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HADRON INTERFERGMETRY FOR EXPANDING SOURCES*

~¥. HAMA

. Instituto de Fisica, Universidade de S#c Paulo

S3o-Paulo, BRASIL

ABSTRACT: Hambury-Brown-Twizs effect iz discussed for
high~energy hadron-hadron or  .nucleus-nucieus colli-
sions, where the particle emitting sources are typic-
ally in rapid expansion. On the light of the general
results, we examine the recently obtained heavy-ion
data and. preopose procedures for analyzing. new data.

1. INTROD!JCTIONV

1.2) we have sti_l__died some effécts of the

'in p-revio-;lsh,.p;apers
source.expansion on the identical particle correiation and shown
. that thééé effects -are absolutely nom trivial, so that in order to
‘extract correct’ 1nfornat1on on the space-time structure of the par-
- tlcle-enxttxng source, we have 1nev1tably to analyze the data by
.taklng these effects into .account. Related discussions have alszo

36)

been done by other authors -by using different models. Here, I

would like- i:o focu.s our attention to the recently obtained heavy-

7y

ion data and show how. the above mentioned effects deform the

apparency of the phenomena and how more meaningful results could be

cbtained, by analyéi_ng the new data in somewhat more complete way. '

The plan of presentation is to start giving a short account of the
main effects of the source expansion (Sec.2). The question of

where the. correlation curve intercepts the vertical axis is closely

* Work supported by FAPESP, Brazil.
Talk presented to Int.Conf. on Phyzics and Astrophy31cs of Quark-
Glucn Plasma, Bombay, Feb.8-12,1988,

" x-direction as shown

related to the experimental uncertainties and shall be examined in
Sec.3. In Bec.4, we make comments on the recently obtained heavy-

fon data’’ in  the

..light of our analysis. Xp . Xp .
Conclusions are then - - . 31
: y § 1 1 counters.

drawn in the final . ’ s : ’
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2. EXPANDING SOURCE

"Consider a source
i,2)

which expands along

in Fig,} and let us

SUppOSe We are measur-.

ing two-identical-bo-

son correlation at 90° Fig.l: Illustrat).on of a lxnearly expand-
: : . ) ing' source, with counters, placed at

The correlation  func 907, 'I'wo representatlve source

tion may be written - pol.nts x’ and x" are also shown.

Plp,, Pl p)
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where ) ) ‘
P(P ) o= Probablllty of flndlng a partlcle with four-—monentum P,
P(p ,p y = Probablllty of slmulta.neously finding 2 partxcles

of four-—momenta p-1 and p. respectlvely,

. 2
apt = (sz Fi )
Axhs (At,ar) (t T FLE),

and ¢ ) means a{feraqe over the space-time points. In the static

@

case, it follows from eq.(l) that 4 hﬂpfvl 30 a measurement of
the correlat1on widkth dlrectly gives us the radius ArNI/Ap of the .
particle ~emitting system. If the gource is in expansion, however',

such a simple relation is not valid and the very meaning of radius




itself becomes vague. We may then ask i)which dimension are we mea-
suring? and- ii)which is the meaning of 1/A p in the new situation?
Assume that each small volume AV of the source emits isotro-

pically in its proper frame with -2 momentum distribution
d':’ o {(La) ffu,u}n" = (mrcﬁ'(g—fx)) . (3

where ol is the r‘apldlty of AV and ¥-is the rapnhty of an emitted
partlcle Suppose we are measuring the corr‘elatlon in Ap . Then,

when averagxng cos(AJLAxf{), the contr].butlons become negllg].ble if

—ﬂwfcifg w)f(wuzg-«)) <<fer) o

'For example._ if. £(E_ y=exp(- PE )’, we: have, at y=o0' (0 =" AK Y,

exp( ﬁm (chA(X, 1))(( 1. So, wa: caq define an gffective rapidity
kw1dth by

F‘”"r(c&Adu’)gl o o e
or 'Aé'c' ﬂ"f[ A & ’ + = ] | ‘.2:".(5)
T } I {:} 'rj- prms /3”‘1' 5 P o .

