Lawrence Berkeley National Laboratory
Recent Work

Title

REGGE POLE THEORY AMD p-n AND p-n CHARGE-EXCHANGE SCATTERING AT SMALL
ANGLES

Permalink

https://escholarship.org/uc/item/2495k478

Author
Flores-Maldonado, Victor.

Publication Date
1966-04-04

eScholarship.org Powered by the California Diqgital Library

University of California


https://escholarship.org/uc/item/24q5k478
https://escholarship.org
http://www.cdlib.org/

] ——

UCRL-16799

University of California

Ernest O. Lawrence
Radiation Laboratory

REGGE POLE THEORY AND p-n AND p-n CHARGE EXCHANGE
SCATTERING AT SMALL ANGLES

4 )
TWO-WEEK LOAN COPY
This is a Library Circulating Copy
which may be borrowed for two weeks.
For a personal retention copy, call
Tech. Info. Division, Ext. 5545
. J

J Berkeley, California




DISCLAIMER

_This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.




-,

Submitted for publication to Physical Review Letters

UCRL-16799

UNIVERSITY OF CALIFORNIA
Lawrence Radiation Laboratory:
Berkeley, California

AEC Contract No. W-7405-eng-48

REGGE POLE THEORY AND p-n AND p-n CHARGE-EXCHANGE
SCATTERING AT SMALL ANGLES

Victor Flores-Maldonado

April 4, 1966



UCRL-16799

-~ REGGE POLE THEORY AND ‘p-n  AND ;-n:‘CHARGE-EXCHANGE
SCATTERING AT SMALL ANGLES
. Victor Flores-Maldonado
Lawrence Radiation Laboratory -

. v - University of California -

Berkeley, California

April b, 1966

The sharpvforward peak observed at high energy vp-n »charge;
exchange scatteringl’2 has so far eluded'a‘theoretical,explanation.

Various attempts based on 7 and o exchange m’odelsB'h

.and on m . and.

P exchange with absorption5’6 have been unéuccessful. We §ropose here’

an explahation based on the Regge Pole Theory with eXchahge of the p

and R tfajectoriés, The other known possible candidéte,the n trajec-
tory,does not contribute in the forﬁafd direction7vand it lies lower

than p and R , Ve are concentfating on large energieé and small

anglés and disrégarding the = contribution.

| ‘.The amplitude for p-n charge=exchange scﬁttering,' Alpn ch ex ),
is related by general isotopic spin arguments to the diffefence bétweenv

the amplitudes for p-p scattering, A(pp), and p-n scattering, Alpn),

in the form

A(pn ch ex ) = A(pn) - Alpp) . ' . -

~

The o(pn) - o{pp) total cross section difference iz very small

8,9

at high energies '’ and in fact, becomes zero at about 9(Gév)2according

to recent measurement of ~o¢(pn) and o(pp),19 The optical theoren,

o
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Eq;~(l), and this resﬁlt.imﬁly ﬁhat ‘o(pn ch ‘éx;) ? 0;1at this energy.
ThiS»cénclusion i$ genefal,.that is, n§t_baséd énfény‘model.

In the Régge Pole Theory the information regarding the real
and imagiﬁary parts §f:thehmpli£dde for each pblefcdhtribution is con=-
tained in the so—éalled signdturé‘fahtor ép,;wbigh can be facﬁdred out, .
Because of the spin. %- of the ngcleqns‘there are fije amplitudgs, but

three of these become zero in the forward direction and the remaining

tvwo become identical at t = 0, Each may be written in the o and R

model as
i
) 2g G(pst)
‘@i(pn ch - ex ) '—' ¢i(s"t) ga(t) gp(t) I;?_—; -1 ‘
R s ' a(R,t)
+ gp(t) gp(t) | =—5—=1 S ].(2)
R R I
where'j
=-1--+tan-"-('+)l =Lt ot [Zano) )
% T2\t 2 3Pt Jf-’ 5 IR 2 3 )f’

a(t) is the trajector&,énd 't the h-momentum'invariant.

