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1. - INTRODUCTION AND PHYSICAL MOTIVATIONS,

Since few years it has been emphasized that the nuclear phenomenon permits to understand so-
mething more of the hidden dynamics which cannot immediately be seen in h-h collisions“* 9

In this sense the nucleus is a very dense detector. The time scale, over which the internal pro
cesses developed, is very long comparedto usual time scale of the hadronic interaction or formation.

In principle the internal dynamics may be considered as the clue which allows to set together
\ nucleons (where A is the atomic number) and does not generate any difference between bound and
free nucleons,

Suppose T is ihe characteristics collision time in h-h ¢. m. sysiem; in lab. frame it is lLorentz
dilatated in such a way thai, in high energy collisions, the hadronic system formed in the primary
collision may inferact again before reaching its own asymptotic state.

One may therefore think that the nuclear interactions offer the unique possibility of studying
ihe space-time development of hadronic processes.

l.et us iry to give a glimpse inside the experimental situation for both cohereni and incoherent
production.

(10

. ; ; d pil-itd s
I'he Glauber Theory has been proposed for elastic scattering on nueclej and then cdified
for diffraction dissociation hy K6lbhig and Mar‘golisuz).

[.ooking to coherent production, see Fig.1,
the standard Glauber Theory may be summari- // m )
ved in five points:

FIG. 1
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a) elastic scattering of the hadron h before the production point

b) instantaneous production of a hadronic system | X 7 in its asymptotic state

¢) only one production point on the nucleon Nj

d) elastic scattering of the produced system | X after the production

e) the only unknown quantities in the theory are 09 and a9 which are respectively the total cross-
-section and the ratio of real to imaginary partof the scatiering amplitude of the system | X >,

Generally there is a good agreement between theory and experimental data for what concerns
the differential cross-section; the unclear point is the dip filling in the first minimum region,

The total cross section of the instable system | X » has been determined in many experiment,
covering few exclusive channels and large mass r‘egions“& 18 The data mayv be summarized as
follow: :

a) ag is lower or ~ 0Oy,
b) a9 decreases with the number of particles in final state
¢) 0do decreases with increasing mass of 1>

In Table I a resume of the present data on g5 derived for different channels of coherent dis-
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sociation is given; in Table II the g)s for 5

TABLE I1 - | Its of iical lel fit
dissociation at 15 GeV are listed, rEEuliel opcnl Eanet TG

to o, for o4 (Ahm ) (mh) and ('0 (arbi-
A PWA has been also performed on the ‘& trary units).
coherent production at 9, 15 and 23 Gev(19-26)

The data show that:
alonly 17 and 0 waves are present in the Ay Mass iniervu!‘ Parormeiers
region
b) in A, region g, (17) is lower than the single (GeV) =0 co=112 f a=0545f
pariicle crloss-section and 02(0 ) is more & Aﬂg;‘ ?ygl'ém,
or less twice a,(17) -
c) 02(0') again has a low value after the A re
gion,
Many modifications have been proposed fo 1.5-19 17 5 + 8
the standard Glauber 'f‘heor;sr(z'-"'3"1 , in order . -7
to explain the transparency of nuclear matter, 1.5-17 10 7 + 8
the behaviour of 0° and 11 waves total cross : -4
section and the dip filling, 1.7-19 13 10 +-@
The common connection between the mo- -
dels is that neither an asymptotic final state

| X 7, nor only an elastic scattering of | X
in the nucleus are required.

3
Another experiment on coherent diffraction dissociation has been carried oul at 40 (ie\f'( 2l and
the first data will be available by the end of 1978,

Since many years ago, cosmic ray physicists concluded that multiplicity producad is weakly de-
pendent from the atomic number A,

At present the data on multiple production on nuclei come from cosmic ray measut‘?l(nents. e-
mulsion exposures at accelerators36,37) and one counter experiment at FNAL 4,8, 38, 3"’). It is con
venient to look the data in terms of few parameters, namely: RA’TU-’ N

<

h
A

A n-P

where .n -p is the average number of charged relativistic particles (§ > 0.7) produced in inelastic col
lisions with a nucleus A; \n* p is the average number of charged relativistic particles produced with
a proton,

R

A % p (inelastic)

;’- = = [ +
g. . (inelastic) ! o . Ny
hA

where Ng is the number of grey tracks (0.3 ~ B  0.7) and is practically the number of protons co-
ming from quasi direct interaction, N is the number of black tracks (g . 0.3) and may be conside-
red the number of protons with an energy inside the evaporation spectrum.

The energy dependence of R, is derived for emulsions. The data are consistent with Rgmy inde -
pendent from energy when E 60 Ge\.

