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The energy dependence of the high-energy charge-exchange
1t p - °n differential cross sectionsl can be fitted well ty
single=-p ReggeApole exchange.2 The fit for the . p trajectory is

o (t) = (0.56 to. 03) + (0.81 10.08)t with t in units of (GeV/c) s
. -W

80 « (t) has a zero at t = -0. 69 (Gev/c) The experimental

. data for the differential cross sections of x p % 7°n shows.avd
minimum around .t = -0.6 (GeW'c)2 which can be explained by the
fact that spin-flip amplitude dominates the spin-nonflip amplitude
and the-spin-flip amplitude contains a factorv a, (t) . Thus the
major component in the amplitude vanishes when . a (t) = 0, producing

a minimum here in the differential cross section. In this Letter

we shall show that a similar but even more pronounced minimum shouldff:;ﬁ A

appear in the high-energy 7N - oN differential eross sections.&u
For experiments with no polarization, the differential cross
section for interactions a +. b - ¢ + d in terms of helicity ifff7‘¥{2“
amplitudes is ' o f .; o E?'ﬁ ‘?:?Z - :
do o : -'-- 1
dt

bxs p

n (20,4 1)@3,+ 1) abye,a s | CH LY
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to the t-channel (i.e., D+b-c + A) helicity a.mplitudes -

i g et

R -B

PR

& *

where s 1s the square of the invariant mass for the direct channel;

(

P is. the c.m. momentum of particle a ; d a? J are the spins of

~ ab

particles a and b, respectivcly, and f t) are the direct- .,'2

cd‘ab(s’
channel helicity amplitudes with a; b, ¢, and d denoting the helicity

states of the corresponding particles.5 The fcd ab(s,t) are related

.

fZA'Db(s’t) by an orthogonal crossing matrix‘6 Thus the differential
k4 .

cross section in the s channel can be simply related to the ;‘?5(;{

-k g was

t-channel helicity amplitudes by N

-22 ) 1 -1 ft (s,t) 2
at -~ cA;Db 7"

lns o, (2J + 1)(2J + 1) : ¢,A,D,b
ab . ,

Oy~

where we use A, B, C, and D t denote the corresponding antipartieleé' .

and their helicity states. The:Regge poles in the t channel can-now;,]i7 R

be easily put into the s-channei‘differemtial crose-seption throﬁghe”:ém

)‘4. 7 . .

(2). ' ; L | . BRI
i . A , _ o
Consider the Reggeization of the t-channel (i.e., NN - wrn) -

helicity amplitudes for the N - wN 1nteraction.7 Of the known;::

high-ranking trajectories, only the p has the necessary quantum * =~

V»f.,_‘v .

numbers. Combinations of partial-wave helicity states with parity‘rfﬂ;fj

4 o
LA FA

(-)Y and thus with (T parity) x parity = + can COmmunicate'Tf”ﬁgi'ﬁ""U$":

with the p, so the p pole will appeer in the partial-wave = - i, '

amplltudes FJ’ () which are associated with the two linear : ;44
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) f’
4 -;"'3:2 S t
t,-}- ) ) - 1 t 1 ) t - . i S
f10;4 4(&t) = o 5, 0,3 388+ T ooy alet)
' - I+ R
- z s+ 2T
= - (27 + 1) F'io;% %(t) e (cos et) |
+ (unimportant term for large cos et) yo ()
ft’+1 (s, ) = % [cos(e /2)];2 £ 1(s,t)
1033 2777 7 2 t 1053 ~2*7 77 .
: -2 4 .
- 3 [snta2)] T fs ylet) N
. | e
Foe J e . '{x
' y + ¢ 3 N S
= ; (2; + 1) Fla’% -_g-(t) ‘-eﬁ (cos _Qt)“-,_’ - .
+ (unimportant term for large cos Gt)' }»_ o (h) ; '
where
{
Jy+, L T, R .
o1 (cos 8) = P'J(cos 8)/ [J(J + l)] 'y
e;; (cos @) = | P (cos ©) + cos. © P" (cos ) /J(J: +1) 2
and . .. )
cos O, = [2s +t - (mﬁ2 + mwa‘ + émN2 ]/llpmIr pﬁN , .
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t

system.

is the scattering angle in the +t-channel cer'it;ér-of—mass
e

Notice that mw can couplé to the p pole"’g:ﬁly vhen

has helicity state 1. Therefore there is only one coupling function .-

at the mwp vertex. As shown in Ref. 5 the sines and cosines of .

N
) t’ should be free of : '.

. in Egs. (3) and (4) ensure that the f

s-kinematic singularities. There are still pure t-kinematic{:_‘,"-,‘m.l: _-_""" :
singularities, but using the result of Ref. 5, we find that ;" L.:".""-
t)+ _.%. -l ‘e":;"'}‘"""" "
o..l_ 1(s,t) (e.r ) and flO;-lf _%(s,t)' t (Tm) .V‘-‘_'i:' NS
S T
are completely free of kinematic singularities and zeros if ( ."1 - !t
- . . . . x.“
{ oW ..

