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VENEZIANO MODEL FOR np —pn AND pp —nn

. x
SCATTERING AND PARITY DOUBLET

B. K. Pal
lLawrence Radiation Laboratory

University of California
Berkeley, California 9L720 -

January 6, 1970

ABSTRACT

The experimental np ;;pn énd pE —»nn differ-
ential cross-section data demand that ﬁhere be opposite
parity partners of exchange-degenerate ¢ _énd B in
6rder to have-a sharp peaﬁlat t = 0. The infariant
amplitudes, free from kinemétic singularities, are
constfuctéd in Veneziano représentation to show
conspiracy relations in helicity amplitudes for each
isotopic spin I =0 and I =1 demanded by the sharp-
forward peak in experimental %% . Since p;rity
partheré 0 ahd A2’.do'not exist in nature, thé,uéual
Regge contribution due to exchange-degenerate p and

A exchange is employed, reducing thereby the number

2

of parameters in residues and trajectories. The

. Veneziano-type t-dependent gamma function residue is

introduced here. .
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INTRODUCTION

" The data on pn -9npl?2 %% display a sharp peak at t = O,

whereas pﬁ-;;nﬁ5’u has a much wider‘peak with roughly the same

value at t = O. ThisvforWard peak demahds intérpretdtion in terﬁs

of the lightést particle exchange apart from exchange of other particles
that are.ekpected to pla&_equally important roles for lorge ?alues of

t; The lightest particle is the «x meéon, whose residue5 is known to
vaﬁish at t = O. Thorefore, instead of contributing avsharp peak ..
in the forward direotion the =1 .contributes a'strong narrow minimum

at t = O--quite unlike experiment. Arbab and Dash6 and Phillips7

independeﬁtiyosfudied‘ pn —»np and pp —nn within the framework of

vRegge pole phenomenology, ﬁaking into consideration that 1 1is a:

member of an M = 1 parity doublet.8 The pion conspires with its

opposite-parity'paftner (physically unknown) in such a way fhat the
helicity-flip_amplitude vanishes ate t =0, whereas the nonhelicity |
flip amplitude does not vanish at t = O. Thus their works coold_
reproduce'the sharp toward peak at t = 0. In our earlier work,

!

"Simpler Veneziano Model for np Charge-Exchange Scattering,"” only
an M =0 pion and an M = 1 pion parity doublet with a corresponding

exchange-degenerate B "were considered to givefrisé to a sharp peak
do

in T at t = 0, ylelding qualitative agreement with the experimental
data. That model was valid for small t only, since the exchange of

. . dc
other massive particles was not taken into consideration for a%'. Also

the helicity amplitudes, not free of kinematic singularities, were

expressed in Veneziano representation. Here we start from invariant
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amplitudes free‘of kinematic singularitieg that obey crossing symmétries
of dynamical variables. Thdugh our parameterizatibn is.not ﬁnique,

| :

'helicity amplitudés deducéd from invariant amplitudés are able to show
conspiracyArélations in a natural waj,_and new featurés.are éxhibitéd.
In the scétte;ing of ndn—iero-spin.particles in Veneziano répresentatiOn

9

the parity doublet occurs in pairs. The opposité-parity partners of
the exchange-degenerate g5 and B_.are brought into.ﬁhe picture here
to show conspiracy relations. Since it is not possible to kill_thé
unwanted oppbsite—parity parthers'ofvexchange—degenerate‘ p and A2,
the usual Regge contribution with Veneziano-type t-dependent gamma
function residue is introduced. vOnly four adjustable parameters in
residue functions are introduced. Thus our work is able to give
qualitative and, to a great extent, quantitative agreement with experi-
| 7

' .0 s
mental results, whereas earlier works by Arbab and Dash™ and Phillips

required many adjustable parameters to fit the data.
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. FORMULAS AND PARAMETERIZATION

Thé Veneziano representationloufor any amplitﬁde incorporates

the properties of resonance in one-channel energy and related asymptotic

behavior in the crossed;channel energy for linearly rising trajectoriés.

