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Parity violating processes between nucleons are used as a 
tool to study the hadronic weak interaction (HWI) as well 
as how it is modified by the strong interactions from the 

simple Standard Model prediction.

Two ( common) ways to study HWI:

1. Flavor changing DS=1 hyperon and meson decay

ü Decay amplitudes, asymmetries, ...

2. Flavor conserving DS=0 PV interactions at low energy

ü Mostly asymmetries, analyzing power, rotation 
angles



Flavor changing decay of mesons and hyperons:

ÅMuch theoretical progress from EFT, cPT, heavy quark   
EFT

ÅStructure of operators from effective Lagrangians
incorporate the symmetries of QCD

Not so, in hyperon decay:

ÅUnresolved  DI= ½ rule puzzle  

ÅAnomalously large PV asymmetries in hyperon radiative
decays

ÅEtc. 



Do the unexpected observations in the DS=1 
sector come from a dynamical strange quark or 

some other process ?

Look at the DS=0 sector

Standard Model:

Charged currents:

Neutral currents:
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Goals of DS=0 HWI studies:

1. Answer how the symmetries of QCD characterize the 
HWI in strongly interacting systems

The HWI is just a residual effect of the q - q weak 
interaction for which the range is set by the mass 
of the Z,W bosons which is much smaller than the 
size of nucleons, as determined by QCD dynamics 

HWI probes short range qq correlations 
at low energy

2. Shed light on the puzzles in the DS=1 sector of the 
HWI



Applications of DS=0 HWI studies:

1. Atomic Parity Violation ( anapole moment)

2. Parity Violation in Nuclei

3. Parity Violating Electron Scattering 



DS=0 HWI studies:

The DS=0 HWI can only be isolated experimentally via PV 
observables, to isolate the weak interaction from the 
much larger EM and strong interactions.

Weak e - N scale

Weak N - N scale

Very challenging !             
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DS=0 HWI studies:

So people started to look for nuclear many - body (large 
A) systems for which there exists some fortuitous 
enhancement of the size of the observable:

coming from nearly degenerate opposite 
parity state mixing and interference 
with the much larger parity allowed 
transition in nuclear excited states. 

e.g. TRIPLE collaboration: 
parity violation in compound nuclei from neutron - nucleus 
resonant scattering with longitudinal cross section 
asymmetries of order 10 - 3ð10 - 1 (up to 10 6 enhancement)

G.E. Mitchell et al. Phys. Rep. 354, 157 (2001)



You can get the weak spreading width (weak mixing 
amplitude) from statistical analysis of this data:

Can also have large(r) asymmetries from neutron radiative
capture (here Cl):  M.T. Gericke et al. Phys. Rev. C 74, 065503 (2006)
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However, many - body systems are hard to deal with when 
it comes to interpretation of the results in a non -
statistical fashion.

There is no transparent connection to the SM .

So back to few body systems

ÅNo nuclear structure physics

ÅLow nucleon momentum (¢~40 MeV)  
allows for EFT momentum expansion

ÅBut no enhancement of asymmetries

Need better experiments

DS=0 HWI studies:



DDH Model ðBenchmark

Arrive at 7 weak meson - nucleon couplings:

B. Desplanques, J.F. Donoghue, B.R. Holstein, Annals of Physics 124:449 - 495 (1980)

DZ: Dubovik VM, Zenkin SV. Ann. Phys. 172:100 (1986)

FCDH: Feldman GB, Crawford GA, Dubach J, Holstein BR. Phys. Rev. C 43:863 (1991)



The Nucleon - Nucleon Weak Interaction
Meson Exchange òTraditionaló Picture

Solutions to the Lippmann - Schwinger equation -
Essentially the first order term in a Born series:

Weak p- Nucleon Coupling  
(r,wnot shown )
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Meson exchange picture cont.



Relationship to quark degrees of freedom:
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Meson exchange picture cont.



Relationship to quark degrees of freedom:

( )
() () iIf

k
Iif

I

iiPNCPCff

NSkNkNSN
kd

NNH
iHE

HNN

p
w

p
p

e

,,
1

2

1

3

3

00

äñ=

+-

() () (){ }

( )

( )( )[ ]ñññ

ñ

ñññ

--=

ù
ú

ø
é
ê

è
++=

=

yxSy
I

S

N
w

CC
I

W

I
S

I
W

I
W

ttyxfJdtydxdH

ZJ
g

WJWJ
g

xdH

tHtHtHdtdtdt
i

S

d

q
m

m
m

m
m

m

,

cos

**

33

3

321321

422

2

DDH use SU(6), quark model, and measured hyperon decay amplitudes 
instead !

Meson exchange picture cont.



DDH Model ðBenchmark

In general, a measured PV NN observable can be 
expanded in terms of these:

E. G. Adelberger and W. C. Haxton, Ann. Rev. Nucl. Part. Sci. 35, 501 (1985).

DDH Weak
Coupling

(Ag) np ­ dg (Ag) nd ­ tg (fPV) n- p 
(mrad /m)

(fPV) n-a
(mrad /m)

p- p p-a (Ap
Z) n 3He ­tp

ap
1 - 0.107 - 0.92 - 3.12 - 0.97 0 - 0.340 - 0.189

ar
0 0 - 0.50 - 0.23 - 0.32 0.079 0.140 - 0.036

ar
1 - 0.001 0.103 0 0.11 0.079 0.047 0.019

ar
2 0 0.053 - 0.25 0 0.032 0 0.0006

aw
0 0 - 0.160 - 0.23 - 0.22 - 0.073 0.059 - 0.033

aw
1 0.003 0.002 0 0.22 0.073 0.059 0.041

Viviani et al. 
PRC 044001
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Experimental results generally agree with the DDH ranges, but:

üUncertainties are large

ü Some experimental results produce conflicting values for 
coupling constants (e.g. Values for hp

1  from  18F and 133Cs 
differ by several s)  

p- p scat. 15, 45 MeV  A z
pp

p- p scat. 221 MeV Az
pp

p-ascat. 46 MeV Az
pp

133Cs, 205Tl anapole moments



n+p­d+g Ag
d

n-a spin rot. dfna/ dz =[+ 1.7 ±9.1(stat.) ±1.4(sys.)] ×10 - 7 rad /m

W. M. Snow et al. Phys. Rev. C 83, 022501(R) (2011)

Completed



n4He Spin Rotation

NIST Experiment:

ÅVertically polarized neutrons
ÅEnter liquid helium target with four chambers
ÅNeutrons rotate in helium in a spin dependent way
ÅNeutrons are rotated in the x - y plane after acquiring the PV rotation
ÅNeutrons are analyzed in another supermirror polarizer 
ÅTransmitted neutrons are detected in the ion chamber  



EFT Calculations (Upshot)

The DS=0 HWI can be parameterized in terms of 5 (8 
with pions) low energy phenomenological constants.

At very low momenta (¢~50 MeV) the constants 
essentially reduce to the 5 Danilov parameters:

originally determined from NN  
scattering theory (Born approximation) 
write down simplest S - P amplitudes 
with PV and CP cons. amplitudes in 
addition to singlet and triplet strong é

At higher momentum include explicit pions. 

ttsss rllll ,,,, 210



EFT Calculations

Write down 12 possible general P violating and CP conserving current -
current terms with all isospin changes up to DI=2 :

etcé

The NN contact potentials are expressed in terms of 12 parameters, 
but no mesons:

Shi- Lin Zhu, et al. , Nuclear Physics A 748 (2005) 435 ð498


