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Motvations

+ Oscillations of neutral particles can teach us about new

physics e - - S
CP CP my ?

+ Neutron oscillations violate baryon number (B) and baryon-

lepton (B-L) number: |AB|=2 [Sakharov, JETP Lett. 5, 24 (1967)]
AL =0

+ Contrary to proton decay, scale of new physics is within

reach and can explain baryogenesis
[Grojean et al., 1806.00011]

+ Future experiments have the potential for a great increase in

sensitivity to oscillations (ESS and DUNE)
[Frost, 1607.07271]
[Hewes, DOI:10.2172/1426674]
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New physics

+ Relate the off-diagonal matrix element of
the effective Hamiltonian to the
mMicroscopic operator

(0| # g ) = —— 3 c{n 6,1

BSM

+ The process is mediated by an effective
6-quark operator of dimension 9

6
Adcep

3
ABSM

OnT = <H|Jd3X K op| 1) ~ C

+ The mass scale for new physics is

obtained roughly as Agqy ~ 100 — 1000 TeV

[Phillips et al., 1410.1100]

neutron

0% ~ (uuddd)

anti-neutron



[Rao & Shrock, Nucl. Phys. B 232, 143 (1984)]
[ Buchoff & Wagman, 1506.00647 |

Operators

Chiral Basis| Fixed-Flavor Basis |[Chiral Tensor Structure|Chiral Irrep
Q1 OsRRR DRDRDETAAS (1La 3r)
Q2 Ol RrR DrDrDLT? (1z,3r)
Qs OlLr DLDLDET (1z,3r)
(4 4/5 Okrr +1/5 Okrgr Dy T To50 (1z,7r)
Qs OII%LL DEDZ+TSSS (52,3r)
e O%%LL D%D%FTSSS (52,3r)
Q7 2/30%Lr+1/30L1R DLDPT5 (5.,3R)
Q1 1/3 Okrr — 1/3 Okrr|  DrDrDLT S (1z,3r)
Q3 1/3 0%k —1/3 OLrr DD DLT5? (1z,3R)




[Rao & Shrock, Nucl. Phys. B 232, 143 (1984)]
[ Buchoff & Wagman, 1506.00647 |

Operators

Chiral Basis| Fixed-Flavor Basis |[Chiral Tensor Structure|Chiral Irrep

DrDrD;TA4?

D1 DrDLTA4? (11,3R)

DD DLTA4? )
Q4 4/5 Okrr +1/5 Orgrr Dy T (1z,7r)
Qs ORrrL DD} T (52,3R)
Q6 O?{LL D%D%+TSSS (5L7 3R)
Q7 2/30%.r+1/3011R DLEDIPTS5 (5.,3R)
Q1 1/3 O%krr —1/3 Okrr|  DrDrDETSSS (1z,3R)
Qs 1/30% . —1/3 0L R DD DTS (11, 3Rr)
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+ free propagation in vacuum
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after annihilation

+ bound neutrons: 7, x (6m)™> — R,r>_.

+ large amount of nuclei in
underground detector

+ irreducible atmospheric neutrino
background
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[KEK-Japan]

|.attice details

+ Configurations and propagators from RBC/UKQCD
[RBC/UKQCD, 1411.7017]
+ Mobitis Domain Wall fermions
+ Physical pion mass

= 483x96 with a=0.123 fm

+ 30 independent configs.
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[KEK-Japan]

|.attice details

+ Configurations and propagators from RBC/UKQCD

[RBC/UKQCD, 1411.7017]

<+ Mobitis Domain Wall fermions

+ Physical pion mass

L6 ith a0 103 B

+ 30 independent configs.

+AMA to increase stat.




Methodology

+ Calculate 3-point function of
operator inserted at time 7

+ Only 1 propagator (point-to-all)
needed: fix source at 7 = 0

+ All time separations accessible
i 0 T—
+ Only point insertions, but point
and gaussian smeared nucleons

2pt 3pt
CPP,Ps(tf’ ;) CPP,PS,SP,SS(tf’ T, 1)

[Syritsyn et al., PoS, Lattice 2015, 132]

(0 N(1) O.(x)N(1) | 0)

i
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described well by a 2-state fit
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Outlook

+ Non-perturbative renormalization to scales above the

hadronic world already exists
[Syritsyn et al., PoS, Lattice 2015, 132]

+ perturbative renormalization to the scale of new
physics already exists

[ Buchoff & Wagman, 1506.00647 |

+ more statistics (configurations and propagators)
already exists: can reduce errors below 20%

+ excited state analysis almost finalized
[Syritsyn et al, in preparation]
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+ Improvement of the experimental limits on oscillations is expected
in the next decade 7, . > 10" s

+ New EFT approaches connecting new physics to nuclear matrix
elements are in progress: need precision to compare to
experiments [Grojean et al., 1806.00011]

+ Fully non-perturbative estimates of nuclear ME are needed for
translating experimental bounds to constraints on new physics
models

+ LQCD calculations are now replacing old and uncertain MIT bag
model estimates for nuclear ME
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[Implemented in Peter Lepage’s corrfitter]

Fit functions

C (tfv t;) =
‘AO|2€—MQ(tf—ti) 4 ‘Al‘ e_Ml(tf_tz‘)

Cgpt(tfaTv tz) —
Ao |#(0]Or|0

>€—M0(tf—t7;) _|_
A1 [2(1|Op|1)e~ Malts=ti)

A A5 (0|Op|1)eMo(r=ti) g =Mty =7)
At A1 (1|Or O>6_M1(T ti)g=Mo(ts—7)




[Syritsyn et al., PoS, Lattice 2015, 132]
[Syritsyn et al, in preparation]

Renormahization
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[Syritsyn et al., PoS, Lattice 2015, 132]
[Syritsyn et al, in preparation]

Renormahization
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Preliminary results (do not quote)

Operator| Bare Matrix Element
Q; 1.19(42)(15) x 107°
Q5 —2.80(56)(31) x 10™°
Q3 2.04(35)(26) x 10~°
Qs

0.0366(105)(152) x 10~°

A —

G~

Chiral Basis [RI-MOM, 2 GeV| MS, 10 TeV | RIfaN-20eY

Q1 -60.5(7.5) -33.1(4.1) 6.8
Q2 88.8(10.2) 133(15.2) 8.1
Q3 -58.7(5.4) -53.7(4.9) 7.2
Q4 0 0 _

Qs 8.84 (1.04) 2.11(0.25) 3.2
oF -2.12(0.26)  |-0.506(0.062) 3.2
Q7 1.41 (0.17) 3.2

0.337(0.041)

[Syritsyn et al, in preparation]




