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A SYSTEMATIC APIROACH TO THE ANALYSIS.·· 

· OF NN AND · NN TOTAL CROSS SECTIONS* .. -~ ' • p. • • : ) 

Akbar Ahma.dzadeh and Elliot Leader 

lawrence Radiation Laboratory . 
University of California ··. , 

Berkeley, California ,. 

We Wish to point out a general, rigorous and extremely 

simple method of analyzing -NN and NN total cross sections . 

and, as an example, to indicate its application .in Regge-ty:pe 

models. Because in this analysis we must know the pn total 

cross-section, a primary aim of this letter is also to encourage 

the experimental measurement of a 
pn 

I.. Consider NN . or· NN scattering in the s-channel. 

Examination of the s-channel-to-t-channel crossing matrices 

indicates that the total (unpolarized) NN or NN .cross section 

(s-cha,nnel) can be expressed in terms of only one.of the five 

NN -+ NN spin-transition amplitudes (f1 _through f
5 

in. the 

- · notation of.· Ref. 1)- in the t-channel. . This' transition can-· take 

place with parity P = ':!: 1 and isospiri_ I 1 = 0 or. -1. ;_ 
'··' 

. ·Specifically, one finds 

-'-t p)' .. -.. __ -- : -
, I • - -_ . 

II·· .. \· · ( _ 
B :-.. ._ gP-,l

1
;_s), 

I 
1
=0, 1 .- l _ ... __ ... 

,, P=±l - . 
. . '-:· .. ·"{ (1} 
,:-. 
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where· BII is an _element of·the wei1-known isospin crossing 

matrix/ and we have s = 4m2 + 2m T; j) = (mi) l/~ • . 
(T is ~the. laborat.ory,kinetic e~ergy), and 

·.· ' ,· ., . 

·" .· :' ' ' '~~ .· ~ .. 
". ' ' .. 

; · .. '\' ,' 

I 

'' 

(2) ''' 

· . Here f
2 

is one of the · NN ( t-channel) spin-triplet transition 

amplitudes.1 

Thus the four independent experimental cross· sections 

·can be expressed in terms-· of the four functions g(P, I) 

. as·· 
. I:·· 

. · .. ·· 2~ 

" =._· --;:r=· {g(+, o) .. g(-, o) .. g(-; 1) + g(+, 1)},. 
PP . , p..,.s. 

CJ . . .. , pn -. t}J~ {g(+, o)- g.(-,· o) t g;(-,:1) .~ g(+,::.:J.)}, 

. ·-_,··. 

. • I . 

.• . ·" . = · -~!...· {g(+,· o)'+:g(-, o) +·g(~, 1). + g(+, 1)},_ . - PyS . ·. . 
pp 

·_·.. ' 
~ l .; . : ' . 

.· .. · 

. '· . 21t . ' . ' ' . . . . . . . ' " :· 
CJ.·· ··.=.··p.js. (g(+,.O) +'g(-} .. 0).·- ~(.:., l) . .:.::g(+, ·1)}~ 
pn ·,. ..... _._.,. ... · ·, .. 

~ .. :. 

'·.·.· .. 

~ • ' ~ ·' .'" • : I 

.·_.,,, .'.: 

·; ·,·• 

..... . . ' ·~ <·. 

'" 

.. -:•6, ,; . .' ... ·. 
,;' . 

-:s .• -. 

.·•. 
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'.· 

,· ', 
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The above results aregeneral;Ly valid and apply at all energies. They 

are particulariy useful in the high-energy region-since almost all . . . - r . . 
' ' \ .. 

theoretical models of high.;.energy scattering calcpJ.ate, as primary· 

quantities, the t-channel NN amplitudes of definite :parity and 

isospin. Inve,rsiori of Eq. _ (3) provides a unique set·- of four 
. I . 

lurictions directly related to f'_ol:'ir experim~nt~l. quantities;··_ nameiy: 
. '" 

= .. p{i [ 0' ' +' 0' . +' d +' C1 ] 
PP ._ pn - . 

. - __ - .. . : ·. PP ~n 
. :I 

~ < ·: ,. 

---.g(-.;0) + C1 ] -.• 'Pf -[ ~ C1 ' .. C1 + 0' 
rc - pp _ _ . pn _ 

:PP 

·= 'pf pn .- ',· \1 
' . 

t. (j' + C1 ·. ,. + C1 '. ' ;.. • C1 '] ' 
pp pn . pp . .. pn 

g(+, l) * ;. 0' ] (4) 
pn ., 

Once the energy dependence of the functions g(P, I) is known, 

these functions can be analyzed in terms of any specific model 

t: 
•I 
I 

.I 

under consideration. The contribution of any model to the g(P,. I) 

can be obtained directly if it is expressed in terms of the 

quantum numbers of' the t-channel,-or'J:u an application of the known 

- . - i t' i 1' 2 cross ng ma r ces., · 

· II •. We illustrate l;lere ~he use of these equations in the _ 
. ' ~ .. 

-Regge modeL . In the Regge -~odel the cor~esp~nd.ence with the :four 
',.·,. 

':.· 
_ ........... : 

.. ·.:: 

''•·' 

'1\:. ·• 

.. ··· ?·': ·. 

·.· .. ·', 

-·.' 

' ... ,: 
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trajectory. families ·is 
~ . ' ... 

. . : ; . ' . -~ 

g(+1 o.) ~ Po;meranchuk family 

.) .. co .family 

~·. p family 

.g(-, o)---..~ 

g(-.t l)----~ 

.. g( +,. 1 )-------~ ) ·R family. 
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Note that of the twelve possible sets of trajectory quantum num

bers coupled to the NN system, 3 only the above four contribute 

'·'·· 

to f 2 and therefore to the total s-channel cross sections. The 

R-trajectory~s not usually been included in Regge-pole analyses, , 

since there is no known resonance with its quantum numbers, ,· 
' 

= l(J-- ) • , However, in a systematic analysis··it should ·.·. even . 

be included, and Eqs. (4) would indicate whether its effect is 

negligible or not. 

Considering the relatively high-energy region, we expect 

that qnly t-channel contributions are significant. Then from · 

Eq. (2) the .~ontribution of any Regge pole to the g(P, I) of its . · 

' . family is ... · ·· 
...... 

·' 

( ) . ('ln .m+ T.)· ... · BP,·I· 2ct P. I + 1 . P"" . ,. 
' . '""'PI 

•' . ' ' 
(5) 

;. ' 

where B = j3ei1!CX is the modified residue· of:the trajectory •. ·. 
. . ,· . 

Incidentally,·note tbat.from E~s.(3); in. contrast to 

,. . ' ~. ' 

0 ; 0 F ' • 0 ~. : 

•,,"' 

'r ·"'' ·-, 
.. ,'• ·, 

. ' •" !o o '.·,•" 

./. :·. 

'' ' 
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a ... ·, , 
. :pJj 

we eX_?ect that· a . should increase. towards its asym:l)tOtic 
:pn 

·value •. 

In. co~clusion; Eq;(4): offers a simple and .systemati~. 

scheme. for analyzing theoretical models in. ·terms of 'the ex:peri-
· .. •'' 

mental cross sections.· 
• ~ • !•. 
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