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COMPLEX FRAGMENT EMISSION IN RELATIVISTIC HEAVY ION COLLISIONS

M.-C. LEMAIRE
DPh-N/ME, CEN Saclay, BP 2, 91190 Gif-sur-Yvette, France

Lawrence Berkeley Laboratory, University of California
Berkeley, California 94720

Data relative to proton and pion production produced in central colli-
sions have been reviewed by S. Nagamiya (1). Therefore, the present talk deals
mainly with the production of complex fragments. The first section will be de-
voted to a presentation of experimental data on d, t, °He emission and their
discussion in terms of the existing models. The size of fireball derived
from the analysis of complex fragments will be compared to the results of
pion interferometry experiment in section II. Interesting features observed in
the distributien of charged barticles once an heavy fragment has been detected
will be reported in section III. Finally, suggestions of phenomena to study

with a 47 detector will be given in section IV.

I. EMISSION OF LIGHT FRAGMENTS

From streamer chamber pictures or emulsion data, it is known that central
collisions are violent processes which produce events with fairly large trans-
verse momenta and high multiplicities. Therefore, Nagamiya's experiment (2,3)
has been devoted to measure light fragments in a kinematic region correspon-
ding to high transverse momenta and intermediate rapidities. Both inclusive
data and spectra biased on high multiplicity have been recorded. The systems
which have been studied are listed in Table I. Comparing Nagamiya's experiment
to Poskanzer-Gutbrod's experiment (4,5,6) the first one was oriented to the
measurement of more energetic fragments than in the second one, so that events

of higher transverse momenta have been studied.

Momentum spectra of protons, deuterons and tritons expressed in units of
GeV/c/nucleon are displayed on Fig. | for the C + C system. All these momen-
tum spectra are smoothed in contrast to those observed in a fragmentation type

process as these latter exhibit a peak for fragments produced with the beam
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Table 1

Svstems stuiied in the E299H experiment

i( 4 Gev/a Ne - )] [ ] P
| .8Gev/a C,Ne,ar| + | NaF | - |+ x

{2.: GeV/a Ne J| l' Kcl l i

i Cu ' t 1

L Pb | *He |

“He }

Range in en:zrgy of the detected particles

5. Nagamiya et al.(1-3) Poskanzer-Gutbrod et al.(4-6)
Pions 30 - 900 MeV 17 = 100 MeV
Protons 50 - 2200 MeV 5 = 200 MeV
Deutons 50 - 1300 MeV/A 3 - 125 MeV/A
Tritons 20 - 700 MeV/A 2 - 100 MeV/A
Helium—-3 80 - 700 MeV/A 30 - 100 MeV/A
Helium=-4 50 = 4530 MeV/A 30 - 110 MeV/A
4 i C+C—-p,d,t+X 800 MeV/A
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Fig. 1 - Momentum spectra of protons, deutons and tritons.

velocity (7). At the most forward angles (10-15 degrees) these spectra are qui-
te flat in the low momentum region while the invariant cross—sections decrease
exponentially in the high momentum region. For a giV%n fragment, the slope of

this high momentum tail becomes steeper when the detection angle increases.
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At a given detection angle, it becomes steeper when the mass of the fragment
increases. The yield of deuterons and tritons relative to protons is momentum
and angle dependent. The largest contribution occurs at forward angles and

low momenta. The relative yield of complex fragments to protons increases with
the size of the target-projectile combination. Consequently, in some kinematic
regions, the charged particle spectra can be quite different from the proton
spectra. To investigate further these differences, the ratio R between the
charged particle and proton spectra has been calculated as a function of mo-

mentum at different detection angles

daci(p) dSOP(p)
R=52z, |5, ———|/|p —2— M

where 1 stands for p, d, t, 34e and “He. The results are displayed on Fig. 2
for few of the systems studied. It shows that for Ar projectile the yield of
complex fragments can exceed by a factor I.5 thatof protons in the low momentum

region, while for C projectile it never exceeds 40 7 of the proton yield.
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Fig. 2 - Ratio R of the charged particle yield to the proton yield as a func-
tion of momentum.
Exemples of energy dependence of the deuteron momentum spectra are shown
on Fig. 3 for the Ne + Pb and Ne + NaF systems. For Pb target, at 30 degrees,
the deuteron cross—section is independent of incident energy for momentum smal-