[t is well established that R, increases very slowly with A, is more or less linear dependent
from ¥ and lower than 2. 5 for very heavy nuclei, see Fig. 2 (from ref. (38)).

At small angles (which means projectile fragmentation region in pseudorapidity plot) no diffe-
rence appears between nucleon and nucleus, as otherwise seen in bigger angle regions. see Fig.
3 (from ref. (38)).

A linear dependence of = n % (which is the everage number of fast secondaries produced at
fixed Nh’ in emulsion) from N, may be affiemed.

A preat deal of theoretical work has been developed on multiparticle production on nuclei (see
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ref. (8) and references therein).
But it is still impossible to choose among models with the present experimental situation,

Several refined measurements are needed: firsily it is necessary to get a rapidity distribu-
tion instead of the pseudorapidity one, secondly an analysis of the type and the energy of nu-
cleons comning from the struck nucleus(40),

As general remark, we can say that the siriking features of coherent and incoherent produc-
tion on nuclei are:
a) the total cress-section of the produced system is nearly the same of the incident particle;
h) the multiplicity produced on nuclei excludes any cascading model inside the nucleus and is con
centrated in the target fragmentation region.

These experimental data agree with the idea that the interaction on nuclei are a powerful tool
for understanding the space-time development of hadronic system,

Moreover. the coherent interaction supplies a simple and direct way for selecting either spin-
parity series in diffractive production or diffractive Coulomb dissociation.

In the latter case the production cross-section goes ag z% and is inereasing with the energy.

As consequence processes such as coherent production of D D and Coulomb production of 7,
(2. 8 GeV/c?) may be selected when the photon is coherently diffracted on a target nucleus.

2. - FRAMM EXPERIMENTAL SET UP AND NUCLEAR TARGETS.

FRAMM experiment iz expected to start its data taking in Junz 1978, at CERN-SPS.

[t is an ltalian Collaboration of Sezioni INFN ed Universita di Milano Pisa e Roma and Labora-
tori Nazioni di Frascafi(“s 42’43).

It will work with P, P, KI, #% beams in the energy region 100+400 GeV and a photon beam

with top energy of 200 GeV,

The apparatus consists of: a forward spectrometer, a veriex detector and sensitive nuclear
targets,

2. 1. - Forward Spectrometer,

The spectrometer comprises four magnets,

The first one has a gap of 50 em, 1 m long and a maximum bending power of 1, 3 Tm.

The distance from the farget is 1. 5 m and the acceptance angle of %90 mrad, which corres--
ponds to 90° in e. m. syslem for a particle of an average Pp at 300 GeV/ec.
41)

The subsequent magnetis are standard PS beam transport magnets

Five seis of drift chambers are posi-
tioned as shown in Fig. 4, each set consists

FIG. 4 - General layout of FRAMM expe
riment. The sketch presented below is
a general top view of the forward spec
frometer with vertex detector. In the
drawing presented above, only first
three magnets with drift chambersand
photon detectors are shown in detail.
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of three chambers, each of them has two orthogonal planes with a sense wire spacing 4, 8 cm, The
s . . . . - -+ - . 9 .
obtained resolution on the drift coordinate is AX= -0, 14 mum, while the resolution of the delay li-

; ; : -
ne, flanking each sense wire, is AY= -2 mm,

The calculated resolution is AP/P = 10, 5% for produced particles inside the acceptance cone
of the spectrometer,

The first two photon detectors (see Fig. 4) are scintillation counterlead sandwiches, which co-
ver photons produced in the angular ranges 7% = 3§ < 300 and 1.79. & 70 respeciively.

They have an energy resolution of 9% and a space resolution of #2 mm.

¥ * .
The other ones are lead-glass Cerenkov counter matrices, covering the angular region of 09

. . s ot =P, b .
< @ £ 1.79 The expected encrgy and space resolution is 4. 5% and -2. 5 mm respeciively,

The x ,K.P distinction, up to 40 GeV, is made possible by two Cerenkov counters posiiion-
ed inside the 1st and 2nd magnel.

2, 2, - Vertex Detector.

Surronding the sensitive nuclear target is placed the vertex detector, see Wig. 5.

It consists of a box of four drift chambers which allow a re-
solution on the polar angles of A4 3 mrad,

Immediately after a box of scintillation counter are position-
ed. They perform the identification and the measuvement of the
kinetic energy of photons between T=30 and T=600 MeV.

L Finally four lead-scintillation couniers are used for detect-
mll H ing photons outside the region covered by the forward spectro-
meter,

Downstream from the nuclear sensitive target a sel of three

I e S -

i drift chambers measures the direction ol partficles between lew
| | : degrees and 43°.
T i s~} 5 .
A= : . g They are followed by two MWPC's for fast Iracks counting

e i and irigger purposes.
FIG. 5- Front view of FRAMM

Vertex detector with insert-
ed U target,

2, 3, - Sensitive Nuclear Targeis.

