06LEAHHEHRbIA

() WHCTHTYT
S A4 PHbIX
A, HCCAEAOBAHNA

AYGHA

E1-80-262

Y AND a° PRODUCTION
IN pp INTERACTIONS AT 22.4 GeV/c

Dubna - Alma-Ata - Helsinki - Moséow -
Prague - Thilisi Collaboration

1980



B.V.Batyunya, I.V.Boguslavsky, I.M.Gramenitsky, R.Lednicky.
L.A.Tikhonova, A.valkarova, V.Vrba, Z.Zlatanov, S.V.Levonians,
N.B.Dashian™,

JINR, Dubna, USSR.

E.G.Boos, V.V.Filippova, V.V.Samoylov, T.Temiraliev.
High Energy Physics Institute, Alma-Ata, USSR.

J.Ervanne, E.Hannula, P.Villanen.

Department of High Energy Physics, University of Helsinki,
Helsinki, Finland.

R.K.Dementiev, I.A.Korzhavina, E.M.Leikin, V.I.Rud, A.G.Pavlova.
Institute of Nuclear Physics, Moscow State University, Moscow,
USSR.

I.Herynek, P.Reimer, J.Ridky, V.Simak.

Institute of Physics, Czechocslovak Academy of Sciences, Prague,
SSR.

A.M.Khudzadze, G.0.Kuratashvili, T.P.Topuria, V.D.Tsintsadze.

Tbilisi State University, Tbilisi, USSR.

* L ebedev Institute of Physics, Moscow, USSR.
»* Yerevan Institute of Physics, Yerevan, USSR.



E1-80-262

¥ AND a° PRODUCTION
IN pp INTERACTIONS AT 22.4 GeV/e

Dubna - Alma-Ata - Helsinki - Moscow -
Prague - Thbilisi Collaboration

Submitted to AP



BaTtiona b.B. v gp. E1-80-262

06pa3osaHue ¥ ~KBAHTOB M 7° -Me30HOB
B pp-B3aumopencTeMAx npu 22,4 MaB/c

Uayuaetcr oBpasoBaHWMe Y ~KBAHTOB W 7 ~Me30HOB B PP -
B3aumopeicTBuRx npu 22,4 TaB/c. Nonyuena ouewxa obBpazosaHun
7° =ME30HOB B AHHWUIUMRUMOHHEIX COBMTURX, WaMepen KoadhduumenT
NUHEMHOM 3aBUCUMMOCTM MEMAY CPeAHUM YMCNOM R°~ME30HOB W umnc-
IOM ACCOUWMMPOBAHHEX OTPULATENLHO 33PRAKERHEIX UACTHY, KOTOPHK
okasarica paensi4 0.26 + 0.06.

flokasano, HTO B CHEKTPAx [IPOACIbHLIX MMMYNLCOB ) ~KBAH™
T08, 7°-Me30HOB M NOMEepeuUHbIX MMNYnbCcOB y-KBaH108 Habnmpa-
PTCA 3aKOHOMEPHOCTH, COrnacyvouMecs € rMAOTE30K CKeWNuHra
B CpefiHeM.

IKCNEPUMEHT ASIbHEE [1aHHEIe CPABHUBANUCDE C MpPEefCcKa3aHUAMU
KBAPK-MNapTOHHOW MOJenu.

PafSora sunonHena B fla€opatopuu BuiCOKMX 3Heprun QUAW.

Npenpunt 06veanHEHHOTO HHCTUTYT3 AAepHWX MccneqoeaHmsi. [y6ma 1980

Batyunya B.V. et al. E1-80-262

y and 7° Production in pp Interactions
at 22.4 GeV/c

In this paper we study (#®) -production in pp -inter-
actions at 22.4 GeV/c. An estimate of the »°-multiplicity
in annihilation events has been obtained. The dependence of
the average number of #°~s on {he number of assotiated
charged particles has been studied. The inclusive Wa® )
spectra agree with the hypothesis of scaling in the mean.

The experimental data are compared with quark-parton
model predictions.

The investigation has been performed at the Laboratory
of High Energies, JINR.

