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Recently there has been an increasing interest in 
studying charge distributions in high-energy hadronic 
collisions ••!-«' in this note, we shall be concerned with 
the asymptotic constraints imposed by the laws of energy 
and charge conservation on the conditional charge distr i 
butions introduced in ref. 5 / -

Let us consider the inclusive hadronic reaction 

a \ Ь > с ь...ю [anything, (1) 

where а,б,с: ;,..., and cm are specific stable particles. 
We adopt the Feynman variables £,• •= С х t , p'.±), where 
x. =2s~A

 p . , | ,pj\[ and p* i. are the longitudinal and 
transverse momenta of particle c { , and s is the square 
of total energy (all variables are given in the c m . system). 
Let к be a system of independent kinematical variables 
as functions of £ fm . Throughout this note, we 
assume that xt, ...,xm belong to к . 

Let us define the following conditional charge distribu
tions: 

do 
<Qa

m(s,b)>- s (о +.. .+<? c ; — C / - ' C e L -
' "i dk 

do , 
Сj . . . С —1 

c ' , . . . , c dk \c> 
I m 
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where da"b

 c I dk is the differential cross section for 
reaction (1)*, Qc. is the charge of с,-, and the summation 
over c; is over all species of stable particles. Here the 
charge means any additively conserved quantum number. 
The c.c. distribution <Q^h(s,!<) > is regarded as the 
average charge of an m-particle system produced in the 
аЬ collisiou under the condition that it is found at the 
momenta given by k. 

Using certain model-independent assumptions, we will 
show that the c.c. distributions at very high energies are 
small in the central region and Soilow the initial charges 
in the fragmentation regions. 

I. Central Charges 

We stia-U establish ihat ;f the average total (resp. 
charged) multiplicity for the nb collision goes to infi
nity for at least one sequence of >/a!ues of s , then the 
c.c. distribution ••-Q "* (к, к ) > (re.sp. the ratio of the 
charge A-densities of 4>эя[_Ч_уе_ and negative m -particle 
systems produced in the ab collision) approaches a aero 
(resp. unUy) limiting value in the central region at 
asymptotic energies. Another limiting values are not 
sxcluded. For an illustration at present accelerator and 
ISR energies, fig. i shows that the electric and baryonic 
values of the c.c. distributions for np and PP collisions 
are relatively small near .*••---0 / 5 , * . Moreover, the 
(SR data seem to indicate the approach to unity of the 
ratio of particles to antiparticles in the central region / 1 0 , • 

* No error bars are shown in fig. 1, because here the 
statistical e r rors are less important than the systematical 
ones due to: 1) the reading of the single-particle dis t r i 
butions from plots; 2) the construction of the neutral 
spectra (for pp collisions: sp(n) = 0.6 sp(p)/2/sp(K°)=sp(K ) , 
>:p(K°)=sp(K~) _ , 2sp(n°) = sp(n+,hsp(n-) : f o r t f ± p COllisi-' 

ons: sp(V°)=sP0r * ) ,sp(n)=rsp(p),r=0.7S (0.49) in n'pdr +p) 
collisions / 9 / ; for comments, seeref. /J>/) ; 3)thenormali
zation of data from different experiments / s , 9 ' . 
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Let us Introduce the m -particle number functions 
ab 

"....„<-<>'">*.>-<•£<•» V " ^ ,, 
(3) 

2 ™~̂  2 2 ' ' 

w h e r e ^-° =[ x , + 4 s (p {±_ + Mc-.)\ , MCj is the mass of c, r 

and o*b (s) is the total cross section for the ah colli
sion. Then the usual c m . energy and charge sum rules " 
can be written in the form 

m —/ . 
ab (2-.X(° )N_ -l'r, ' . . . . c j ^ , C ^ 

1 [d3fN'b (s,('.,...,€ ) , (4) 

ra + g. - i Q >N (*,{...,£ ь 

j 3 / 

? « c „ ; 
dje 
f 

f»c, ...c ^ , f ; , . . . , f m ) , (5) 
i m 

where the l.h.s. of eq. (4)(resp. (5))with m=i one replaces 
by 2 (resp. g a + (?„ ). 

The average total number and charge of the m -par
ticle systems produced in the ab collision and found in 
the (£t , ... , £m) - region R are defined by 

vab(S,R)= i / l A - . . . ^ ^ " ( s ; ; , ( 6 ) 

c i • c , ...c I m 
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Fig. 1. Conditional charge distrbutions versus reduced 
c m . longitudinal momentum, a). Electrical c.e. dis t r i 
butions, b): Baryonic c.c. distributions. The data a re 
from r e f , / г / - v+P 16 GeV/c о ; »"p 16 GeV/c + ; 
pp 24 GeV/c • ; and pp 1500 GeV/c x . All c.c. 

distributions a re given by eq. (2), where m = l , b j x | 
forn- x p collisions, and к =1 x , p / 1 for pp collisions 
at P x =\p* _L | = 0.4 GeV/c. The straight lines represent 
the "ratios ol the initial total charges to the average total 
multiplicities for the above collisions.* 
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See the foot-note on page 4 . 
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where R is dropped when the integration is done on the 
whole (ft ,...,f) - s p a c e . For example, v\ (s) is the 
average total multiplicity for the аЬ collision. We shall 
use the conventions va

g

b(s) = l and Xob(s^°-
Let 0 <f s. 1 and consider the decomposition of the 

(fj ,...,im) ^,-space into two regions: the region R0 of 
all points™ f i, , . . . , 0 s u c h t h a t Iх! i^e ^ f o r ? , n v 

i= 1 m , and the region R ' of all points (£t,..., £m) 
withlxd^e for at least one index i. 

