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Abstract

Transverse-momentum distributions of 7 and & have been analyzed to-obtain the /5
dependence of the collective tfansw;'erse flow and the dissociation temperature in pp- and pp-
iudﬁced multiparticle production r.eactioﬁ& A good fit of both the pion and kaon data has
been obta.ined, in terms of a previously proposed simple parametrization of the collective
transverse vapidity distribution. The main outcomes are the logarithmically increasing
average transverse rapidity squared and a slowly decreasing dissoci-ation temperature Ty

as the incident energy +/s increases. This last belkavior is in eicellent agreement with early

Landau’s estimate. An exiension of the same estimate to nucleus-nucleus collisions gives.

the correct low temperature component which has been observed in heavy-ion experiments.

1. The search for the quark-gluon plasma (QGP | tu recent vewrs has preatly revived
tle interests in studying relativistic hydrodynamical models for ligh-energy hadronic and

nuclear collisions'®. In such models, the system whick arises in a Ligh-enerpy coilision

starts from an “nifzel” thermalization and evolves collectively until the mean fl'eclput.h
of the outgeing particles becomes large enough to escape from the system. The moment
of dissociation is characterized by some temperature Ty and the collective velocity thui
r,}.le fluid has acquired by e’xpa.nsion. Whether inequivocal signatures of such collective flow
ezists and how the dissociation. temperature varies with the sncident energy and nuclear -
size are guestions which deserve u:’ speciul attention in the high-energy hadron physics.

In an earlier paper®?, one of the present authors has suggested the interpretation of the
energy dependence of the pion transverse-momentum distribution as du_e to the increase
of the transverse flow with the incident-energy growth. By parametrizing the coliective

velocity distribution as

dp db . ,
a — e Aeenf—(n? _ B
W = ShichE dadidd Aexp(—Ca® — BE*Y, (1)

where « and £ are respectively the longitudinal and the transverse rapidities and & is the

azimmuth, and by making a cenvelution with the thermal (Bose) distribution

D dpy ' .
Pru 2 {2}
exp(Fg) —~ 1 :
where fy is the pion momentum in the proper frame of the fluid, it was shown that all the
existing data ai that time* could well be fitted with a fixed temperature Ty (which has
been chosen to be m, /1.5 there) and a logarithmically increasing parameter 371, Notice
that, as far as E{do/dp)ls—r sz is concerned, 4, D and € in the paranctrization given
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" above may be gathered together to give just one normalization constant @, which is in
principle known. An extrapolation of this result to the 7p collider energies® has shown a

| quite good agreement with the first data..

‘2. More i:ecentlj', the diﬁ'erei_lcé of the average transverse momenta < pr > of pions

“and. ksons has- been used to exiract the mean transverse velocity < vy > and the dis- .

" sociation tempetature Ty in pp and-Fp-coliisions®. The main conclusions of that work

oarer i} Ty~ 124 MeV is more or less independent of the incident. energy /s and. zz} the'

_rﬁ.e"a,n transverse velocity increases slowly with /5. Aithoﬁgh the exact functional form is
. different-, the conchusion it} is qualita_i';_ively.‘tﬁe same as the one which has been ob.tained.
: i Ref: 3 |
: The essent{ia;l.: improvémeqﬁ _o.f- that work :over Ref. 3) “.rould be that, in principie; the

consideration of firal particles of different masses rﬂight allow a better discrimination of the

o two competing factors, namely Ty and vT; eliminating thus a good amount of ambiguity:

{ I?his ;.mlbigujty'hr_:n.s also been obsérved by other authors in a re(;erit work™). Howe';re.ir, we
: think: that a.n .a.m'a.lysis. just .of < pr > a.s done there is too rough, when we do have pr
distribtitic;ns :6f those parficles. The main purpose .of the present note is to diseuss the Vs
dépendencé'of .vT and also of Td, by a.na.lyzing, the existent pr-disiribution data

terms of the model proposed in Ref. 3).

3. Thus, in what follows, we h'é.v:e pé.rﬁétrized-w and K data at each incident er;ergy
\_/s__., by u.s.ing 1y and (2) given above. The particle-mass dependence enters evidently in
{2), through p*. Besides Ty{+/3) and B(,/s), we have now two normalization parameters
G (/%) and G (\/3), corresponding to pions and kaons respectively. These pacra.meter.s
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have been determined by using ¥ fit to the data. In doirg so, we have arbitrarily fixed the

maximum pr value, which has been taken pryes = 1.5GeV throughout the ISR energies'

because, at higher va.lues of pr, hard processes may become important and the separat:on of

the soft, hydrodynamical, component becomes harder. At the coilider’s energws, howaver,
we expect that mem may be take_n much larger (~.3 GeV)..
Amnother: point: 1:%/:'hi'c'h should be elarified is the following. In analyzing the data as

function of /s, we ire by: 1o’ means ac'cei)tin Tandau’s interpretation!?, namely that in.