Preprint of the Joint Institute for Nuclear Research. Dubna 1980




We present here results of the analysis of 2440 e*e™ pairs
out of 37000 6b interactions at 22.4 GeV/c obtained by expo-
sing the HBC Ludmila to a RF separated antiproton beam at the
Serpukhov accelerator. The experimental procedure and some
results concerning y(r®) production in 22.4 GeV/c Pp inter-
actions have been published elsewhere /17,

Due to large losses of y—8 1n the backward c.m.s. hemi-
sphere, these y-s were replaced by those from the forward
hemisphere, reflected about pt = 0, according to c¢p -symmet-
ry.

In Table 1 we present some average characteristics of y-s
and »° -mesons. The latter are obtained from the relations /2/:

<jp*|> =2<|p*|> 1
lpf1> o =2<lpf . (1)
2 2 m:o
* _ * -

PP =3Py T (2)

2

m’_o

2

<p$>ﬂo =3<py>, - —2’5-, (3)

which are valid under the assumption that #°-s are the only
source of y-s.

Table 1

Mean values for different momentum variables of y and n°,

<p'®>  <|p*|> <pl> <p"l=‘2> <p,> <p§r>

GeV/c GeV/c GeV/c (Gev/c)? GeV/c (Gev/c) 2

y 1.004 0.285 0.197 0.114 0.169 0.052
+.038  +.007  +.007 +.010 +.004 +.003

2° 0.394 0.337 0.147
+.014 +.029 +.009




Table 2

The topological cross sections of z° -s production in pp
and pp interactions and their differences

o (x°) o _(a®)
~ n DL Aan <f o >
Topolaay | PP » n°(22.4)| pp-no(@0) |7 BP -0 PPIg = 5| = "(22 %)
(] o
mb mb mb n P
0 1.05 1.63
+0,18 #0.33
2 14,058 13,92 Q.13 G.01 1.59
*o.75 *5.96 .22 +0.18
4 23.50 21.45 2.04 0.09 1.66
*5.99 *5.65 *.18 *5.08
6 20,69 13.02 7.67 0.37 2.19
*5.97 *0.36 *1.03 *o.12
8 9.75 4,36 5.39 0.55 2.39
*5.70 %0,23 .74 *5.19
10 2,34 0.25 2,09 0.89 1.65
*5.35 t5,06 *.136 10,26
17 0.47 0.47 1.0 1.95
5,18 0,18 .79
14 0.034 0.034 1.0 0.57
5,034 5,034 *,60
all 71.89 53,0 17.8 1.84
.78 3.2 *.2 3,06
&0y 4.92 7.00
*o.34 %5.41




, Fig.2. Average number of
PP [1%X rr°.—s vs r}urlnber of nega-
| v 100GevC tive particles, n_.
° 32 GeW/C

a 224GeV/C
x " x MODEL This linear law is not
x

*, valid at large n_ because

x of energy consideration.

# In flg.z_we.dlsplay <n”°> vs
} n_ for pp interactions

<n'I >

at 10077/, 32 /8/ and
22.4 GeV/c. As is seen,
the linear increase of
<n”°>with n_ takes place
in the interval 1 ¢n <4.

0 1 2 3 4 56 7 n ‘Forn_> 4,<n o>at 27.4

and 32 GeV/c is smaller
than <n,0> at 100 GeV/c in accordance with a weaker phase
space limitation in the latter case. Besides, the data at
100 GeV/c indicate a possible increase of the <n_o>and u_ cor-
relation with increasing energy. The value of the parameter b
calculated in the interval Og<n_g4 is equal to 0.26 + 0.06
in our experiment. This is in agreement with the critical 1li-
quid model’9/, which predicts the slope to be independent of
the type of colliding particles and to increase with increas-
ing free energy E} (see fig.3).