We next list some useful bounds. Equations (6) and (7) 
give 

x

a

m

6

 (S,R)< mQmax v'*(-:R), 0 и „ - « « 0 с - (8) 

By eq. (4) and its permutations, we obtain 

vlb(s,R')<2m(~1vab (s), (9) 
«i m~l 
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ah аЪ , n —I ab , , 
J (s,Rn)>v (s)-2me v (s). 

Equation (5) implies 

(10) 

С ^-»ГО в + Qb ) ",„1* (')-тХ^г

(а)- С 1 1 ) 
Combining eqs. (8), (9), and (11), we get 

\x

ab(s,Rn)\<m(m + l + 2mf~! )Q "" fs> • (12) 
1 л m 0 max m—1 ' 
Let us suppose that there exists no energy-independent 

upper bound on the average total multiplicity for the 
ab collision: 

lim v ' (s)= oc. (13) 
S->oo 

The above assumption is predicted by most models / ! 2 

and suggested by data , 1 3 / • 
We now recall that 

i/ ' (S)=((T (s)) 2 n(n-l)...(n~m+l)o (s), (\A) 
m ' " ' /7>.m " ^ ' 

where "„ (s) is the n-particle production cross section for 
the ab collision. Then eqs. (13) and (14) imply 

!ELv

m_/s><v"m(s)) < Usi(ujb Cs))~' =o. (15) 
S-»oo s ^ „ 

The central region at asymptotic energies consists of 
all points ( f ,--,flj with x 2 =... =.vm«,0. According to 
eqs. (10) and (15), the central region is dominantly popu
lated relative to the other regions for at least some 
asymptotic energies. Moreover, by eqs. (10), (12), and (15) 
with с falling slower than (V ^(s))~' as s-x», we obtain 
a zero limiting value for the average charge of an 
m -particle system found in the region R0 ': 

tin, | х-"" (s, R J | {vb (s,R ))~'=0. (16) 
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Using eqs. (2), (6). and (7), it is easy to see that there 
exist some к such that | x [_.€ for any ;= / m, and 

«)"(*,*) ~>=C ( S ' R O *v'l (S'R о»'' (17) 

From eqs. (16) and (17) in the limit <-» 0, it follows 
that < (?"„ (4* ) > has a zero limiting value in the central 
region at asymptotic energies (i.e. in the limits s->oc and 
* , . . . . , * „ , - 0 ). 

The charge к -densities of the positive and negative 
m -particle systems produced in the ah collision are 

defined by 
а Ь± а ь ~> m 

Q (S,k) = ( и (.4)) V ( 1 Qc J x 

j а Ь Ч РЯ\ 
1 m xQ( ±2 <?c ) 

rfit 
Let us suppose that there exists a sequence of primary 

energies for which the average charged multiplicity goes 
to infinity: 

lim г ( — ^ N 
•3 T> 

•Qc £° (I 
, / 8 , ^ - - . (19) 

Then using eqs. (4) and (5) only for Qc, + " . C 1 ^ and 
repeating step by step the preceding proof, we get that the 
ratio of <?*Wo + Qab~(s,k) to <? t s,k) -Q°bTs,k) (resp. 
the ratio of Qab+(s,k): to-Qab-( s,k)) admits a zero 
(resp. unity) limiting value as s->~ and хг,—,xm -> 0 . 
Thus both the considered assert ions hold. 

We finally compare the experimental c.c. distribution 
< Qt

 a b (s ,k ) > with the uniform distr'ibutionf Qa+Qb)(v,ab(s)r' 
(i.e. the average charge of a particle produced in the 
ab collision). Suppose that Qa + Qb>°- Let e0 denote 
the maximum value of c such t h a t [ x ; | < £ implies 

<Qj (s,k) > < (Qa+Qb)(vjb(s))~ (20) 
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for all available charges (for example, the electric and 
baryonic ones in fig. 1). Figure 1 shows that <r0 » 0.1, 0.3, 
0.15 for 16 GeV/c я + P , 24 GeV/c p p , and 1500 GeV/c 
pp reactions, respectively. According toeqs. (5)and(20), 
there is a positive average total charge in the region 
\xt\>(0 for each of these reactions, but we know no 
reasonable argument (without certain dual models / 1 4 / ) 
for the observed positive deep of the corresponding c.c. 

distributions in the region | X / \< f 0 . However, we propose 
the region I * ; | < f

 0 as a natural candidate for the expe
rimental study of smallness of c.c. distributions in the 
central region. 

2. Fragmentation Charges 

We now present briefly some charge correlations of 
the initial particles with the particles produced in the 
fragmentation regions. 

