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CP and T violation are sensitive probes to search for new physics

Can there be additional CP violation to be discovered in beta decay?

Explaining the observed baryon asymmetry of the Universe requiresExplaining the observed baryon asymmetry of the Universe requires 
CP violation larger than what is provided by the phase in the CKM 
matrix. One possibility is that this extra source of CP violation should 
be observable in nuclear beta decay.be observable in nuclear beta decay.
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Standard Model Weak Interaction at low energies:
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R lti d tResulting decay rate:
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D Sensitive to a phase 
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D between the axial and vector 
(or T and S) currents



Cheaper than searches at  p
Belle (¥¥¥) or Babar ($$$), 

emiT is a `null experiment’. 

Model D

CKM phase <10-12

Theta-QCD <10-14

Supersymmetry <10-7-10-6

Left-Right symmetry <10-6-10-5g y y

Exotic Fermion <10-6-10-5

Leptoquark <present limit ~10-3
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Although we look for a T odd/P even signal people have made connections toAlthough we look for a T-odd/P-even signal, people have made connections to 
EDMs (T-odd/P-odd):
Kurylov, McLaughlin, Ramsey-Musolf PRL 63, 076007 (2001)
Haxton, Horing, Musolf, PRD 50, 3422 (1994), g, , , ( )
Khriplovich, Pis’ma  Zh. Eksp.Teor. Fiz. 52, 1065 (1990)

These limits are more stringent than the present work, but model dependent.



New results from D0 show unexpected CP-violation in B0
s B0

s



emiT’s basic sketch: 
polarized neutrons;
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detect protons and electrons. 
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Some challenges:
1) Polarize/flip neutrons;
2) Detect <1 keV protons;) p ;
3) Detect electrons down to 
90 keV with minimal backscatter;

Solutions:
1) Supermirrors (polarize n’s by magnetic1) Supermirrors (polarize n s by magnetic 
component in scattering); flipper=current 
sheet.
2) Accelerate protons to Si detectors (28 kV);
3) Scintillators with low threshold
and position resolution (achieved via timing).











Developed a (duo-plasmatron) proton source to test detector.

Detector showed 
good performance 
and good signaland good signal 
above noise.

F. Naab et al. 

NIM 197, 278 (2002) 





Proton threshold effect

Winv~0.01

Largely Cancels in v - correction: (-0.29±0.41)x10-4 (MC and fits to spectra)
threshold variations, etc.



Expect number of coincidences between a proton and beta detector:
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To extract signal
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Spin transport

Grad. coils

Fluxgates

6LiF

•High  neutron flux (1.7 x 108 cm-2 s-1 at “C2”)
•560 μT guide field, monitored during runμ g g
•Beam profile at 3 positions via Dysprosium foil activation
•Polarization measured with supermirror analyzer flipping ratio measurement





Comparison between data and expectations look good 

V factors



Another subtle issue: beta and proton backscattering Data at 45 degrees



Results versus time (run number)( )
The experiment was stable.

Results versus axial coordinate
The average of all these results
is our final value.



Corrections (10-4)
All studies completed while data were still “blind”

Source Correction Uncertainty
BR asymmetry upper limit 0.30

BR subtraction 0 03 0 00BR subtraction 0.03 0.00

Electron Backscattering 0.11 0.03

Proton Backscattering upper limit 0.03

Beta threshhold niformit 0 04 0 10Beta threshhold uniformity 0.04 0.10

Proton threshhold effect -0.29 0.41

Beam Expansion/B-field -1.50 0.40

P l if it li it 0 10Pol uniformity upper limit 0.10

Asymmetric-beam/Trans. Pol (ATP) -0.07 0.72

ATP twist upper limit 0.24

i l d flSpin correlated flux <1e-6 0.00

Spin correlated polarizationa <1e-6 0.00
Polarization (95±5%) Included in D 0.04

±

~
~

a Includes spin-flip time, cycle asymmetry, and flux variation.

KD (0.378±0.019) Included in D 0.05

Total -1.68 1.01



Previous results:

  419 1084)( NeD Hallin et al., 

  3105.02.16.0)(  statsystnD Lising et al., 

Phys. Rev. C 81, 49 (2000).

  1084)( NeD
Phys. Rev. Lett. 52, 337 (1984).

  4101.78.2)( nD Soldner et al., 

Phys. Lett. B581, 49 (2004).

y ( )

  41089.101.196.0)(  statsystnD
Mumm et al., 

Phys. Rev. Lett. 107, 102301 (2011).

Model D

CKM phase <10-12

Theta-QCD <10-14

Supersymmetry <10-7-10-6

Left-Right symmetry <10-6-10-5g y y

Exotic Fermion <10-6-10-5

Leptoquark <present limit ~10-3