every collision all the incident énergy is converted into hadronic matter; giving thus always

a fireball of the same mass. It is. well known that hadronic collisions are dié,raiqte_ﬂzed'bjr'

large inelasticity fluctuations and, act'xiail_',:r,' we have studied ina p.ri.aviél;s'pél.)éﬂz)' {;hg.j'ng.l- S

established correlation between < p;p)-and Téhs _interﬁreﬁﬁg:-;th.._e__iﬂérééselof'iéf?ri'): as.

due to the angmentation of the transverse expa.nsion'_witﬁ Erowing ﬁreballmassWhatwe T
are doing in t.he presenl‘. analysi's is'- i studyiﬁg the incli.tsive distriBution, 't'o'. repié.ce‘.the_ :
. average of the contributions commg fmm fireballs of dlﬁ'erent masses by & smgie term thh"

average mass < M >, which increases. wﬂ;h \/_ The exact: \/— (iependence of < M > s

not well established*3M); but since every relevant parameter of this analysis is very weakly
dependent on the energy, the final results remain valid if < M >= const../s or close:
It should be emphasized that heére we are taking 7 not a constant but an énefgy—

dependent parameter, because in. contrast to the critical hadronization tempera.ttire Te,

the dissociation temperature is not an infrinsie pr.op.erty- of the tkermadynm‘_n_i_c-' sfafe'but_:

depends ‘also on the size of the system. This is a pcéiﬁt_-_ which has often. been neglected:

in the literature and we show (in 6.) that a proper consideration of this question gives a

unified interpretation, both of the above mentioned energy dependence of Ty in pp or pp
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collisions and the low-temperature component which appears in pr distribution in heavy-

ion collisions?®) .

. 4. We give in Table I, the fitted values of all the parameters at several values of /5.

The .cqr.responding curves. for 7 and K transverse-momentum distributions, together with

: the: data, are shown in Figures 1 - 5. As seen, the = dais are perfectly reproduced at

every energy and in the whole ¢ interval we have considered. Also the K data are quite

el reproduced, if we recall that generally these data present large uncertainties. The

. concavity which i present in E{do /dp)|a=r/a of both 7 and K and at every energy can

nagurally be obtained as a consequence-of the tfansverse-collectiv&ﬂow distribution. -

- The energy depenc}ence of B~! and Ty is shown in Figures 6 and 7, respectively,
Although the data do not allow a determination of the precise functional form of B ~1./5),
it is- seen- that this parameter increases steadily, indicating growth of the transverse flow
\\{;ith V5. It may be fitted either by lns or Iﬁgs and, when compared with the result given
in.Ref. 6), it shows larger transverse velocities in the energy region we have considered.

What is quelitetively new in our results is the dissociation temperature T shown in
Fig. 6. Namely, it decreases as the incident energy increases, in conformity with what
we have mentioned at the end of 3.. That T; should decrease with /3 is natural, beczuse
larger energy means larger expans‘ion, s0 larger fluid volume too, and the density {and so

does the temperature) has to get smaller in order that particles can escape from the fluid.

5. An estimate of T; has been made by Belenkij and Landau!® in 1953, and they
did find its energy dependence, but since it is very weak and evidently they did not have
at that time precise data to check it, they have simply neglected it in the subsequent
discussions. We believe that now we have enough data ta verify it.
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Following Ref. 16), the iransverse dimension of the fuid at the moment of dissociation

may be evaluated as!?)

(mnpa)]ﬂ{ﬁ)lfﬁ ’ 3)

2q
L~ —
) B(zq) Im,

My

where zg = m./Ty, @ =proton radius and

L i alde
‘I’(zd)"-zd/o exp(2q ’__l—i-:r?)—l - (4)

The main ingredients to obtain this result is, besides the asymptotic form of Khalatnikov's
one-dimensional solution'®, the assumption of a conical motion and the coﬁserya,tion of
both energy and entropy. In our opinion, these assumption.s Lave sufficiently general
validity so to be applied in the entire energy region we are considering, where probably
the mixed phase is predominant during the whole expansion stage.

If we now take the mean free path [ = 1/ngo, with ¢ ~ o, and

3ms -
=53 :rg F(zrt) : (D)
= N([
where
s [ 2ela:
F(z :ssf i . - (B
CO=% | T =1 ©

then the dissociation temperature is fixed by the condition

! Im?z? {Q,(Zd}]ll‘t(zmp)l/s o1

- SmioF(z) lrmga NE

So, the energy dependence of T; reads

2[Ry ®)

Ty~= —
¢ _ \/BJF(:_d) Trpa Vs
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Notice that'the riglit’-ha,nd blde of (8) still-contains a weak T dependence. AS. seen in Fig,
= 6, .t.his'formula., \;f_itlh' a,.r_easo'na_.b%e choice of a and o, is in excellent agreement with the
E results of og.r ahal}f‘si's of pp:and fp.dafa from the ISR and the pp-Collider. -

“ 6. .'I.‘he'eéfiﬁ_-_;at.e.of I, given in'5; tay equally be applied to nucleus-nucleus .collisions
) _: :witi{"a s_méll -;han_ée, if” pi().;l d.or.ni.nance 13 asé_umed.' For simplicity, we consider oniv the
symmetrlcal ‘(.:a_.;se', in. which two-. ident.ic.al ﬁuciei ‘with 1ﬁass number A. collide each other
and éssu.rlne the éoﬂision to be central. In such a case, the nuclear radius is given by
. R = Al./ng, w.her.e.'-Ro ~12fm ~a, so L i (3) is replaced by

': AI/3fj’_(’TmPR0)1/4( Vs )1'/6' o

e nmpdlo VE
Faa Mx ‘i‘{zd): Imy, !