(T .F

<

After Reggeizing according to the method of Ref. T and N .

considering only the p pole, we obtain for large cos et
{

A ('
; 1.

i

N e I
%(s,t)zl % [l — exp(-—in'cz)J 601(1;) ( )t (.cos'et) 2 *'
- | ol

' A ~
i )

t,+
flo;%

T T

(5)

t:
100—.

2it) +1 1
a(et) s BB

.

.[l - exp( im)] Sll(t) (

'a( ):

89))
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where BOl(t) »' Byqy (t) are the residue functions of the p. pole of
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0 : . - 3-?.3%. :

in the « plane respectively. They'contain the pure‘-v '75t-kinematio

factors mentioned in the last paragraph. = In Egs. (5) ﬁnd (6), the

B *(cos 8)' s are the e *(cos 8)'e - with P (coa a) replaced by

QP (cos 0) = -Q_. . (cos 0) mat w  JEER )
cos = cos 0) n tamr a = 2 cos 6
o . el ~ cos 6 >>1 ra + 1)n§ 7

o . © .
H e

At high 5 ; we have - , ‘

Mo+ 3) .. a-l

Q, + .
N
Eyy (cos Qt) )

Py o
n® Mo + 1) [ Pra pNN :
L g ,1 ‘
and . e T

1y o g : et
+ . Mo+3) P 6 ol s
E1 (cos et) z - 3 . -(7b) e F
Mo + 1) ol + 1) o PN Lo cok

Using the method of Ref. 7 to study the partial-vave helleity - ... = |
emplitudes' F’* in detail, one firds that in sddition to the o,
t-kinematic factors, the residue functions should have the following

threshold behavior and a - factors: g

-

(®) @ Ty oy ™ [a@en] 2@

Byy (8) o 1 T pﬁN)? ' al@+1) ¢ (9)

w T

Roughly speaking, the [oz(a + 1_] 2 “of Eq.(s) comes from the’fact.
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that =0 1is a sense~nonsense9 value for Fl:)‘_l‘ L(g;), while the * .’ ISty
2 21m ' '

ale + 1) factor of Eq. (9) comes from the fact thaﬁ;“‘"é;a =0 1sa = SR
ay + ¢ 1 L oy
nonsense-nonsense vaiue for F'lz)'l ,;_(t)'.lo Substitufing Eqs. (7) R
12 <2 iy . o '

into Egs. (5) and (6) and using Eqs. (8) and (9), one obtains , c " U

' R : Lan 2
b+ S+ 1 [ ] v o . el
}. Lo J(p - ﬂa e ' [y ', et

flO,’% _%(s,t) ® g 2 |V (-int) 0 e HER
’ i ! u‘\{ :l‘
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& S o . -'(10) m"',*:“:':

() (T )" ' raed

LR

3

S o0 (s e
(a~1)[ ]%- . 3 _ PN
(o Piy) 7 Lo@ + )T ] e e1)
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The quantities in the braces of Egqs. (10) and (11) are now free of - ! voend 1
i ) T ' (_’. t l"};“ ‘.
. ; . " : LA Fid H ?‘f' N
all kinematic factors. Their +t+ dependence is purely from dynamics, o . ,,'\'z J
) : ) * rae el P
y I ' ' : o \ R Bl 4
there being no singulerities for - t :negative. To absorb other . :@ | Toa b
| | - oy
factors that have smooth t dependence; we define modified residue. | e |
g S O T R
functions by - i AR e T e v )
} o ! cooo b P =
} ! T R
¢ A . 4 -4 " vt f g\‘ .
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Boa (¥ )(ar;ra)-l B I‘(Of + ‘5) o+ 3 i

7o (t) & - (s )a"l -
ot/ (6, 3 )* [a(a | l)]z ‘ﬂw 7 I'a +ﬁ? RSN % B _
. .- (]2) | e. .
Bll(t)(? Tl -3’ U raed) gl .
71(t) = T . ! 2| ()% -t

(p:ra)“'pﬁN‘) . o:(oz +1) o : "%, Ma + 1) @+l

where sy can be chosen at a convenlent value. Notice that the

quantities in the second brackets of Eqs: (12) are all smoothly |
wrying functions of t for t <0 and '\a(t) > - % . Exprasaed 2 | L
through the modified residue functions, Egqs. (10) and (11) - become * L Lo

Vel ) .. s . .
PR 8 fihorf sl e o gl apatl ST I

t, + - 1 as1 | IR N
f10;% %('s’t) = [1 N exp(“i"a)] —= 0 74,(t) (8/‘-’0)i S (13a) . R

- sinr o .

B ’ ' ' ' LA U

T 3 " a

and i ‘ RS b:
) ~ , a o+ 1 N fese YORL T iy -
ok 4(®t) = (L entam)] g o g, (6) (ofs)* U ()

Finally we can write the differential cross section in the form L,j .

