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Parity violation in gp¢ Compton scattering
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A measurement of parity-violating spin-dependentgpW Compton scattering will provide a theoretically clean
determination of the parity-violating pion-nucleon coupling constanthpNN

(1) . We calculate the leading parity-
violating amplitude arising from one-loop pion graphs in chiral perturbation theory. An asymmetry of;5
31028 is estimated for Compton scattering of 100 MeV photons.

PACS number~s!: 13.60.Fz, 14.20.Dh, 11.30.Er
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Precise experimental work performed during the past
cades has provided a catalogue of parity-violating matrix
ements in both light and heavy nuclei. Unfortunately, a co
plete theoretical understanding of these measurements
proved elusive thus far. In particular, from the measureme
in light nuclei one would hope to be able to extract t
parity-violating isovector pion-nucleon coupling consta
hpNN

(1) , which is expected to provide the dominant source
DI 51 parity violation in the nucleon-nucleon potentia
However, a unique value ofhpNN

(1) consistent with all mea-
surements has not been established and, in addition, the18F
measurements@1# suggest thathpNN

(1) is much smaller than
naive estimates@2–9#, or that there are significant cancell
tions between leading and subleading interactions@7#. This
discrepancy is probably due to the difficulty of the nucle
physics component of the calculations, as opposed to a si
of new physics. Thus, the question remains as to which m
surement or set of measurements will most reliably de
minehpNN

(1) . Two-nucleon observables would seem to hav
distinct advantage over other multinucleon systems as
deuteron is so loosely bound. Recently, a proposal@10# has
been made to precisely determinehpNN

(1) from the forward-
backward asymmetryAg in the radiative capture of polarize
neutrons by protons,nW 1p→d1g. The current experimenta
limit is Ag52(1.564.8)31028 @11#, while the proposed
experiment expects to measureAg with a precision of65
31029. Theoretically, ifhpNN

(1) is of its naively estimated size
thenAg will be dominated by thehpNN

(1) coupling@12–17#. If,
on the other hand,hpNN

(1) is much smaller than estimated, th
existing calculations of this asymmetry will be invalid. A
alternate determination may be possible at Bates@18#, by a
precise measurement of deuteron spin-dependent pa
violation in electron-deuteron scattering. This process is
ideal due to contributions from directZ0 exchange~and
higher order interactions! between the electron and the de
teron. Nonetheless, a constraint will be placed onhpNN

(1) from
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such a measurement@19,20#. An analogous measurement
scattering from nucleons does not provide the same c
straint due to the much larger isovector coupling of theZ0,
which is absent~at tree-level! in the deuteron. In this work
we show that a precise measurement of Compton scatte
from polarized protons~and neutrons! will allow for a theo-
retically clean extraction ofhpNN

(1) , which contributes through
one-loop pion graphs.

The strong interactions of the pions and nucleons are
scribed at leading order1 in heavy baryon chiral perturbatio
theory (HBxPT) @21# ~for subsequent discussions o
HBxPT see@22#! by

Lst5
f 2

8
Tr DmSDmS†1N̄ivmDmN12gAN̄SmA mN1•••,

~1!

whereN is the isospin doublet of nucleon fields with fou
velocity v, MN is the nucleon mass,Sm is the covariant
spin operator,gA;11.25 is the axial coupling constant,f
5132 MeV is the pion decay constant,Dm is the covariant
derivative, and the ellipses represent operators involv
more insertions of the light quark mass matrix, meson fie
and derivatives. The pion fields are contained in a spe
unitary matrix,

S5j25exp
2iP

f
, P5S p0/A2 p1

p2 2p0/A2
D , ~2!

and the axial vector meson field isAm5]mP/ f 1•••. The
Lagrange density in Eq.~1! and the Wess-Zumino term, giv
the leading contributions to the parity-conservinggpW Comp-
ton scattering amplitudeTpc, which has the form@23# ~in the
center of momentum frame!