" where /3 is to be 4inté_rpre.ted: as the-cer;te.pof—xha,s_s energy.of a nucleon-nucleon system
' .'hav.ir‘]'g-- the same _fe__lative'velocitj’ as the entire nuél'éus-nucleﬁs system. Tﬁg dissociation
i condition (7) becomes now -
e 211'-2.23 : { @z} ]1/4.(2m,',_)1/-5 1 1 ' (7a)
R - Tyt 7
L BmIoP(z) A -

mmplty
L vaxe ri_eg].é_ct':thlci .sidx.;ly w./g.ryir.:g fur.l'e_i_:idx:;s F(zd}.and‘ B{zg) in (7a), 4 dependence of Ty is
.a.'pPI:Q).ximately‘='g.i.w.,re.ﬁ-.by Tg.,;A o A—l.}.’ﬁTd.,Pp' '&_Lt.ti'}e sazﬁe N
We c'an.com'paréi.i.;he_ result obt.a,;iﬁ;ed above witﬁ the recently published 200A CéV
. '325;__,_325 a.ata&s}'.:' 'I;his.labor_atory e:;eré_y.r corresponds. to Vs = 19.4 GeV {where Ty, ~
- 125MeV): | .By.{l_sing-{T.a), the dissocia;.tion temperature for 5 + 5 system turns out to be
Tass ™ '{'8..2MeV, .which is in excellent agreement with the. low-pr component, seen in
the data, and also in a hydrodynamical analysis of Sinyukov et al.’® As for the large-pr
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component, it naturally suffers widening due to the flow effect and also because, close to

the fhuid surface, particles can escape at higher temperature.

7. In the present note, we have analysed the existent pion and kaon pr-distribution
data in pp and pp collisions, in terms of a hydrodynamical model with Gaussian rapidity

distribution. As expected, the average collective transverse rapidity increases slowly, but

steadily with the incident energy, In terms of the average squared transverse rapidity, B!

in (1), it increases as In®s. A new feature appears regarding the dissociation. temperature

T4, which decreases slowly with /s; reflecting the increase in the size of the hadronic.

system in expansion. This system’s size effect mianifests. itself also-ini-nuclear collisions, .

where larger intrinsic volumes of the colliding systems cause a 'r'u_efnarkablew towering of the

final temperature. A unified description-of. these two-effects, namely energy’and. mass-

number dependences of Ty could be achieved; within a.rough treatment: of:fransverse

expansion.
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TABLE L y2-fitted values of the parameters B, Ty. G, and G at soveral values of

incident energy +/s. () At 63 GeV, B has been fixed equal to 5.0.

Ji B T G G ¥}/NDF
{GeV) {(MeV) {mh/GeV?) (mb/GeV?)
23 8.39+0.64 12441 2301+£140 972+£ 70 1.30
31 6.73£0.50 12241 20944120 1096+ 57 0.50
45 6.57+0.43 118+1 24114120 1331+ 71 G.90
53 3.8240.35 117+1 2329+ 97 1325+ 61 3.11
63 50 (%) 112::1 23124 28 14094 61 3.30
2UQ 4.8440.75 11947 250341167 1428+ 200 0.40
540 _ 2.28£0.12 9814 2956171 2509+ 415 . 1.40
4197:k454 N 3816+1164 0.90

900 2.66+0.30 9547
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)

Fig. 3:

Fig. T:

Figure Captions

: Fits of low-py pion distribution data® at the ISR, ‘as explained in the text.

: Fits of intermediate-pr pion distribution data® at the ISR, as explained in the text.

Fits of kaon pr-distribution data*®’ at the ISR, as explained in the text.

: Fits of plon pr-distribution data® =11 at the #ip Collider, as explained in the text. The

points at 200 and 900 GeV have beeﬁ extracted_frbm UAl data, by subtracting p and
I contributions from the charged distributions; with the use of p/= and K/7 ratios

given by UA2 Collaboration.

Fits of kaon pr-distribution data® 11 at the pp Collider, as explained in the text.

: /5 dependence of the parameter B~ (eq.(l)j; as déteriined ift the ;;résent" é;nél'}‘sis.

The line corresponds to the values which reproduce the average velocities determined

in Ref. 6).

/3 depenidence of the dissociation temperature Té, as determined in the present anal-
ysis, The curve represents the theoretit:al.Td as determinbed by (8), with ¢ =0.88 fm

and o =54 mb.
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