At enerpgies above 7.S(Gev)2the imeginary parﬁ‘of the amplitﬁdé
is very small in the forward direction,and this must be the case near
t = 0. In this region the amélitude consists mainly of its real'part,

which in the present model becomes

ﬁ&(pn'ch ex ) k-fi(s,t) itan {%‘é(p,t)}.+ cot [%'Q(R’t)]‘f. (3)

g
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4 We proﬁose.tsiéxpiain the fo:wérd-péak sy a c§mbin§tion‘of‘
two féctors. (a) Ve a;su@e that ‘ap(Q) §>O.5 "and that the slope of
P is large, and théﬁ :aR(Q)A< Q.S Hand?that.thé slope of R ‘is small,
Then tan g-a(o{ti]‘ ié.a fast decreasing function for small angles
>ﬁhile co§ [g-q(ﬁ,ﬁ)]‘ is slow increésing. -(E) In additiop gé(t) is
' -assumed.to decrease faster than gR(t)'(pr #icg versa). Tﬁese two con-
.ditions are sufficient to accentuate thé forward p-n charge-exchange
peak so0 as to agree with experiments;l’z The meﬁhanism degéfibed is
independénﬁ of the energy, therefore the peak shoﬁld be observed at very

i )2

high energies, This is in agreement with the fact that at 8,0(GeV/c)“,

which is the highest enérgy at which experimehts have been done, thé peak

hes the same slope observed previously at 3.0 GeV/c .l’ This mechanism

depends only on the fact that the difference lc(pn).- o(pp) is small.
The o and R model 'account for this and for the.interéectioh of o(pn)
and of(pp) .

The conditions imposed on the trajectories are in agreement with
11,12

determinations in connection with .n-N scatﬁering

and with the
13 ' ‘

general NN scattering problem,

In sln charge-exchange scattering the amplitude becomes

C ()

(n ch )» ' 2s *lose)
By chex) = 9,(,8) | ¢ (6 g () |2 1)
- ' | a(ﬁ,t)
e gple) g(t) (...35_- 1__) h
- im~ -t

The p and R _modelkimplies ho.corresponding intersectioh of o(pp)

and o(pn) . This seenms te be in agreement with experiment, although
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»nresent o(Sh) determlnatxons are subject to large errors. The

calculuted charge-exchange dlfferentlal cross sectlonq at 3 0 Gev/ce

'are shown in»Fig;»l; The trajectories assumed in these calculations

are alp,t) = o.éo + 0Q87t_'and“a(R,t) = 0,35 + 0,35t , with residue
functioné ésishoﬁn in Fig. 2, ‘An equally good exnerlnental fit of
p-n is also obtained when gR(t) decreases faster than g (t)
hevertneless ywe prefer the first choxce since thls seems to agree
better with the'general behavior of residues of eﬁen‘and odd‘signéture
tfajectories found in Ref, 13.. Furﬁher evidence in support of
the choice of a p residue function that is fast decreasing at small
angles comeé.frOm. indepenéent work on TneN - 5cattering;l6
In.contrast to the p-n] case,tﬁe ELn differentialvcross
section hgs‘a smaller forwarddslope,since here the imagiﬁary part of
the amplitude ha§ a forward peak fhat the real part-teﬁdsnto cancel,
This ié in agreemeht with a féw recent . E;n dif”erential cross-section
measurements at 3.0 and 3, 6 Gev/e .15 Here again & = exchange model

15

with absorption seens unsuccesoful since it predicts again a sharp

peak at very small angles. In the range of energies above‘T.S (GeV)?
the o and R model gives ;Ln. chargc-excﬁange total cross sections
larger than for P-n ,7 - in which actually the cross séction
becomes zero at the o(pn) ‘and o(pp) intersection,

Experimental p-n - and E;n .charge—excﬁangé méasufements at
energies in the neighborhoo@ of the o(pn) and o(pp) intersection
will be helpful_in thé investigetion of the chargéfexchange-amplitudes.

Finally we point out that our choice of residue functions predicts a
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crossover point for the p-n and ‘sln charge~-exchange differential

“cross sections that should be observed experimentally.'

In conclusion, the §resent-calculations seem to constitute
further theoretical.évidence in suppért of the role of the R -and o
@rajectories in charge exchange scattering.. .

We are grateful to Professor Geoffrey ﬁ; Chew for encouragement,
to Mr. Thomas Clements for programming assistance, and to Professor
Burton J. Mbyer for the hosfitality of the'Phisics_Depaftment, University

of California, Berkeley.
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FIGURE CAPTIONS

Cgiéulﬁted"p-n And_-SLn éharge-ekchange differential

cfoséAsectiqns at 3.0 GeV/c .
The p and R most important residue functions near the forward
direétion; used in the calculations of pen and ELn charpge=-

exchange differential cross sections, -
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