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- ABSTRACT
We derive formulae to estimate the inclusive

cistripution of chargced pions due tc anninilation which

utilise rie-pp differences 1in a way that does not

viclate charge svmmetry.
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At low energiss, explicit identification of the

anninilation channels in op interactions is possible though
1

aifficult . Because of the large number cf ambiguities, at
energies over 29 GeV/c, direct identification of
annihilation channels in a bare bubble chamber is no longer

possible. Various efforts have been made to estimate tae

anninilation topolcgical cross sections by attributing it to

-
a

the difference in ©np and pp cross sections . This

al

zpproach is motivated by the belief that the excess in D

cross sections over the opp cross sections is due to the

nuwcer of extra final states available in ©op that

ore
forbidden in g¢p, namely the annihilation channels. ?For
total cross sections, at high ererqgies, this approsch works

reasonably well, the difference

0L op (PRI =0, (BP) = s

as would b2 expected from unitarity considerations, if the

3
tifference was entirely due to annihilations

IT. INCLUSIVE DISTRIBUTICNS



Tre subtraction method works reascnably well for neutral

. . . , . . o N
perticle inclusive distributionsz, e.g. 'S . The exzcess
in % rapidity distributions is concentrated in the central
region., as would be expected from annihilations. We will

now prove that the naive subtraction between DD and o

inclusivzs cross sections when applied to ch

o}

raed oions
violates cnarge symmetry. Symmetry considerations, however
suagest alternate formulae, which show good agreement with

annihilation data at 12 GeV/c & .

gefine the inclusive invariant croess. sections:
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A r-‘ rﬁ r | i =) D r y :
M AZ’BI E Cl,C2 are functions of » the center of mass

mementum of the pion, =and s the overall center of mass
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eneray scuared. Let P denote the inversion onerator defined

PA (B.3) = Al(—ﬁ,s) = Al('{fw.s)

the last a2guation following from symmetry in |2)s]

intaracticns. We denote the last equation briefly as

PAl = Al {2)

similarliy, PA, = A, (3)
For 59 nowever,

3 = B P3. =

BBl 5 and &k 2 Bl
anda PCl = C2 and PC2 = Cl for annihilations {4)
These eguations follow from C-invariance in po
interactions.

* s - - .

The operators 1.P form an Abelian group and therefore nave
npe  dimensional irreducible representations only. The cre
dimensional representations for P are clearlvy +1 and -1.
e two A's pelong to the representation +1, i.e. they are

aven urder inversion. The B's and C's are a2 mixture of oé&d

and even. However, one can form the linear combinations
5€+32 and EI—BZ which are even(belong to +1) and odd ibelong
to -1} respectively. Similarly C.+C is even under

1 72

inversion and Cl--C2 is odd.
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tinate Cl-'r(.‘2 by the subtraction method, one iray write

COWn
Cy+C, = (B,+3,) = (A +A)) (3}

Zguation (5) is valid from a charge symmetry point of view
since both sides of the eguation are even. One can motivate
{5) further by analysing pp -~ »  in terms of a 4 component
model involving beam and target fragmentation. central
preducticn and annihilation and relating all the components

except annihilation to those in pp using charge symmetry.

Howevar Cl—Cﬁ is odd and cannot be expressed as a

Fa

)

difference involving the A's since the A's are nurc even.
)
Thus Cl_C7 cannoct be found by subtraction . Hence Cl and

C2 cannot be individually be found.Qmb.

For x°'s however, since the 2% is its own antiparcticle.
Cl = C2 and Cl—C2 : 8. Ecuation (%) zlone 1is sufficient to
vield the ° information. If +° information is availahble by
subtraction, one would think that ni information would &also
e forthcoming. If one hypothesises this te be so, thes only
remedy to  the situation is to write down an expression for
C;-C, that does not involve the A's. The substitution

¢y-C, = By-B, is patently incorrect, since this would imply



tnet th2 non-annihilation compenents hlEBl—Cl and H,y=Dy-l,

. + : - o . .

into g ana g reszectively were ecual through out pvhase
H

srace. This i1s not the case at 12 GeV/c . The only

symmetric relation between the C'z. B's and ¥'s that one can

write down. that 1is odd under inversion is

C.—-C B.-B N, =3
12 172 172 (6)
C1+C2 Bl+32 N1+N2

Each component of the eguation (6) is odd under inversion,
so (&) 1s a wvalid =eqguaticon =s far as charge symmetry is
concerned.Eguation (6) implies that the percentace excess of
+ - . 1 . : h 3
the of « over y 1in any part of phase spece is indevendent
cf whether it is onpihilation cor non annihiletion. This may
pe intuitively understcood 1f one pictures the pion being
emitted oy & fireball that hnas an asymmetric charge
. . . _ +, L. . . - . )
distribution. the g ‘s bDbein¢g emitied rreferentieslly from
regions o©f excess positive chargs with the additional
rrovise tnat tine epissicn of sny single pion is decouplad
from the decay of the rest of the fireball. Its vuvitimate

justification must howevar core from the cdata.

