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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 ref. /1 . 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) anda se-
parate charge conservation in both the ¢.m. hemispheres
when the incident energies go to infinity.

Let us introduce the m -particle normalized distribu-
tions
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where a,bcy,..., and ¢ are specific stable hadrons,
a';" (s) is the total cross-section of the ab _collision,
s 'is the square of its total energy,do,*® = /d%...d%¥ is
the differential cross-section of the Yneflisive reaction
a+bsc +uc 4 anything, f.-(x.,fa’“_) for iml,..., m ,
x;, =2s=Y% " ,and g, are the longitudinal and trans-
i P Pyt Pyt ° :
verse momenta of pdrticle ¢, ,and all variables are
given in the ¢.m. system.

Let us consider the charge distributions 7y

ab nd el ah - -
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cl ass C
and the invariant charge distributions
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where £9 =l x,zn+45'1 (ﬁi +Mc2 )],AOt and M, are the charge
and mass of particle c_, and the"summation over ¢, is
over all species of stable hadrons. Here the charge means
any additively conserved quantum number. In the case
m=1, the charge distribution given by eq. (2) apparently
is the expectation value of thecharge ¢ | ~density operator
in the state T|in>, where T is the usual transition
matrix and |in> denotes the initial state /2/,
The charge and energy sum rules /3/ can be written

3" ab d -+ m~1
fd "f'"ch--cm_l (5,6, 0sé )=Q +Q, - ilecl s @
$ _ab nd - 1 m=1 o
g dafml(cl._.cm(s,fl,...,fm)gl ¥ e, (5)

where the sums from the r.h.s. of eqs. (4) and (5) are
dropped for m=1 and
ab g nd ab 4 b
Kcl ey (s'{:l""’fm)- %fzm Pc! e (ssfl ,-..,fm)' 6
Consider now the average charge of the additional par-
ticles produced in the ab collision and found in the
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region [x,|<¢, where O<e<l, knowing that the particles
c; (i<m) are emitted at the momenta given by ¢, :

" ab e >
Q cl"'cm—l(s yfl 3oy fm—l' € ) -

)
- S AE B2 DQT (5,66,

Here ¢ denotes the usual unit step function: g(x) =1 for
x>0 and 6(x)=0 for x<0.

Fixing ¢, we remark that the above average charge
admits energy-independent upper and lower bounds. In-
deed, egs. (2) and (4)-(7) imply
~ ab - > -1
l o) el (s,€, s |, ol<(mel 42e ImaxQ, - (8)

Let us introduce the difference of the {?m -densities
of inelasticity for the particle ¢, and its antiparticle,
< when the particles < (i <m) are found at the momenta

given by ﬁl :

D‘::l;...c (s’gl""’gm)=l(:lb...c (S’é;b"-,é;:)"
" )
ab - -
_Kcl | gm(s’fl ""’fm)'

We now spuppose that there exist two functions, ¢{s)
and A(é-'l yores é?m_l), and a strictly positive number » such
that

0<eg ()51, lim cyfs)=0, iiT:o(s)ln(su;z)mw, (10)
ab - - nd ud -2
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where |5 _|<eo(s) and each £,G<m) is tixed with x4 o/
m

%
Here M =(F2 sM2) is the transverse mass of c,
ch_ ml ¢
andpy is a strictly positive mass smaller than any
hadronic one.
., We next show that if eq. (1) is satisfied and each
Ei (i<m) is fixed with x,40, then the invariant charge
gdistribution
ab + -» -+ 2, ab b -+
S e, _(SEmbppXad= [P Sc o 6pt) (12)
approaches a zero limiting value in the central region
at asymptotic energies (i.e. in the limits s+ andx,+0 ).
It is convenient to write eq. (12) in the form

-

- R
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Py

- s (15)
x D2 (s,£ € ).

Cl ...cm m

*The r.h.s. of eq. (11} is energy-independent, but no
scaling property is required. At least for m=1, equation
(1) is satisfied by a wide class of models including recent
ones which predict large cross-sections athigh transverse
momenta’?’, In the case m>1, we assume no violation
of eq. (11) from the long-range correlations between the
particle ¢ and the particle <, (i<m)when s-+o.
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Notice that x, is dependent of s and Xn. Choosing
e=eg(s), it follows from egs. (10), (1), and (15) that

R g =1

lim(n(sx 39~ 1, (s)=0. 16)

8-+ 00 m

Combining eqs. (8), (13), (14), and (16), we obtain
. ab’ = nd

1;T3°1 e (s,€,0né 1 »¥ =0, (17a)

b -+ -
where x| goes to zero as S—m.lfszl,f,cm_l(s, fl,...,fm_l,x")
scales, then eq. (17a) can be improved:

b g g
lim lim S ? (8,€] 5es Ement 1 X =0, (1I7b)

%0 5 e €1 g

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 from the L.h.s. of eq. (4)”%

In order tc illustrate the foregoing remarks for np
and pp collisions at present accelerator and ISR energies,
we show in Figs. 1 and 2 some electric and baryonic
charge distributions of the type /6:7/*

an( 2 ab ~1 s . a Uab |—>
S:X:P_]_)':(Um'_ (s) z chfc 3-;;2—‘ x=x1’P-l-='PIJ."
(18a)
P (s,x)= [ dpZs b7 (s,x,p]), (18b)
32 ab
Q5 ok, 0 )= (00 O F Qi (192)
xop?

