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Goal: Encode all low-energy parity-violation measurements 
(existing and expected) on few-nucleon systems in terms of a few 
simple rules/parameters: unbiased and systematic, based upon 
standard model symmetries and power counting only.

Start with very low energy, for two and three nucleons, and 
 see if we can understand those systems.

Input: EFT and large N   -> Output: future experimental focus c

Experimental challenge: signal

E . 10 MeV
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If the symmetries are correct and the power counting is correct, results 
include those of the underlying theory (e.g., QCD/PV) — but unknown 
parameters specify which underlying theory.



Top-down procedure  
(not to scale)

Creating an EFT C(µ) is not an observable
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coe�cients include all other physics

operators containing �, p, n
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Create low energy NN(N) EFT: down-up approach

N, �• Use physical fields: 
• Find something small to expand in: 
• Identify all operators consistent with underlying symmetry 
• Determine how operators and coefficients scale 
• Establish power counting 
• Choose order to truncate 
• Calculate observables

p/⇤⇡/
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Two Nucleon Parity Conserving Interaction Terms

Pa(1S0) =
1�
8
⇥2⇥a�2 ; Pi(3S1) =

1�
8
⇥2�2�i

L = N†

�
iD0 +

⌦D2

2M

⇥
N +

e

2M
N†(�0 + �1⇤3)⇥ · BN

�1
8
C(1S0)
0 (NT ⇤2⇤a⇥2N)†(N⇤2⇤a⇥2N)

�1
8
C(3S1)
0 (NT ⇤2⇥2⇥iN)†(N⇤2⇥2⇥iN) + · · ·

DµN = ⇥µN + i
e

2
(1 + �3)AµN

N =
✓

p
n

◆
isospin doublet ⌧ ⇠ Pauli for I-spin

� ⇠ Pauli for spin

(Observables: mag. mom., scatt lengths)



= + + + ...

a(1S0) ⇥ � 1
8 MeV

a(3S1) � 1
36 MeV

Parity Conserving NN

Both S-wave scattering lengths anomalously large => momentum 
expansion fails => reorganize to treat C’s nonperturbatively
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Rupak NPA 678, 405 (2000) 
E1V to N4LO
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Parity Conserving 
(See Vanasse for 3N examples)
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Schindler/RPS NPA 846 (2010) 51

cf. Danilov parameters, Zhu et al. NPA 748 (2005) 435,  
Girlanda  PRC 77 (2008) 067001.

Five parity-violating EFT⇡/ low-energy constants
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What are these coefficients?

Z
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Scaling of Operators
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NN Parity Violating Observables
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NN Analyzing Power
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LO Extraction of PV low energy constants

(in different combination) 
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Compare to Pionful Description  
needed for higher energies 

Pionful PV NN interaction 

Pionless PV NN interaction 
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that they are “natural,” i.e., that the magnitude of the LECs is of
order 1 in the correct units. However, this does not determine
the signs of the LECs nor the relative size of different LECs,
and can therefore only be viewed as an order-of-magnitude
estimate. As discussed in Ref. [48], naturalness arguments
lead to an estimate of

|g(X−Y )| ≈ 10−10 MeV−3/2. (55)

Similarly, by comparison of the dEFT ̸π calculation of p⃗p
scattering [4] with the experimental result at 13.6 MeV [8],
the size of the LECs can be estimated to be5

|g(X−Y )| ≈ 10−11 MeV−3/2. (56)

The values obtained from matching the LECs to DDH
model parameters agree with these estimates. In particular,
considering the full “reasonable ranges” of the DDH couplings
covers the range of LEC values one would obtain from
naturalness arguments.

Naively one would like to measure the asymmetry A
γ
L

at the photon momentum for which it is maximum. This
value occurs at threshold for γ d → np where the cross
section in the denominator of Eq. (51) is zero. However, this
also means that the resulting count rate will be negligible.
Therefore, it is important to find a photon energy for which the
asymmetry is not too small, but the expected count rate is large
enough to perform the experiment. A detailed determination
of this energy would also include an analysis of systematic
uncertainties and various issues of the actual construction of
the experimental apparatus. Such an analysis is beyond the
scope of this paper. Here, we merely try to find a suitable range
of photon energies which balance the size of the asymmetry
and the requirement for large enough count rates. To do so, we
choose as a crude figure of merit f = (Aγ

L)2 × σ (γ d → np).
Using our results for A

γ
L and again the DDH, DDH-adj, and

Bowman values, as well as Eqs. (49) and (50), we find the
figure of merit f as is given in Fig. 9. The notation used
for Fig. 9 is the same as in Fig. 7. The figure of merit f is
maximized at a photon energy of k = 2.264 MeV for both
the Z-parametrization and resummed ERE using DDH and
DDH-adj values. For the Bowman values, the figure of merit
is maximized at a photon energy of k = 2.259 MeV for both
the Z-parametrization and the resummed ERE formalism.

As an additional estimate, we also consider the product
A

γ
L × σ as an alternative figure of merit. As shown in

Fig. 10 and expected from the energy dependence of the
asymmetry and the cross section, the maxima for this function
correspond to slightly higher photon energies than those of
Fig. 9. The figures of merit using the soliton LECs show
maxima for similar photon energies. While these are only
very rough approximations to more reliable figures of merit,
their combination suggests performing a measurement of

5The asymmetry in p⃗p scattering constrains one particular linear
combination of LECs in dEFT̸π . Here, we consider this as an estimate
of the size of individual LECs. However, it is possible that the
individual LECs are larger and that a cancellation occurs for this
particular linear combination.
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FIG. 9. (Color online) The figure of merit (Aγ
L)2 × σ as a func-

tion of photon energy. The lowest photon energy on the plot is
the breakup threshold value corresponding to the deuteron binding
energy. The thin lines are Z-parametrization calculations and the
thick lines resummed ERE calculations.

the asymmetry around a photon energy of approximately
2.26–2.3 MeV.

V. CONCLUSION

We have calculated the energy dependence of the PV
asymmetry A

γ
L for deuteron breakup with polarized photons in

EFT ̸π to NLO, in which PC and PV interactions were treated
within a consistent framework. Based on power counting
arguments, the theoretical errors in our results were estimated
to be about 10%. Using various estimates for the PV LECs,
which have not been reliably determined at this stage, the
asymmetry A

γ
L is expected to be of the order of 10−7. However,
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resummed ERE calculations.
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``Parity-violation measurements offer another way to probe the short-distance behavior of 
the nuclear force and its relation to QCD...An experiment [of                ] is being discussed 
at the High Intensity Gamma Source at ...(TUNL)...if an upgrade to higher flux is carried 
out.”
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Future Possibilities for PV Measurement, cont.



Summary and Outlook
• EFT   well established for parity conserving NN(N) 
• More bodies on the horizon 
• PV NN(N) is promising; more calcs in progress 
• Well-suited for large N   restrictions 
• 5 PV LECs (before large N  ) 
• Importance of              (lattice?) 
• Measurement needed: HIGS2 
• Expected: SNS             
• Planned:  
• Future for theory: pions needed to extend   
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