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In the last few years several distributions of quantum 
numbers of secondaries in high-energy hadronic colli­
sions have been introduced and performed. The purpose 
of this note is to present some asymptotic properties 
of the charge distributions suggested in r e f . , x ' . Using 
the constraints imposed by the laws of energy and charge 
conservation and certain model-independent assumptions, 
we shall establish that the invariant charge distributions 
approach a zero limiting value in the central region and 
satisfy several Pomeranchuk properties in the fragmen­
tation domains. We shall also show that these properties 
imply the vanishing of any charge-exchange cross-sec­
tion (normalized to the corresponding total one) and a se ­
parate charge conservation in both the c m . hemispheres 
when the incident energies go to infinity. 

Let us introduce the m -particle normalized distribu­
tions 
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where a,b,C[ and c m are specific stable hadrons, 
"tin ^ i s t h e t o t a l cross-section of the ab collision, 
s is the square of its total energy, da'^ c / d ^ . - . d ^ i s 
the differential cross-sec|ion of the inclusive reaction 
a+b-«c +...+c + anything, f , - ( x , , ^ j . ) for i -1 , . . . , m , 
Xj - 2 s — ^ P , M »*p и a n d P . P . a r e t n e longitudinal and trans­
verse momenta of particle c 4 , and all variables are 
given in the c m . system. 

Let us consider the charge distributions 

Q'* „ ( s , l . f ) . 2 Q c Р о

а Ь

 о (s . / j , . . . , ! ) , ( 2 ) 

and the invariant charge distributions 

where €% =[xm+4s~ (p^_ +MC Ии^ and Mc are the charge 
and mass™ of particle cm , ana" the "summation over c m is 
over all species of stable hadrons. Here the charge means 
any additively conserved quantum number. In the case 
m-l,the charge distribution given byjeq. (2) apparently 
is the expectation value of the charge £, -density operator 
in the state T | in>, where T is the usual transition 
matrix and |in> denotes the initial s t a t e / 2 / . 

The charge and energy sum rules 1Ы can be written 

fd 3f Q a b ( s , / / ) « Q + Q , - " s o , ел-, 

where the sums from the r .h.s . of eqs. (4) and (5) are 
dropped for m«l and 

Consider now the average charge of the additional par­
ticles produced in the ab collision and found in the 

4 



region |x m |<e, where 0<t<l , knowing that the particles 
Cj (i<m ) a re emitted at the momenta given by f, : 

(7) 

l m—i 

Here в denotes the usual unit step function: e(») a 1 for 
x>0 and 0(x)=O for x<0 . 

Fixing (, we remark that the above average charge 
admits energy-independent upper and lower bounds. In­
deed, eqs. (2) and (4)-(7) imply 

IQO с , ( s , I , , . . . , ! .,Ol<(m + l +2(~l )maxQc .(8) 
-» 

Let us introduce the difference of the fm -densities 
of inelasticity for the particle c m and its antiparticle, 
~cm , when the particles с (i <m) are found at the momenta 
given by it : 

ah "* ~* ab -* -* 

D c

b

 c (e,f, f_)-K e c <«,£ f ) -
c r . . c m 1 n, c v . . B m I m 

a b • * • * 

-K - ( « , £ , £ ) . 
C, . . . C i С 1 in 

We now suppose that there exist two functions, (^.s) 
and A(^ Sn_P> and a strictly positive number щ such 
that 
0 < f 0 ( s ) < l , lim f0(s)=0, lim( 0(s)ln(s^~ 2)»~ , (10) 

i D : ' . . .c m ( s .^->i>i-< A ( f i * - i > v 
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where |x |<«ft(s> and eachf .<i<m) is fixed wi thx^O * . 

- 2 И Here M =(tTz +M ) is the transverse mass of c m с mX с 
nu_ "*• m 

and it 0 is a strictly positive mass smaller than any 
hadronic one. 

