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ABSTRACT 
I '. 
II 

It is shown that.the existing high energy data for the np charg~ 

exchange differential cross section in the forward direction and the 

diffefence between np and pp total cross sections can be simultaneously 

explained in terms of two Regge trajectories. The two trajectories are the 

p and the R· (using the notation of Pignotti in the preceding paper). The 

R has pa:rity and, G parity opposite to p buti:the same isotopic sp·in • 
. 

These.two sets of quantum numbers in the crossed channel are the only possible 

ones with·non vanishing contribution to the pro~esses in question.· The 

conjecture of real analyticity of the generalized coupling constants together 
. ' 

with the existing·data require the existence of an R ·trajectory.· In 
., . 

fitting the experimental data the intercepts are 

I . I 

a(O¥. :it 0.57 * 0.1 and aR(O) = 0.31 * 0.05 
·, . 

. · .. 
-~ .,.,· ·.··. 
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.·.-: 

... 'l'he 
l . 

np charge-exchange experiment of Palevsky et al has received 

considerable attention from numerous authors. By assuming that only the 
.\ 

. . ', )" 

: · . p trajectory in the t channel is dominant, Muzinich has obtained a rough · :. . . ' ' . ' . ' 'I· ( . I .. 

fit to the narrow forward peak of the differential charge-exchange cross · . · ... .· . -. .. . ' 

. . . 

section ·at 2.85-BeV laboratory energy. However, Phillips subsequently· :, · · 

; .. · shoved that p exchange alone cannot explain simultaneously the energy . · 
. ' ~ . . 

· ·· · <_ ... : .', .. ~ . dependence or (a • a ) and da ( t=Ol/dO. 3 He has also shown that 
· ... ::··.:· .... · :. PP np c.e. I > 

· ·. · :: · .. ·. · · ·. experimental results contradict the real analyticity or the generalized 
• ' J • • • ' • . • .. 

,.· . .': ·. · coupling c~nstants intr~duced 'by ·aell-Hann
4 

and 'by Gri'bov and Pomeranchuk. 5 

!·'' 
-~·,}... .•' . . '·Taking vhat ·amounts to a combination of a Reggeized pion and a Reggeized . ' ~. 

• .. \ \ 

• ? •• 

. . .. ~, ·· · · · .: Islam and Prei'st- have obtained a reasonable fit to the differential charge• 

,· .. exchange np 
. . 6 ' . 
cross section at 2.04 BeV. Hovever 1 their solution does not 

. : ' 's .. : .'. ~" • 

,·· .. · . ,. 

·, 

·, 

• • ~ ' I 

• .. 

•, . 
{,, '• 

.... 

.· . ·. ~; :. '· .. 
' •' I .... .. • 

, .. ' 

.. ' 

. · .. ·- . · remove the difficulties pointed out 'by Phillips,, because the pion. contribution 
-~ • " • t •• 

·: I' • 

,•. 

. ·. 
'. •.; " 

vanishes in the forward direction. 'l'he purpose or this letter is to 'shov 

that by introducing the R. tre.J~~tocy of Pignotti,7 ve can''explain the 
' . 

data and at the same time obtain the intercept values. «(taO).or the p ·.. •. . . . . . 

·and R. trajectories.~ :We. ~sh~.·al~~ see that ... a .~·econd :~:·P:.'trajectory, instead· 

.:.· ot .R • does not-. ;ut't'ica.·,<".:··:';·!;>·.~.~:::.-·,.:::·~·~ .. :.(:;: .. :·.:J::;:;:.'·\t:·.:.i:)"·~;::·::;:_:·.:~::::: ::·~--~:·;.: ' .. :.;. 

. . : ··: · ·• · · ,• .... " . ;~ .. }; ,·.D:: ~·.·;_';.if:-;: .:: ?~·:,i:V·',: /::+~t\-:Pl~,::· ·:Lt{~.', ··.·;·~.: ,: . ~: ·~·· :.·. 