ler than 1.5 GeV/c (which corresponds to 260 MeV/nucleon kinetic enerzy). It
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Fig. 3 - Energy dependence of the deuteron momentum spectra.
confirms the observation reported earlier (6) that, in the 208e + 238y system
the 30 degrees °He energy does not depend on incident energy for kinetic ener— "

g gy P g
gies of the SHe smaller than 100 MeV/nucleon. Such a behavior is characteris-
tic of a limiting fragmentation process suggesting that contributions from tar- %

get spectator fragments are dominant in
heavy targets (8). In the high momentum
steeply at 400 MeV/A than at the higher

this kinematic region, at least, for
tail, the cross—-sections decrease mpre

incident energies as less kinetic ener-

gy is available to produce high momentum fragments when the incident energy is

low. At 60 degrees, the slope decreases with increasing bombarding energy. In

1

; w\:“nn[ e

T

e

R [T



@,

case of NaF target, the 30 degrees low momentum cross-section depends on the
incident energy suggesting that in case of light targets, target spectator

fragments do not contribute very much in this kinematic region.

The shapes of the momentum spectra do not depend on the projectile (Fig.
4), there is just a slight increase of the cross-section by a factor of about
1.5 to 2 when the beam changes from 20Ne to “%Ar. Fig. 5 shows the target de-
pendence of the momentum spectra. An increase of the yield is observed when
the target becomes heavier. The rate of such increase is strongly momentum

dependent and reaches its highest value in the low momentum region.
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Fig. 4 - Projectile dependence of the deuteron momemtum spectra

To visualize the kinematic region to which are associated the present data,

contour plots of invariant cross—sections have been plotted in the plane of
transverse momentum versus rapidity for the Ar + Pb systems (Fig. 6). A nice
feature of such representation is that a transformation from one frame to
another is just achieved with a translation on the rapidity axis. The lines
join points of same invariant cross-sections. From other experiments, it is
well established that projectile and target fragments show upas two mountains
at PT = 0 and centered respectively around the projectile and target rapidi=-

ties. Both the inclusive and high multiplicity data exhibit contributions from

target-spectator fragments. This is consistent with the previous observation
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Ar +KCl ,Pb - d+X 800 MeV/A
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Fig. 5 - Target dependence of the deuteron momentum spectra.

that, at 30 degrees the cross-sections of low momentum fragments are energy
independent. In case of symmetric systems like Ar + KCl, the center of mass
is well defined. Therefore, the invariant cross-sections have been plotted in
the plane of transverse momentum versus parallel momentum calculated in the
c.m., frame (Fig. 7). In such representation isotropic emission is characteri-
zed by semi-circular contour plots. The experimental cross-sections are for-
ward and backward peaked. This anisotropy is reduced when selection on high
multiplicity events is performed. The corresponding center of mass distribu-
tions are displayed on Fig. 8. The 90° c.m. spectra are well described by an
exponential form e'TC'm-/T with a slope factor T of 108 MeV for the inclusive
data and 117 MeV for the high multiplicity data. Such slope is also observed
for the low energy protons while the high energy protons have a much steeper
slope of T = 74 MeV for the inclusive data and T = 83 MeV for the high mul-
tiplicity data. At 800 MeV/A, the present deuteron spectra do not extend to
high energy enough to establish if the high momentum tail will be as steep as
for the protons. However, the 400 MeV/A, Ne + NaF data (Fig. 9) suggests that
it will occur as the high momentum tail has the same steep slope than the pro-

tons (T = 49 MeV) while the low momentum deuterons decrease less steeply (T

is higher).
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Fig. 6 — Contour plots of Twvariant cross—sections.

B. Models for complex fragment production

The existing data have been described in terms of various models
coalescence (5,6), thermal (9-10) and firestreak models (1!). The first des-
cription of composite particle production was via final state interaction or
coalescence of the emitted nucleons. In this model, nucleons which have rela-
tive momenta less than a coalescence radius PO will coalesce to produce a com-
posite particle. It predicts that the cross-sections for the emission of light
nuclei of mass A are simply related to the Ath power of the cross-—-section for

