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Parity violation in yp Compton scattering
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A measurement of parity-violating spin-dependm;tCompton scattering will provide a theoretically clean
determination of the parity-violating pion-nucleon coupling const‘é,fﬁ,\,. We calculate the leading parity-
violating amplitude arising from one-loop pion graphs in chiral perturbation theory. An asymmetnp of
x 10 8 is estimated for Compton scattering of 100 MeV photons.

PACS numbgs): 13.60.Fz, 14.20.Dh, 11.30.Er

Precise experimental work performed during the past desuch a measuremefit9,20. An analogous measurement in
cades has provided a catalogue of parity-violating matrix elscattering from nucleons does not provide the same con-
ements in both light and heavy nuclei. Unfortunately, a com-straint due to the much larger isovector coupling of Zfe
plete theoretical understanding of these measurements haich is absentat tree-level in the deuteron. In this work
proved elusive thus far. In particular, from the measurement#e show that a precise measurement of Compton scattering
in light nuclei one would hope to be able to extract thefrom polarized protongand neutronswill allow for a theo-
parity-violating isovector pion-nucleon coupling constant,retically clean extraction df{y, which contributes through

h®),, which is expected to provide the dominant source ofoh€-10op pion graphs. .
Al=1 parity violation in the nucleon-nucleon potential. The strong interactions of the pions and nucleons are de-

- : : ibed at leading ordem heavy baryon chiral perturbation
However, a unique value di‘}) consistent with all mea- scrl . :
surements has not been established and, in addition:®he theory HBXPT) [21] (for subsequent discussions of

measurement§l] suggest thah' is much smaller than HBXPT see(22)) by

naive estimatef2—9|, or that there are significant cancella- 2

tions between leading and subleading interactifis This — —

discrepancy is probably due to the difficulty of the nuclear ﬁSt:§TrDﬂEDMET+N'UMDMN+29ANSMAHN+ T
physics component of the calculations, as opposed to a signal 1)
of new physics. Thus, the question remains as to which mea-

sqrem?lr)lt or set of measurements will most reliably deter\'/vhereN is the isospin doublet of nucleon fields with four
mln_ethN. Two-nucleon observablgs would seem to have %elocity v, My is the nucleon massS, is the covariant
distinct aQVantage over other multinucleon systems as th§pin operatorg,~ +1.25 is the axial coupling constart,
deuteron is so loosely bound. R.ece)ntly, a propps@] has  — 135 Mev is the pion decay constam# is the covariant
been made to precisely determihgyy from the forward-  gerivative, and the ellipses represent operators involving
backward asymmetrj, in the radiative capture of polarized more insertions of the light quark mass matrix, meson fields,
neutrons by protons)+ p—d+ . The current experimental and derivatives. The pion fields are contained in a special
limit is A,=—(1.5=4.8)X 108 [11], while the proposed unitary matrix,

experiment expects to measukg with a precision of+5

X 107°. Theoretically, ith%) is of its naively estimated size , 03 N
thenA,, will be dominated by thé®), coupling[12—17. If, E=§2=exp2|—H Hz( w T ) @
on the other hanchX, is much smaller than estimated, the £ m  —a’\2)
existing calculations of this asymmetry will be invalid. An
alternate determination may be possible at B , by a . N
precise measurement of )éleuteeon spin-depaelﬁen}[/ parit)z-nd the axial vector meson field i, = 9,Il/T +-- -. The
violation in electron-deuteron scattering. This process is no agrang-e denS|t¥ n qu) and the V?/ess-Zumlﬁoﬁterm, give
ideal due to contributions from dire® exchange(and the leading contributions to the parity-conservipg Comp-
higher order interactionsetween the electron and the deu- ton scattering amplitud&®, which has the forni23] (in the
teron. Nonetheless, a constraint will be placechéf, from  center of momentum frame

*Electronic address: bedaque@phys.washington.edu We define the leading-order contribution to any observable to be
"Electronic address: savage@phys.washington.edu the order of the first nonzero contribution.
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FIG. 1. The leading-order contribution to parity violationqi\ - Ok-€*k’- €S (k+k')IN 6
Compton scattering. The solid square is the weak operator with (. 0)k-e €S- JIN, ©)
coefficienth}),. Wavy lines are photons, solid lines are nucleons,\where 74 is the isospin matrix. For general kinematics the

and dashed lines are pions. We have not shown the crossed grapigop functions, are somewhat complicated, and we present
In addition we have not shown graphs with photons from the strongnem as integrals over two Feynman parameters
vertex, or insertion of the two-photon-pion vertex as they vanish in '

thev-A=0 gauge. 1 1-x ~

fl(w,0)=f dxf dy(1—2y)[Z(— 1;xw,m?)
0 0

TPC=N[Aj€- € * +Ase-k'€* -k+i2A3S (€' * X €)

_ _1-_ =2

+i2A,S (k' XK)e € * +i2AS [ (€' * XK) e Kk’ (= 1imxw,m)],

~ PO , A, 1 1-x -
—(exXk') €™ -k]+i2A¢S [(€'* Xk')e -k fz(w,e)zzf dxf dy I Z(— 1;xw,m?)
0 0

—(exk)e'* -k]IN, 3
—Z(—1;—xw,md)],
whereS are the three-vector componentsSyf, andk,k’ are 1 1—x
unit vectors in the direction d€,k’, respectively. The\; are fs(w,e):zf dxf dy y(1—x—y)(2y—1)
functions of the photon energy and scattering anglé, and 0 0
can be found if23—-295. They receive contributions from

tree-level and one-loop pion graphs, as well as from the X[Z(—2;Xw,m?) = I(— 2;— Xw,m?)],
Wess-Zumino term. The leading contribution Aq arises
from the covariant derivative term in E¢fL), and gives m?=m?+2y(1—x—y)»?(1—cosé), (7
o2 where the functions/(«;b,c) are defined by Jenkins and
- Manohar in[21]:
A My 4

I(a;b,c)zf dA(A%+2\b+0)¢,
The remainingA; vanish at this order but receive nonzero 0
contributions at higher order in the chiral expansion.