. .. ~ 
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. ' · .. - .. .. t-., 

~,J :.• .i"• ·~·: :_·~, .. ,I • •• • •' • ... f 

I' •, '•,': :- ' ... 1·, .: . ('' 

'.•. , ,•.' I '"-~~ ly: ) ,' t'' ( " • 

. ' 

' ·2· . ·::j ~}:{ i< 
'l'lie possible quantum numbers or the particles Which can be exchanged · .. :'- \.·. l~,r, 

in the t channel tor nucleon-nucleon scattering (a channel) have been.-~·~?::.::::-~~~::; 
8 . . . 

: ·tabulated by Muzinich. It co.n be shovn that or these twe1~e sets or. ·-:~::: 1:':/~~:fY:··~~: 
quantum numbers only tvo give a nonvanishing contribution to the .. forward .· .. '· ·. q:. . : 

.. 
,·,. 

... . :~.,·· .. , ... · .. t ~~:·;,·· .... \1,,. 
direction in the charge .. exbho.nge process. The two o.re ~:: .:~--··.: '· ·.--' .:<::·,:-:-.~·-,' ... ,;~ .. , 

0 i •, I.· .. :~, 

·., ... 
.. 

· ..... . , 
6 \. ' 

. ( i} P \raj ec:t;ory vi th . I -IS 1, G • ·~1, P • : ~1, and T • -1 · 
\. . '. ",, ;; . ., ' ~ 

• ( 
0 

1 :-1 •", 0 ~' .J, 
..._ ' I .... '. 

·. j. 
''. 

and 
· I ' ' i 

(ii) R trajectory with 'I IS 1, c •. -1, p a +1, and T a_+l, . ~ : . ! ' . . . ·' ~ .. 
.:· .·. 

where I is the isospin, G. is the G 

' J 
: • • T_ • (-1) is the signature. 

•' 

We ·define a 
'' 

.· 

.. • . .. . , , 
: 

j ; ~ 1. ~ ... • 
'•,. ·,. 

I' 
. j ••• 

. ·.,·· .. If-.\ 

·-:. · : :_-... : · Here the R~gge parameters 

and we have Z a (m + T)/m 
. , ' 

:· '-.. >· 

·: . ' . , .. 
~ .~ 

' I '·~ •f.: -. . ' ·.:.kinetic energy. Writing 

. . 
.. . 

... 
' .· 
' .. 

. -. 

. : ·'\' 

,. 

'. :· 
t .' ~ ,, . , . . . 

'.' 

·. 

-B~-(2o~l+_l_) P (z) 
r;;- "1 

•' 

,· ... ~ 

. .. 

... ··: 

' ;.·· ·. ~' .. ' .. , .. ,· .. '·' 
0 o I o 0 :. 

. ' .. _ ..... 
... 

B
1

, B
2

, a1 1 and_ a 2 are evaluated at t•O, · -·. · .. } 
. 2 •-.~-· .. 

and s • 4m + 2mT, Vhe~e T is the laboratory -
:' .... 

·'I:: .. : ~ 

-i'lf~ ... 
(l+T 2e · ); · 

·. .. 

·.:, ... 
·'· 

• (2) . , .. . . 
. .. 

· .... 

• . .,,. 
' • ~I 

• . .. 

' ' 

'i 
•. i 
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. • 'l . : /·. 
~ .. t • 

. . ; . . 
'-..... I t',•• •,. 

·. •'. \ 

. ~= ,~ ;.. . ·. •. ,! r 

·.. . " .. ~ . . 
'•. 

'· ,. ,. 

. ( .• .· . . , ~' . ' . . . 
'':!-,. ' ..... 

where 

4'11' ··-' r ·, • • ,'' ~, •' or :· <' -? ,; ~. 
D<7: a 

pp 
• a 

np . p Im A , • .. (4) .. ... -
. ' . 
. ' 

... ' .·. ... 
•,. 

