary
polarized laser light on the electrons of PETRA, This up-down
asymmetry is due to term €-k in the cross section, where ¥ is
the electron polarization vector and k the outgoing photon momen-
tum, so the differential cross section can be shown in the form(14

a%s = d20 +E )& ‘d 5 sing ,

where £, is the degree of circular polarization of laser light and
§ the degree of transversal polarization of electrons and ¢ is the
azimuthal angle between the polarization of electron and the normal
to the scattering plane, The explicit form of dzoo and dzal is:
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.2 4
1+
dzoo = 4:.'(‘2 n 5 - ;l 5 + [ n2 ; dndq) )
(1+22+n°) (1-n")"+2A(1+244n") (14n")

112}.
(1+22+n%) > (14n%)

_ 2
do, = -8r dn do |,

where 24 = (4wvy/m) (E and m are the energy and the electron mass,
® the incident photon energy in the lab., frame and y = E/m) and n =
=719 (0 is the scattered photon angle in respect to incoming electron
direction) and ry is the classic:radius of electron.

The magnitude of the up-down asymmetry at PETRA energies
grows with A and so with v (at PETRA energy of 15 GeV A is about
0.6), so that the ratio d”0,/d%_ is better than that of the nowadays
existing storage rings. But on the other hand, as the Compton cross
section is peaked on 1/v angle along the incoming electron direction,
it appears a serious problem handling with angles of about 30 prad
under several aspects:

1) As the detector must be placed very far (at least 100 m) from the
interaction region (on this distance practically all back scattered
photons hit a frame 8x 8 cm?), the alignement accuracy doesn't
appear to be too easy.

2) The vertical spread of PETRA electrons could wash off any sym-
metry effect unless suitable conditions are not fulfilled (see the
argument on paragraph 2),

3) The crossing angle of the laser and electron beam must be consi-
dered to be not lower than 1 mrad, owing to reduce the energy flux
of the synchrotron radiation on mirrors and optical windows: this
fact produces a limitation on the length of the electron-photon in-
teraction region to about 5 m.

5. 2. - Results of calculations and conclusion, -

Using the "PETRA optics parameter" we have looked for the
better points as possible laser-electron beam interaction regions.
The 1el)ec'tr.on density distribution in vertical projection can be writ-

5
ten

(}+a2)2’2+2a B ZZ'+,€22‘Z'2
8 oz - _Z Z Z

3
D(Z, Z') = ——5;2— e 20,

270
z

being z the distance above the beam axis and Z' the slope of the trajec
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tory.and o, B, and o, the parameters of every optical component of
the ring,

The most favorable configuration of electron density in the pha
se space corresponds to a minimum of the mean squared value of ver-
tical angular spread < Z'2:> ., which can be shown to be equal to
2 2
z a
—)

i : ( B; )

1+a

(

Now the minimum of the factor (1+‘a§/ BZ) allows  us to select se-

2

veral points of the machine while the factor 67/ 8, depends (only
through 0,) on the operating condition of the ring (see our choices in
Table III as possible interaction regions and also in Fig, 9 their di-
sposition in the map of the machine).

TABLE IIT-

PETRA optical element parameters in the ciiosen
laser-electron beam interaction region,

N
NR | TV | ALFAZ \BETAZ /M| SIZ /MM | LAGL) /M| (1+a)) /, !
/ /] (BL)/M) (1 z)/ﬂz (prad)
-8 | D3K 1.75 40,206 1,80 5.8 0, 10 89,
19 D6 0.20 5,03 0. 63 7.2 0.21 41,
183 | Do2 0. 60 22,10 1. 33 7.1 0,06 70.

We have performed numerical integration relatively to three
PETRA elements, as specified in Table III (labels in NR, TVP cor-
respond to "PETRA optics parameters"),

The results of this calculation are the ra’ces(l(;'> of back scat
tered monochromatic photons (about 5 GeV in energy for a PETRA
energy of 15 GeV) on a transverse plane placed 100 m far from the
interaction region along the photon flight direction (seein Fig, 10 the
pattern of the photon yield in arbitrary units). Thus, if we indicate
with UP (DW) the rate of upper (lower) part of plane, we can define
as asymmetry parameter the expression (UP-DW)/((UP+DW)/2),

which results equal to
0 .
£, //d 1/ d% .

