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Background and Motivation

o At(1232MeV, JP = ") freedom must be taken into
account in proton Compton scattering

@ Previously p is treated as spin 1/2 Dirac spinor and A" in a
different theory

@ Our innovation:
We treat p and A™ in a unified spin 3/2 field theory

How Motivated
Proton and A™ are both comprised of the same quarks.

Three spin 1/2 particles results in 8 spin states, that for a spin
3/2 particle and two spin 1/2 particles.
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The Model

Generalized Rarita-Schwinger Theory

The Lagrangian

Konstantin G. Savvidy, arXiv:1005.3455:

L = Pu[D*, — meH, ]y,

Dty = ~4Ppydty + E(vH Py + Y P*) + CYHAP P Yo
OF, = 3, — 29"y, ¢ = EAEE

@ L invariant under point
transformation:
Y= P Dy
g=¢(1-4)\)—-2X\
0¢({=22-1=
pu@bu(p) =0.
@ mass spectrum:
Mgjp = MMy )2 = g7t.

Original Rarita-Schwinger Theory:
° 7 — (1+3£)2j£3(1+£)2_

@ no spin 1/2 on shell
component.

@ superluminal propagation
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The Model

L= &u[D“l, — MmO+, |y”,

D, = ’Yppp(wu +&(v*py + np*) + C'Y“'Yppp%u
Sy = iy — il

Spin 1/2 component wave function:

U2(0 +12):
)
577(0,0.0.0,0, 57,0, = 577.0, 57,0, =57 515: 0. ~ 75 0)
Ug(o,—%)z
1 1 T
72-1(0.0.0.0. 575.0. —575.0. —575.0. 5.0.0. —575.0. 575)

Uga(k, U) = LHV@B(kv M)Ugﬁ(o’ 0)
L'uyaﬁ = LV‘uV X LSaﬂ
LV, LS: boost matrix for vector and dirac spinor fields respectively.
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Comparison

V. Pascalutsa and O. Scholten, Nucl. Phys. A591, 658 (1995)
L= 70" Cou(2r) 175 TINF™ +- ..

£2 @m Zw ©ap(2)v5 T30, NF"" + h.c.

L} = (EmG)32 *Oau(2£)y5 TsNO, F + h.c.




Proton Compton Scattering

In L= 1/7#[D“,, — mO* ¢ we identify spin 3/2 component as
AT and spin 1/2 component as proton.

Proton Compton Scattering Feynman Diagrams
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Proton Compton Scattering

In £ = 1/7#[D#,, — mO* |y we identify spin 3/2 component as
AT and spin 1/2 component as proton.

Feynman Rules

Out line: Ug(k1), Zlg(k4)
Vertex: MM, = 4H§Y , + E(yV6H 5 + vpon™*) + (Y vH,
Propogator: [D*, — moH, ]~

Two poles in propogator:
p? = m?: At pole
p? = M?: proton pole(M = &)



Proton Compton Scattering
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Proton Compton Scattering

In L = QZH[D'LLV — mOH, |y, we identify spin 3/2 component as
AT and spin 1/2 component as proton.

Amplitude and Differential Cross Section

M01 104,A2,A3 — iGQ(DZW(k47 (74)runﬂsp'y(k1 - ks)rWHUZH(Iﬂ ) 01)
+Uoy(Ka, 0a)T",SP (Kt + k2)TH7 cUp" (Ky, 01))
Eu(kQa >\2)61))/<(k37 )\3)
do 1 Wis 5
dQ — 647r2(Z) > M

01,04,A2,23
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Proton Compton Scattering

Low energy expansion agrees with F.E.Low,PR96,1428(1954):
gg . 1;,-,\(;232 0) 2(1—003/?4)3(1-&-0032 6))w 4 O(wz)

Difference at O(w?) from Dirac theory affects the extraction of
polarizability parameters(a,3) from experlment(éa 58 =0(1))

gg = (gg)som — 2 (345(1 1 cos0)2 + T2 (1 — cos §)?)
;Xm—u \\/ We are not ready to fit
axa0f ~—_ experimental data yet,
2x10uf since proton is not a
Lxa0 fundamental particle.
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Vertex Structure

Reminiscence

Dirac spmor electrodynamic interaction:

(P )[ LIV Fy(G2) + 12529 Fo(q2) u(p) A, q=p —p
F1, F>: form factors.

Our Task

Find (all) possible [ ,(p, p') in 4, (/)T ,(p, P )P (P)A,.
Gauge Invariance: g1, (o) ,(p, P )Y (P) =
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Vertex Structure

Find (all) possible I ,(p, p') in 1, (P")T* ,(p, P')1*(P)A,

Gauge Invariance: g, (p")I'* ,(p, P')v*(p) =0

Structures We Have Found

r,(p,p') =

Tensor Type

U“An"p%
UM/\O'quA
T“Aynaﬁpcbx
T“A’ipo-ynq)\

A




Vertex Structure

Structures We Have Found

Scalar Type: Vector Type: Tensor Type:
n”p(p+pP')" Uirale TN
0P+ ) VYo aH 17 5 Q)
V0o + Yot oo gz
THAVHUHpq)\
T“)\HpUVKQ)\

Our Claim

The scalar, vector and tensor type vertexes we have found
comprise the most general set of vertexes that are at most first
order in g, and dominate the low energy Compton scattering
amplitude.
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Summary

Summary

Summary
@ Motivation for unifying proton and A* in a generalized
Rarita-Schwinger theory, and the model

* Lagrangian;
* spin 1/2 solution;
* electrodynamic interaction

@ Proton Compton scattering amplitude and cross section
* Low energy limit;
* comparison with Dirac theory calculation

@ Constructing general electrodynamic interaction vertexes

* Scalar, vector and tensor type vertexes;
* claiming that other vertexes are higher order in g



Thank you all!
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