These targeis are thought to be placed inside the vertex deteclor; three of them are listed
below following fhe time scheduled for FRAMM experiment.

The Milano group is also improving the silicon live-target already used in other fwo experi-
ment,

2.3.1. - 7, target.

This target provides a fast irigger to FRAMM spectrometer when data are i~l.en on coherent
photoproduction,

The detector is a cylindrical plastie scintillator, shown in Fig, 6, subdivided in four seclors,
each of them seen by two photomultipliers RCA 8575, working in coincidence.



leed target —

FIG. 6

How these sectors have to work together will be decided after the first tests on the 200GeV
photon beam,.

600 wm of lead are placed in the center of the scintillator, whose forward cone is =90 mrad,
The secondaries produced in a coherent reaciion are expected to be inside this cone,

In general FRAMM forward spectrometer seems to be ideal for coherent photon or hadroproduc
tion on nuclei, because: -
a) there is a simultaneous detection of charged particles and photons. The deteciion efficiency is

nearly independent from the multiplicity of final state(42),
b) It is possible to reconstruct the coherent produced mass with a resolution of 100 MeV
(FwHM)43),

What we ask to the detector is a fast anficoinecidence signal for incoherent event.

With a photon beam it is possible to study both pseudoscalar and vector meson photoproduc
tions.

The former are produced via Prima- r}”
koff effect. see Fig. 7, in which a virtual
photon is exchanged and representsthein-
verse process of the PS meson decay in

bt

e ‘ﬁ'o' A(,' 4{c (2.8 Gevic?)

The differential cross sectfion is:

Ei-~c~r=8 L Z—Erz 2E4 Fz(q) sin 2’3
aQ "t T gt °
where:

a=1/137

L,., is the iwo photon decay

m 1is the photoproduced mass

B. E are the velocity and the energy of
the particle

¥ is the production angle

q is the momenium iranfer FI1G. 7

F(q)is the electromagnetic form-factor
of the nucleus

Nucleus

In this formula the only unknown quantity is Fy},. With the FRAMM it is possible to measure ho-
th integrated cross section and the branching ratic toward yy decay.

In such a way a direct measurement of the lifetime of PS mesons may be performed, in par-
ticular the n, (2. 8 GeV/c2),



In Fig, 8 (from ref. 43) the mass acceptance of the apparatus is shown for 9,7, 7', 1.
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The tolal cross section for 1, produetion Cr?“s el
. r 8 N e ; ) Primakeff eifzct on lead
is given in Fig, 9 (from ref, 43) assuming I}y B
20 KeV, r
We expect that the experimental mass of - s, il
cohereni events will show the Me peak super-
imposed over a continuous background due to 1072

non resonant vector meson production,

TFVETL

At 2.1 GeV/e2 if is present the JA peak.
2

ﬁ

The continuous is characterized by 1/ M

—~
behaviour and inn. region we expect a signal- ¢

to-noise ratio  of the order of 1, under the as = 19730
. P = . s o
sumption that the diffractive photoproduetion [}

T

cross section is 5% of the total photoproduct-

T T I‘TT";

ion eross-section,

T

The T peak is - 20 times larger than
1 one, the identification may be obtained by
the ¥40 MeV resolution in mass; a clearer 10-%
separalion will be achieved if the G parity is

+

e it is possible to subdivide the
les of odd and even number of B

[ S O I

| 1, etector has been developed in
order 1o assure a very high efficiency for co-

herent production and work at trigger level,

The incoherent events are characterized
by a large number of evaporation prongs.

The range of nuclear excitation energy, in ithe hundreds GeV region, was evaluated by emul-
sion data at 300 GeV,

The found value was 200+300 MeV for heavy nucleus. Fig, 10 shows the results of MONTE
CARLO calculation for A=165,
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With increasing A the neutron emission in enhanced and the lead target for 7. production was
chosen because:
a) il has Z-82 and the Primakoff cross section goes as z2
b) when it is excited, it decays by emitting a great number of neutrons and no fission fragment

Suppose g, is the average efficiency for neutron detection in evaporation region, then the ef-
ficiency of the system is: N
I=(1- ¢g,)

where N is the average number of neutrons coming from nucleus break-up.

[t reasonable 1o extract from emulsion data that the incohereni hackground giving all charged
secondaries in the forward cone and only neutrons from nucleus is . 0. 003 0ty in 9, mass re-
gion,

The scintillator dimensions (see Fig. 6) are such that each neutron travels two interaciion len
gths in the average.