The Al=1 flavor-conserving-parity-violating interac- T(—1:A,m?)= — 1 n A—JA2—m’+ie
tions, includingyN Compton scattering, will be dominated o 2JAZ—m?+ie \A+JAT-mZ+ie)’

by the lowest order operator in the chiral Lagrangian
1
_ . 2y _
A= ZAm) = S 7P+ ie)

A
—Z—I(—l;A,mz)).

h(l) . m
Lieak =~ —W;NssaﬁNW“TﬁN+ .=ih® 7 pfn+H.c. ®)
Notice that there is no contribution from the Wess-Zumino
+.--, (5) term at this order as the operator with coefficigrffy

couples nucleons to the charged pion field only.
. - _ ) _ For forward scatteringk=k’, the amplitude in Eq(6)
ifits coefficient,h(Ry , is of natural size. The ellipses denote ¢ollapses t6T" ~ we- €' S- k, which is clearly parity violat-
terms involving more pion fields required by chiral invari- jhg. As there is no nonderivative parity-violating coupling
ance. Explicit computation of the one-loop graphs shown imyetween the\ and the nucleon, contributions from inter-
Fig. 1 gives a parity-violating amplitude in the center-of- mediate states are suppressed in the chiral expansion, unlike
momentum frame of the form the situation for many other observables. Therefore, the one-
loop contribution in Eq(6) is enhanced by two powers of
the pion mass compared to the naive size of local counter-
2The other operators that appear[# involve more derivatives t€rms, whose size is set by, , the scale of chiral symmetry
and are consequently of higher order in the chiral expansion thalreaking. However, there will be contributions at next order
the contribution from the operator with coefficiemff), for natural  in the chiral expansion that are suppressed by a single power
size coefficients. of m,/A, orw/A,, compared to the contribution in E(),
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from both strong interactions and higher dimension weak The parity-violating asymmetry, defined by the difference

interactiong 7]. Therefore, we do not pursue this calculation
beyond leading order.

In the energy regime wherwe<m,_, the dominant part of
the parity-violating amplitude in E(q6) is reproduced by a
Lagrange density of the form

£8P =NW+wW )0, S NFHF! (9)
where W) are the isoscalar and isovector dimension
seven coupling constants
enghs-rll\)lN
1272t m?

(1) =
Y

W

YY 0’

(10

The differential cross section foyp Compton scattering
resulting from the amplitudes in Eq&) and (6) is, to lead-
ing order in the chiral expansion and weak interaction,

do 2

do _ da wNNMN
dQ  2Mg

1+coso+
g 2772me

X w2(1+c036)Re( Fi(w,0)(1+cos6)

+ Fy(w,0)cosé(1— cosh)
2

.7:3((1) 0)15I'T]

> C0SH(1—cogh) (11)

where »=+1(—1) for the proton spin-polarized parallel
(antiparalle] to the direction of the incident photon. The

functions 7, are

2 2

6m;.
fl(w 0)=— —fl(a) 0)—1+ W(3+COSG)+

2 2

Fow,0)=— @

2 H a.n
Fow,0)= i}" 0)—1+ 20° o+ 12
3(w,0)= > 3(w,0)— WCOS <, (12

and have been normalized such thatw—0,0)—1 and are
slowly varying functions ofw.

in cross section fom=
sum, is

+1 and »=—1 normalized to the

gah® M yw? 1+ cosé
1272fm2  1+cosd

A" (w,0)=

xRe{?l(w,e)(Hcosza)

+ F(w, 0)cosé(1—cosh)
2

~ w
— F3(o, G)W cosf(1—cosg)|. (13

For a numerical estimate of the magnitude of the asym-
metry, we consider forward scatterings=0, where

gAhSTr\)INMNw2~ STlr\)JN
A" (w,0)= Fi(w,00=1.5x10"9 ———
T 2 (.0 5x10°7
w 2,_,
X(m) Fi(w,0). (14

The asymmetry for 100 MeV photons iK77(100,0r-5
X 10~8 assuming the naive value ftry), which is com-

parable to the forward-backward asymmetry expected in
+p—d+y.

In conclusion, we have computed the leading contribution
to parity-violation inyN scattering. It arises from one-loop
pion graphs with one insertion of the parity-violating pion-
nucleon interaction described Y, and scales like i
in the chiral limit. The absence of ayZ° interaction means
that a measurement of this asymmetry will provide a back-
ground free determination df'}), up to corrections sup-
pressed byn, /A, andw/A,, i.e.,~15% for photon ener-
gies below the pion photoproduction threshold. While this
asymmetry, along with all other parity-violating asymmetries
in the few-nucleon sector, is smal10~8, the high intensity
photon sources that are currently in operatisach as the
FEL at Duke, or may come on-line in the future, provide
hope that this asymmetry can be measured.
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