#*Nc¢ error bars are shown in Figs. 1 and 2, because
here the statistical errors are less 1mp0rtanf than the
systematical ones due to: 1) the reading of the single-
particle distributions from plots; 2) the construc+1on of
the neutron spectra in Fig. 2b) (see ref. /6/ and /7/ »;
3) the normﬁh/zatmn of the distributions from different
experiments
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where dof /dx  and 9 202b/9xdpf are the differential
cross-sections for the inclusive process a+b+c+anything,
o2k, (s) is the inelastic cross-section for the ab col-
lision, and do b dx is the inelastic part of do®Ydx.

Figure 1 shows that the invariant electric charge
distributions decrease at x=0 about 1.8 times in »*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 partficles with
respect to each of the electric and baryonic charges
and hypercharge (see eq. (17a)).

It must be noticed that there are unexpected peaks
near x=0 for the electric charge distributions in, +p
and pp collisions (see ref.’¢/ 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 e o
o )
b finQ et (SE ey 30, (20)

5
where any §; is fixed with x;#0. Equation (20) holds if
there exist ¢>0, >0, and A(fl,...,f , ) such that

D> . (s€ b <AE L x

Clun Cm

@
o

=2l 2 u
emd (1]

nix,, ™77 s 15?5 1M 2 Lin(u



1.0 |- .
b
- L] -
. u
.
§' 08} ® " o® .
[ ®00%,
= s ©
o
[ =
€ 06| o © 1
% ° Ll °%°° ]
E ¥y 4 y °°°
T o4k T et Tt o
3 Tt % o®
£ | w Wt O % i
9’“00’*90 oF
0.2 4
: ]
0 N 2 1 " M 2
10 -05 0. 0s
X

10

Fig. 1. Invariant electric charge distributions versus

the reduced c.m. lengitudinal momentum x.
are from ref./6/:

0;;24 GeV/c;xpp 1500 GeV/c. For pp
g/_[\/vithpl = 0.4 GeV/c. Forn*p collisions see eq.
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The data
6 GeV/c;+ntp 22 GeV/c;
collisions see eq.
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Fig. 2. Charge distributions versus the reduced c.m,
C a) Electric charge distribu-
tions. b) Baryonic charge distripbutions. The dataarefrom
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where xp|ge and eaché; (i<m) is fixed with x,#0.Equation
(2l) is satisfied, for example in certain multlperlpheral
and Mueller models /5,87,

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 » o).

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

. b e d
D’ o @, )elin DY (), 22)
<, ifx, <0
¢’ = , i=l,..,m, (23)
i - .
¢ ifx,>0

where the limits exist and are finite, all E are fixed
withx, #0 and the longitudinal momentum of a ,is taken
to be posmve

By egs. (1)-(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:

Q™ (5,6l )
sree O10m=l (242)
=l lim Q7 (s,,.,€ ),

s-»00 1 I | m

lim °° (5,8 1 )=

svoa  ClreCmel oSy
- (24b)

=—(sgnx ) lim Sn,1

8300

o’ (s,gl,...,f-‘ ),
1 m

S m—
where all & are fixed such that x; £0 and eq. (23)
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is satisfied for i<m. Here sgnx=1 for x>0 and sgmx=-1for
x< 0

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

. Ind - ab -
l:mmfdzp” -"dzl’...chl...cm_ (5,£ € )=
(25)
2. 2, 2
=& d Jlim Q5.4 nd),

ey cl o Crnel

wherex; #0 for i=1,.

Fixing ¢ at a strlctly positive value, considering
eq. (4) for both the ab and ab collisions, and using eqs.
(22)-(25), we obtzin the following limiting charge sum rule:

3; . .ab > 2
Ja% 0(-et x )Elg&chmcm_l(s,fl,_..,gn)=
. (26)
=4(Q+Q) ¢ -zl(Qa—Qb)-j}"l Q, 6(*x )=
= i
ab
-F°1...¥c (fl’ 'f et )
with
abt P E =k lim [ % 0 x_x
Fcl...cm_l({:]’ fm—l € %-s_,“f Ell‘l € m (27)

->

- > ab -
Qs ey ® e ) F Qs BE ),

m~1

where each §; with i<mis fixed such thatx; £0;c; and
¢/ satisfy eq. (23) for i<m, and the sum in the r.h.s. of
eq. (26) is omitted for m=1.

Now we return to Fig. 2a). The electric charge
distributions for 7t p reactions at 16 GeV/c have the same
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(resp. opposite) signs in the left (resp. right) hemisphere
excepting a small interval of negative values of x. Ac~
cording to egs. (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=1 vanish as ¢+0, then eq. (26) implies
a limiting separate charge conservation in either hemi-
sphere:

1 . ab”
}'ldxﬁ(ﬂ)shian b (s,x)-_‘é-(Qu +Q, ) lz-(Qa-Qb).(zg)

In the case m=1, eq. (28) can be obtained from egs.
(20), (26), and (27), and is satisfied, for example, in
certain multiperipheral, fragmentation, and Mueller mo-
dels/S’s'lW .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 »~p 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 ¢+ 0. Moreover, using egs. (20)
and (25)-(27), and the method of generating functionals #
we find

. ab -1 abex
in (o2 @' Jdo,

1 -..Cn (29)

X

n
x{exp [5—((2II +Q, )+ %(Q!I -Q, )] —explz izﬂ ch ﬁ(ixj)]l=0,
where z is an arbitrary number and da::’e_’f_% is the
differential of the crosz-section for the exclusive reaction
a+ b*cl+...+ <, .Equaticn (29) shows that the only events
without exchange of charges from one hemisphere to the
other can give a nonzero contribution to (o 2b(s)y! do 2" X
as s+«Therefore any charge-exchange cross-section Aor
malized to the total cross-section tends to Zzero in the

* See, for example, the third reference /37,
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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 a"*b(s)/o”"P (s) and
0K+P(s)/aK P (s) go tounityas s-w ""/
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