Let us suppose that the Pomeranchuk hypothesis of 
Cornille and Martin n s - 1 6 ' holds: 

where the limits exist and a re finite, f is fixed with 
x ; £0 , dj =Cj if x ,<0 , and d,=ci if x, >0 for any i=l,...jn . 
Here and throughout the remainder of this note, the c m . 
longitudinal momentum of a is taken to be positive and 
с denotes the antiparticle of c . Moreover, we attach 

to eq. (21) the following weak condition of smallness of 
transverse momentum in the fragmentation regions at 
asymptotic energies (i.e. x, 4 0 for i=l ,...,m a s s - i » ) " " : 

ab 
ab J, d a c , . . . c m -I 
tor dx ... dx 

1 n 

x / d y u ...d V x w e " f*'f''""$»J- ( 2 2 ) 
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By eqs. (2), (3), (21), and (22), we get 
ab 

lim < Q _ (s,k) > = lim 2 (-Qcsgnx. - . . . - O s g n x j > 
s->w m s - > ~ Cj,...cm 1 ' c m m 

ab a b 

dk с ' , , . . . ,с ' d к 

where к is fixed with x,^0 , /' =/,..., m . Equation (23) 
shows that the limiting c.c. distr.bution given by eq. (2) 
is equal to the limiting charge transfer (from one hemi
sphere to the other) of an m -particle system produced in 
the a~b collision at a fixed * in the fragmentation r e 
gions. If m=l, the difference (resp. the _sum) of the 
limiting c.c. distributions for the ah and ah collisions 
vanishes in the left (resp. right) hemisphere. This result 
is expected to be true at asymptotic energies. However, 
fig. la) shows that the electric c.c. distributions for 
16 GeV/c n -p reactions have opposite .signs in the 
right hemisphere. Moreover, according to an approximate 
validity of factorization u*i, fig. lb) shows a similar 
shape for all п- р and pp baryonic c.c. distributions 
in the left hemisphere • _, 

Let Rh,m-h denote the region of all points ( fb. . . ,c m ) 
w i t h x,>e for l£i£h a n d x/<-e f o r ^ A < / < m .Rh,m-h-l,0 
denotes Jhe region of all points (f ;..... £m) such that 
(€/.."••.ip-i) belongs to «,,,„,_,,_/ and|xmU<r. Suppose 
that с is fixed at a strictly positive value and define 

оь аъ , „ , a b 

Ь,т~Ъ s_Kx, m h,m-h" 00 ' (24) 

Y = lim v ( s , R . „ . ) , / о К ч 
л Л , т - А №

л

ш ' h.m-h-" ( 2 5 ) 

aa Ь ± 1 
y~"- -film 2 Qc } _ ? . . - x 

h'm-h-t 2 °~° °l C - m RH,m-h-l,0 С . С 
1 m 
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According to eqs. (4), (5), (21), and (22), these limits 
exist and are finite. x^m-л (resp. »'£^_ л ) is the 
average total charge (re'sp. number) of the m -particle 
systems produced in the aft collision in the fragmenta
tion region /? л,„,_ л (with ft and m-h particles in the 
right and left hemispheres, respectively). 

" Combining eqs. (4), (5), (21), (22), and (24)-(26), we 
get the following limiting charge sum rule: 

h (-1) '~ аь a->»~ , 
Х ь ь = - 7 СЛ—'I' a h-i,m-h • h-i.m-h 

h,m—h t=l [n—tj- ' 

m-h r_.J~' ab eab + 

^ " - ^ , J ^ f 0 b \ m - * - i ' W * - , ; ' (27) 

where the sum over ,' (resp.j ) is omitted if h = 0 (resp. 
h=m ). 

Notice that eq. (21) can be replaced in the proof of 
eq. (27) by the condition that the difference of 
Nc,"...cm (*.{,',...,С ) and N-'f d (s.f!,..., C) admits 
a finite limit as s - . ~ . T h e signs of the limiting c.c. 
distributions in every fragmentation region of the type 
"л,m-h are determinated by eq. (27) at least for some 
к . These signs coincide with sgn( ftQ v.", Um~h)Q__ x 

ab ab a — гпь-п о 
< v h m-h-i * i f 'го a n d v"oi g 0 t 0 i r v f i n i t y a n d t n e 

t e r m s у a a b ~ a n d y e e f > + a r e non -dominan t in the l . h . s . 
h—i,m — h hfm—h—j 

of eq. (27) as f - 0. The last condition is satisfied by a wide 
class of models ' s / . For example, according to certain 
fragmentation, multiperipheral, and Mueller mo
dels /8i17>'8 ' , 0 ne expects a limiting separate con
servation of the charge in the right and left hemispheres 
(i.e. Umxlo =<?a and Km *** - Qb ). Thus the 
c.c. distributions follow the initial charges in the frag
mentation regions at energies large enough: if Qa^0 
(resp. Qb/o ), the signs of QB ( resp.C b )and <g^s,AJ> 
are the same at high s for some к with x,>0 (resp. 
xfO ). This behaviour has been remarked in ref. / 5 / 

(cf. fig. 1). 
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