We next show that if eq. (11) is satisfied and each 
f (i<m) is fixed with x. 4 0, then the invariant charge 
distribution 

approaches a zero limiting value in the central region 
at asymptotic energies (i.e. in the limits s-»~ andxm->0 ). 

It is convenient to write eq. (12) in the form 

Q;;..C . (- .^- .Сг' 1 -"•> + 2 ( v ( Q <= * « ( s ) ' ( i 3 > 
1 m—1 " c

m

 m m m 
where 
1(e)- / dx (x 2

 + 4 s - H f K S c

a b ( s ^ f x)= 
m m v с ^ . . . c m _ j i m _ j m 

- S p ' b ' (e,f i , д ' ) / d * (**+4вЛ»)~*|х'|£«, 
C j . . . c j 1 m—I m m m 0 ' щ' ' 

(14) 

I ( e ) - 2 JdV*e(«- |x |)[tf» r 1 - ( x 2

m + 4 s - V 2 f ! 4 ] x 
(15) 

X D a b ( s , < f , , . . . , £ , ) • 
I m 

The r.h.s. of eq. (11) is energy-independent, but no 
scaling property is required. At least foi m=l, equation 
(11) is satisfied by a wide class of models including recent 
ones which predict largecross-sectionsathightransverse 
momenta / 4 / . In the case m>l, we assume no violation 
of eq. (11) from the long-range correlations between the 
particle c m and the particle с (i<m)when s-*~. 
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Notice that x„J i s dependent of s and x m . Choosing 
(=e0(s), it follows from eqs. (10), (11), and (15) that 

Um(ln(sjx~^) I c (s) = 0. (16-, 

Combining eqs. (8), (13), (14), and (16), we obtain 

*L S-T-_, ^ C » J - ° . 07a) 
a b •* "» 

where x m goes to zero as s*°°-USCi;..cm_{s,£1,...,£;m_i,xn) 
scales, then eq. (17a) can be improved: 

lim lim S "*" c (s,f! ,..., £ , „ ! , x j =0. (17b) 
x m -*0 s * 1 " m - I 

It is easy to see that eq. (17a) is an immediate con­
sequence of the charge sum rule provided the scaling 
hypothesis holds and the limit s -»*> commutes with the 
integral fiom the l.h.s. of eq. ( 4 ) / S / . 

In order to illustrate the foregoing remarks for np 
and pp collisions at present accelerator and ISR energies, 
we snow in Figs. 1 and 2 some electric and baryonic 
charge distributions of tlie type '' 6> 7^* 

, 2 ab 
s " " ( W i ) . « . : i «r l i QJ: i ^ , x = x 1 ; P r ! P U i 

1 (18a) 

S " b - ( s , x ) = / dp^S a b " ( s , x , p _ f ) , (18b) 

Q ' b " ( ^ . p l ) = ( ^ ^ ? ^ f f f • ( 1 9 a ) 

*Nc error bars are shown in Figs. 1 and 2, because 
here the statistical e r ro r s are less important than the 
systematical ones due to: 1) the reading of the single-
particle distributions from plots; 2) the construction of 
the neutron spectra in Fig. 2b) (see ref. / ' / and / ? / )); 
3) the normalization of the distributions from different 
experiments ,1>. 
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<г а Ь 'о ,*ы< ь

е 1 («»- г Q e - - £ J 5 ! L _ , х „ Р 1 | | / р 1 И 

•ь 

dx~ 
(19b) 

where d a ° b / d x and д 2ст "Vdxdp. 2 are the differential 
cross-sections for the inclusive process а+Ь-> с+anything, 
" fnbei ( s H s the inelastic cross-section for the ab col­
lision, and d o / j ^ / d x is the inelastic part of do" /dx. 