.. 
· where ... .\ 

'j./2 
p .= (2mT) . • 

and B 
2 

. .. 
•" 

From Eqs. (2),. (3), and (4), the four real parameters 

can be fitted to the available exp_erimental data of _: 

: .. ' 

" 

! .. 

.. 
'·· 

. ,. 
I 1- "~ 

··. 
1 ··9 alo and Diddens et alo. _' . , ·.::;,. ;, .·, .::. ·. Palevsky et 

;:~1 . /~I I ~ _, ' : o • 

.. 
'! •• ,' 

::.. II. :·.·· ::. .. ·' 

. . . . ~ · ... _ ..... . Tvo solutions can be considered:. 
• • ~ • -: ~ ~· .. 1 

1'1 
.I 

• '! f ~ • .. •• 

J - ~ ... ' ., r •' 'I 1.', ... 
. l' 

~ . . .... (i) One-possibility is that bot~ trajectories considered have the s.ame 
( . ,, ' .. ,."· .. : ~ ;_ .. 1, • ·, 

7 •• ~ .. •• • 

·.:, ',: quantum· 
1 .. ' I If I• 

numbers as · P •.. In this case the amplitude can be written as ... \ ; • '•• oi, I o 

"j 

• ·• -~· ' :._.i - , .. • ~-
.. 't -~ ,(I ' 
• •! .·. 

I I :· .. ~ I' i; ~ o ', or 0 ~. 
, •• .! 

·.· 
·. :· 

r. . '. ... 
·' \ 'I 

·- ... 

·I. 
i· 

.· ,. 

-i'll'll 
(2<~p+l) (1-e P ) 

-B . Pll (z)----
P ~ p sin 

A • 

·•' ., 
-: 

(21l ,+1) 
-·· B t P • P , ( z) 

p r;;- (lp 

,, 

( 5) .. 
.. , .. ~.' 

,'\.., 

'II' a 
p ·. 

sin.,'ll'll , . 
p . •:· .. •.•. !. • ~ 

'':: :. : .. I~:\· 
' 

To explain the positive sign of 
-· ~·i" '~· .• ~ 

Do between T=l and T=7 BeV, we must take ·~·.:·. · .· :• 
,• .l'( 

and B t 
p 

to have opposite. signs . (B positive and B • negative). This ·;' ;: · -~~ 
P P " . ' .. . . :·.: 

contradicts the real analyticity of the generalized coupling constants ',··.:,\.-:<. 

(see the arguments or Phillips3). However, the argument here does not'deny 

existence or a P' trajector1. We shall return t~ this point later. 

(2) The second ·possibilit~ is to take a combination of the p trajectory 

{with the set of quantum numbers Ji)] ·and the so called R tz:aj ectory {vi th 
. . . -.. ·.. . . . ,·. ' . . - 7 
the set of quantum· numbera·:(if)l~'i...The··.· R"·'traJectory was propo.sed by Pignotti 

. . :~~ _._. _· .· _.: : ... :~ > .. :· ,;::::::;.::::.-~:.:~;~t--<;~(-'Y(.~/::.Y·:~:.:_~,··;/.::;~;\::_:·~>\;·:·,_~L>.<-:: ;-_~::·.·:·/··: . .·. 
"·•' .... ~- •.. ~ ·.c. .~ . ..... 1...:··· ~ .. "'' .. \ .. ''l<. ,·.·r· .• , . .,. ........ ~, .. , ~··· ., .,. .... ~.,.. '..,.. •. , -.:· _'.·.: ~· : . . ·~: :·.'~·:--:._ .. ·: .:;, ·. ·';:_' : ~.:; :.: ·;:~'.:·_:, ·.> :':·-~~;_{_; .' ~<:1..-)/c: ~;~_~l :' .'f · :~.~-~.}'~;_::-: ·.,.~·\~. :.::-: ··. :·:_ .o,; ••. •• • , ~.·.-: 