Then, the re].evant Euze 1n the correlation measurement is prec:.sely

the. one wluch corresgon 8 to the effective width &D( defined ahove

it also becomes clear . fr-om eq. (6) and Table I that AOC is pT depen-
dent. - Now, an:important feature of .some realistic models =uch as

the hydrodynamic one (and some other

oness's)) ié a strong correlation be- Table I: p_ dependence of
. 7 . : ) -
tueen N{or ?} and the spat:eftime'point ) fatos ‘P —mE).
2ol P, (GeV) Axt
. e -1 x* T
U =T —— AT - -
Zod -
5% it 0.1 1.20
. . s . —_ .2 1.03
Thls correlatlon 1mp11es a sghrinking - -
of the effectlve source. size ~as. p 0.79
increases. But; then it is a nice tool -0 0.52
for studying the Sspace-time structure . o0 :.0

made of independent os- = : ' Ilt

. cillators,but . such a time -

-of a source, for it allows us to look at different rapidity windows

Let us now turn to the transverse Ap correlation. Assuming

the average longitudinal momentum of the pair is p -0, .

ay If _gx’" Q, ﬂ.py»- 0 and B, #0 then _AE""O. He hha\)e in this
case Aplix T-—APZAZ. ‘Thug, as -expected

Apﬂ =~ Az _,(421}. o 7(8)

by If Ap =g, ﬂp #0 and Ap s 0 then -E¢0. We have in this case
Qﬁ"Ax NAEAt ApAY Thus,

I <'(AP”‘41M ”ﬂf’a[ )<“*'Z> “‘W >]

A_fw""»/<%>+( EJats yykary.

i.e., if there is an emission time fluc‘huatlon, the correlatxon in

’ Ap decreases and ‘the apparent size increases. 'l‘he latter is actual-

ly the same effect which has -long been studlea by Kopylov -and Pod-

B)

goretsky ° ‘with a source

a:z const.

fluctuation constitutes a : o thfOl“l-
basic feature of more re- .
alistic models of expand-’
ing sources (see a T(T)-.
=const: curve in Fig.2}.
Besides,  if we are deal-
ing with q—é -plasa, the

transition. should . occur

in .a finite time interval.:

In Ref.(2) we have studi-
ed such a system by using

a hydrodynamical model, - Fig.2: Plasmain expansion urndergoing
a phase transition at T=Tc.
Hadron emission occurs in- the
is assumed during the . ..region" Tp<’t<"ﬁq

wherein a free expansion



transi:ti_.on (as. the 2.0 T 2.0 T T TR
S . . . {a) b}
pressure..= const. ) | .
co T, 1.8 B 1.8f -
there). . We: coufd
1ere) e coukd 1.{_«;.155« ’ g A 156V

then;reproduce.the.
ISRy - hhdfon:hadj:.dm

b
_®

4 14

-examp}.es :Ln Fxg 3.

A POlnt of . 1nter- 128\ A LS

'that.. A9 — %] ¥

) context 3
the - proper t_._iy_le B 4 % : | .us_h..-l---_l“_-h'_ul-n B+ X | ATV TY SOPR POVR Y TE I I T
: Ln_ter.va.l- -for the 0010.2.0.3040506 0010203040506
‘transition turns. -11.(6.0""» ' q,{GeV)
odt:-té,- ‘be rather L : = : .
long, ' which: we. _F_ig.-.3- Estlmate of %' 7' correlation (conti-

nuous curve82 ) in. pp, collisions is
. ) . compg;gd, with the data’’. The broken
- Nlﬁ i at- the ISR. curves: are- the fits given in Ref.9).