the emission of nucleons at the same momentum per nucleon
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: Fig. 9 = Deuteron spectra at
' Ne+ NaF —d ; . , .
103¢ T e +X| T : Oc.m. = 90° in Ne + NaF collision
= ] at 400 and €00 MeV/A incident :
C , 1 energies.
i $ 400 MevsA ] -
$ 800 Mev/A i
107 E :
% F ] d'o, a%c,)A :
¢ L - E =c|E - (2)
‘U"; C - A d 3 P d 3
€ 10' & 5 -
~— - ™ =
- N ] where p, = A and C is a cons-
!; C | N\T=100 Mev ] Pa * Pp
wo b ‘\+ - tant independent of the momentum
'Oog \T=49M°V - of the particle and of the detec-
s ; tion angle. The coalescence ra-
o 1 dius P, is related to this cons-
107! L ! ! ! | :
0 100 200 300 400 500 600 700 tant C by :
Tem (MeV)
1
3mo Z, + Z.|Y -
3 -0 4oy P 2 xty—l
P, m xly! TN, (x+y)© C (3)

where x and y are
particle (A = x+y
jectile, ZT and N
nucleus—-nucleus t
been shown (5,6)

plex fragments fo
value of about 13
relationship give
In addition, as t

(12), the P, valu

respectively the proton and neutron numbers in the composite
), ZP and NP are the proton and neutron numbers in the pro-

are the proton and neutron numbers in the target, 9, is the

T
otal reaction cross—section andmis the nucleonmass. It has
that such model reproduces well the energy spectra of the com-
r laboratory energies smaller than 100 MeV/nucleon with a P,

0 MeV/c. It was therefore interesting to investigate if the

n by eq.(2) was satisfied in a much wider kinematic range.

he normalization of these data are in process of revision

es are not anymore valid. It is therefore worthwile to derive

the Py values from independent experimental data. While the coalescence model

does not make any
tionship given by
it is assumed tha
expands to a size
become negligeabl
of the fireball a

"freeze-out" or "

assumption on the mechanism of nucleon production, the rela-
eq.(2) is also predicted by thermal models (9,10). There,

t the nucleons of the overlap region form a fireball which
and density where the collisions between, its constituants
e. Therefore, the emitted fragments reflect the properties

t the point where the interactions stop for which we have the

break-up" density. The light fragments can then be produced
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either via chemical equilibrium inside the fireball (9) or by coalescence of

the nucleons at the end of the fireball expansion (10). An interesting featu-

* v‘rI r‘ A

re of the thermal model of ref.(9) is that there is an explicit reference to

the volume V of the fireball in the equation which relates the cross-section b &
for production of a particle of mass A to the Ath power of the proton cross-— %
a1
section .
3 3 A
AN, (x,7) s h3.a-1 n|9 N
—_—= oz, (x,y) () R (4)
d 3 2A 1nt \ d 3
- p | J
where R is the ratio of neutron to proton number for the combined target pro-
jectile system ; zint(x,y) is the internal partition function of the composi-
te
—EJ./T) |E_|/T
zint(x,y) = § (25j+l)e e: (5)
The sum is running over the ground and excited states of the composite, Sj
is the spin of the state, Ej its excitation energy and E is the ground-state
binding energy.
Mekjian (9) has shown that the volume V of the fireball can be expressed
as a function of the coalescence radius in momentum space 50 as
1
E /T{A-1 3 -
Vv = E{!y! e ° } 3 h (6)
~3
4m P,
where 50 is derived from P, by explicitly removing spin alignment and phase
factors (9) ‘
. -
~3,A-1 2 A-1 -
GO == () SO N
A%(25+1) - )
As the temperatures involved in relativistic heavy ion collisions are high, A
the term (eEO/T)]/A—] can be replaced by 1 with a good approximation and the

relationship between V and 50 corresponds simply to what is expected from

phase space. With the P, values derived previously for the Ne + U system at
400 MeV/A, Mekjian (9) found a radius of the fireball of 5 to 7 fm depen- £
ding on the nature of the emitted composite particle. These large values of :

the source sizes were consistent with the picture of an expanding fireball and
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its dissociation at the freeze out density. Therefore, if coalescence is still
working for data on a wide kinematic range, it will be interesting to determi-
ne the size of the fireballs from the new P, values and study its dependence

as a function of incident energy and target-projectile combination.