- We make a simple Veneziano-type ansatz for the "five independent

invariantvamplitﬁdes" for the process NN NN and NN —;Nﬁ for each
isotopic spiﬁ' I=0 and I =1. In NN — NN, the resonance structures
for t andl‘u channels are the same and there is novs-channel
resonance of exotic quantum numbers, whereas in NN —>NN, the resonance
structures for t and s channels'are the same and there is no u-channel
resonancevof exotic quantum numberé. 7
_The invariant amplitudes for the process pp -» nn can be
obtainéd by crossing s «—u frdm the invariént amplitudes for the |
process np — pn. The helicity amplitudes are related liﬁearly td
the invariént-amplitudes. Since the parity doublet occuré in paifé,'
for each invariant amplitude, two linearly indebendent terms are
considered when exchange-degenerate n and B and their opposite-
parity partners c and BCJ are exchanged. We get si@iiar asymptotic

9

behavior of helicity amplitudes: Phillips7 obtained expressions for

3]
the helicity amplitudes for np - pn.
In pn - np, the usualvt-channel n-B -exchange contributes
only to ¢2 and ¢h' with the same magnitude and the same sign, and .

its residue»vanishés'at t = 0, whereas the u-channel x-B contributes

only to ,¢2 and ¢5 with the same magnitude and the opposite sign,

"and its residue vanishes at u = O.
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rl-a(t)Irl a(p)]
rl-a(t) - alu)]

‘Let us denote by Ala(t), a(u)l,

Pl - a(t)] rll - alw)]
ril - a(t) - a(u)l

P[?té ?(5%3>Pﬁlazu3§3)]£a<t> - a(g)]v by cla(t), o(u)j. The

by Bla(t), alu)] énd_

invariant amplitudes GiT(s,t,u) for NN — NN satisfy the crossing

symmetries

-%Wamw_=<afwcf@»mx' o (1)

where T = 0,1 and i = 1,2,3,4, and 5. The invariant-amplitudes for-

the exchange of x-B and c-BC are given by

[Gl(s’t’u)]T=O = [GB(S’t’u)]T=O

5 B'vA[a(t), a(u)Jlat) - a(u)] % &%57 c[a(t), a(u)] ,

) a(t) + a(u) o
‘ (2)
[Gg(s:t;u)JT:o = = 2 B' A[O‘(t): O‘(u)} + § G B[Q(t); a(u)]l ,
| (3)
[Ga(s’.t)u)]rr:o - - 2 B A[aLt);a%i(:I;)l[ggzg - Ol(u)] 2 WC[CX(t) Oé(u)
(1)
(6, (2, ,) o gwAmmxawn+gaoBM@Lawn, )

e

(6 (s,t,m)y g = [Og(s,tom)lyy =5 B ala(t),a(w)] - -%-7 B[a(t),a(u)],

(6)

. \'i .
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ety - - § M, - elu)] 3 80 crate, a1
| (7)
(650, 5 ]g; = &A{am, a(u)] %—; Bla(t), ()], (8)

and

6,(5,6,0)1 - 8- AALIEe) - )] _ L 0 cra(e) )
o (9).

Using Eq. (2.20) from Muzinich’ for the helicity amplitudes, one gets.:

‘ [¢5(S’t’)]T=O,l

- - ) -
= (05,000 ) Tomt i (- 3, > ( 2 tb)( ) m?iﬁéﬁaun

g} 3 a(t)-l o
C— 2’ ) ( 2ﬁbm B") sin ﬂ;(i('»)sgé(o)l’[a(t)] ’ | (lO)

[8,(s,t)] fixed t 2 l) G B th s%(bs)a(t)'l‘ o
ooV o Tamges 2 2 7 ) ST nroE) ¥ 17

| @" 3 (b Ol(t) -1 _ - o :
+ | ) ( > sin nz(tysa(o) e . (11) -

fixed t “ B! tb D
[9,(s, t)]‘l‘ 0,1 Targe s~ ( >C = > ST (t) TTa(E) 7 1l

1 ) . .
1 " xbsp"t s2(b )O‘(t)'l R O
-7 - %@) G 2;2 > sin no&%t? a{0) rla(t)] > o (1.2])
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N 1
‘ fixed t . @" \ 2
[Ps(s5t) g 1 1ar2e 3 ( 2’2> ( ) ( 'SE ‘

m(bs)a(t) -1
¥ ety atoy marm T

(13)

