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) ABSTRACT
It is shown that’ the existing high energy data for the np eharée'

exchange differential cross section in the forward direction and the

difference 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 parity and. G parity opposite to o Dbutiithe same isotopic spin.

These .two sets of quantum numbers in the crossed channel are the only possinle
; ones with non vaniehing contribution to the procesees in question.; The

‘conjecture of real analyticity of the generalized coupling'constante together

with the existing data require the existence of an R trajectory.l_ln'

-t o

vfitting the experimental data the intercepts are ?;4

a{0) = 0.57 *+ 0.1 and ,uR(o) = 0,31 ¢ 0,05 . -



- . - LRI A SETY i -~ B eV B W S SV VE S R S g L A P S S W S
DB MR

" UCRL-11164

. E . - ~‘~, ‘ N

ZERO-DNERGY INTERCEPTS OF THE o AND ‘R TRAJECTORIES, ¢

Akbar Ahmadzadeh

B ;’;ff?fjiﬂf Lawrence Radiation Laboratoiyfjﬁxﬂgﬁg gniﬂf i
ST e st he oL Undversity of California oo oo
e et e 0 Berkeley, Californfas - Do i Lo

‘. SR _ . "December, 16, 1963

The np eharge-exchenge experiment of Paleveky‘et all hes receifed _'~'
. considerable attention from numerous authors. By assuming that only the
=]‘Lp trajectory in the t channel is dominant, Muzinich haa obtained a rough
‘fj_fit 0 the narrow forward peak of the differential charge-exchange c;oeés,: E
',f section at.a;BS-BeV laboratory energy. However, Phillips subsequently'bg'l
y.:ishowed that p exchange alone‘cannot explain simultaneously the energy .=
:iefdependehce of (6 wo )and do (t=0)/dR.> He hes also shown that e if
e Pp np Ceeo . T
""" experimental results contradict the real analyticity of the generalized e

N i ' ' N
. coupling constants introduced by Gell-Mann and by Gribov and Pomeranchuk.s

" Taking vhat amounts to & combination of a Reggeized pion and a Reggeized o, A

: fﬁ?;l'eflslam and Preist have obtained & reasonable fit to the differential charge=
E:" exchange np cross section at 2.0k BeV.6 However, their solution does not
. remové the difficulties ﬁointed out by Phillipst because the pien’centribution .
""" vanishes in the forvard direction. The purpose of this letter is to show -
 that by introducing the R"traJeetofy of‘Pignoﬁti,T we can -explain the
data and at the same time obtain the 1ntercept Valuea a(tﬂo) of the »p

”'ifand R trajectorieaé We shall alao see that 8 second pA traJectory. instead

°

Jof R, does not-aufficeo
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.,:1 {f; tabulated by Muzinich.t3 It can be shown that of theae twelve sets ofi
-.,{:\ quantum numbers only two give a nonvanishing contribution to the. forward
j-i; direction in the charge-ex;hange pro;ess.;:Thg tvo.aye ‘&??:$’Z;f
t':ﬂ . . . g, . - " ;' . {; P 4;

co A1) g tradectory with I = 1, G = “ly, P = -1, and T = -1
: - : Cooi ...?,? o ‘ﬁ,-” 3 ‘1“"’*1 l; X
. (14) R trajectory with '1.5 1. é;aj-l,_P “t*l.lﬂﬂd;f '?;19 }ﬂzi' 0
< where I 4is the isospin, G 15 the 0 parity,\ P is the parity am«.i.rr i;?' ;
' " T = (-l) is the signature, ' _ :.:f' .
L We define a general two-pole, I = 1 amplitude A 8t t=0as’ K
Pl (e (297 T age) (1415 "'“2)
Fr . A B -B Vg Pal F-z, sin ma, _.- Bé /s /gaa(-Z) éIﬂmﬁh%;”"' ey :
B :;:F ,i' C ) - T P
';ﬁ ﬁ:: ' Here the Regge parametere Bl. 82. “1 y &nd ual are eveluated at t=0, . : 3
_f;; “and we have 2 = (m +T)/m and s = hm + 2nT, where T 4is the 1aboratory LQ?‘ K
\f?igi.;_kinetic energy. Writing g8 = Bei S‘,-we have‘”?;lj;fgzh. ' \ %
' "Eif"ff-" ' . o ~i%6, b . A Ti e L o
L A n -Blf.ef.ﬂp (2) O ).- Bg(au 22, P (,'z.)‘.j(M2e ) ’ '(2).
j . £ | " . sinmay .‘_-‘i{' e 2 -~'.‘-’.',°i.n.:f'm2
. : ;Qﬂ x
o <. -
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o ».. where Q 1g the center~of-mass solid angle, and from the optical theorem ;
" e ‘ " Taov “:‘ Terts : ..( ;‘ . '(‘ d \.""- H ki "': e ' :. Lt
N ‘ "t Ve have ' : - ' ¢ J, N 3y y NS N “_, . i et "‘ . '.' v “ "' . 'n '.:-
. ' " . '. . . ~..‘ ." LT "' ,-"" ' E ‘-"l . .“ : R ‘c"i; . :
RO ' AR TS B Sk
‘ . . 2 N [ . )
. ! e “f ’