10 ORTS CHNET N 1
it - ll - exp(-im) ‘ o IR T
bx s p b sinzx a(t) S e R

X e oof* flrg +“{[°°s<et/2>] [smec/a)]} T

. ol
x lt’a Dll(t)l (—) IR ' ' ) = oA
.
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remembering that a(t) and tho 7(t)'s are real inlthe s-physicei'T?;.
4l o

’ " | l\ N ) . a'(.
region. : A T
o : H

We see that both termszin the differential cross section of

Eq. (14) vanish at the value of t where oft) = ;. 8ince there are o
background terms, %% will not ‘be exactly zero at this point, but

%% . Experimental observation

of this minimun at high energy would constitute an important verifica-.f '

there should be a deep minimum in

tion of the Regge-pole model.
Note also that, since at the swp veftex there is only one ;Lf
coupliné function, by factorizability of the residues (unmodifiéd T A
ones), aOl(tl/Bll(t) will exactly equal the ratio of spin-nonflip kizy
and spin-flip residue functions in N charge-exchange scattering.11 t>
Arbadb and Chiu found that with an appropriate choice of -
5o they can fit the = p - non differential cross section by setting
the residue functions equal to consta.nts.3 To have some feeling about
how the minimum should look in the =N -+ N differential cross ‘
section we plot a graph (Fig. 1) of Eq. (lh) with the same choice
of s, and setting the residue functions equal to constants with ‘iggf-:
the ratio equal to that of = p -+ 7°n ;' Of course the actual - ;
t-dependence of the mwp coupling function has to be determined‘pyﬂf?ﬁf"
the fitting experiments on =N -+ wiN . | : M

The essential points in the’foregoing'argument'are that ;:'

because of G-parity, the mw system can couple only to the p

'Regge pole and can couple to p only when w has helicity 1 and




. ‘_96

70 is in the (J-parity) X parity = + state. The reéu;t is that ..

\_. ‘

J = 0 is always a nonsense value for sup coupling. B_v the = fv,.-.f»;
general mechanism of Reggeization; every helicity amglitude for o
interactions aB - p - ;m» will have a factor ap(t) 'y, no mattet T

what the particles a,B may be. Therefore all high-energy

differential cross sections for ma - wb should have a minimum : R

t t) =
& ap()
Similar arguments can be applied to vertices similar to - ° ' °
' i . o
wwp, e.g., nfp, Kwk*(17), or KoK (2%). For example, in the

Kp-ah interaction, K*(17) and XK*(2*) can be exchanged. If:

one is higher ranking than the other, it alone will dominate the .A]'z}!'

high=-energy K‘p - oA interaction, and one expects to seé_,a minimum

at the zero of that trajectory.
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8. Because of the unequalness of the masses, (cos et)e is +1 -
on the physical boundary. Therefore (cos et) 1& always 1

at the exact s-channel forward direction no matter how high

the energy is. However, the amplitudes in Eqs. (5) and (6) will :”'

behave like (B)a-l in all directions near the forward directione?

. {
Since the amplitudes in Egs. (5) and (6) are analytic on the
. | ‘ ,
physical boundary, the (s)a“; dependence 1s expected to be

‘true at the s-channel forward direction.. Theﬁéame s1tuation L

happens in the =N backward scattering. J. Sfack, {private DI

communication (Department of Physics, University of California,fj

Berkeley), to be published in Phys: Rev. Letters; G. Chew and'iiijt

J. Stack, Iawrence Radiation laboratory Report, UCRL-16293,
“July 1965, unpublished.
9, DNote that the sense~honsense distinction .is in addieion to the‘“'

signature distinction between even and odd J .

10. Here the factorizability of the residue functions has beeﬁ‘uséd;f"i.
( . L

The modified residue function all(t) will behave like Vjﬁ;,:

SV

: Jy+ ) o
alx + 1) if we assume the residue function of F%?%,% 1 for . .
. s i

the NN - NN interaction does not behave like alo + 1), Ifﬂf;?fx

Jy+
the residue function for Fgf_,; 1
2 2

1 (v - N) does behave like
2 33 T o

: . ) Tyt e R
ol +1), which also implies FlfLAo O(NN 4-ﬂﬂ)'behaving like . ~000
2 27 : )‘

g [a(a + 1)]2 then Bll(t) will not have the a(a + 1) behavior,

and there will be only the first power of a in Eq (ll)s

P T
o Creewrar T
o
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11,

The differential cross section of charge-exclmngé» nN scattering

with p Regge-pole exchange is related to rgsi@tie functions, to ®
which factorizability applies, by N

dg 1

=

dt 2 -
by Pon ; . :

H

T = T

| :.r(oug) ’
X ,%%i"‘é 2 [1'exP( i"o‘)] Boo(l\m'-nr:r) p: thNN) l

Mo + :_L_)

. 20 + 1 I_1_ [ - . ] .
+ sin et(NN - ’m) sint ¢ 2 1 exp( im) 510(1%T * mr) ‘!.
:I‘ .3! v'l.'

20 Mo + 1) a1 [T i e = =
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The ratio of our modified residue functions is related to C, -
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FIGURE CAPTION

" Fig. 1. Differential cross sections for . 'aN - aN with

42 Ny 2 | Ry 2
(761 )" (b/n) =.20, (7, )" (4/x) = €272, and’s; = 2m"(GeV)™ E
in Eq. (14). 1In the figure, P, is the pion momentum in
the laboratory system. | B
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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.








