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ABSTRACT
A general, rigorous, and extremely simple méthod of analyzing
nucleon-nucleon andAnucleon-antinucleon total crosé sections is pre-

sented. - The method is valid for all energies and provides a simple .

| link between the experimental quantitiés of fundamental physical intefést.‘

T
i .

It is particularly appropriate in thg high energy region and, as an
example, is applied to the Regge model.

| The resulﬁs are derived by using.the concept of crossing and a
wveak form of Mandelstam analyticity, and depend ﬁpon the observation that

the NN and NN total cross sections can be expressed in terms of a
| ‘ .

Lo
r

single spin-triplet NN ~>NN transition amplitude.
A basic ingredient is the exﬁerimental knowledge of oin~'0r,
equivaientiy,' ohp>.-.A primary‘aih-df this work=iélto encourage the

- experimental measurement of ‘these:cross Sectibnsg”f,

e

.y erademan, o s



. i.e., of the 1nterrelatlon between the various channels reached by analytic

| UCRL=11192 Reév}.
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I. INTRODUCTION

- The use of the Mandelstam representation in sirong interaction

‘physics has.focused attention on the importance of the concept of crossing,i

" continuation from the region of a given process. In fact, it is probably

-4

true to say that (with the exception of those cases in which direct channel

e e e T wrere v

resonances dominate) almost all calculations -in strong-interaction physics,

and. in particuler in Regge-type models, either contain or evaluate as prdmary

e

quantities the scattering amplitudes in-the t channel,
At the same time it is well known that the study of nucleon-nucleon . ' o

or nucleon-antinucleon scattering is greatly complicated by the spin-l/agr

N

" nature of the particles involved; Thus tne scattering amplitude in each -
isotopic spin steteiis fcund to depend on'flve,dndependent scalar functions'
| ofvthe energy and the angle of scattering.
The purpose of this paper is to poznt out a general, rlgorous, and
extremely szmple method of analyzing NN and - NN total-crossusections. ln

| - ‘ .
.this method we take advantage of the observation in the first paragraph and

)

'introduceze set of four experimental Quantities, linear combinations of .
‘ i,d, b0, 0., and o_ , which play'affundamental role because they are q
pp " pn pp pn ‘ ‘ _ _ ok
dlrectly related to a 51ngle t-channel scattering amplltude.'_ : R
The prlnclpal observation is that the total (unpolarized) NN or NN

o cross sectlons in the 5 channel can be expressed in terms of only one of the

] five ‘NN~e>NN .spin-transit;on_amplltudes (fl through fs in the_nctatlon °f'['_ '}fﬁ

_.referehce 1) in the t channel. This transition can take place withlperity, )

PR

o

f?.aiblvsand'isospini:l é‘O,.1g';Each;ofatnelsuitablyfchosen linear combinations -

R

e

. :\‘

o

FNON

=5
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“of the four independent experimental cross sections theg-icorresponds toa i

:':ﬂ‘sinéle t-channel transition'%ith given P and I . A %tudy of the energy'd
tj;ﬁdependeoce of these combinations should then ﬁrove extremely usefui io thé;;d
: ana;&sis:end testing of any theoretical model of.‘NN or NN scatteriné.r'

It is perhaps worth emphasleng that. although we illustrate the method ?d@
‘by applying it to the (t-channel) Regge model, the basic results (Eqs. 2h) i
‘are completely general are valld at all energles, and depend only on the
optlcal theorem and a rather weak form of Mandelstam analytlcltv. ;“ o
The analy51s dxscussed here redulres an experlmental knowledgei

‘of the Q~'~ (or equivalently np) total cross sectlon. It is hoped that SO

d'fv;the simp11c1ty and usefulness of the method of analy51s w1ll stlmulate a ‘

dv1gorous experlmental attack on thls 1mportant phyS1cal quantlty;

In Sectlon II we go through the algebra leadlng to our results.,

ﬂﬁ“fThe reader who 1s solely 1nterested in u51ng the proposed method of analysxs fﬂd

.#e:¥can safely proceed to Eq. (2h)

III

we 1llustrate the method briefly by applylng 1t to the T_




s

" terms of the laboratofy system kinetic energy T , we have
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e

II. DERIVATION OF RESULTS =+ |

Consider ' NN scattering in the s channel. - Weishall us the

usual Mandelstam variables -~ . . = ' SR

(4}
|

= 4(m? + p?)