W . pp Dp P ’
-.‘_‘.."_,‘-“' ;'/a . " ) .- . PR N
- where p = (2uT) . . From Eqs. (2),.(3), and (h) the four real parameters s
' » and B can be fitted to the evailable experimental data of : i ol

e S B %y 2 e

"-:':«,.{,\:;;,:".”"‘PaleVSky et al and Diddens et als> AR SR .“‘" !‘
... Two solutions can be considered:. - ; , N
ST T

IERRRN (1) One possibility is that both trajectories considered have the same y

:jﬁ?,‘ﬁfifduantum numbers as - # o .In this case the amplitude can be ‘written as . :?’{;‘glg';:

s " o . T :
'“Z W T S ~ina .?? l.' -ina Lo

S (20+1) (1-e °) o {20 ,+1) (1-e

v A m aB =~ P (z) - B P, 2) er——— (G) L

st /s p s8in na . P s ) sinunao,. C
- . ‘ ' . ‘o L . D ..-':‘

.. To explain the posﬁtive sign of Do between T=1l and T=T BeV, we must take 'ﬁg;*pv;

B, and Bp. to have opposite.aignsf(Bp positive and Bp' negative). This ?fgii

' - contradicts the real analyticity of the generalized coupling constants : ﬂf” ;

(see the arguments of Phillips ). ﬁowever. the argument here does not'deny l ?“f ;
':j . - existence of a p' trajectory. We shall return to this point later.
(2) The second posaibility is to take a combination of the 'p trajectory . .« .

. (with the set of quantum numbers (1)] and the 80 called R trajectory [with

" e

- the set of quantum numbers (ii)]. The R traJectory Vaa proposed by Pignott17 T
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'f;hj':in connection with .SU(3) symmetry and the bootstrap mechanism. Here we‘fli~ﬂ'

l{i*;ff;i point out that, aside from the SU(3) implications, it is the only other
; ,j_f ‘1 trajectory that contributes to np . charge-exchange cross eections in the :

"l:' '\

;.'{'-?f 5: forvard direction and, conaeqnently, to Do through the optical theorem.‘
3 i : .

L In this case, the amplitude A is: F_‘}ﬁ . ff"i‘ﬁ' :
c \1 N . ' o ‘A o BT

R T v“l‘f" oL . ) . B S BRI

ey N ' . : . "y

R A IR : : -ima : ~ira
R SR (24 +1) (e P). ' (2a gtl) - " (1+e .

SRR A-B—Jﬂ—%(ﬂ———--~% Po (2) e 7MY

LT AN /s P sin LU . /s R - gin "“R"ff”f (6) v
Lo,k ‘./ . N ’ . - . + . i ’ . _‘.\--', : , .
S \ - L g T

;« + .. acombination that is particularly suitable. As pointed out by Chev, pooa

" because p and R have opposite signatures we can fit the Do data W‘ Co
"‘1 "¢ taking B and Bp:' both positive;provided that we have a >ap We |
v:should notice that experimentally Do is negative at low energies, becomes

-,\(..n

{._:, positive for laboratory momenta between l 2 and 8 BeV/c, and then appears
P V"”: 9

=75 7 7 4o become negative again. Using Eqs. (3). (4), and (6), ve-vary.the four . i .
_i,gtﬂf i parametérs' to fit simultaneously the 'dac e'(tno)/dn data of Palevsky et
L ( - . S o ,
e L'E'al}"and the Do ‘' data of Diddens et al.9 ° , o
SO + The four parametera vere fitted by numerical calculation with the help of
“i:f".‘ﬁff _ the IBM 709h computer of the Lavrence Radiation Laboratory.‘ The results are-'3{l”;
Dot L ay = 04572041 . g
’ : . - .’ .. 4 j: SO ) . -. . ) : ':.'-
. Bp = 008*002 . ‘ Sl L : o 7'
. "f.‘ ;‘ .‘ :.'-‘;' ‘ “ - ‘, "o
A ;
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Do data below 2 BeV, we would have to consider at least a third trqdectory,h’

R - p' « This we have not done so far; one reason being that at'these

. of course, include jvib ~ o data as well; but then we should also have to ff'

'.investigation.

. Figure 1 shows the result of our fit do, _ (t=0)/d@ . The point at 710 MeV /it

is from the charge-exchange experiment by Larsen.12 Ve have not used this .{

" “point in fitting the parameters. Figure 2 shows the fit to Do of Diddens ?({fff':

. ! . '.‘
In this solution we have neglected the,déta.below 2 BeV, To fit the

P . B MR}

"~ energlies one may question the idea that the Regge poles of the . channel

'.are dominant. The second reason for ignoring these low-energy pointsbis

that a third trajectory would allow a total of six pérameters, and the i,

\ . |;‘ .
present data are not sufficient for such an elaborate calculation. We cguld.

PP

[y

5

Final%y, ve remark that any future charge-exchange e;periment should befi

| valuable to our understanding of these trajectories, 1In particular, the

o

» measurement of high—energy pion-nucleon charge exchange should be encouraged.';ﬁl

o L
Al e s A

include the w- trajectory. Such a possibility is subject to f“turg; EEEERE
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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 any liabilities with respect to the use of,
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.