) est:unate t_:o' ' be

3. IN-TERCEP’ES;__UE.' THE, CORRELATION CURVES -

Let us next dlscuss a pr.nnt that, aj,though haé nothing to dc;
w1th the source flow, nevertheless is cruci!a-l to ge.ttring .a cortect
1nformat10n about it. Otten, chaotlcxty parameter A is introduced
in ordér to acceunt for the fact that the intercept of C(p ,p Yy is

<2, HWhether the source is chaotic or not is certainly an 1mportant

question wlnch merits an 1nvest1gat1on However,one should not for— )

get. that in practice w_hen C(pl p ) is measured as a functlon of Ap
" the- other components &p_j (i= 1) are never =0. One may think that'

t!n'.s___is only a sni_a__lllrfactor:, buk actually it may change the results

qu1te a_l_o_t"-as it appears: ‘1'.1_1.1?1'.9-.3.. wh_ere we have adopted a tota'llx.-

chaotic source,. with.: the exper_i'mehtal'. errors taken' into account. It

hecomes patent that in any meaningful attempt of determ.rung the
chaotlcxtz pPa raneter A the experimentatl uncertainties have -to be

take_n. :m?g account.f Clearly, it affeckts also the correlation width.

verse radius when compared with the well known

4. HEAVY-ION DATA’)

In a recent experiment, NA35 Collaboration has measured. Jr 7¢
correlations in 200 GeV/nucl. 16 9,au central colligions. The.data. -

have been fitted with two different parametrization, but I.shall,

_limit myself to the Gaussian one, namely

2 .2 A 2 3 - )
C(AFF,APLFA[ifkexfo(—éfzﬁ—%km)} , (103 -

where RT(RL) is the apparent transverse_(longi.tud_'inal) source radius
{see Fable I1).What is intriogwing im their data is .the.large trans-
| . 160 radius. Even if
one takes the surrounding Au nucleons into account, the true. radius
R hardly exceeds ~~4 fm. Tranasverse expansion may occur, but J.t
i'io known to be small. An alternative interpretation would be. the

emission-time fluctuation. From eqs.{8) and {9y, it follows

Ry=qag'> + [(4-{72; +(%%)<A_f>]:: R:_; +<atty, A

where ( AE/Ap }2-v1. Then. assuming RT .4 fm,. we obtain RT"-‘-" ‘8 fm,
; v - To . . .
if <ﬁt2)f-7 fm, which is quite reascnable as discussed before'
As for /\, , it is sensibly <1 and decreases as one goes away

from the central ¥y region. Now, the thlrd column -of Table II, cal-

Table II: Some of NA35 fits to eq.(10}, together with the com-
puted (see the text) and the measured intercepts.

o - . 2 2.

y-interval R (fm) A . '
(Yop) _ RT (fm) exp -<——u—1’ FLD‘_R" © CLAp =0)

: L)\' 2 - T )

24yl 3 B8.1s1.6 . . . :

(¥ =252 5.6+1.2/-0.8 0,38 . 1.5

0.77:0.19 '
1yl 2 3.8:0.5 . ) .
‘(ycm=1_.5) 4.0+0.8 . 0.60 -

0.34-0.09/-0.06




:culated with the gquoted uncertalntles (Ap <0 1 GeV), shnws that
the: central rapldlty data are consistent w1th A=1. It is not ex-

cl‘ud_ed_‘._that_; :__)\_(1 in other rapidity intervals, although A >>,>\
: : : . - ex

5. CONCLUSIONS

" In _short; i)HBT effect determines the longitudinal size A x

whlch corresponds to a characteristic rapidity width A&(p ); ii)

3 'ks with pT, suggestlng data a.naly31s in different p win=
'11)1/Ap"’(ﬂz> and IIAp;V\/{ﬂyz}ﬂ&E/Apy)z(Atz} Thus, it
uould be des1rable to. .analyze the data by separating Ap frcm&p

. 1V)R .may be. -much. smal.l.er than the . publlshed value-, ) 1\ is over- )

estunated hecause of the experlmental uncertainties in Ap .
. i
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