-2p2(1 - cos 8)

ct
i

andv

-2p2(1 + cos 8),

<4
4]

where p is the momentum.in the'center:ofvmass of the two nucleons{f In@L

i
4

_s'=,1&m2 + 2mT

" and .

i
2

(mT/z) (2)

Followxng the notation of reference 1, we denote by ¢ RN the :

.5

five hellcity amplltudes in the s channel, \hﬂmtheoptlcal theorem we can

- relate the total unpolarized cross section to the 1mag1nary parts of the

t».-

vforward,*purely?elastlc,amplltude. For a given isospln I E we have

7 ) Tt - <>




" “the s channel ﬂ in terms of 51ngletand tripkt: NNtran51tlon amplltudes

" UCRL=11192 R4
ﬁ‘ee only ¢j_eed‘e¢3;pertain tevtfensitiens"iﬁ which neither nucleon fiipsf_
vite.spin. '

1 5
The next step is to use the well-known crossing matrices to- express

_l‘through 'y

5 of the t channel. (Note that," 1n the notatlon of reference l,»ﬁ;
- these would be El,"‘;f

; we omit the bars for convenlence.)‘ The

P

w7'51mplest way. to do this is to 1ntroduce as auxillary quantltles the: five

fscalar_amplitudes'.Gl,’;‘;Gs‘, From Eqs. (h 23) of reference l “we obtain“'

 ﬁhere”"i S A DR g
- ,»hmz(uéf) 'i,ffi'hmzji

" (umt)(seten)
t+u - -

S
;‘-hm(stu)2




- where

N L
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Also from Eas. (2.9) and (4.24) of reference 1, weldbt.a’.'ih' o

i+I

_,i.GiI(B.u;t) = (-1) ¢ (s,t) . | L | ‘...,(-6.).-‘

(Note that we are using the notation u instead of ¥ of reference 1.)

" And from Eq. (4.27) of reference 1, . i

| . v L J' ' S . ,'  ; yvv EE
Gi (s’u’t) =,Aij BII qJI'(u’s,t) ’ 1  .: .. y.f¥; 1 (7)v;

-1 3|

“Yland o Tr. L T T e e

.‘ (9)_w;\ xj

g ,(Q)%;f)?f §—%) ; inJ.? ; vgJ!

ol
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Equation (lO) relates the_ G functions of the s channel to the- c"f@hétidpé

l’f of the t channel. Comblning Eqs. (10), (h) and (5), we obtainffﬁ“

- ¢ = ("1) ‘BII"'C, G 1 (t;s'uv) ’
ez

/o . ;hn2(2t+u}>fn :.ﬁm2u~2s(hm2~s) : (Qs-hm )(t+u)-hm t

t+u : T ttu R,

[ (Zs=bm®)(2urt) - lnP(t2w) . lm
T e Twe, T

l; Equation (ll) gives the relatlon between the helic1ty amplitudes of the

'8 channel and the G functions of the t channel.; U51ng the relations similar f]‘

-»

.ffr“ Eﬁtl to Eq. (h 33) of reference 1 (written for the . channel), ve relate the.ﬁ°”'h'

‘ \G functions of the t channel to the f functions of the‘t-channel._ Thei:ff?[}iii} gt-‘




result is

1! » ;
G (t,g,u) = DJk "

where

s+u 0 ~=lm

D= ferw)

(

- Combining Eqs. (13) and (1b) with (11) and (12), ve finally obtain the desired

afof’the t channel.--The result is

7

1. (-l e

S

Qs

-t

t(s-u)
Ts+u

'relation between the helicity amplitudes of the s;chénnel ahdfthe ‘£ functions

3 {
i
i
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(1)

-t

HENCILg o

nmz(s+u)

.(..15)

Ll snhall smarcans s -




'.Ei(Sféa(t+u)L i‘.‘-§£ _.‘   - :ﬁ hﬁéui_£4 T

Cko= VT o P u(seteu)

- Z i(é;ﬂi(;+u) ::h.i;; _;i;g_:tﬁ'

- (Puzs(ie)]

s+u[hm u(s+u)+2s t]

' mPu(s—u)
s+u.

s+u[hm (s+u)+25t]

| hmeﬁ(u—s)

E"féﬁ(stu)%(u-s)

s+u )

das

-8

bstu..
s+u .