Figure 1 shows that the invariant electric charge 
distributions decrease at x=0 about 1.8 times in w+p 
collisions between 6 and 22 GeV/c, and about 5 times in 
pp collisions between 24 and 1500 GeV/c. In general, 
in the ceniral region at asymptotic energies one expects 
the approach to a common limiting value for the inelasti­
city distributions of positive and negative particles with 
respect to each of the electric and baryonic charges 
and hypercharge (see eq. (17a)). 

It must be noticed that there are unexpected peaks 
nearx=0 for the electric charge distributions in n +p 
and pp collisions (see reiJ6^ and Fig. 2a)), and also for 
the baryonic charge distribution in pp collisions at 
1500 GeV/c (see Fig. 2b)). We remember that one 
expects the disappearance of the central peaks at very 
high energies /6/. We write this hypothesis in the form 

- ab -» -. 
IimlimQ (s,£.,...,{ ,,<f)=0, C 2 ( n 

f- 0s->oc C I — c m - l ! ra-l \^J 

where any £ j is fixed with x^O. Equation (20) holds if 
there exist e>0, r> > 0, and A (£*,.••. f* , ) such that 

I m— 1 

C-n, (S'^» ^ A ( ^ t - l ) X 

(21) 

x[(ln|xm Г 1 Г 1 - 7 ' + ( 1 п 8 м - 2 Г 1 _ , ? ] м Д [ 1 п ( М с ^ о 1 ) ] - ' ? 
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Fig. 1. Invariant electric charge distributions versus 
the reduced c m . longitudinal momentum x . The data 
are from rei./6/: o r + p 6 GeV/c; + n+p 22 GeV/c; 
• pp24 GeV/c;xpp 1500 GeV/c. For pp collisions see eq. 
(18a) withpi = 0.4 GeV/c. For i7+p collisions see eq. 
(18b)/7/. 
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Fig. 2. Charge distributions versus the reduced c m . 
longitudinal momentum x : a) Electric charge distribu­
tions, b) Baryonic charge distributions. The data a re from 
ref. W-.+w+p 16 GeV/c;o7r-p 16 GeV/c; • pp24 GeV/c; 
xppl500 GeV/e. For pp collisions see eq. (19a) with 
P x -0 .4 GeV/c. For s ip collisions see eq. (19ЬУ7/_ 

10 



f i 1 1 1 1 1 

к 

4.0 
ж ж 

»« ж* 
<m ж 

и / 
О! H 
1-
5 20 Ж я -

ni
c 

ch
 i 

•• • • 

i 
m 1.0 

4 
t и к * 1 * * * * * * * * * 

• 

0. b) 
-1 1 1 1 1 

-1.0 -05 0.5 1.0 

Fig. 2b 

II 



where |xj£f and each £s (i <m ) is fixed with x,^O.Equation 
(21) is satisfied, for example, in certain multiperipheral 
and Mueller models / S> 8- ' . 

We now present some Pomeranchuk properties of the 
considered charge distributions in the fragmentation 
regions at asymptotic energies (i.e. x.^0 for i=l m in 
the limit s->~). 

Let us suppose that the following consequence of the 
Pomeranchuk hypothesis for inclusive reactions holds / 9A 

li-jV-c* <SA>-L >-j« D*....i<».«, С ). (22) 
с. ifx,<0 

с.' = ] , i=l,...,m, (23) 
( q if X;> 0 

- • 

where the limits exist and are finite, all f ( are fixed 
withX; ^0 and the longitudinal momentum of a , is taken 
to be positive. 

By eqs. (l)-(3), (6), (9), (22), and (23), we get the 
following correlations between the limiting charge dis­
tributions for particle-target and for antiparticle-target 
collisions: 

l i m Q a b (s,f .J ). 

= -(sgnx ) UmQ" ab ( . , £ £ ) f 

s-oo с, ... „ „ _ , ' "> 

ab -> -• 
l™ S c , . . . c m , < • . £ {)-

= - ( s g n x m ) l i m S " , (.s,i,,...,f ) , 
m s — c l " ' c m - l l •" ' 

(24a) 

(24b) 

where all £, are fixed such that xj £ 0 and eq. (23) 
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is satisfied for i «n. Here sgn х=Л for x > 0 and sgnx=-l for 
x<0 . 

