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Introduction

Positron

./) X I/r_____@

Proton

0

T

Figure: Proton decay schematic diagram (Hyper-k.org)

o GUT, SUSY-GUT: new interactions between quarks and leptons
@ Nucleon stability
@ Proton decay : Baryon number violation

Is one of Sakharov's necessary conditions for Baryogenesis
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Introduction

Experimental Effort
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Figure: Proton decay schematic diagram [DUNE arXiv:1512.06148]

@ Super-Kamiokande
e DUNE (Deep Underground Neutrino Experiment)
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Figure: Proton decay effective diagram

C'{¢, PS|[LOrr/]|N) = C'7(PS|Orr/|N)
— C'Pp [Worr’(q2) - %errl(q2)] un(p,s)

, where C' being the Wilson coefficient of I-th kind of operator.
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Figure: Proton decay schematic diagram

(N = P+7) = B[1 — (ZPIPIT, C W - PP
. where C! being the Wilson coefficient of I-th kind of operator.
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Lattice settings

e RBC/UKQCD generated Ny = 2 + 1 dynamic Domain wall Fermion,
gauge action Iwasaki-DSDR

o Lattice size 243 x 64(L ~ 4.8fm), Ls = 24,
B =1.633, mya = 0.00107, mpa = 0.0850, m,es = 0.00228

e a1 =1.015 GeV, m; = 139 MeV, mx = 505 MeV, m,L ~ 3.4

o Deflated CG with 2000 Eigenvectors (basis 1000)

@ Generated 3241 AMA samples on 52 gauge configurations with 3
source-sink separation, i.e., tsp € {8,9,10}

@ To meet the kinematic condition, chose the most suitable two sets of
p for each meson.
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Lattice settings

p=p+q
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e Physical g°> ~ 10~8GeV?
e Chose [001] [011] for Kaons
e Chose [111] [002] for pions
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Lattice settings
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e Physical g°> ~ 10~8GeV?
e Chose [001] [011] for Kaons
e Chose [111] [002] for pions
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Lattice settings
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Form Factors
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Figure: Pion Channel form factor with p, = [111]
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Form Factors

Form Factor for each decay channel
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Figure: Form factors Channel by Channel with p, = [111] px = [011]
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Form Factors

Interpolation to physical point
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Figure: Form factors Across different pk
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Form Factors

Consistency check with earlier study

Kaon channel form factors ratio to one specific channel

- This Study |
- Aoki:2017 |
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Flgu I'€. Normalized Form factors Comparison with Earlier study and our data at tsep = 10

Stat. [%] Stat.[%] Chiral
(This study) (Aoki:2017) Extrapol.[%) 2% [%] Az [%)
(KO|(us) ug|p) 5.1 3.5 3.1 5.0 8.1
(KT |(us),dy |p) 17 4.4 7.5 5.0 8.1
(K |(ud) s |p) 4.8 3.0 3.9 5.0 8.1
— (KT |(ds) u|p) 4.1 2.8 2.8 5.0 8.1
u
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What is done
Preliminary bare form factor is extracted

Preliminary Analysis

Comparison with earlier study
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Tasks Ahead

Multi-state fit(Excited states)

Renormalization

Increase samples(Esp. pion channel)

Different Lattice (Different volume, Different cutoff)
Indirect method checkup (using «, 3)

Exploring New channels
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The End
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Lattice settings
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Lattice settin

Effective mass plots

m:#/ for various momentum

Mg

Figure: Pion mass dispersion with § = [000], [001],[011]
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Lattice settings

Effective mass plots

Figure: Kaon effective mass with p'= [011]
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AMA method

Var ratio vs. t

0.00030

0.00025

0.00020

0.00015

0.00010 4

0.00005

000000 { === mmmmmmmm e e

@ possible distribution of computation time to exact, approximate
samples enhance statistics

@ Should be easy to devise approximate sample for Domain Wall
Fermion :zmobius

@ the most cost efficient variance around

~ 0 for both proton
Proton Decay Matrix Element
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Multi State Fit

Using two-state fit to exclude excited states contribution

C?!(tr, t7) = Tr[P > _(0|Jn(t, X)In(0,0)|0)]

X

C3P(te, 7 1) = Tr[P>_(0]In(t, X)O(7, 5')Jn(0,0)|0)]

XX

, Wwhere Jy, nucleon interpolator on the lattice, P spin projection operator.
Spectral decomposition:

C2PX(tr, 1) = | Ao[?e™M0r™8) 4 | 4y [2e™ (0

C3pt(tf,7', ti) — |A0|2<000>e—M0(tf—ti) + AOAI<OOI>6—M0(W—U) +
A A (Org)e™ "ol 4 | A4y POy e Mt

Jun-Sik Yoo (Stony Brook University) Proton Decay Matrix Element July 24, 2018 24 / 26



Multi State Fit

Using two-state fit to exclude excited states contribution

@ Two-state fit to two point correlation function

.Ao Moa .,41 I\/Ila
0.00027891 -0.961095 0.640617 -2.278580756339
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Low energy constant

Chiral Perturbation theory

o (PS(p')|0"™'(q)|N(p)) to be approximated to chiral perturbation to
(0]0"™ (q)|N(p)) — Low Energy Constant (LEC)

o LEC to be calculated :
(0[O (q)IN(p)) = aPLus
(0]0*R(q)IN(p)) = BPLus
, where O being specifically (ud)rPru
Isic! Pending slides!
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