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The Rarita-Schwinger formalism
Interacting Rarita-Sch fields

-ita-Schwinger formalism

Rarita-Schwinger equations

(@ = m)dps.pn = 0

’Yul le‘ll.lQm/Jan =0

® Uy, SPiN-(n + %) Rarita-Schwinger (R-S) field
@ Unphysical components are eliminated through
R-S constraints

@ Massless theory requires invariance under R-S gauge

)
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.|teracting Rarita-Schwinger fields

The Rarita-Schwinger formalism
Interacting Rarita-Schwinger fields

On-shell case

@ On-shell R-S field is described by R-S spinor

@ Unphysical components of R-S spinor decouple from the
interaction

v

Off-shell case

o Off-shell R-S field is described by R-S propagator

@ Unphysical components of R-S propagator do not decouple a
priori

@ Consistent interaction should be invariant under certain
local gauge

\
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-1sistency and locality of the interaction

@ Interaction is mediated purely by physical component of R-S
field
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-1sistency and locality of the interaction

Preservation of locality

+3 . . .
® P 2. 0n (D) contains p~2* singularities (k € {1,...,n})
» Transversality conditions of interaction vertices

B T =10 ke{l,...,n}

» Equivalent to invariance of interaction under
unconstrained R-S gauge

)
d)lllm#n — ¢H1~~~Mn = m 1;) 8,u1X,u2...,un
I

@ Unconstrained R-S gauge concurrently guarantees consistent
interaction
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Gauge-invariant Rarita-Schwinger field

_ o3 A-An
Gul“'“myl'“yn — O(,ul...,un,ul,..un))\l...)\n (8)1,[)

e Spin-(n + 3) interaction operator

1
n+3

O(,u,l...p,n,yl,..Vn))\l...)\n (8) -
!
(n!)? (p1,v1)M @) O(van) n(@)
7 P(v)P())

3
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- gauge-invariant Rarita-Schwinger field

® Gu,..punur..vy, totally symmetric in p and v indices, and

_ n
Gul...un,ul...un — (_1) GV1~--Vn,M1--~Mn

@ Invariance under unconstrained R-S gauge assured by

1
MOl (9) =0

(P11 Vp) AL A

Construction of consistent interaction theory

al T Z % Il V...V,
£I — G,u,l...yn,lll...unTul (P #Alood +T,u1...,unu1...unGﬂ1 Ponglocd e
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-istent interaction theories

Reduced gauge-invariant Rarita-Schwinger field

Ui = o

® U, . u, obeys R-S constraints

1 v
e nG,ul..,;Ln,l/l...I/n

0"y e — 0 and YAy = 0

@ Intuitive interaction structure

O . PO = p
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-sistency of standard hadronic form factors

Inconsistency of standard hadronic form factors
The multidipole-Gauss form factor

Practical use of consistent interactions: an example

@ Isobar modeling of s channel of KA photoproduction

@ High-spin nucleon resonances are created from the proton

gl
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3. Consistent interactions in hadron physics The multidipole-Gauss form factor
-ency of standard hadronic form factors
10°
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Hadronic form factor required to suppress high-energy behavior )
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Inconsistency of standard hadronic form factors
The multidipole-Gauss form factor

Standard hadronic form factors

@ Dipole form

Ak
(s —m%)? + A%

Fy(s;mpg, AR) =

@ Gaussian form

S — m2 2
Fg(s;mg, Ar) = exp (—(1\—4}%))
R

@ Specific s channel contribution to p(y, K1)A:
mp = 1685 MeV
N* = N(1680) Fi5 § I'gr = 130 MeV

5+
2

Jh =
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-sistency of standard hadronic form factors

vp — N(1680) Fi5 — KTA, F=Fg,

0.12 102 |
G )
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e 0.06 [~ e E
© r o 108 |
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F -10 [
0.02 F 0 F
0.00 L . 10.12'....|....|....|....
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@ Artificial bump arises when o is cut off by Fg