Let us suppose that the following weak condition of 
small transverse momentum holds: 

lim / dV, j . - d 2 i L < C с , <•*>£, •->£ >-
s w 1 * mJ- c l - -- c m_l 1 n 

(25) 

- / dV ...dV . Um q'h (s 1 ,...,1), 
I I « i » « . c l - • c

m _ l ' m 

whereXJ 40 for i=l,...,m. 
Fixing f at a strictly positive value, considering 

eq. (4) for both the ab and ab collisions, and using eqs. 
(22)-(25), we obtain the following limiting charge sum rule: 

ab 
/ dX e<- ± x

m)|s»„Qc 1... C l I 1_/ s.^--.4>= 

a b x -* "* 

- Г . 1 . . . с « 1 - - £ - ! • • > 
1 m— 1 

with 

rBh+ (I,...,£ , ,d-4- w* 8£«(«-l*J)x 
c l - c m - l 1 n-1 2 s->oo ^ m 

* « £ с >.Л > 0 ? < С ' Ь с' (SA *.»• 
° 1 — c m - l • m 1 " m-1 m 

(26) 

(27) 

where each f t with i<m is fixed such that x ( ;4 0; c, and 
Cj' satisfy eq. (23) for i<m, and the sum in the r .h.s . of 
eq. (26) i s omitted for m =1. 

Now we return to Fig. 2a). The electric charge 
distributions for я* р reactions at 16 GeV/c have the same 

13 



(resp. opposite) signs in the left (resp. right) hemisphere 
excepting a small interval of negative values of x. Ac­
cording to eqs. (24a) and (25), one expects that these 
distributions at asymptotic energies should be equal in 
the left hemisphere and symmetric with respect to the 
x -axis in the right one. Moreover, if the functions given 
by eq. (27) with m»l vanish as e-.0, then eq. (26) implies 
a limiting separate charge conservation in either hemi­
sphere: 

/ dxe(± X ) s l inQ a b ' ( s ) x)=4- (Q a + Q b ) ± i ( Q a - Q b ) . ( 2 8 ) 

111 the case m=l, eq. (28) can be obtained from eqs. 
(20), (26), and (27), and is satisfied, for example, in 
certain multiperipheral, fragmentation, and Mueller mo­
dels 5* ' .The data at present accelerator energies do 
not give a spectacular approximation for eq. (28). Thus 
Fig. 2a) shows that the average total charges in the left 
and right hemispheres for я--р collisions at 16 GeV/c 
are appreciably smaller (by 2 to 3 times) than the initial 
charges. 

Notice that if eq. (20) holds, then all functions defined 
by eq. (27) go to zero as e-»0. Moreover, using eqs. (20) 
and (25)-(27), and the method of generating functionals * 
we find 

lim(»** < s ) f , / d * a b M x 
e-»~ l o t c l "• c n (29) 

x{exp[5-(Q +Q )±.f(Q - Q . ) ] -exp[z ! Q 0(+x.))|=O, 

where z is an arbitrary number and dff c

af".c„ i s t h e 

differential of the cross-section for the exclusive reaction 
a + Ь-<:,+..* c n .Equation (29) shows that the only events 
without exchange of charges from one hemisphere to the 
other can give a nonzero contribution to (.о£(а)Г1 &re*h." 
as s-»«<.Therefore any charge-exchange cros's-section nor-" 
malized to the total cross-section tends to zero in the 
* See, for example, the third reference / 3 / . 
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limit of infinite energy provided eqs. (20), (22), (23), 
and (25) hold. Moreover, it follows from these hypotheses 
and isospin invariance that the ratios O"*P(S)/O?~P (s) and 
стК+рф/^к-р ( s ) go to unity as s - ~ , o l / n / 

tot tot / 
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