1We define the leading-order contribution to any observable to
the order of the first nonzero contribution.
©2000 The American Physical Society01-1
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Tpc5N̄@A1e•e8* 1A2e• k̂8e8* • k̂1 i2A3S•~e8* 3e!

1 i2A4S•~ k̂83 k̂!e•e8* 1 i2A5S•@~e8* 3 k̂!e• k̂8

2~e3 k̂8!e8* • k̂#1 i2A6S•@~e8* 3 k̂8!e• k̂8

2~e3 k̂!e8* • k̂##N, ~3!

whereS are the three-vector components ofSm , andk̂,k̂8 are
unit vectors in the direction ofk,k8, respectively. TheAi are
functions of the photon energyv and scattering angleu, and
can be found in@23–25#. They receive contributions from
tree-level and one-loop pion graphs, as well as from
Wess-Zumino term. The leading contribution toA1 arises
from the covariant derivative term in Eq.~1!, and gives

A152
e2

MN
. ~4!

The remainingAi vanish at this order but receive nonze
contributions at higher order in the chiral expansion.

The DI 51 flavor-conserving-parity-violating interac
tions, includinggNW Compton scattering, will be dominate
by the lowest order operator in the chiral Lagrangian2

L weak
DI 5152

hpNN
(1)

A2
«3abN̄patbN1•••5 ihpNN

(1) p1p†n1H.c.

1•••, ~5!

if its coefficient,hpNN
(1) , is of natural size. The ellipses deno

terms involving more pion fields required by chiral inva
ance. Explicit computation of the one-loop graphs shown
Fig. 1 gives a parity-violating amplitude in the center-o
momentum frame of the form

2The other operators that appear in@7# involve more derivatives
and are consequently of higher order in the chiral expansion
the contribution from the operator with coefficienthpNN

(1) for natural
size coefficients.

FIG. 1. The leading-order contribution to parity violation ingN
Compton scattering. The solid square is the weak operator
coefficienthpNN

(1) . Wavy lines are photons, solid lines are nucleo
and dashed lines are pions. We have not shown the crossed gr
In addition we have not shown graphs with photons from the str
vertex, or insertion of the two-photon-pion vertex as they vanish
the v•A50 gauge.
01850
e

n

Tpv5
e2gAhpNN

(1)

2p2f
N̄t3@F1~v,u!S•~k1k8!e•e8* 2F2~v,u!

3~S•e8* k8•e1S•ek•e8* !

2F3~v,u!k•e8* k8•eS•~k1k8!#N, ~6!

where t3 is the isospin matrix. For general kinematics t
loop functionsFi are somewhat complicated, and we pres
them as integrals over two Feynman parameters,

F1~v,u!5E
0

1

dxE
0

12x

dy~122y!@I~21;xv,m̃2!

2I~21;2xv,m̃2!#,

F2~v,u!52E
0

1

dxE
0

12x

dy y@I~21;xv,m̃2!

2I~21;2xv,m̃2!#,

F3~v,u!52E
0

1

dxE
0

12x

dy y~12x2y!~2y21!

3@I~22;xv,m̃2!2I~22;2xv,m̃2!#,

m̃25mp
2 12y~12x2y!v2~12cosu!, ~7!

where the functionsI(a;b,c) are defined by Jenkins an
Manohar in@21#:

I~a;b,c!5E
0

`

dl~l212lb1c!a,

I~21;D,m2!52
1

2AD22m21 i e
lnS D2AD22m21 i e

D1AD22m21 i e
D ,

I~22;D,m2!5
1

2~D22m21 i e!S D

m2 2I~21;D,m2! D .

~8!