An interesting feature of these thermal models (9,10) is also to relate
the proton "freeze out'" or "break-up" density to the ratio between the number

of complex fragments and protons produced

No(x,y) _ A3/2 0 AJTA_] rY (8)
N (1,0) A int P IJ
o] 2
where pp is the proton density, AT is the thermal wavelength for protons
Ap = h/Crmm! /2 (9)

No(x,y) is the normalization of the momentum distribution. For a non relativis-

tic Maxwell-Boltzmann distribution for instance, we have

3 -E/T
ANELY) -y (x,y) 7 (10)
dp3 2r ma T)

From the analysis of the 250 MeV/A and 400 MeV/A Ne + U data, R. Bond et al.

(10) found a baryon density at break-up which is .4 that of normal nuclear mat-

ter.

Finally, light fragment cross-sections have been calculated in the frame-
work of the firéstreak model (11). Up to now it is the only model able to cal-
culate simultaneously cross-sections for pion, proton and composite particle
production. The overlap region is divided into streaks. In each of them, the
nuclar matter is treated as a thermodynamic system in chemical equilibrium.
Fig. 10 shows that the relationship given by eq.(2) does not hold in the fi-
restreak model, because each streak contribute to the cross—section with a

different temperature. Therefore, we have investigated which of the coalescen-

ce or firestreak models reproduce the experimental data.
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Ne + NaF ~'d+X ' Fig. 10 - Ratio C of the deuteron cross-
: i © section to the square of the proton
_ Firestreak(d) Y - 7 e -
400 MeW/A r——, cross—section calculated at the same mo

mentum per nucleon in the framework of

!

|

g .
| ' = .
e:r‘_—ﬂfifi———”’”’}f’__——_—__—_ ' the firestreak model.

G- f -

sk -,
20 45 deq. : -
Hor ‘ ~ C. Discussion

I - mmemmemem——
20+ 75 dea. d g
0 . - Fig., 11 to 19 display comparaisons

; : . ; of the inclusive data with the predictions
2CH 5 neq. ! i - .
A ;10 0es 800 MeV/A i . of the coalescence and firestreak models.
ict

of 4 . .
o b , 57 For all the systems studied at different
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ol . incident energies, the shapes and relati-

C a20F 50 day =1 .

o= . - ve yields of the momentum spectra are much
D :
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ok 130deq: - del than with the firestreak model.
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1o - - .. ~ .

%g The coefficients C, P, and P, deri-
s ) ; NG T : . :
I S 2.1 GewA 20 4:a - ved from the analysis of the experimental
oF - -,
o+ : 30 deg. < data with the coalescence model are listed
o —
0T | 60 aea * in Table 2;p_ and Eo appear to be inde-
o . 5 o5 4 1 pendent of incident energy, decrease as
20 - P 5 deq. =

o+ , 1 the sizes of the target—projectile com-—
0 ' i :
an 140 deq. : . . . ~ . .
Tg—////’/——"““--_____iii_, 7 binations increase. p_ is systematically
95 : - - o smaller for deuterons than for tritons and

SHe. For Ne on Pb system, the volumes are
a factor 4 smaller than those previously
reported for the Ne on U system. The radius R of the equivalent sphere

4

(V= =7 R%) can be empirically expressed by :
3

B 1/3 1/3
R = a(Ap T+ AT ) + b (1

with a = 0.24 + 0.08 fm, b = 1.9 * 0.5 fm for deuterons and b = 1.5 £ 0.5 fm

for tritons and °‘He.

The deviation from a Maxwell-Boltzmann distribution has been clearly ob-
served in the 90°c.m. deuteron spectrum measured at 400 MeV/A for the Ne + NaF
system. Such flattening of the distribution at low momenta has also been seen

in the proton distributions at 400 and 800 MeV/A incident energy and has been
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Table 2

C, Py» 50, and R derived from the present data. Typical experimental

errors are £ 30 7 for C and *
(mb/sr/(GeV)?2)1-A,

a), b) Proton inclusive spectra measured in two sets of runs a) and

10 7 for p_, 50, and R. Unit of C is

b) differ by at most 30 %, which is within the range of preci- -
sion expected on the determination of absolute cross-sections.
Therefore it introduces errors on C, Py 50, and R which are

still smaller than those quoted above.