Previously we have compared our experimental data on char-
ged particle production in Pp interactions at 22.4 Gev/c’/11/
with the events generated according to the quark-parton mo-
del/m/ . The dependence of <n, o> on n_ presented in fig.2 for
generated events shows that the #° yeld is overestimated in
the model: <n,o> . ,= 2.12 as compared to <Rj o> . = 1.84 +
+ 0.06. The data are described by the model only for n_ =1
and 3. The linear dependence of <mgo>on n_ is specific to the
models with abundant resonance production. For example, if » -
mesons are produced only in the decays of w -type resonances,
then <nge>=n_. The dependence becomes weaker in the case
when p -mesons are the sources of # -mesons ‘13/. The overesti-
mated value of <mpe> 4 for n_>4 is likely to be due to the
overevaluated resonance yield in the model (the fraction of

* The free energy E, is equal to \,/S—-2mp and to S8 for non-
annihilation and annihilation channels, respectively. Accord-
ing to a 23% contribution of annihilation tc the totai inelas-
tic pp cross section at 22.4 GeV/c, we get E , = 5.17 GeV.



Fig.3. Slope parameter b g
in eq.(5) vs free energy
E, for different reacti- %
ons /19/. The full line is @8 k—’#“——_-_
the prediction of the . ///}
critical liquid model.
04 4 + * PP 224 GeV/C
A abe

directly produced =-8 in T tire
the model is only -~ 7% of ao
all wm-mesons).

According to the hypo-
thesis of scaling in the -04 + ,
mean /14, the one-partic- 10 20 30 Ey Gev

le inclusive distributi-
ons of the longitudinal and transverse momenta in multipartic-
le reaction scale as follows:

do *
1 n PL
— =¢ (£ ) § = ————, (6)
oy dfy, L™n n <[pt|>n
do P
1 n T
S T s
o, dy, T KLY (N

where o, is the topological cross section and the functions
¢ and ¢,r are independent of primary energy, multiplicity
and initial states.

We check the validity of scaling in the mean in the reacti-
ons

pp+y+ X, (8}

Pp »n° +X (9)

at 22.4 GeV/c.

The values <|pj|> and <pp> for y-s are given in Table 3
for n = 2,4,6 and for all topologies.

The distributions ¢L(§) calculated for different topologi-
es as well as for all the events of the reaction (8) are dis-
played in fig.4. The concentration of the data points near
each other indicates the independence of charged multiplicity.
The solid curve in fig.4 is the result of approximation of the
corresponding distributions in the reaction r77p +y + X at



Table 3

The average longitudinal and transverse momenta of y -s.
(The 5 GeV/c 7~ p~-data are from ref.[5).

All
Topology 2 4 6 —
ppoy+ X mpoay+ X
22,4 GeV/c S GeV/c
<lpil>, 0.235 0.211 0.178 0.197 0.147
GeV/c +0.017  40.012  +0,010  #3.007  +0.004
<Pp>, 0.158 0.178 0.176 0.168 0.172
GeV/c 40.007  +0.007  +0.007  +0.004  +0.002
10 PP—y+X, 224 GeWJC Fig.4. Normalized distribu-
o N=2 tion—};-g—‘;- for different to~-
L : g;lé pologies B in the reacti-
o D] 2 Y,
I \ o pOP ons pp~y+X at 22.4 GeV/c.
S . -
= kt - ﬂ—P-X'*X.5G€V/C The full line approximates
Q the data in the reaction
1/ n"p-y+X at 5 GeV/c.
01} ]

5 GeV/c “1%/. It also
well desrribes our data
thus indicating the in-
dependence of qSL(,\) on
the type of colliding
particles and their
enerqgy.

oot ..

To obtain the scaling
distribution gbL(f) for
#°~s , we use the integ-
ral equation 715,

1 do iy ¢L(€"°)
- W%, =<pfi>f ,
¥ 2 m? (10)
<lq;l>\/€”o+
qxp



Table 4

Parameters of function (12)

Ay Ay x 2/D.F,
PP +7°+X, 1.08 1.10
22.4 GeV/c +0.07 +0.05 15/10
mpanm°+ X, 1.04 1.05
5 GeV/c 10.03 +0.02 54/71
1 do
where £ = m—,
L)
n

p* (q"i) is the longitudinal momentum of y{(s®) and m is the
#? mass. The lower integration limit depends on fy in the

following way A-2e m2
"5y T BZ <lprls? (11)
£,<lp 1>
The normalized experimental 10 BP—~ %X 224 GeV/C
¢, distributions shown in P OEXF;ER}MENT
fig.4 were fitted by formula _UMODEL