Notice that there is no contribution from the Wess-Zumi
term at this order as the operator with coefficienthpNN

(1)

couples nucleons to the charged pion field only.
For forward scattering,k5k8, the amplitude in Eq.~6!

collapses toTpv;ve•e8S•k, which is clearly parity violat-
ing. As there is no nonderivative parity-violating couplin
between theD and the nucleon, contributions fromD inter-
mediate states are suppressed in the chiral expansion, u
the situation for many other observables. Therefore, the o
loop contribution in Eq.~6! is enhanced by two powers o
the pion mass compared to the naive size of local coun
terms, whose size is set byLx , the scale of chiral symmetry
breaking. However, there will be contributions at next ord
in the chiral expansion that are suppressed by a single po
of mp /Lx or v/Lx , compared to the contribution in Eq.~6!,

n
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,
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g
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from both strong interactions and higher dimension we
interactions@7#. Therefore, we do not pursue this calculati
beyond leading order.

In the energy regime wherev!mp , the dominant part of
the parity-violating amplitude in Eq.~6! is reproduced by a
Lagrange density of the form

L gg
(pv)5N̄~Wgg

(0)1Wgg
(1)t3!vmSnNFmaFa

n , ~9!

where Wgg
(0),(1) are the isoscalar and isovector dimensi

seven coupling constants

Wgg
(0)50, Wgg

(1)5
e2gAhpNN

(1)

12p2f mp
2

. ~10!

The differential cross section forgpW Compton scattering
resulting from the amplitudes in Eqs.~3! and~6! is, to lead-
ing order in the chiral expansion and weak interaction,

ds

dV
5

a2

2MN
2 F11cos2u1h

gAhpNN
(1) MN

12p2f mp
2

3v2~11cosu!ReS F̃1~v,u!~11cos2u!

1F̃2~v,u!cosu~12cosu!

2F̃3~v,u!
v2

15mp
2 cosu~12cos2u! D G , ~11!

where h511(21) for the proton spin-polarized paralle
~antiparallel! to the direction of the incident photon. Th
functionsF̃i are

F̃1~v,u!52
6mp

2

v
F1~v,u!→11

v2

15mp
2 ~31cosu!1•••,

F̃2~v,u!52
6mp

2

v
F2~v,u!→11

2v2

15mp
2 cosu1•••,

F̃3~v,u!5
90mp

4

v
F3~v,u!→11

2v2

7mp
2 cosu1•••, ~12!

and have been normalized such thatF̃i(v→0,u)→1 and are
slowly varying functions ofv.
.
on

et
.

P

D

01850
k The parity-violating asymmetry, defined by the differen
in cross section forh511 andh521 normalized to the
sum, is

Agg~v,u!5
gAhpNN

(1) MNv2

12p2f mp
2

11cosu

11cos2u

3ReF F̃1~v,u!~11cos2u!

1F̃2~v,u!cosu~12cosu!

2F̃3~v,u!
v2

15mp
2 cosu~12cos2u!G . ~13!

For a numerical estimate of the magnitude of the asy
metry, we consider forward scattering,u50, where

Agg~v,0!5
gAhpNN

(1) MNv2

6p2f mp
2

F̃1~v,0!51.531029S hpNN
(1)

531027D
3S v

20 MeVD 2

F̃1~v,0!. ~14!

The asymmetry for 100 MeV photons isAgg(100,0);5
31028 assuming the naive value forhpNN

(1) , which is com-

parable to the forward-backward asymmetry expected inW
1p→d1g.

In conclusion, we have computed the leading contribut
to parity-violation ingNW scattering. It arises from one-loo
pion graphs with one insertion of the parity-violating pio
nucleon interaction described byhpNN

(1) , and scales like 1/mp
2

in the chiral limit. The absence of aggZ0 interaction means
that a measurement of this asymmetry will provide a ba
ground free determination ofhpNN

(1) , up to corrections sup-
pressed bymp /Lx andv/Lx , i.e., ;15% for photon ener-
gies below the pion photoproduction threshold. While th
asymmetry, along with all other parity-violating asymmetri
in the few-nucleon sector, is small;1028, the high intensity
photon sources that are currently in operation~such as the
FEL at Duke!, or may come on-line in the future, provid
hope that this asymmetry can be measured.
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