I'he Milano group developed an electronic chain connected to the PM 8575 faced on each sec-
tor(44),

The rivelation thresholdfor neutron was estimated 30 KeV e.e. and &y =~ 39%.
For 14+20 neutrons emitted I is "= 9%go+5%000-

The incoherent background in 7, mass region is so estimated as: (0. 2)+(0. 8 x ]0'2) pharns,

(i.
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As consequence the incoherent background may be neglected in spite of the big difference in
production rate,

2. 3. 2. - Meiallic targets,

They have been developed for taking data on multihadron production on nuclei and are capable
of identifying the coherent events.

The target consists of (see Fig. 11):

@)
7 2X180mrd
N
Y i
\ —
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@
4cm
—

FIG, 11 - Cylindrical MWPC and scintillator: 1) targets; 2) si-
gnal wires; 3) h.t. wires; 4) scintillator: 5) frame,

a) Thin sheets (x 200 um) suspended and equally spaced in the central 20 cm along the axis of a
cylindrical MWPC. These sheets may range between light and heavy nuclei,

The MWPC has wires parallel to the beam and is supposed to work in proportional regime.
The charge division method (c. d. m, ) has been introduced for the electronic chain in order to
give the coordinate along the wire (expected resolution bt mm) and a rough estimation of ener-
gy loss.

In such a way it is possible to count charged secondaries between 10°. & = 170°, where the
pseudorapidity is a good approximation of the rapidity. The expected pseudorapidity resolution
is given in Fig. 12.
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Another performance is the distinction allowed among fast particles and protons coming from
evaporation and quasi direct interaction,
¢) A cylindrical scintillator 10 cm thick subdivided in 8 slabs is placed surrounding the chamber.

It is studied in the same way as 7. target and gives:

i) A signal of coherent interaction when no charged particles are produced.
The efficiency for tagging the coherent production is = 98+100% ranging from light to heavy
nuclei.

{i) It permits to count the number of emitted neutrons, when an incoherent interaction happens
in which a low number of charged secondaries or none is spread at big angles,

In conclusion tha available data will be:
a) rapidity (inside the acceptance cone of forward spectrometer) for fast particles, where the
pseudorapidity is a bad approximation (for resolution see ref. (41));
b) pseudorapidity up to 170° in lab. system for any charged particles;
¢) relationships between fast secondaries and particles (neutrons and protons) coming from both
evaporation and quasi direct interaction;
d) selection for coherent production,

With this detector is therefore possible to study in a very detailed way any kind of interac-
tion on nuclei,

In particular what concerns physical questions such as the existence or/anda critical rapidity Y¢
(with its dependence from the Atomic number A, the incident energy E and the kind of incoming
particle) and the behaviour of projectile and targel fragmentation region.

2. 3. 3. - Helium target,

The helium target is a detector capable to study coherent, incoherent, semicoherent and ela-
stic interaction on ¥He(43,46,47),

In the case of coherent production, it gives the differential cross-section do/dt, through a
direct measurem=nt of the recoiling a particle,

It is a gausses device in which the gas acts simultaneously as target and working medium.

Three cylindrical MWPC's are placed with a diameter of 4, 20, 28 cm respectively and no My-
lard walls among them

The c.d. m. is used as in the metallic target,

h.t.wires

Helium target sigpal wires/

/ ‘

scintillator



We expect to detect a recoil for |1 (four momentum tranfer) * 0. 017 ((}e\'/’c)z,

The possible reactions on helium are:

(1)  h =+ 4He H + 4He (coherent reaction)

(2) h+ tHe —— H + 4He* (semicoherent reaction, where the 1st excitation level is
\ ! 20, 2 MeV)
—33He +n

(3) h+ e H + He + n (knock-out reaction)

(40 h+e—> H+T+P

(5) b+ e H+d+d
where h is the incident particle and H is the multihadron produced state,
Reaction (4) and (5) may easily seen because two highly ionizing particles are produced,

he cases (2) and (3) may distinguished either by a kinematical fift (after mass reconstruction)
or by a fit in which the informations on dE/dX coming from the MWPC's are used,

The estima“ed background in the cohereni sample is = 3% (see ref. (45, 47) and references the-
rein),

3. - CONCLUSIONS.

While targets describing, tlie performance, that FRAMM experin.ent offers, have been given
what concerns both coherent and muliiparticle production on nuclei,

The rapidity plots and their correlations with nuclear products will be available for a consi-
stent set od nuclei,

The photoproduction of pseudoscalar and vector mesons will be extensively studied, in par-
iculrar n,. (2,8 GeV/e?) lifeti
ticulrar g, (2. 8 GeV/c ifetime,

At present another device is under development in order to perform a very interesting mea-
surement such as the lifetime of D, D particles,
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