Plonless Effective Field Theory
and low-energy few-nucleon parity violation

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. E <10 MeV

Experimental challenge: ~ 10~7 signal

Input: EFT and large N -> Output: future experimental focus
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Pionless EF'T

d > (also quark-less, W-less, and Z-less)
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It the symmetries are correct and the power counting is correct, results
include those of the underlying theory (e.g., QCD/PV) — but unknown
parameters specity which underlying theory.



Creating an EFT C'() is not an observable
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Create low energy NN(N) EFT: down-up approach

 Use physical fields: IV, v

* Find something small to expand in: p/A

* |dentity all operators consistent with underlying symmetry
* Determine how operators and coetticients scale

e Establish power counting

 Choose order to truncate

e Calculate observables

operators contaming v, p,n

/
L= Ci(p)O;i(p)
sum over terms /Z \coefﬁcients include all other physics

(to desired order) 1 dependence!



Two Nucleon Parity Conserving Interaction Terms
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Parity Conserving NN
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Both S-wave scattering lengths anomalously large => momentum
expansion fails => reorganize to treat C’'s nonperturbatively
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np — dry Parl’[y COﬂserVing Rupak NPA 678, 405 (2000)
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Five parity-violating EF'T; low-energy constants
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What are these coefficients?




Standard model of weak interactions in quark sector
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strong-strong
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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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n+p—d+y and n—l—p%d+%

iece: N %
strong piece: o
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LO Extraction of PV low energy constants
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Compare to Pionful Description
needed for higher energies

Pionful PV NN interaction > C7 (W07 (1)
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Imposing LO large N. symmetry
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NSAC Implementation (2013)

“Parity-violation measurements offer another way to probe the short-distance behavior of
the nuclear force and its relation to QCD...An experiment [of Yd — np] is being discussed
at the High Intensity Gamma Source at ...(TUNL)...if an upgrade to higher flux is carried
out.”



See Viviani Talk
n+He — p+°H

Oak Ridge Spallation Neutron Source
(Bowman, Gericke, Crawford)
expected to 1078

longitudinal asymmetry 0y, - kp
depends upon 4 EFT; LECs (not Al = 2)

hybrid prediction ~ 107° — 10~
(Viviani, Schiavilla, Girlanda, Kievsky, Marcucci,
PRC 82, 0440001 (2010))



Future Possibilities for PV Measurement, cont.

spin rotation:

ii+*He

Snow et al, PRC 83, 022501(R) 2011:

90 = (1.7 -

- 9.1 -

-1.4) x 1077 rad/m

NIST goal: 107 rad/m

Sensitive to same parameters as 77 +°> He

Model potential: ~ 107° rad/m

(Dmitriev, Flambaum, Sushkov, Telitson,
PLB 125, 1 (1983))



Summary and Outlook

* EFT, well established for parity conserving NN(N)

e More bodies on the horizon

e PV NN(N) is promising; more calcs in progress

e \Well-suited for large N¢ restrictions

e 5 PV LECs (before large Ny)

® [mportance of AI =2 (lattice?)

e Measurement needed: HIGS2 7d — np (7 +°H — nd)
e Expected: SNS 7 +°He

e Planned: NIST 7 +%He

e Future for theory: pions needed to extend
energy range