The .conspiracy relation imposes two conditions on residﬁes and
trajectories at t = 0. The t-dependent residues should not be allowed

to vanish at ‘t = 0. This requirement that they not vanish is satisfied

! | .
if <; E%££i) and (E 125%—£j> are replaced by B£ £0 at
: 2p ' .

t = 0, and the trajectories of the two terms are equal at t = 0. Onh

substitution? bnevfinds that the helicity-flip amplifude [¢u(s,ﬁ)]i=0’l
vanishes.at t = 0 and the non-helicity-f;ép‘amplitude  [¢2(s’t)JT£O,l
does not vanish at t = 0.  If -anmgﬁ” is dendted by B, one can

have only t@o independeht residue parame@e?s By adJustlng them'
suitably, one caﬁ obﬁgiﬁ a sharb peak at t = When 'nB .andv éBc

are exchanged in the t>channel; the f-channél helicity amplitudes, ﬁith

residues B and Bt s are therefore given by

[¢l(s,t>]T=O,l ~ [¢5(S’t)]T=O,l

C2’2> Bt< ) sin i&?%?é;)i;(t)]

s2(b ot)-1 E o
( ’2) B sin na(ﬂsgc(o)p[a(t)] ‘ '_,<1h) ..

3
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: ,/_ 1 i ) j'li : F s a(t)-1
-[¢2(S’t)]T=O,l ' <-§’§> Bt sin ioc%t)l)“[a(t) + l]

- > (t) -1
31 b .
_-§’§> Pt sin ia%ﬂsgc(O)F[a(t)] (15)

+

: a(t)-1 :
L (31 2(bs |
[4,(s58) g1 \212) By ST o) ITa(E) 7 1]

. ™ <3(b a(t)-1 ' .
- (‘%"2‘ By sim noz%‘ﬂsgx(o)ﬂoz(t)] , (16)
| 51 s\ ps)X(¥)-1
[¢ (s,t) lp. 0,1 =~ <‘§"2'> By (1 * Z‘E} sin:o(t(z%a(o)r[a(t)] :
- (17)

Similarly, the helicity amplitudes when B and cBC are exchanged

in the u channel are given by

(u) -1
[¢2(S u)]T 0,1 (} j) By sin na(u)f{a(uj + 1]

:1) o )7
2’2 sin ra(uw)a(O)riafu)] -’

(fé Do S2(b )O‘(“) 1

. t¢5(s’u)]T=O,l ~ 2 u sin ga(u)rla(u) + l)j

2’2

%tbs)a(u)-l

- 51 Py - : »
B CEE} 5in a(@aoyrlaw)] _<l9_)
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The first- and second terms of each helicity amplitude look like Regée
contributions because of exchange of .yx-B and c—BC reépectively, in
the corresponding channels. The asymptotic behavior of all the terms in
Veneziano represéntation looks similar to that in the Regge pole model
»except that the residues»are dependent on gamma functions in the
denomingtor. Therefore one can.assume that helicity amplitudes due to

exchange of exchange-degenerate p and A2 should be given‘by%l2

(9, (5,00, = [B,(s,0) 10

3 1 , 5 s(s)?(t)-1
~ (EE}%) (oy + 705 )" 517 ia(%)lwa(t)] ’ (29)
[Po(es8) 0,1 = - WBy(sst)ip oy
: ' L a(t)-1
1 2 s2(b ,
~ - <-%,'2_ - T(bl - .Oébg) sin na?’g)r[oz(jcﬂ ':_Jl’ U (21)

(9 (5,8 ]pg 1

52 (s )2(8) -2
STn a(t)rTare)]

~ -  23) T%(b + 1ab,) (b, - ab,)
\J2’2 1 /Y1 2

(22)

Here . T denotes -~ —E—— . We have, in genef&by'

2
.th

1

¢iX(np '*Pn) = 5 @ix(s)t)izo - ¢ix(s)t)1=l> (25)

hd

o
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factor e
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where"x denotes»éymbolically the exchange of particles, say, . nw-B
and c-B, from'Eqs. (14) through (17) and p-A, from Egs. (20)
through (22).

