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Iii the last yiüirs ¡i fow papnrs have appaai’cd referriiig to tlio application of t}ic TCAC 
coiulition (1) (oi- Adler’s thoorcjii) to liadi'oiiio proccssos of iiiultiparticlo production 
(’oiiiforted by tlic fijood results obtaincd from the aiialysis of soiiie low-multiplicity ox- 
clusivc rcactioiis (“). iii tlio pre.seiit note PCAC is apj)lied to available inclusive distri­
butions; tlie result is liowever negativo in the sensi“ that tlie suin rules predicted by 
l ’CAO aro not plienoirionologically satisfied.

We reproducí' below tli(‘. suin rules wliieli can be derived. disr(>garding interference 
tenas, for tlie inclusive processes ap ̂  7r=f +  anytliing
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\vlior(“ we llave assunied tbe existence of final micleons and antinuclc'ons as the only 
possible baryons into which insertions of axial currents are considered. <fl4:n 15 
is the TI,y coupling constant and m the nucleón niass. (EinoP-mc) represents the nio- 
inentuni of the initial proton. For the case a = p. an additional factor 2 appears in 
the Urst terni of the r.li.s. of eq. (2). Sonie coinnients aro in order;

i) Whereas the l.li.s. oi (l) and (2) correspond to the experimental distributions 
lor |/cj > 0. /< (pión niass), the r.h.s. result froni Adler’s theoreni, i.e. for {k„, k) -> ü. 
'riierelore (1) and (2) can be expected to hold only if the continuation from /i to 
(!),.  ̂ O is snioot h.

( ) S. L . A d l i í i í  a n d  l í .  F . D asiiI '^x : C u rren i ^ílgebras and  .Ip jíh 'ca tion s  /o  P a r t ic le  P h y s ic s  (N gw  
Y iu 'k , li)6 8 ).
( ’ ) X .  SAKAI a n d  JI. Y a m a d a : J’liys . L e t f . ,  37 ] i ,  503  (1971 ).
( ' )  F . A k h a h , ,r. ( ' .  (ÍALT.AKDO iiiu l L . JlASiMOui: lA -tt. X n o e o  ü im etilo .  2 , 10(i9 ( 1971).
( ') IC. Kahkicuis: IHclofeld i)rci>T-iiit lii-72/08 (1972).
{’•) K. Faiíkic'IUs: Biclcfuld prcprint Iii-72/13 (1972).
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ii) Iii tile r.li.s. o f (1) and (2) tlie iiitorference torins correspondiiig to insertions 
into two difforent flnal (or initial) nucleons or into oiie initial and one final nucleón are 
noglectod. These ternis cannot be easily evaluated. biit it is very likely tliat. since 
they are not positive deflnite, tlieir inclusión is not able to restoro tlie systeniatic strong 
disagreenient wliich is described below between botli sides o f eqs. (1) and (2).

iü) As they stand, suni rules (1) and (2) sliould be valid for soft pions in any 
reference franie. Following tlie general practice, tlio valúes reproduced below correspond 
to soft pions in tlie c.in. iranio. It must be noted however tliat the application o f PCAC 
in laboratory systein does not cliange tliings too niucli: the l.li.s. decreases only a small 
aniount bcca.uso, for large energy, soft pions in tlie laboratory frame correspond to 
X sa 0.15 iristead o f a; 0; as for tlie r.li.s., tlie only relevant cliange is in eq. (2), wliere 
tliíí Urst terin disappears, leaving however uncliaiiged the general conclusions de­
scribed below.

iv) There could be objections against tlie possible validity of (1) and (2) on the 
basis that Adler’s tlieorem seems to suggest the eniission of soft pions only from  ex- 
ternal nucleons. However, it must be stressed that, as shown in ref. («), the insertion 
o f an axial current into an external line corresponds to the suni of a true nucleón pole 
plus an internal-(‘ inission term  which niay take over at high energy (see Fig. 1).
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I'ig. 1. -  Adler’s insertion eciiiivalent to pole terni with pseudosoalar Tt,\’ ooupling plus internal 
bremsstrahlung.

v) Another objection  can be that, if scaling is valid, for high energy the l.h.s. 
ol (1) sliould be independent of s, whereas the r.h.s. should increase as In «. But it 
must be rcnnemberííd that interfcrence ternis liave been neglected and that, moreover, 
the approach to scaling is slow for tho pionization región which corresponds to the l.h.s. 
Thei’efore it does not seem possible to test such Une dotails with suni rules (1) or (2).

Regarding the evaluation o f r.h .s., the major problem is the absence o f experimental 
data for t he process a p -^ n  +  anything. In Table I this contribution is com puted by 
means o f the one-pion exchange (OPE) model o f ref. {’ ) plus factorization (see Fig. 2):

dff 1 (— í) lU ~
2n (í —  ̂ \ío —d /d J / '7 s

It is reinarked that with another mechanism, the novel model o f ref. (*). the contribution 
o f ap->- n X  turns out to be around 50%  o f the valué reported here, so that it seems this 
choice is not critical.

It is olear from  Table I that the l.h.s. o f the I’ CAC sum rules is systematically larger 
than the r.h.s. by  about an order of magnitude. This result is so define that it seems

(') lí. Schratinhr: />7í}/s. liev,, 131, 1847 (1963).

(') Histiaui; N u cí. P h ys ., 48 B, 325 (1972).