·• . • t ·r·"',.-, ·~"' ~-·":" ., ... ,~,···.J ~~' ,1 .; .~'2~ ,,, .. r , ... I( .},,,,t·, .... · '•,·,: ~ ......... ,,., •. , ........ · ,... .,. 
• • •, · .. , • . ."l''\····:·~·: ,,lt"/'\'",_.:..,:1\ • .':.q···; ,: \,_!,'· ~-:- .. -s;..':: ·r)~~.'r"· /, .. ;:,""-s::-.-~ .... ~· ./ ,;_ .. "-,. t" • ,._' • 

f •,. I~· 1}' I .t''-"' f •• , ..... , &,! Ill ; ''•' J,. .. 4 I •'" •;! ,',.-,I _.. •,••'\ ,,..., ,r·\~ fo 'I:,. ~'• f..t' o I• • 

-. .' , .. :·~: '. ' ·:.~i; :· :.::·~_.;~· /:::~~·~.:?·.·::;_t' \[;(: i::(:';::~::·~ ~: :: ~:::;' .. !· ~:;- \i~·!;.~j~/.~;:: .... \:;~·-::~~·,- ,;::;_:~. /~·. :. ·· .. ~··· . : _·, .. :·~~·:.-... 
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I"' ,, ' 
• t • ,f• •• 

• : : .... : • • ' . .<· ·. ,·.. • • • • :'.. • •• . - ) ••. : • ' .• 

• !•'•' l 0 , I, 

.. · · -4- ;; .. ~:;:.::~~::.: ,r .. : .. · 
. : .. · . ·:~., :··.·in connection with . SU(3} symmetry and the bootstrap mechanism. Here we· :·.:_·;_:~.·.·:l/.::_::: 

'I. . •":. ·. . - . ."<::~~~- .':"';;:··~_,;1 '/,·: .. ~ .. >: point out that, aside from the SU(3·)~implication~, ~t 'ts the only other . .'·)j~;'i:~;i<=.:~: 
• • '· r trajectory that contributes to np .. charge-exchange cross sectil.ons in the ;' .. /':: .• ;'~ 

~· ,;. o I 
1
'" 

0~, -1 •I . ' ' \ 
•. I~ 'o.• ' ~ t ·t~ .... ~ ( .. :·:··~:·-: 

·.: - ··: forward· direction and, consequently~ 'to·:·,, ~o through the optical theorem, -'.~:·-~··:·.1.\\j:. ~> 
'l .. ...: ... . . ,· ·' ... ~ ...... ~ ., -; .. _ .. , .. .,~ .... l 

' ~F: ~ .·. \~ :.· ~n this case • the amplitude A is~:. ; . , < • ·_ 1 • :~.-:.;.· ·~··. :: · · : '::_./.:._.:: ... : • ,•. • :: >/·'. · 
I\ • • • • • ' I - • ~ • .: 'i· r·~;',: I, ;• •, 

\, 'o o.: I • I I '~ \ 6 ~ 1, • • , ' ~!. ~~;;· ~ ' ~ • ' ~· • o ' 

.. ' I ",,. t • ; • . . i 11'(1 •• ~ •••• •: ' . • . 

B {2«e +1~ Pa (z) (l-e -io«P ,:' • B (2aR+l) Pa ( z) (l+e- • R) ;.;. i.~ ·, , '.;,'t,i: ·'~.:~ 
P 1'8 P sin wap R .rs R sin·wa ·· (6) -,,;:·~·/.:t: 

R · .. ·· ·t 
• ~ ~·\ ' •.,. I, I ,: o, "I ' 

... 
. ,• 

_\ 

. ' 
. '• 

'"' .... 0 0, I l• 
~ . '"" A • 

. '' .. .. ... ,., 
•.· 

. e. combination that is particularly suitable. As pointed out ol : 

t .. ·•·. . 
'p and because R have oppo~ite sign~tures we can tit the ·.' ... '' 

,' 
.. ; . . : .. taking BP. and ... - \ .. . . . ) . .. , .. 

