
ofilleAMHeHHbl1 
MHCTMTYT 
RAepHblX 

MCCleAOB8HMI 

AYfiH8 

E2·87·69 

M. P .Chav leish viii· 

LOW·ENERGY THEOREMS 

FOR GRAVITINO·SCALAR PARTICLE 

SCATTERING 

Submitted to "Physics Letters 811 

*Institute of High Energy Physics 

at the Tbil isi State University, Tbil isi 


1987 




At present much attention is paid to the construction of a 
unified theory of all interactions on the basis of supersymmet­
ry. Meanwhile the "final" Lagrangian is not constructed, and 
we have many intermediate models. In such a situation the re­
sults, that are independent of the explicit form of Lagrangi­
an or concrete models, but are found from basic principles of 
the theory - the conservation laws and general analyticity 
properties, are of great interest. 

The considered proc~ss is related with supersymmetry theo­
ry predicting the existence of a fermionic partner of the gra­
viton, gravitino, with spin 3/2. In some models to obtain a 
correct value of the cosmological density, the mass of gravi­
tino is set to be zero (see, for example, 1/). Kinematically 
the simplest process with gravitino is its scattering on a sca­
lar target. 

Knowledge of the kinematic structure of helicity amplitudes 
of binary processes leads to interesting consequences. Kinema­
tical constraints on helicity amplitudes determine the graviti­
no-graviton Born amplitudes in supergravi ty /21 • The spin kine­
matics allows one to obtain the low-energy theorems for photon­
hadron processes/ 8•41 • 

The process under consideration in the c.m. system or the 
s-channel is described by the amplitudes !-~I 0 " 0 (s, t) and s '2 t ~1 

!l~O."~O(s, t) • These amplitudes are decomposed into the 
Wigner rotation functions; as the latter are connected with 
the Jacoby polynomials p~n (cosO) 15/, they may be written in 
a general case for arbitrary binary processes as 

o IA·p.!!,.s 0 IMpI s.J IA·p.I.II.+p.1
~A ,A 1.(5, t)=(oos-L) (sin-L) r(2J + 1)rAs"4,AIAJS»).mU<IAj~p.dC('JsO),4 1 2 2 2 

(1 ) 
where Ai are helicities of the corresponding particles; A = 
= 1. 1-1. 2' P. = "3- "4' Os is the scattering angle,~OOS08 is li­
nearly dependent on t • The reduced amplitudes (8 ar~ related 
to the helicity amplitudes by 
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Q Os ~ 8 s . 3~ ~s 
t) = oos ~ - f" 0 '/, 0 (s, t), r,l, 0 •• 'I, 0 (s, t) = sm 2 r,1,0. _ '4 0 (8, t).
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(2) 

The reduced ampli r udes are decomposed into polynomials in 
and have no kinematic singularities in the variable. In (2) 

they are separated in the factors in front of the reduced am­
plitudes. The same factors automaticallY control the number of 
amplitudes which describe the process because for forward and 
backward scattering only one nonzero amplitude must remain, 
Rod the second amplitude is forbidden by the angular-momentum 
projection conservation law. The t-channel helicity and redu­
ced amplitudes are related by 

r; (s,t)=r~, (s,t). r,t, , (s.t)=sin3iLoos3~~t 3 (S,t). 
,~ 
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The reduced amplitudes in the annihilation channel are de­
composed in series over polynomials of the variable s, and in 
this variable they are free from kinematic singularities. Here, 
both in the forward and backward scattering the second helici­
ty amplitude is equal to zero and this is provided by the cor­
responding factors in (3). 

In our case, when the scattered particle has a zero mass 
and the target spin is zero, the crossing-relations are very 

. 16! 
s~mple' : 

(':0. '40 (s,t) £1f'~"'LOO (s,t), !':o.- ';,o(S,t) pr:;' .. II"OO (s,t). (4) 

(a and p are constant modUlo unity). Crossin~-relations for 
reduced helicity amplitudes have the following form 

rS 2 
"3°'''1 (S,t)=( s_m )3 m F i t 

0 m2 ( "3- 1. .00 (s, t). (5 )
At "3 1

The function FA A does not depend on 8 • The expressions 
3 1 

before the reduced amplitudes of the annihilation channel con­
tain kinematic singularities in s of s-channel helicity am­
plitudes. So, we may defilte the dynami.G..~,itudes for the con­
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sidered process which are free from kinematic singularities 
in both invariant variables al:d are connected with the helici­
ty amplitudes in the following way: 

s s_m2 3 30s ,'" 
f 3/ 0 "0 (S,t) = ( 2) oos -:L ',0' 0 (6 ,t), 

12 • I') m 2" t 

exchange contribution suppos that it is much smaller tha'l 
the photon-exchange contribution because of the tational 
const~nt being small. 