(“) lí. S la x sk y : a  diffractwn dissociation model o) hadron production, Yalo report (1972).
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therefon- to be independeiit o f tlie ratlicr stroiig assumptions mado iii tlie evaluation 
o f thc r.li.s. Tt inust bo noted luoroovor tliat a similar result has been obtaiiied iii a 
i'cc('iit papcr (̂ ) for the reactioii pp ^  re"-j anytliing.

Kig. 2. -  Onc-pion cxchauge model. Acoording to rcf. (’ ) í« =0.7 (GeV)', « = 0 .7 .

'Pable 1. -  Numerical evaluation /o  sum rules eqs. (1) and (2) for softpions in the c.m . frame.

Roaoüon
(GeV)

l.li.s. Coiitributioiis to 
(m b/(GeV)2) (mb/(GeV)2)

r.h.s. r.h.s.
(mb/(GeV)2)

]>p ^TT-X  28.5 400 (») PP ^  n X 37.6 (OPE) 37.7

PP ^ p X 0.1 (9)

1000 900 (») pp ^ i i X 49 (OPE) 56

PP ^ p X 7 n
pp -> 7t+X 28.5 600 (») pn ^ X 190 267

PP ^ p X 71 n
1000 800 (9) pu ~ > x 232 387

PP ^ p X 148 n

PP -> ñ X 7 (assuming 
p p -> ñ  =  p p -^P )

K+p -^ tt- X  12 230 (“ ) K+p ^ i i X 9 (OPE) 9

TX: ]) TT̂ X 16 700 (“ ) 7T-p -^ iiX 12 (OPE) 12

p 7T+X 16 550 (1») TT-11 ~>X 57 125

^ 'P ^ p X 68 (estimation 
w ith  p  and 
J(d<7/dp)dp 1

'riio t'xperiineiital reason for tliis discrepancy can be niiderstood by  looking at Fig. 3. 
whcre typical curves for (\/s/3I){\/k)d(jlAM  aro plotted ; llie extrapolatioiis for 
A- 0 give tlic l.h.s. o f the sum rules. As a comparison, wlien au exclusive reactioii o f 
low m ultiplicity is coiisidered, e.f/. Tr p7T+(soft)7r“p, the correspondiug grapli is almost

(®) M. J a c o b :  rcport of X V I  Iniermdional Conference on Ilioh-Encroy Physics ( H a ta v ia ,  111., 1972), TH. 
l .u O -C E I Í X , N A L -T H Y -6 3  (1 9 7 2 ), a n d  ro to re n ce s  th c ro in .
( ‘ ®) M .  L a w ,  J .  K a s m a x ,  l ’ A NV ix i ,  W .  SiMrt a n d  T .  L u d l a m :  A compilation of data oti inclusive reaciions, 
r a i -t ic lc  D a ta  (Ir o iiy  L B L -8 0  (1972 ).
( “ ) .1. ( '.  S k n s ; rop ort o f  f V  In ternational ('on fcirnce on Ili(jh-Energy C ollisions iO xtord , 1972), C IíR N  
prcprin t (1972), and refcroiices thereiii.
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constant for small le. The roason of tlio com paratively large valuó of áa/áil for liigli I I  
in inclusivo processes is cloarly due to tlio largo-m ultiplicity final statos. Tlioso final 
States contribulio-considorably to tlio l.li.s. beoauso tlioy afíect partioulaiiy tlio la rg e -lí 
i'i'gion; tlieir influenoc on tlie r.li.s. is mucli sniallcr sinco tlie main contribution, because 
o f tho factor comes froiu tlio opposito región o f small 31.

kiGeV)

Kig. :S. -  /  =  ( V s /m ) ( ] //.OdíT/d.l/, where 21 is 7iüssing iiuiss, 
™ 1 (! ( ;oV . X -  p -> 7 t ' +  ím ytliiiig ; a -^ p - ^ - +  +  anytliin!í.

vs. iiiom entiiiii o f th c soft tt, at

Proni tlie point of view of A dler’ s tlieorem , the explanación of tlie discrepancy 
of th(> sum rules is tliat tlie, analytic extensión o f tlie l.li.s. from  tlie experimental limit 
(tfj, i o a>i¡ -> O is uot smootli. The possibility of such a. problem liad been pointed out 
in ref. ('̂ )̂. This diUioulty can be attributed to the contributions of the resonances from 
which the soft re is obtained (see also ref. (®)). The eflect of these insertions into reso- 
nances would vaiiish for , i t 0. as considered in the derivation of the sum rules. H is 
(“lear that for low -m ultiplicity exclusive reactions the inñuence of low-mass resonances 
is ní'gligibie at high eneigy and. as a matter of faot, it was found in ref. ('*) that tlics 
l’ CAC sum rules w(‘re well satisfied. On the contrary, in an inclusive process the large- 
nniltiplicity final states allow subenergies containing the soft pión to be near the mass 
o f the prominent resonances enhancing their contributions. Therefore, discrepancies 
in tile sum rules should appear for inoreasing-m ultiplicity final states and, as a conse- 
quence, for the inclusive distributions.

The author is deeply indebted to ,T. C. G-a l l a r d o  for many enlightening discussions 
and correspondence. Thanks are also due to T. I I u b e k  for stimulating talks.

( '» ) K. A . l ’A Scnos: r i iy s . liev . J>, 6, 379 (1972).
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