· ~.:. ..'··· · ··:/ .· · should notice that experimentally Do 
• ~~ ' • '· I • 

.!:· , '~:· ·;:.i{, positive for laborator;y m~Onta between. 1,2 and 8 BeV/c, and then appears 

·· :~>·,. '· to become negative again. Using Eqs. (3) 1 (4) 1 and (9),-we·.vary.the four 
.... . ' . 

''\ •·•• 1' 

. ~ .. -.-.~:\,: .. ::~·.·/ .. ·:.· po.rame:tersi to tit simultaneously the do (taO)/dO 
c.e • . ·:· ·, _.:·.: . '·. :· ·,:; l I ·. . 9 

· ~· ·. · -: .. ·, ·: ·:· ·., ··:· . e.l .... and the Do · data of Diddens et e.l. 

,•. "<·.:· ;):::.:::~.-.·. 

. ' data of Palevsky et 

. . 
., .•(' 

The four parameters were fitted by numerical calculation with the help ·or · .. ... :· 
' I :~ ._ 0 ! • •• t o..' '1

0 

.. • 
.. 

. · 

_.. . ·~ 
• I • I . : 

: 
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~ - .. . I • 

,· . 
~. . .... 

·I .. .. . • .. 
;-). 
; ... Figure.l· shows the result or our fit . ' do (t=O)/dn • The point at 

:_.: .. ·.::·.:.( .' 
710 MeV .... 

. . . "· .. c .e. . . ; 

. . , .. is from the charge-exchange experiment 
12 

by Larsen. We have not used this . . . . .. ·· 
• - .• t ' 

'-~ .. 

i ' 

.. ••' 

·' ·, , ..... 
.· . 

'" 

'· 
. ' 

'• '.· . · .. ~ 
., I. 

•'' .. 

.. 
·. 

., .• 

> '.· 

•' . ,.~ 

. ·.'" 
. ' 

'' . 

. I 

,· 

'" 

. . 

. ·' 
·point in fitting the parameters. Figure 2 shows the fit to Do 

.· ~ et al.9 

of Diddens 
·· .. · , .... 

' : . 4 •, ~~ • , r'. ' 

,. 
I 

In this solution we have neglected the data. below 2 BeV. To fit the 
I ~ ' . ' 

Do data below 2 BeV, we would have to consider at least a third tr~jectory, .. 

· a p' • This we have not done so far9 one reason being that at these '· 

... ~' .... 

energies one may·question the idea that the Regge poles or the t . channel 

are dominant. The second reas.on· for ignoring these low-energy points is 

that a third trajectory would allow a total of six parameters, and the 
I 

present data are not sufficient for such an elaborate calculation. We 

I 

1!, 
I 

I; 
could, 

, . 

. ' 

. 
·r 

,I 
I 

... 
'· ~ of course, include ·~-

. •·. ',: .PP 
• a data as well; b~t then we should also have to pp ,. 

. ~-

J • 

••• t • 

include the w· trajectory. Such a possibility is subject to future . . · · .. 

.. . '~ ... ~ .... 
investigation. 

\ I • ' ~ 

Finally, we remark that any future charge-exchange experiment should be·:.· 
I •. '• .. 

valuable to our understanding of these trajectories. 
I 

: ... 
.· . .":. 

... ·' . :' ''· 
,,. \1,: 

" '·.·( . 
. . 

' . '',.' --~ \ .· ·. 

. :1 
In particular • the . \. 

:•' 

. . 
• l< •• 

. ·.!· ... : 

"•"· 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com­
mission, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa­
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. ~Assumes anylTab-iT:Lties with respect to the -use-oT, 
or for damages resulting from the use of any infor­
mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com­
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 
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