(stu)2[bn u-st] i

m(§+g)  » - :A;

A9 ZETTT-THON




o,

: have

. Eq.. (14), which relates the f

" the same analytic properties as the scalar Méndelstamvfuncﬁions G

UCRL-11192 Rev - -
9=

It is important to fealize that a crossing relatioh of thevtjpe
of Eq. (15) is completely meaningless, unless one is given a pregcriptioﬁ  A
for analytic continuation of the fJ from the t-channel region in which
they are defined to the s-channel region in which fhey are needed. In ourv
par;iculér case ﬁhis is a trivial matter becausé the matrix D given'in.

3~‘to‘the G functions (see Eq. 13), is .

free of branch-point singularities, and therefore the f functions have

1
. We now dombine_Eqs. (15) and (3) to obtain
' Lo ‘ :
I _ITY ' : |
oy I(s) = = (-1) B In le (t = 038) . H(1T7)
N p(sk . v

i

Thus the total s~channel cross section depends only'on f2 , one of the

spin-triplet‘ Nﬁ'+ Nﬁ' transition ampiitudes. Because fé is a spin-triplet

transition, the quantum numbers characterizing the transition must satisfy2

x B

1 L L E S
CP = PG(-1) =+1 . . _ . - o (18)
" Furthermore, the partialewave smplitudes jfllJ'[ccntributing to £, all - :
1 SR - T s .
J=Lt1l,

(1)’ = —2(-1)L_slp?i= SR B ”lif"fi;,_ i »ij;,' (19)
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‘Equations (18) ang - (19) show that both C and G ard redundant in

'descrlblng the transition and that the "J parity" or signature (-l)

. . VP
'f“foﬁj;;}*'equlyalent to P . Hence the transztlon is completely characterized by

._ thé_four distinét sets of quantum numbers given by P = *l and I' = 0 or l

'-fWe shall therefore define a set of four functidns
"g(P,'I',;s) =P Inf (P, I'; t =0, s)-, (P=t,I'=0or1l).;
A 2 ST e :q;'

‘_(The factor -P is merely for the sake of convenlence.) Substltuting

ind; ;;';., (20) in Eq. (17) we obtain

(s) LA R B;I,I P8<PI' )

p(s)%

.w”-j““i’»: el w e -_Vj' “'i:};dlzlf"d{lo” o, v 1 tl . .v;”;;
?It is now a slmple matter_to.obtalni; fP an“_,vﬁn or, equl a en y,d‘ ot

+

g}For example, the contrlbutlon of a trans;tlon determined by-jg(P I' s) to




.
o g(P Iy s) By apﬂllcatlon of the llne-reversal argument of
. . g *1 R
Sharp and Wagner,3 the contrlbution of thls transitloﬁ to o?p. is obtained
. .g

by uszng the - charge—conjugation operator, so that the contributlon to in
is ) . N

an g(P I'ss) ,

[V

p(s)

because here.we have C = P, We get therefore

i (23a)

{§(+,0;s)‘+ g(=,03;s8) + g(=,1;:8) +»g(+,l;sqj'

and

bé (8)

Bn - [ (+,058) + g(- 0;s) - gl=y138) - s(+ 1; s)} . (23b5‘

mlw

(S)

It should be remembered that Eqs. (22) and (23) are generally valid and are

applicable at all'energies. They may be particularly usefui ’however, in the

. hlgh-energy region in whlch as a rule, the theoretlcal emphaszs is on the

" t-channel amplltudes of deflnite 1sosp1n and parlty. ‘

" The inversion of Eq. (22) and (23) prOV1des~a_Setrof four fundamental

functions directly,relatéd’tb four experimentalfquahtities,'hémely,-_} L

g Y
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N

£(+,035)

=]

ale0ie) =

o~~~ o
Al
e

N

HJé(;fi??): géil'
St :

p(s)2 | o

8n lo ;i ¢

g(*,135)

.

