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GENERAL CONSEQUENCES OF THE VIOLATED FEYNMAN SCALING
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1y Imtroductiom The preblem of scaling of the hadronic productfon
cross sectiams represemtts an ouwtstamding question in high emargy
physics especially for fmterpretation.of cosmic ray data. A compre-

"hHensive analysiis of the accelerator data(iéleads&m the conclusion
for existence of bireeked Feynmam scalimg. It was proposed that the
Lorentz fmvarfamt imclusive cross sectfoms for secomdaries of @&
giverr type approacte constent Im respect to a breaked scaling
variable Xg o Thus, the differentfal cross sections messured in

accelerator anargwa?m cam be extrapolated to higher cosmic ray

energfes £ d3 . /
, ; ; o
d -62 = g(xgipg) = f(*(s/ﬂu? i »Py) (9/90‘)/2 ,

where x = x(a/_s,)"* gy G= 0,26 o
qus agsumpt fom leads to some important comsequemces. I
v

his paﬁer

m t
discuss the distributiom of secomdary muwltiplicity that follows
’74’;“2/“"9 uliolated Foynmaen scalimg, ysimg a similar method of Kobs et
al, ‘» ‘

. . _ | - diistribuytion i th of (4
Feynman scalimg. The distributiem qf secondary particles in high-
emargy badrom Iimteractions 1s am object from the first to the raecent
olisarvattions witth accelerstor facilitfes. Onv the other Mtand, as?u7
ming Feyrmam scalimg it was theoretically derived by Koba et al 2
tvat assymptotically p, m(s) fs only a function of n/ n

Fulsl a6,(s)/0; 4 (8) = JMn/ans) | ’ - (2)
Vulere 1;(3) s the crass sectionfor multfplicity befng m at

"tMs emergy V8 , <m>is the average multiplicity and ¥ (z) is fnde-
pendent. fumction of {8 exept: through the wvariable z=n/<n>. The

shape of multiplicity distributiom has been obtaimed in a vansty

of medels with rather differemt: theorgtical inputs (uncnrreZatsd .
cluster model /3{g ometrical mudq;a/‘ gquark parten mmdel/§ d . :
dual -parttom models/6s7, The theoretical predictioms for multiplie

edity distribution ave besm fouwnd to be approximately true from -
Vs =l.5 Gew up tm ISR energy Vé =63 Gew /Bfutere vielation of

Feynmam scalimg was observede When studihg the multfplicity distri-
butden at: the collider region at V8=540 Gev the KNO scaling does

mot. mecessarily Wolds for part of the phase space corresponding to
,hﬁgher~mum#iplﬁciwieslgl There fs a clear indicattfom of. an:increaw
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sing higth multiplicity tail. It causes that many of the original
mmdeBs ’a beem amenmded o accomodate the obserwed scaling vio-
Matﬁun by assuming tthat betweem the oo g}ﬂ{?er and ISR emesrgies /
some mew physical mechanfsm (rescatterin sthree gluon coupl {tg?
chiaractterized by hiigher multiplicity startsd becomimg ﬁmpnrtaht._

We will examine uivalt follows from breakimg of Feyaman scaling. Let
us assume scalimg om x_ for the distribution functions fntegratied
aver the tramsverse momentum

2
”(q‘)(x ]]”'""x ) "‘f (q (x l.’ptl"'°’x5q’pﬁ:q) dpz.l".dptq =

“V%: F(x1W5~ SoeesX .s, ) . . (;) '

There is needed only that the tramswerse momenﬁwm is limited aw
V8 goes to imfinity. In eqe3 are used functions whieh incorporate
g perticular semi-imclusive cross sectioms, We cam derive the
moments of mw ;g}plici‘ty distribution Im am amalogical way to that
of Roba et af Thus, for secomdaries with rest: mass” m we set

in(neldeeo (Negrl) > = Z Po(s) n(nel)e.s(negrl) =

2 2
dp dx dp
1 » ; -
:gg(@)(x ]1'p’t1""’x3q;’p&m ’_%% S 3 -
2 P
CAPRTEL

. p -
- 2[{ [g‘ﬂl)(xsm,pu,...,xsn.ptq) s ln(x'.'l +* X:I +* ‘E‘bz;'[a

) Lo
- deam L 9 q ("an,"mtll"""xscp’ptq)' ln(x A Xsl‘f' (m/ )I‘R’

2
dxs !d“;mt ’

: 2
xzﬁpt*'
“a2 (s/4)1=2 sqQ (5/4)1-4
oy 3 " :
.(&LQ_I_.__ [ (q:)( : : ) 2
0 Xﬁ 'Y 1 '.'- n - R 3
f (o2, ) LT PaerPegree RagePeg) TPy
. Myt m
d’ Im . deL . dizpt T2 ) )
b 4 '-'""EL—-—Z-T % L —-—--E——.—._ﬂ.... fir (4
2 Pgptmw P, *+ " ” '
Xoa* T ima x2 *—“”-)T:

where the fimteqral W zjl dx l’bx

2 2
4|x2 + Pry * o,
sl 1‘7;7ra= COMVergese Aftar integration of 6Ged we obtafn

(xssl'p’tl”"'x .Pg )ln(x 'ﬂ"
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ey ledd ) I S
cn(n-»li)"n.(m-@'ﬂ)?:- ]ln':_ : ‘ 5 e ll"ﬂ(iég'z'_; [;](q) (O’F’tl,..o’pt )
Pgi+ m th*'m 9