2§’Y
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Magnet distribution in one octant
of PETRA
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It is important, for evident reasons, to study the asymmetry
and the rate behaviour (in analogy with the paper of the ref. (16)) as a
function of the offset of both half-planes symmetrycally shifted in
opposite directions. Figs. 11, 12 and 13 show the asymmetry and
the rate curves for all considered cases.
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FIG, 11 - The behaviours of the symmetry (in percent) and of the
rate (in counts per bunch) as function of the offset parameter. The
machine conditions are specified on the figure, Curves 'a' and 'b'
only refer to different values of 0, parameter, The interacting re
gion is the 8-D3K element,
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We point out that all values given by "PETRA optics parame
ters" refer to "full coupling" without beam interaction, so that
6,/B, value reaches the maximum one (this is the case of curves
'a' in Figs, 11, 12 and 13). This means that the up-down asymmetry
can improve (or at least to be different) as the ring operating condi
tions are going "off coupling". The sensitivity of asymmetry to this
change is shown in Figs, 11, 12 and 13, through curves 'b' corre-
sponding to an half-value of 0, employed in curves 'a'. Thus the
comparison between the curves 'a' and 'b' indicates how well we
must know the ¢, parameter for a correct evaluation of the experi-
mental results,

The method described above, for the back scattered photons,
needs a path practically free from heavy material (only a fraction of
radiation length is tolerated). In order to verify if the considered so
lutions fulfill this condition and also if these ones interfere with the
mechine set-up, we have performed a rough analysis relatively to
8-D3K and 19-D6 interaction regions (see Fig, 14),

”
/ »
i

%\ SNORT STRAIGHY SECTION

BALK SCAYTERED PMDYDNSAFROMU—DJK“\

==

FIG. 14 - Path of the back scattered photons from 8-D3K and
19-D6 laser light-electron beam interactions regions on the
PETRA map. The horizontal scale is 10 times the vertical

cne,
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The conclusions are that in both cases the photon path avoids
large thickness of material (essentially quadrupole iron); moreover
the solution for 8-D3K region seems to be better than that for 19-D6
region at least for two reasons: no passage through a possible expe-
rimental apparatus in the straight section and no necessity of build-~
ing work requirements for setting up a sufficiently far photon detec-
tor,

6. - A SYNTHESIS OF THE REQUIREMENTS FOR THE LENGTH 1
AND THE TRANSVERSAL DIMENSIONS 4s OF THE FREE
STRAIGHT SECTIONS. -

In order to foresee the request of the users one can again go
through our Figures 1-3 and 8.

It seems evident that if the reasons to have good magnets for
measuring momenta at large and small angles are accepted (8 1, 2)
then the length 1 should be at least 15 meters. The demand in case
of longitudinal polarization has been also indicated in § 4 and Fig. 8
in at least 15 m. Of course some "first generation" experiments,
with magnet or not, can stay within 1 ~ 10-12 m and perhaps less
(see, for instance, Fig. 2). But, unless we consider that it may be
easy to increase in a second time the value of 1, it is convenient to
think since now of the necessities for the second generation experi-
ments, which shall certainly require high precision and large solid
angle. These necessities must be compared with the prevision 1 =
= 10 m for the experimental free straight sections in the PETRA Pro
posal 1974, a length which seems to us to be insufficient, Even if we
are not in favour for having straight sections of different lengths (for
instance 10 and 20 m), we do not have for the moment precise argu-
ments against this possible choice, As for As, the space around the
interaction region, we agree with the demands of PEP Summer Study
1975 (p. 215-227), for a pit ~ 4 m deep, and for spaces at the side
which allow in-out position of the experiments.
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