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Hadronic Weak Interaction (HWI)

* Probe of qq correlations in hadrons (range

N N
W-Z exchange << N size).
 Natural scale ~ x 107, set by relative size
+ 20 of meson vs boson exchange amplitudes.
At low energy, the weak NN is sensitive to
P, T, ® gq neutral current effects.
N N ° Induce parity-odd effects in electron

scattering, nuclear decays, compound
nuclear resonances, and atomic structure
(nuclear anapole moments).

» Above QCD scale A =1 GeV, at the quark level, the gg weak
interaction can be written in a current-current form (Al= 0, 1, 2).

At the nucleon level, below A, five independent weak transition
amplitudes (Al= 0, 1, 2) are present in NN elastic scattering at low 4
energy.



The PV y-ray asymmetry in 71 + p — d + ¥ is dominated by the Al=1 parity-

odd transition amplitude (3S,-3P,) expected from the HWI between nucleons.
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Simple Level Diagram of n-p System; n+p—d+y is
Erimarilx sensitive to the Al =1 comEonent of the weak interaction
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» Weak interaction mixes in P waves to the singlet and (3 s e |Lp > AT =0
- S oo 1|/YW| f1/)28 —
triplet S-waves 1n initial and final states.
. . o . 1 3
» Parity conserving transition is M1. ( So |V Po)?N =2
 Parity violation arises from mixing in P states and
interference of the E1 transitions.

* A, is coming from S, - °P; mixing and interference of
E1-M1 transitions - A/ =1 channel.




1. DDH model - uses valence quarks to calculate effective PV meson-nucleon

coupling directly from SM via 7 weak meson coupling constants
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Observables can be written as their combinations
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2. Effective Field Theory

— developed by Holstein, Ramsey-Musolf, van Kolck, Zhu and Maekawa

— model-independent

= NN potentials are expressed in terms of 12 parameters, whose linear
combinations give us 5 low energy coupling constants

» connect to 5 parity-odd S-P NN amplitudes
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3. Lattice QCD (NEW)
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NPDGamma — Experimental Setup
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LANSCE Results and Improvements for SNS

A, =|-12%2.1(stat.) £ 0.2(sys.) | x10™
A ., =[-1.8+19(stat.) =0.2(sys.)|x107

v ,LR
M.T. Gericke et al., Phys. Rev C83, 015505 (2011)

Sensitivity |2x107 1x108
Polarizer SHe polarizer SuperMirror
Polarizer
(average 55% NP)
(95% NP)
FOM (NP2) |8.9x107/s X200
improvement
Target 16L, LH, New and

improved, thinner
windows




Spallation Neutron Source at ORNL

_ Front-End Systems
. (Lawrence Berkeley)

(Los Alamos and
Jefferson)

Instrument Systems
(Argonne and Oak Ridge)

*1.4 GeV protons, 60Hz

« Hg Spallation target _, neutrons
* H, moderator

*17 m SM guide, curved

4 Accumulator Ring
> (Brookhaven)

4 Target
=(Oak Ridge)



Spallation Neutron Source at ORNL

Reached 1MW of power — September, 2009
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The NPDGamma Experiment at the SNS

Beam Stop
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Photon Csl Detector System

There are 48 detectors arranged in 4 rings.
~ 31 geometrical solid angle.
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BG-subtracted signal e
gauss fit, center at x=0.56mm
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Beam Polarization Measurements
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Beam Polarization Measurements

larization

Po

T 3He'Sbi'n 'Fl'ip'pédr b'y'A'FFS e
Neutron Spin Flipped by RFSF
"y,
- . .
2.5 3.5 -4 4.5 5 5.5 6

Wavelength (A)

19



Ay from 3°Cl and %7Al

« 35C| PV asymmetry is well known, it is enhanced
(10°), and it is used as an initial check and to test
Important experimental systematics.

« 27Al is the largest source of background in
NPDGamma and the PV asymmetry needs to be
measured to about 3x10-8 .

(47) =13x10"
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35CI PV (up-down) and PC (left-right)
Asymmetries
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2TAl PV (up-down) and PC (left-right)
Asymmetries

* The PV result is the most precise up to now. The statistical errors are < 4x108. This
will be the first statistically significant measurement of the asymmetry in the
NPDGamma reaction.

* The PC (left-right) result is statistically significant and somehow surprising. Three
factors :

» Stern-Gerlach effect (B-field)
» Mott-Schwinger effect (spin-orbit)

* Direct reaction
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Liquid Para-Hydrogen Target

* 16 L vessel of para-
hydrogen
 Ortho-hydrogen scatters
the neutrons and leads to
beam depolarization

(Gamma
Detector

Target
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Production Data on Hydrogen- so far
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* Raw asymmetry

* No BG subtraction

* Fitto the
geometric factors
shows current
sensitivity of
5.6x108
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Status of the NPDGamma experiment

* Numerous improvements to the experiment allow for the first measurement of A,
that will test theoretical predictions

* Predicted size: 5x10® (DDH) - NPDGamma will make a 20% measurement
(1x108)

* Results from CI and Al out soon.
e Production Hydrogen Data is underway !
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