system energy ay fragment | C P D3 R
MeV/A mb ' MeV/c MeV/c fm
C+C 800 939 d 13.33x10-5 | 304 167 2.9
t, 3He 6x10-10 | 280 204 2.6
C+Pb 300 2964 d 6x10-6 | 221 122 3.9
. t 3x10-11 } 219 159 3.4
3He 2.5x1071% | 226 164 3.3
Ne + NaF | . 400 1301 d F 1.5%1075 | 259 142 3.4
t,3He | 8x10711 | 223 162 3.3
800 d - 1.5%10°5 | 259 122 3.4
t,3He | 2x10710 | 260 189 2.8
2100 d L 1.5x10-5 | 259 142 3.4
t,3He 6x10-11 | 212 154 3.5
Ne + Pb 400 3497 d 4x1075 | 205 13 4.2
t 1.5%10°11 | 207 150 3.6
e 8x1071% | 198 144 3.7
800 d 4x10-5 | 205 113 4.2
t 1.25x10°11 | 19y 125 3.7
He 6x10712 | 189 137 3.9
2100 d 4x10-°% | 205 113 4.2
¢ 2.4x10-°2 | 173 95 5.0
] 9x10712 | 190 138 3.9
3He 8x10712 | 198 144 3.7
Ar + KC1 800 2445 d 8x10-%2 | 260 143 3.3
6x10"2" | 236 130 3.7
5x10-1121 254 185 2.3

3 .

t.oHe 13 330117 238 173 3
Ar + Pb 800 4545 d 4x10-52 | 223 123 3.9
3x10-°7 1 203 N2 4.3
- ¢ 10" H2 210 153 3.5
. 7\-10-};d 199 144 3.7
81071271 216 157 3.4

N ] -
He 5<10-12°} 200 135 3.7
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Fig. 17 - Same caption as Fig. 11.
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Fig. 19 - Same caption as Fig. 11.

well reproduced by the explosion model of Siemens and Rasmussen (13). Using the
temperatures of fireballs and velocities for the blast wave determined from the
fits to the proton and pion spectra, the 90°c.m. deuteron spectra have also
been very well described by this model (13a). From the ratio of deuteron to
protons, Siemens and Kapusta (13a) determined the entropy of the fireball.

The result is much higher than what is expected from a soft equation of state,
suggesting that either strong attractive forces are present in hot, dense nu-
clear matter or that degrees of freedom beyond the nucleon and pion may alrea-

dy be realized at an excitation energy of 100 MeV per baryon.

Finally, Fig. 20 shows that the coalescence model is also very good in _
reproducing the composite particle spectra once an high multiplicity selec- .

tion has been performed. ,

Ci

Further theoretical work is required to describe the composite fragment

production as none of these models have yet taken into account effects like

T v

the complex fragment size, the fireball lifetime. In addition, these models £
are generally valid only for one impact parameter, while the data result to

impact parameter averaging. Therefore, it is interesting to compare the fire—

FERE T R
ey

ball sizes determined from the present analysis to those derived from the pion

data.
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Fig. 20 - Comparison of experimental spectra for high multiplicity events with
the predictions of coalescence and firestreak models.

II. DERIVATION OF THE SOURCE SIZE FROM PION INTERFEROMETRY EXPERIMENTS

In the past few years, the determination of the source size from the mea-
surement of the Hanbury-Brown-Twiss effect (14) has been suggested by several
theorists (15,16). The principle for deriving such source size from two pion
correlation data can be explained in the following oversimplified way (17,18)
consider two pions emitted at the same momentum (within Ap) and at the same
time (within At) from the points 1 and 2 of the overlap region, there are two
indistinguishable ways of observing a coincidence in two detectors located at
points A and B : (I - A, 2 > B) and (2 >~ A, 1 > B). The two corresponding am-
plitudes will interfer when the uncertainty principle Ap ¢ At < H is satisfied.

Then, the two particle cross—section is an expression like :
G(A+B) ald(l ~A ;3 2> B) + ¢(1 > B ; 2 > A)|? (12)
o1 + cos (kR 9) : (13)
where R is the distance begween the two point sources | and 2, k = p/H.

Therefore, the interference term allows to determine the separation dis-—
tance R of the pions at the momentum of their production. For a realistic cal-
culation one has to integrate over all possible source points. Analytic ex-
pressions have been derived for this interference term (also called correla-
tion function) assuming different distributions of the source points. For a £

gaussian space-time distribution, Yano and Koonin (16) have derived a correla-
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tion function with the following form :

1242 r2q?
C(q,qo) = exp|- [ 20] - [ 3 ] (14)

->

- 3,] and a

is the energy difference, q, = lE1 - E2|, r and T are respectively the ra- Y

n‘mrp?ﬂ{\v S mm‘:nrrm
H

. - - >
where q is the relative momentum between the two pions, q = |p1

dius and lifetime of the source. Assuming a uniform distribution of the sour-
ce points, Kopylov (19) shows that the correlation function has the follo-
wing form :

Iz(roq//f)

C(a,q,) = ———— (15)
° 1+ (1)’

with I(x) = 2 J,(x)/x where J, is the Bessel function of the first kind.