Also,

8,00 = .10 ¢ 8550 @

where 1 and 2 denote particles (x-B and c—Bé) and (p-A,)
respéctively. Therefore

u

do ~ I\ total,? total 2 -
= - I . + L 2
W af | Iﬁl | I?5 | )

There is an analogous set of invariant amplitudes GiT(u,t,s) vfor'fhe 
N¥ channel obtained from the set GiT(s,t,u) under the pléusible.
assumption by crossing s e—%u; Theré is also a set 6f amplitudes 5 ,
linearly related in the éame way to the invariant ampiitudes G when
p, E, ete. are féplaced by Db, E, etc. for the corresponding - NN .

channel. JFor large s and fixed t, the form of each expression for

the set 5 remains the same except that each term is multiplied by a

-lﬂa<t), where o(t) 1is the corresponding trajectory of the
exchange-degenerate particles exchanged. ' For the exchange of x .

. X, = - . '
particles 5i (pp —»nn) ‘are given by

Py (ep o) = % [aix(s’t)1=o i 5ix(s,t)1=1] ’ | (é5)

and

B, - B0+ B(st) e
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where 1 and 2 denote particles (x-B and c—BC) and (p—Ag)

respectively, Therefore

do )N\ |z total2 = total,2
= = 54, 18 [7 + ulg, | (28)
.2k e
v i=1
The x-B, C—BC, and p-A2 trajectories are respectively
aﬂ_B(t) = -0.025 +1.25 ¢t ,
ac_B'(t) =  -0.025 +1.0L t , ' (29)
o t = 0.5+t .
p-Ag( ) 5

W
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DESCRIPTION OF THE. FIT

Thére arg:all together 32 déta for mp - pn. differential
cross-sections‘at iﬁcident laboratory ﬁomentﬁﬁ 8 GéV/c. ‘There is a
Systematic-unceftainty~of +30% common to all-values.‘.Thexe is an
additional systematic ﬁncertainty of +15% for -t ; 0.143 (GeV/c)—g.
All these,'aparf from stdtistical efrors‘are taken-into Consideratiqn .
for the minimum valué of X?. There are 19 data at ipcident-laboratory
momentum_5,6,7,.and 9 GeV/c. The errors for the PP — nn differentiél
cross;secﬁions %% were obtained by multiplying the Statisticél
errors by a factor of 2.2. This rather arbitrary’facfor was a crude'
-compromiée between notrincluding any systematic error at all and |

multiplying the statistical error by a factor of h.78‘as was done by

dt

.2 do
G. Manglng{ etg. fqr I
OufrcalCulated curve for np - pn dg passes through the

points withih the error bar. 'The calculated curves at incident
laboratory momentum 5, 6, and"71GeV/c are in‘gobd agreement with

experimental data from t =0 to t = -0.90 (GeV/c)g. The calculated

a% curve at incident laboratory‘momentum 9 GeV/c for pE —nn is
not in good agreement with experimental 27 even though the calculations

dt .
2

have been multipled by 1.25. The X for both np — pn and pgff;nﬁ
differentiai‘cross sections %% is lh6.04rfor 108 data points. For

minimum Xg, Bys By D5 and b, are given by * '
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By =~ 1.24 mb (GeV/c)-2 ,

B ~ 0.12mb (GeV/c)™2 ,

o
2

0.695 (mb)%'(cev/cj'l | . : ‘(30)

L
2

b, o~ 0.1 (mb)2 (Gev/e) T .

FPigures 1 through 5 summarizé the work of this investigation.
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FIGURE CAPTIONS
np charge-exchange scattering at lab

Data points are taken from Ref. 2.

pp charge-exchange scattering‘at lab

‘Data points are taken from Ref. L.

pg charge-exchénge scattering at lab

Data points are taken from Ref. L.

pﬁ__charge—exchange';cattering at lab

Data points are taken from Ref. 4.

PP charge-exchange scattering at lab

Data points are taken from Ref. L.
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