Effects of one-loop correction
on the beta decay
within R-parity violating MSSM



Introduction

[ )

Many candidate of New Physics:

@Left-right sym. Model , Composite Model , Extra dimension, ...

New physics can manifest in neutron beta decay

= Neutron beta decay is a good probe of New Physics

General analysis of New physics in neutron beta decay
P. Herczeg, Prog. Part. Nucl. Phys. 29, 413 (2001).

Loop level analysis of neutron beta decay within MSSM
M. Drees, M. Rauch, Eur. Phys. J. C46, 573 (2003).
S. Profumo, M.J. Ramsey-Musolf, S. Tulin, Phys. Rev. D75, 075017 (2007).

Tree level analysis of neutron beta decay within RPVMSSM
P. Herczeg, J. Res. Natl. Inst. Stand. Technol. 110, 453 (2005).
NY, T. Sato, T. Kubota, J. Phys. G37, 055104 (2010).

= What about analysis of neutron beta decay
within RPVMSSM at the loop level?




Previous works

MSSM at loop level:
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D correlation of the Neutron beta decay

Observable: angular correlations
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Properties of D correlation: e v E,

* Sensitive to CP-odd (V+A)x(V-A)

* Small CKM contribution = Sensitive to new physics!!
* FSI: 0(10), known to 107

Dexp = (2.8 T 7.1) x 10 10-12 107 105 103
Soldner et al., Phys. Lett. B581 (2004) . | )) | | -~
D < 1012 | (( | | -
KM Herczeg, Khriplovich, PRD56 (1997). 4
Dyssy = 107 CKM SUSY FSI Exp
Drees, Rauch, EPJ C29 (2003).
D = 1.31x10°
Ando, et al. , Phys. Lett. B677, 109 (2009).
Dppy No tree contribution!

= Analysis of RPVMSSM at one-loop level is meaningful



Object & outline of calculation

Object:

Investigate the D correlation of the neutron beta decay within the R-parity

violating minimal supersymmetric Standard Model (RPVYMSSM) at one-loop
level.

Outline of calculation:

Energy scale

<— Enumeration & calculation of one-loop graphs

Quark level
QCD CP-odd V+A
interaction

P

« Nucleon matrix elements

Nucleon —— D correlation




R-parity violation

R-parity: R — (_1)3B—L—23

R-parity violation — lepton/baryon number violation

RPV interactions:
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M. Chemtob, Prog. Part. Nucl. Phys. 54, 71 (2005).




Loop level analysis
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Contributing diagrams:

Considerations:
* Only (V+A) x (V-A) contribute
* Diagrams with RPV couplings constrained by tree level analysis not considered
* Yukawa couplings with 15t & 2"d generations neglected




Contributing diagrams

Charged Higgs contribution not enumerated



D correlation from effective interaction

Effective interaction:

Hyva = VaaZk by (9v — gavs)névu(l —ys)ve

+arr pY* (9v + gays)nevu (1 — v5)ve

Exotic CP-odd (V+A)x(V-A) interaction

Nucleon matrix element:
(pluytdin) = gvpy*n g, =1 (cvCe)
(pluyFysdln) = gapy“ysn  g,=1.27 (exp. data)
é ™)

D correlation:
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Result & Analysis

B violating!

Anti-quarks!

V+A current!

‘» Contribute to
D correlation!
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Result & Analysis

Box diagram

¥

Fierz transformation

¥

(V+A)x(V-A) =) D correlation!
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Summary & Future prospects

 We have investigated the D correlation of the neutron beta
decay at one-loop level within RPVMSSM

 RPVMSSM can contribute up to D = 0(10°) via baryon
number violating interaction

* With further progress in experiment, possibility to obtain
information on RPVMSSM from neutron beta decay

Future prospects:

* One-loop analysis for other weak processes (EDMs, other
particle decays, etc)



Backup slides: final state interaction

Final state interaction:
* Electromagnetic interaction between final state particles
* Contributes to the naive T-odd observable (on-shell)

NLO:
— -5
C. G. Callan, Jr,, S. B. Treiman, Phys. Rev. 162, 1494 (1967).

NNLO: (Heavy baryon EFT)

D¢, = (0.228(p,"**/p,)+1.083(p./p.,"**) ) x 10~

= Accurate to 1%
= Sensitivity of CP violating contribution to O(107)

S. Ando, J. McGovern, T. Sato, Phys. Lett. B677, 109 (2009).



Backup slides: loop integral
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Backup slides: limit from atomic EDM

> Limit from atomic EDM
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— loop level analysis

(Herczeg, J. Res. Natl. Ins. Sta. Tech., 110, 2005)



Backup slides

Sakharov’s conditions:

* C & CP violations
 Baryon/lepton number violation
* Departure from equilibrium