The first measurement of pion interferometry has been carried out by
Fung et al.(20) usihg a streamer chamber. They measured a two pion correla-

tion function defined as :

> d%g {do ) [do . '
R(Pl,q) = oo p— / [ e ] [ -~ ] = K [} + C(q’qo{J (16)
dp,dp, dp, dp, ,

where d20/d;1d32 is the two pion exclusive cross—~section and K is an arbitrary
normalization constant. The experimental data are displayed on Fig. 21. They
have been taken with an 1.8 GeV/nucleon Ar beam. Fig. 2la and 21b show the da- -
ta respectively for BaI2 and Pb, Ou targets and an inelastic trigger mode
which just eliminates 10 to 15 % of the most peripheral events. Fig. 2lc exhi-
bits the Pb, O, data fora trigger which selects central collisions. Equiva-
lent good fits to the experimental data were obtained with a gaussian or an
uniform distribution of the source points. The values of r and T are also

quite independent of the distribution chosen (Table 3). -

For a Pb, 0, target, the values of r, = 3.3 F .9 fm and 3.98 ¥ .78 fm ob-
tained respectively with an inelastic and a central trigger mode are in fairly <
good agreement with the values of 3.4 to 4.3 fm obtained from the analysis of 2
the complex fragment emission. Recently, Bartke et al. (21) also reported a

radius of 3.3 * 0.6 fm for the C + Ta system at 3.4 GeV/A.

ik s e

Further pion interferometry measurements are required to study the target

projectile and energy dependence of the source sizes determined by this method.



Fig. 21 - Ratio R defined b% eq.(15) as a function of relative pion momentum g
Ar beam incident on (a) Byl, and (b) Pb, 0, in an
"nelastic" triggering mode, and on (¢) Pb, O, triggering on the

1.8 GeV/nucleon *

21

~Inelastic Trigger

Central Trigger

most central collisions (20).

Table 3

o (a)] (b) | (c)
Ar+Bal2 L Ar+Fb304 - Ar+Pb304
i rp=3t1fm ro=3.3:0.9fm-  r;=4.00.3 fm
I " t ‘_’+__L_}_ ) ,____.___0_’_ ,_f.-— \oq_n._'._,_‘.‘_’
0O 200 4000 200 400 O 200 460
g (Mev/c) '

I eq. (13) eq. (14)
Target ro(fm) T(1072%sec) ro(fm) T(10~%%sec)
(a) | B, I, |3.05%1.10| 5 3.09 + 1.17] 5
(b) Pb3 Oq 3.3 £ 9.3 5 2.98 * .76 5
f . + 4.0 + 4.6
() |Pb,0,]3.98+ .78 2,07 10 [3.88+ .64| 3.27 0

It would also be interesting to measure the correlation function C in the re-
gion of small (q,qo) as the reduction from | will provide some information
about the degree of coherence of the pion source (15). Such coherent effects
could appear if a condensed pion field could be present in the hot zone.
Theoretical work (22) is presently in progress to study the influence of Cou-
lomb effects between the two pions, or between the pion and the nuclear mat-

ter around, the influence of rescattering and absorption effects on the de-

termination of r, T and the degree of coherence.
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III. DISTRIBUTION OF CHARGED PARTICLES ASSOCIATED WITH
THE EMISSION OF A COMPLEX FRAGMENT

The distribution of charged particles associated with the detection of a
complex fragment has been studied by the Poskanzer-Gutbrod group (4). The de-
tection of fragments ranging from beryllium to fission-like events was perfor-
med with a telescope having an ionization chamber as AE element. Using this
telescope as a trigger, they measured the associated charge particle multipli-
city with eighty scintillators arranged around the scatte;ing chamber in four
angular domains : ring A from 9-20°, ring B from 20 to 45°, ring C for 45 to

80° and finally ring D at back angles (Fig. 22).

thg (e}
3 mm Al Vacuum
chamber [/ /
/ / Photomultiplier
Beam‘ Targets | —
4 / Ring B
Detector . ‘ : .
telescope - 5 ) Ring A
Diffusion pump
Ring D
. Beam ionizatior
/ chamber
. Scintillator ‘ '
‘/ i
Beam

Fig. 22 - Sketch of the detector system employed by the LBL—GSI—Marburg group
(4).

