Introduction
Proton decay

- smoking gun of new physics, natural in GUT with #B violation

- search underway in underground experiments: SuperKamiokande etc

* next generation experiment planned: HyperKamiokande, DUNE
Proton decay matrix elements on the lattice

* bridge between GUTs and Experiments

Lattice status

* N.=2+1 DWF results exists (1) —
 but, extrapolation w/ mn =z 340 MeV

Loose End

Proton decay matrix elements with physical quark masses
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- chiral extrapolation !
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- skirmion model suggests drastic decrease as m—0 (2) (GeV']

Use of physical point simulation is next task

- here we use PACS Wilson ensemble 644 (and 964 for some)
- see similar effort by RBC/UKQCD (3)

Ni=2+1 PACS ensemble
- lwasaki gauge 3=1.82

« stout smeared Wilson fermion: p=0.1, N=6

« ud and s quarks are on physical point

« 1/a =2.333(18) GeV (4)
* 644 is mostly used in this study: mnrL=3.8

statistical note
« ~100 configurations

» for each config

- matrix elements: AMA (5):

* one exact and

« 256 sloppy solves

* NPR:

* single point source

Relevant form factor Wo <m9|(ud)ruL|p> as an example
- from ratio of 3 and 2 point functions
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RI/MOM Non perturbative renormalization - operator mixing
ex: flavor structure (ud)s case

 only two operators are independent LL & RL
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Projector x Vertex

- off-diagonal larger than DWF, but, = 1% — treated as negligible below

Wilson (this study)

aa
M™" for nucleon decay

Nf=2+1, PACS, 644, 99 configurations
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* no chiral symm. — mixing basis contains (6) >\O4.v)

DWF from (7)
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M™" for nucleon decay, from 4 srcs
Nf=2+1, Iwasaki, f=2.13, 16°x32, L =16, m—-m,__
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Wo| ~20% smaller than DWF (with a long chiral extrapolation) at g2=0

 consistent with sys. error ! no big surprise found for ms—muyqg

Low energy constants of proton decay

«

* LO ChPT Wy(z°|(ud)ruL|p)] ~ VT

- ratio of 2pt fuctions
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MSb 2GeV Z factor with RI/SMOM wave function Z

« small SSB & quark mass effect good for physical point ensemble
* Zpp/Zpa32 or Zpp/Zv32 with Za, Zv from SF scheme estimate (8)

« A and V vertex from SMOM and SMOMyu schemes (9)

SMOM intermediate schemes
PACS Wilson, 64"
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Z,,(MSb,2GeV)

RI/MOM intermediate scheme
PACS Wilson, 64"
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O RI/MOM through A

SMOM

o RI/MOM through V| T

- center, error from (pa)2— 0 and scatter of data in the range [2,3] GeV

+ Z1(MSb, 2GeV) = 0.98 (6),

Zr(MSb, 2GeV) = 0.98 (7)

« note: ZuLu=2Zr. =1 — bare ME = ren. ME
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« a consistent with earlier DWF computation with a long chiral extrapolation

* no big surprise happening when going down to physical ud mass

Summary and outlook

« NOTE: all results are PRELIMINARY!
- proton decay FF at physical point
- with PACS Wilson ensemble
- allows to remove final loose end
* RI/SMOM schemes applied
* robust against SSB and mass effect
- multiple intermediate schemes
=pbetter estimate of the sys. errors
« Wo (p—10) consitent with DWF (1)
« LEC a and (3 consistent with DWF (1)
- estimate of K-final state MEs underway
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