(10) with the function
- A S 12 =
¢L(£rr°) Al exp Azlc_:no fy  (12) 5:

with Aj(i = 1,2) as free
parameters. In Table 4 these o1

parameters are compared with
the corresponding ones in
the reaction 7  p-+7"3: X at
5 GeV/c. As these parameters
agree within errors, we can
conclude that the distribu- ao1
ons — do are independent of
colliding particles and in-
cident energy.

In fig.5 we compare the
distribution ¢, (£)in the re-
action (9) with the quark- Fig.5. Experimental and quark-

arton model predictions /12 . . .

g ite th se stimat i parton model dlstrlbutlons—l—_da
espite the overestimation ) ) - o af
of 7°-production, the norma- in the reaction pp »7°+ X at

lized distribution is well 22.4 GeV/c.
described by the model.



'Fig.e. Normalized dis-—
BP—=¥y+X, 224 GeV/C do

2 tribution 717— —— for dif-
4 ferent topologies in the
6 reactions ppsy+ X at
¢ 22.4 GeV/c. The full
p--¥+X 5Gev/C line approximates the

! data in the reaction
£ ™ 7" poy+ X at 5 GeV/z.

The scaling distrihu-
tion ¢ o{p ) for the re-

{ action (8) in terms of
01 N tha transverse pscaling
T

variable 7, is

05 10 15 20 25
,Z =Pr shown in fJ_._L_ Jx com-
<PT> parison with the
correspondirg distribu-
tions in the reaction 7~ psy+X at 5 GeV/c. Again, ¢4y )
seems to be independent of multiplicity, the type of colliding
particles and primary energy.

Conclusions:

1. The average number of charged particles accompanying
"annihilation” #°~s (7.00 + 0.41) is higher than the one for
all events with 7°-s {4.92 + 0.34).

2. The value of the slope parameter b in eq.(5) determined
in an interval of g m_ <4 is in agreement with the ciitici.
liquid model prediction.

3. The hypothesis of scaling in the mean is found to be va-
1id for y -s and a°-s.

4. The quark—parton model slightly overestimates the avera-
ge number of #°-s, but describes well the normalized ¢ (f)-
distribution.
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TEMATWMECKUE KATEIOPHMM MYBIMKALMA
OBBEJMHEHHOI'O WHCTUTYTA HAJEPHHX
UCCAEAOBAHUIA

Wnpexc Tematuxa

1, 3xcnepaMenransHag GE3HXA BLICOKRX 3Heprafl
2, TeopeTnueckas ¢HIHKA BLICOKHX IHEPrHA

3. 3xcnepnmenranspas HefirponHag ¢uanxa

4, TeopeTrueckas ¢manka HH3KKX SHEpral

5, Maremaraxa

8, HAnepBas CnexTPOCKXONHS ¥ pPadHOXHMHS

7., ®R3uxa TDKEABX HOHOB

8, Kpunoreanxa

0. Ycxoparenn

10, AsToMaTa3auxsg o6paGoTKE IKCNEpPEMeRTANLHHX
AasHBEIX

11, BuascnauTensnag MaTeMaTHKa B TeXHEXa
12, Numua
13, Texnwxa PR3¥%ECKOrc aKCIepNMaHTa

14, Hcocnenosanmg TBepAEIX Ten H XKAXOCTeH
SNGDELIME MeToAaNa

16, 3xcmepmerTanuiuas $usHKa SnepHLHIX peaxuEd
PN HEN3XNX PHEPI'ESX

168, HDoammerpug n ¢mauKa 2aUMTH
17, TeopEa XOHREHCADOPAHHOTO COCTOSHES

18, Henom,3aosanme peay/mTaToB H MeTOAOB
dyHnameBTANLHEMX PNIRUECKAX HCCNegoBaRmH
B CMOMHLIX OGnACTSX HAYXM H TOXHHXR
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