For the Ne on Au system studied at 400 MeV/A incident energy, Fig. 23
shows a comparaison of the associated multiplicity distribution when a slow
heavy fragment is detected to those observed when protons are used as a trig-
ger. The emission of a fragment like O selects a central collision, while the

detection of fragment with Z > 26 again fills up the low multiplicity region.

This low multiplicity component associated with the detection of an heavy frag-

ment has been identified as due to fission events as in case of U target
where the fission cross-section is known to be ‘large,just this component is

observed.
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Fig. 23 - Histograms of the '"m fold" coincidences associated with the detec—
tion of different fragments in the collision of 400 MeV/A Ne on Au.

Finally, on Fig. 24 are displayed the ¢ correlation obtained by detecting

an heavy fragment at 90° and looking at the azimuthal distribution of the fast
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Fig. 24 - Azimuthal distribution of
the fast charged particles
assoctated with the detec—
tion of an heavy fragment.

charged particles. In case of O the

response is very flat as expected
for central events. In contrast, an
enchancement at 180° appears when

an heavier fragment is detected as a

trigger. Such side-kick may corres-

pond to the prediction of the hydro-
dynamical model (23), in which for
intermediate impact p;;ameters the
beam comes in, kicks the heavy frag-
ment off to the side while a shower
of light fragments goes out opposi-

tely.
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IV. SUMMARY AND POSSIBLE FUTURE DIRECTIONS

It has been shown that the coalescence model describes very well the in-
clusive data for all target projectile combinations and with a coalescence
radius P, which is independent of incident beam energy between 400 MeV and
2.1 GeV per nucleon. One may extend such study at lower incident energies as
deviations from this model have been reported for data taken with a 180 MeV/
nucleon o projectile (24). From the 800 MeV/A Ar beam data, it seems that the
coalescence model still reproduces the experimental spectéa of composite frag-
ments when an high multiplicity selection is performed. It will be interes-
ting to investigate further such observation in case of different target-pro-
jectile combinations and for different incident energies. Indeed, it is for
central collisions that a thermal equilibrium is most likely to be reached.
However, it has been recently shown (25) that the impact parameter averaging
introduces the value of the two particle correlation function in the expres-
sion of the coefficient C of the usual power law relatonship. Therefore, the
determination of ponor the "break-up" density requires the measurement of
this two particle correlation function in addition to the measurement of the

deuteron spectra.

The study of multiparticle correlations with multiplicity selection are
also of particular interest and 47 detectors are well suited for such experi-
ments. It has already been discussed how two pion correlation experiments al-
low to determine the size of the fireball and the degree of coherence of the
pion field. Another interesting task will be to look for a collective flow as
predicted by hydrodynamical calculations (23-26). No evidence of such collec-
tive flow has been seen from the inclusive spectra partly because the avera-
ging over various impact parameters smears out the effect while structures in
the angular distributions are expected for events corresponding to truly cen-
tral collisons. Criteria to select such events have been suggested by Bertsch
and Amsden (27) for the collisions of two equal nuclei and by C.Y. Wong (28)
for the collision of both equal and non equal nuclei. For instance, the total
c.m. kinetic energy in the longitudinal direction can be used to characterize
the impact parameter (26). They also show how to measure the degree of depar-
ture from azimuthal symmetry from the angular distribution of the reaction pro-

ducts,

Finally, one may determine the number of participants in the fireball from

YRR A m:vwrw

s AL s
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two body rapidity correlations. Indeed, in high energy p-p collisions (29), :
the measurement of rapidity correlation function for different multiplicity

selections provide some evidence for the existence of short range correlations

as the detection of a particle at a given pseudo-rapidity favors the produc- : é

tion of other particles at the same pseudo-rapidity. The interpretation of

such data in terms of the cluster model shows that the peak height is related
to the multiplicity of particles inside the cluster (or the fireball). In hea-
vy ion collisions such short range correlations are expected between particles
of a fireball or a streak. As in high energy data, multiplicity selection will
be necessary to see such short range correlations because the number of par-

ticipants of the fireball depends on impact parameter.
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