Compining (5} and (&) lesads to

(Bl+B2)—(Al+A2) By 7(a)

(Bl+32)



and

1
+

(3 +32)—(A1+A2) 7(b)

1
(B,+B,) -

tlote that under inversion,each gide of 7(a) goes into the

corresponaing side of 7(b).

ITI. COMPARISOH WITH DATA

The A's , B's and C's can be expressed a5 a function of x

- 2
and pn°,

EQlg = 2Bd%g
d*p n/sdxde

Staﬁistics permit comparison only after pTz inteagration.
Eguation (5) being linear in the cross sections, remains
valid for the integrated cross sections. Ecuation (6) is
however non-linear and one requires empirical arguments to

snow that the integrated gquantities may be used there as

well.

2 . + -
‘’he mean values cEf <pT > as a function of x for » and ¢

— 2
are identical in pp interacticns =zt 1€0 GeV/c . the XZ/D.F

for the nvpothesis that they are equal being 3.12/6. A



. s . ., . . -+ .
zimilar rasult has been obtained at 12 GeV/c for » and =

for the backward center of mwass hemisphere,

One may writse

2 ~ap,,”
Bl(x.pT ) = 31 (x)e T
2
2 = ' -BD
Bz(x,pT ) = 52 (x)e T (3)
\ 2 . + -
The assumption that <pT > 1is the same for and 1
implies thet g is the same for By and 2, Dividing 7{a) by

7(b) yields C,/C, = 3,/B,, which is independent of »o.°.

-

Hence C1 and C., should also have the same slope parameter. a

2
in pTz. This implies that
Cl—Cz . Cl‘fx)-Cz'{x) ] 81—32 ) Bl‘(x}-Bz'(x) {9)
Cl+C2 Cl'(x)+C2'(x) Bl+32 Bl‘(x)+52'(x)

‘witich is independent of p 2 and equal to the value obtained

T

if integrated cross- sections are used.

Fence one may substitute the integrated cross sections in
botn (5) and (6) and therefore in 7(a) and (b). Figure 1 is

2 comparison of the predictions of 7(a) and 7(b) with the



explicit eanninilation Jdata at 12 GeV/c . The agreement

[(e]

hetween nhe rradiction ané the data is seen to be excellent.
Also shown are curves ovredicted by the naive subtracticen
formulae Cl=Bl~Al,C =3 -Az, the first of whicﬁ disadgraes
dirastically in spnage with data in the forward nhemisphere.

+ .= L .
The ¢ 2and y data being charge symmetric, cross the x=J

ine at 4.5&:x8.11 wmD. The dashed curve crosses x=3 at

b=

5.81+8.13 mb .and the full curve at 3.54t0.69 mb. The
Giscrepancy between the naive subtraction formulae and the
uata 1s thus greatest at x=f. The predictions of 7(a) and
7{pY, on the other hand., cross x=9 at 4.688.35mb ,well

within errors of the data.

We have thus shown tnat it 1is ©possible to wvse the

integrated cuantities ©, (%) = 2Ed?0 do 2 in 7(a)
' i ' 1 n#decpTE gy

2nd 7(b}. Lcually, one may use the integrated cuantities
o —-

. . p . X
, Since for a given X, Pq the energy of & r 1s the

o

o

_ + . , . . ,
ame as that of a # . It is not immedietely obviocus tnat

[

rthe relations can be used with the cuantities de/dv where y
i the center of mass rapidity .defined as l/21n(E+pL/E—pL).
‘“he following argument can be used to show that to a good

aporoximation, they can.

2
Cl(x,pTz) = ¢, (x)e”Pr = 1 dic
ndycpTZ
—-nh 2 2
do = x\C, ' (x)e ST dp,
a‘s} -



i

i
For y=constant. pT“

fFix).

Using the mean value theorem, this leads to

do = wC,'(X) ‘e_af(x)f'(x)dx.
4= Gowms
where X is e value of x in the range of integration. A
similar expression follows for = . Since the shapes of

Cl'{x) and Cz‘(x) are similar, the values of x for each
case will be close to the other . Substitution in (6) shows
that to a gocd approximation, do/dy can be used in 7(a) and

(o).

To conclude, we have derived exprescions for the inclusive
distributions Ffor charged oions in pp annihilation. These
formulae contain the #° distributions as a special case. It
nas been shown .that naive subtraction results in loss of
charcge symmetry. The derived forrmulae,though to some extent
heuristic, show good aareement with experimental data at 12
GeV/c,and may thus be wuseful in predicting annihilation
distributicns at higner energies where explicit annihilation

information 1s unavailable.
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The application of group theory, though in this instance
trivial, would be essential when more than two symmetry

operators are present e.g. in the case of polarized beams.

&
The naive subtraction C1=BI—A1.C =BZ-A2 1mplies

2
Cl—sz(Bl-Bz)—(Al—Az) and thus involves A's, viclating
charge symmetry.

’ The auvthor is grateful to tne Cambridge-Fermilab-MSU
collazboration for making this information available.

) For the 12 GeV/¢c annihilation data, we have averaged the
backward n+'s with the forward = 's and vice versa. a valid

procedure due to C-invariance.
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