# o(;—;%;;)]mil...dpiq%‘q’(u,...,o)(mns,l % 0((ns?=)1),

where 0((Ins?™ %)) roans terms that at most go like (lnsl™X)a=1
Consequently the same asymptotic behaviour has not only the mean
value of any georder polynomial of n but the mean value of n
ai_uell. Takinmg imto account eqe3d we can set

OJnm. F’},(s).dn =F§:f(q)(0,,,o,0) (]J‘ﬂsl.q}q + U(Iﬂslho{)q.l) . (5)

o« y
Dividing eqw5 by E— (Insl"“)q[’\‘(l)(ﬂ)] 9 we obtain
gu i

g (1) o o ~(q) 1
L.sz)(s-y.f“"’(u)\% ns?=Taz = £ {Ba0e0a®) L g1 _ ) (4

= oy — -
. [F @79 V= 1ns
uhere n -
z :‘S"z(m) ’c( Yol 3 7
f (U)Vig Ins
We assume that the function
ol
~(1 4
#(D) (9)@? e (s) 2W(z) + 0 ()
o z(n) Letl
s Ins
is detgrmingd’UQigyer by the moments (5). Thus, to the highest
order ¢n V& Ins ~" we have the follwing breaked scaling result
P R =
P.(s) == V(z) + D(<n72) ’ (8)
where the mean multiplicity as function of V% is
ol
<n>;?(l)(@)[§5 s, (9)

3y Comparison of the breaked Feynman scaling results for the
multiplicity distribution with experimemtal data in accelerator
energy rangee. In figure 1 we have compared the multiplicity
distribution fumction specified by the semi-inclusive cross
sey@i?ns from FNAL which ate published in the paper of Kafka et
a1/ 14/ por multipartical productiorn up to above twe times Yarger
tham the mean value of multiplicity., It is seem that the distrie
bution of relative multiplicity scales at least Ffor the range
ef not very large multiplicities which are responsible for the
typical ewverts iIn cosmic ray experimentse

Rs far as the average multiplicity is comcerned the assumpe
tion for breaking of Feymman scalfng gives a good agreemert . with
the acceleratiom observatioms im wide emergy range up to 105cev,
The emergy depemdence of mearr multiplicity accerding eqe.% is /18/
compared im figure 2 with accelerator data takenm from Carlson’ ™ °
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1 Fige? Emergy dependence of the
mean multiplicity of charged se-
condarias,Experimental data are
3 1 taken froml6, the full line is
40 4' 2: i1 after eqge9

Z=wvt /<N
Figel Comparison of our parametrisae

tion of the multiplicity distribution
{rade on the basis of FNAL data) with
SPS data for M/<3.5, The latter are
reprasentative of the shape of the
full distribution.

Ve can conclude that for the purposes of cosmic ray investigatiom:

scalimg of multiplicity distributionm derived from breaked Feynmam
“scalfmg cam be assumed im order to prescribe the semi-inclusive Cross:

sectiioms at. wery high energiese

References

lJWdowezyk Je amd Wolfemdale A, Nuove Cimentto 54,K,4,433,1979

24Koba Ze,Nieclsem HeBs and Olesen P, Nucl.Phys, 840,317,1972

JeDebroot E,H, Phys, Letit, 578, 159,1975

4;Ch"0lil’ 'F.JT.. arnd Y’amg C.N. ph‘ys. lLeitt;. 1168 ,301’1982

5eTakagi Fe Zoitefur Physe L13,301,1982

GeKaidalov A,B, and Ter-Martdirosyan K.A, PhyselLett, 1178,247,1982
7.[:8@91113 A\‘. amd Jo"rram) Thanh Van,physgﬁ.eﬁt.]l]lda,dl‘iﬂ,1982’

8.Thome We et ale N‘UGD]Zo-phTYSo BJIZ‘Q, 365,&977

SeAlmer Gelds et ale Physe Lett. 138B,305,1984

10 Pancheri Go Invited Talk XV Symp.WwBttgertaﬂyn.&und,lgad
11.Capella Ae and JoTran Thanh Van,0rsay reprint LPTHE 83/39,1983
124Pancheri G, amd Srivastava YeN, Frascati Preprint 1984

13,Cai Xy amd Liu Lian=sou, Lettere al Nuowo Cimento 37,495,1983
14.,Kafka Te et alPhyseReveD16,5,1261,1977

I1S.Per Carlson X1 Intern.Winter Meett, om Fundamental Phys.,Toledo,83