When an analogous process, photon Compton-effect, was con­
sidered, contributions from unitary diagrams with massless par­
ticles from two- and many-particle intermediate states were 
l1eglected because the electromagnetic constant is small. The 
results thus obtained were exact in strong interactions,but on­

s-m 2 3 m 3 3 (J' ly in e~ approximation in electromagnetic interactions.We shall 
f~~O_'/'O ( s, t) = ( (-) sin ~ '0 "0 (s. t). ) , . , - 2'1 • - consider that the constant (or constants) of gravitino inter­m Vs '2 

action is small and neglect the contributions to the continuum 
from unitary diagrams which contain massless particles. FromI 

(8) we get the dispersion relations for helicity amplitudes/91 

Dynamic amplitudes Th (s,t) (h = A31\.Al'\~) possess slngu­

- 2 3 ­larities only by the unitarity conditions. They have a clear f~ 0' o(S,t) fBo ':o(s,t)+oos (s-m2 ) l;r~!O "o(s,t) + 
2 , :> t 2physical meaning. The physical observable quantities are s '2 f 22m 

ly expressed in terms of dynamic amplitudes. In such a paramet­
3rization the conservation rules are fulfilled automatical 

IT I ~ t' _ t [( ;:;.::,..-::::::;:::;::::==-) r ~~ 0, 'i 0 (s, 0] ~ + (9)In contrast with the regularized helicity amplitudes and inva­
riant amplitudes, dynamic amplitudes have the same dimensions 
as those of the helieity amplitudes (for ITN- anl NN- scatte­

3 B ,)]llring, dynamic amplitudes were considered in 17.8! ). + L j ,d u ' [( -=::=:::=::;: ) f . 30 (s,u " 
3/2 0IT U u -u toSince the dynamic amplitudes are free from kinematic singu­

larities, the dispersion relation may be writted for them 
-Bf S 3 ° m 3 s- m2 3( 5 t) = f,! 0 _ '/ 0 (s, t) + sin _8 { (--;r-) x'I 0 - ',j 0 t (2.:l 

(J' B 1 "" dt' 2 m 
~h(s.t) Th (s,t) +- {-;--[ (5, t'){ + .!.. j Th (5, .(7) 

rr t t - t IT no U U -B o 1 "" dt' ( m 3 s • x IT,~o. o (s, t) + - f -;..:-..[. --==) f '/, 0 _ '/, 0 (s, t + (10) 
IT to t' - t v- t' 2. 2 

[ ••• ]t(n) denotes the absorptive part of the function in brac­
kets in the t(u) channel. ~hB (s,t) denotes the contributions 

1 ""of pole terms to dynamic amplitudes, corresponding to one-par­ +_{ ~[( m 3 
rr u u'-U. ,) f S .ticle intermediate states in the unitarity condition. o V + '-2m 2 '1,0. _';,o(s, u')]U.­

The energy of gravitino E is related to sand t as follows: 
s u 

s _m2 
2 . 2E , t -25m The Born term with photon exchange is denoted by fh (s,t)E (8)

2ys 2 The contributions of all other P2ssible Born terms to the dy­
namic amplitudes are denoted by ~~ (8,t) . The expressions in 

2 the braces are regular functions at s == m2 and t = O. In thewhen E -+ 0 (Os - fixed), t -+'0 and 5 -+ m • We suppose that 
low-energy limit unknown contributions of these functions arethere is no degeneracy of masses: there are no fermions with 
suppressed by the factor (s _m 2)3 _ E3 . Therefore, at low ener­the mass that exactly equals the target (pion) mass. Then the 1 

2 gies both the helicity amplitudes up to O(E3) are determinedcorrespo~ding Born pole at u = m is absent in dispersion re­
by their t-channel Born terms with photon exchange:lations. However, there exist t-channel pole terms with a mass­ J 

less photon and gravitino exchange. We neglect the graviton 
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3r S fB 	 ( II )A 0'':\1 0 (s,t) A 0.A.0 (S.t) + O(E ).
3	 3 

This is our result: the low-energy theorems in a general 
form have been found on the basis of a kinematical analysis. 
We use neither the Ward identities (as in/ lO • 11 ' when the 
theorem for Compton effect was proved). nor the perturbative 
expansion (the consideration was carried out in the framework 
of the S-matrix approach). The dominant Born term may be cal­
culated in any supersyrnmetric model. Analogous low-energy the­
orems for photon scattering determine the helicity amplitudes 
up to O(E2) /3.121 • 

[ would like to thank A.N.Tavkhelidze and V.A.Matveev for 
valuable discussions. 
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qaBneRwBHnH M.rr. E2-87-69 
HH3Ko3HepreTHtIeCK~!e TeOpeMbI 
AnH pacceHHHH l'paBHTHHO Ha cKanHpHoR 
tIaCTHU;e 

HccncAyeTcH KHHeMaTHtIeCKaH CTpYKTypa CITHpanbHhlX aM­
rrnWfYA pacceHHHH 6e3NaCCOBoro rpaBHTHHO Ha cKanHpHOl{ 
tIBCTHu;e. BBOAHTCH AHHBMHtIeCKIIe aMITnHTYAhl, KOTophle HMelOT 
OAHHaKOBhle pa3MepHOCTH H cBo6oAHhl OT KIIHeMaTHtIeCKIIX oco 
6eHHocTeiI. rrOny'-ieHbl AHcnepCHOHHble COOTHomeHHH II HH3KO­
:.mepreTUtIeCKUe TeopeMbl AnH cnupanbHblX aMITJ1HTYA. 

Pa60Ta BbInOnHeHB B 

OHlm. 
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Chavleishvili M.P. E2-87-69 
Low-Energy Theorems for Gravitino-Scalar 
Particle Scattering 

The kinematic structure of the helicity amplitudes 
of massless gravitino scattering on scalar particle is 
investigated. Dynamic amplitudes which are of the same 
dimension and free from kinematic singularit are 
introduced. Dispersion relations and low-energy theo­
rems for helicity amplitudes are obtained. 

The investigation has been per.formed at the Labora­
tory of Theoretical Physics, JINR. 
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