Once the energy dependence of. the functlons

g(P I s) is known,

R




.on their partial waves. Here we shall, of course, be interested only in f

Ve write  B(t) = B(t)e

| | _ ' UCRL=11192 Rev -
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; III. AN EXAMPLE: APPLICATION TO THE REGGE MODEL

Y

LS , b .
'We illustrate here the use of Eqs. (24) in the Regge model. As we

have already mentioned, the f  functions satisfy'a Méndelstam representatibn,
,‘ .
! .

and therefore, thlie Froissart and Gribov analytic continuation can‘be,defined’ |

2 L]
From an equaﬁion_similar to (h.25b)_of reference 1 (written for the t channel

. . a J
and absorbing & factor like == into f._ ), we obtain

2E 11
£,(t35) .Eo (214 1) £, 7(6) B (2) N €

where _ ' : ' ‘ . ' !

2y,

t

A o : . .
z = -l - 2s/(t = lkm Because the signature is determined by

-parity, here tﬁe'sum_oVer J runs over even or odd'values of' J ; depending
on whether the'parify of the state uhdgr Qpnéider&tidn is even or odd. By
' applidation of the Sommerfeld-Watson tfansformatioh;'one obtains for each

. Regge pole a contribution of the form

fé(t,é)_= B(t)(2a + 1) Pa(-z)(l'+ Pe. )/sin LLIERR oo (26)

ira o .
, where B(t) 1is the nodified residue and--as

usual--B(t) 1is real below-the threshold of the t channel. We have also, to

'g'a good'appquimatibﬁ,F'

_f ;; fwad e
” :ev : Pd(’z)fzﬁpd(z)" '& : 'A}: ‘ -"‘w‘ﬁﬂ B :%f '_.'f o (27)
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vQ'Furtner;'ei t=0', ‘'z ='1J+7T/ma;‘{ThuS'Ec.'(26)ibecom§5'
: ‘-ina

S :":,."'f‘z(.'tébf,s)':,=. B(2a + 1) P (1 '+ 2/m)_( Qe it (28)

'whefe‘ d3xan&"B“ are'eValuated at t=0. Comblnlng Eq. (28) with Eq. (20)
of the prev1ous sectlon, we obtaln the contrlbutlon of a Regge pole
' belonging to a glven famlly of trajectorles wlth quantum numbers P and

. :'. I . 10 g(P,I'), _8.8._ :' .

. 1“_>.f g(E.Il;s) =B (20 +‘1)”pd "'(1'+7T/m)v,, . .:fff : (29)ff~
ST e BRI R P,I' e e

- It several Regge poles wlth the same quantum numbers are considered and 1f
;fcuts anc background 1ntegrals are- 1nc1uded ‘then the g(P I s) repreeent
’i;:lthe total contrlbutlon of the Regge famlly wlth the glven P and I.p It is f.’
lvl:?only in the high energy reglon that Eq. (29) mlght be expected to be adequate;u"iiﬂ.‘

‘ViWIth Just the hlghest-ranklng trajectory 1ncluded.q_ylu

PP

The correspondence wlth the usual trajectory famlllGSsis:'

T?Ta;_"flgffg(+ O) ~*~) Pomeranchuk famlly,Av

v:\"'vg(- o) ---) Lwo e family, oo

'e;fami;y;wfvfo,:]'

U femily. o
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Note that of the twelve possible sets of trajectory‘qu?n?um numbers fqr
the NN system,2"on1y the above four contribute to ﬂ%t and therefore to
the total s-channél cross.sections. The R trajéctory 'has.not usually
been included in Regge~pole analyses, as there is no. known resonance with
) . Howevér, in a systematic analysis

"its quantum number,‘i(JPG) = 1(J*"
, even

it should be included, and Eqs. (24) would indicate wheéther its effect is

negligible or not.



IV. CONCLUSION
'?& ;\ff ;v' E The use of Eqs. (24) offers a simple and systematic scheme for
andlyzigg'£heoretiéal models in tefmé'of_experimenﬁal fotdl érdss égction;;if?ﬁi
" The functions g(P.I;s),'consﬁructed from the expe?imental cross Sectidns; ” R
have & fundamental physiéal significance because they are directlyffelatéd'1%;, '
'£o one 6f the NN - NW spin«triplet ampliﬁudes in a given state Of;barity:{} o
P ”and’isospin I'..’ ' : : , : s |
LIt is hoped that ﬁhe éboveamentibnedvrésults4wili act ?9 aVSPVfJ¥f ff‘

toward the measurement of the Fa or, equivalently, Hp total vont mastionn, "3

R

i

|

1
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