@ No resonance peak is observed at W ~ mp
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-nsistency of standard hadronic form factors

Inconsistency of standard hadronic form factors
The multidipole-Gauss form factor
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o Lowering AR results in shift of artificial bump towards Wy

o Lowering AR only effective when I'g is “small”
» practically all N*'s listed by PDG have “large” T'r
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-1e multidipole-Gauss form factor

Inconsistency of standard hadronic form factors
The multidipole-Gauss form factor

Cause of unphysical behavior
@ Rise of o with W and fall of F5 with W combines to form
artificial bump

@ Fast increase of o with W causes resonance peak with “large”
I'r to vanish

@ High-energy behavior of o

needs to be regulated
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Inconsistency of standard hadronic form factors
The multidipole-Gauss form factor

-tidipole-Gauss form factor

Multidipole-Gauss form factor

Fog(s;mp, AR, T'r, Jr) =

- Jp—
m{ELH(JR)

(s = m3)? + m3T%(JR)

. (i)

Ak

@ Dipole part of Fj,g raises multiplicity of propagator pole
@ Modified decay width

Tr(JR) =
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3. Consistent interactions in hadron physics Thite mviiefipelE=Caues fimm ipeiey
- multidipole-Gauss form factor
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@ Artificial bump is removed and resonance peak is restored
@ Threshold effects for mp — ~ Wy

» Peak position not at W = mR
» Peak position and width are function of Agr
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Incons of standard hadronic form factors

The multidipole-Gauss form factor

Invariance under unconstrained Rarita-Schwinger gauge
guarantees consistency of the interaction

Standard hadronic form factors give rise to unphysical
behavior in energy dependence of cross section

Multidipole-Gauss hadronic form factor leads to physically
acceptable energy dependence of cross section
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The multidipole-Gauss form factor

ckup slides
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~ Backup slide I(a)

Inconsistency of standard hadronic form factors

The multidipole-Gauss form factor

Spin-(n + %

) projection operator

1
n+§
Pul...pm;ul..,u

. (P) =

kmax,l

Z Z Z Azpﬂluzplez o

P(i) P(v) \ k=0

kmax,Q

+ 7?#17%/1 Z nguzuspszs o

n
’ Pﬂ2k71u2k ’PV2k71V2k H Pui Vi

1=2k+1

n

'PH2ku2k+1PV2kV2k+1 H Puivs

k=0 1=2k+2
1 v
Puv = gpw = gpupe - and Py =Py =Y = 5P
—— S~
singularity singularity
Tom Vrancx Consistent interactions for high-spin fermion fields — TAR 2011, Jefferson Lab, Newport News, VA




1. Introduction
2. Consistent interactions
3. Consistent interactions in hadron physics

~ Backup slide I(b)

Inconsistency of standard hadronic form factors

The multidipole-Gauss form factor

Spin-(n + %) propagator
p+m ~n+3i

Pﬂl -UniV1...Un (p)

1
P;w = Guv — I?pupu

1

— Guv — Wp,upu
I |

PuPo = + e (YuPv — Vpu) — JEPuP

1 1

= VY + m ("Y,Ltpv - "Yzzpu) - Wpupu

Substitutions have no effect since p,, ' " =0 J
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~ Backup slide 11(a)

Inconsistency of standard hadronic form factors

The multidipole-Gauss form factor

Inconsistent spin-2 interaction theories
)

ig o v
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~ Backup slide 11(b)

Inconsistency of standard hadronic form factors

The multidipole-Gauss form factor

Consistent spin-(n + %) interaction theories

"go— §
;C¢’l/)¢fi1”n = m_irlqlulunr¢a#1 . 8“ (b

(1) o anl — . )
L s = T T s s DT B
n+1
(2) o ln g2 — . )
EAuzpw;l...Hn _ W‘I’ul...un_wnfayal‘l O leVM
(3) in+lg3 —

S o M1, HHn— Vin
AVl (2m¢)2n+1q’m~-un71ﬂnra Lo OO, F
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