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I, Introduction
exciting prediction of (SUSY-)GUTe

Experiment

€3forts to push lower limit onpartial |ife $ime of nmcien
Shiogama, ICHEP2000
‘Pomeet Th(paweet) D44xr09 s
'PIK*U YB(P-2K*T) D I.9xt0% s
improvement by Super ~Kamiokande
—> Streng censtraints on (SuSY-)GUTs

TI\Eo:z
one o¥ +the main SourceS of uncertainties
{Ps|GB|nD
predictions with various QCO models scatler over wide vonge
Man;n ~lo POC"(PSIO"'N>P

—5 important +o determine <PS)GEIND From fivsd principles
using lathice PC®



Our purpose

. Compar’ns"én of direct and indirect methods
ex, p~rymeet decay mode.

<ol O6F1P) = <o|OFIP> gy (1+F¢D) +OUWR)
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« GUT-model-independent calculation of (P5IOFIM)

p— Treetr minimal SU) GUT
P— Kty minima] SUSY SUK) GUT

— enumerate independent maltrx clements

For (P.n) = (7, Kk,7) (0, et ut)



T GUT-Mode]- Independent Amlysis on SO0
independent matrix elements $o. nucieon deoys

(p.n) T K, 1) +(V. &% M)

T Indirect Method

chiral lagrangiant 0| 6FINY with laffice @CH

TV, Direct Method
(ps|@INy From 3-point Function

V. Continuum limit of LoloB|ND in 7uenched Ce

VI. Summary



1T, GUT-MoJel-IndepmJeﬂf Analy sis on {PSIOPN)

Complete set of dim,=6 operaters

low energy effective HamiHonian is described by

SU(SJ X Su(z) x U(l) Jange Symmetry
S‘l'rong. e[echweak

dim=6 is Jowest
€5k Q' QRL
Ghied = (Bir Bsr)( Qe Loas) Ecin Eup w;:
n@ = (551'41.(:)@;51.) (qccp, Ldr) €yin Eug
od = Qlias Q) (P L) €0k Easper
Olbed = (Dsg Unk) (Thir Law) €as
PC=4¢TC , Pre= H)'i-
{,,h : SUB)

%87, 8. SUR)
ab,c,d : generation

cf. Fier3trans® For vedor and tensor Strachwres



Relevant operaters Jor non-Strange Finel stules

C3 = (dir Wa) (UL e — A ) S
O (35 usr.) (UgR Car) Ek

O2= (F5 o) (T, eqr ~ A Var) Etim
O (35 wn) (U Car) i

Relevant operators $or strange Fina) states

~)

Oy = (SR U;R) (U edr - dr VL) Ecik
G4 = (55 us) (YR QdR) Esh

35 = (S8 we) (U e~ 3f 14, ) Euk
83" = (BHWR) (g QRIEA

Ba = (A% usR (55, bue) €om

&= (d5.w) (55 waw) €55k

where d denstes generation

e=xe, V=l
€z pu, Va=by



Independent matrix elements

N — PS+4
(Pr)  (mkq) (Vetut)

assumption of iSespin Symmetry (mu=md)

(el &jp(uch d?)R Wk IP)
(T EGRUCRLAIRARIT) 1oy 5 - 1), > 2=t
(K"l EoR( L(“C&,Lsi) PuR lP) <.“,+l - (rL « . ﬂ

remenan 7O OIS
(k¥ ErCucRred)R. SRIP) 41 +<|
GYE (WCh o SHR.dRIN)
¢l esr(utcid)R.UR P)
where
CPs| OigIN> = <PS|CziIND

]I parity conservation
{Ps| OprIND> = <ps|OiLINY

All we have to calculate in [attice QCO are
these 14 matrix elemends

< indirect method chira] lagrangian + <|0%u() with jaillily
direct method (PSIOPIN) with lafike



L. Indirect Methed

IL-(. Tree-level results of chiral lagrangian
Prelds C lowdson - Wive- Hall

Dide o K
Zzexp(z'-?-) with @g=| - ‘%*%- K*

=+ 7T
- S .
\ = 2 -Ew

+ransfor mations

2 — L IRt | SU@E),, RESUB)R
B — UBU*t Ua SuU@B)y



Action
lowest erder of SUBK XSUBIR imariant Chiral |agrangian

Lo= 5T IXMWEY) + T-B Wt M )6
+2TBRLSRE +5I0E]B + 55 5 [G.5)5%+ (54 ]
- (0-F) T DU B[AB)E*- kN3 ]
+4 D+F) T» Bhaar B -H818
=% §-5L3Ur<UIRt under SUGLXSUBIR

Symmetry -breaking. Term dueto quark mass
;C‘ =~ F [ M+ Mg L]
 —TB(EtMeEt+ BMPIB ~ailr BB (B*rpEt+Eres)
~b, T BU(E M3t - 20D — b2 FBisE (Biryd-~drad)

Semileptonic baryon decays —> F=ofT, {=ads

. Im
V= Hort md)
octet baryon mass splithng —> 4 x-ef G ReW®

b, by are nst wel] determined




Construction of operaters.

Uunder SUB). xSUB)R

G.3). R W& }Parm‘krd
(3.9) : &(U, 521 v

(81): of, &,68

.8): 6§ & } Poramarer ¢

585 € (3,3), I*BEte(3.3), Eoste(R)), SDRe D)

ex.

Q" = a[85. 5 (FE6.E) ~ U5 TH(FE6e8)]
of = « 85T (F¥BesY

0%~ 8 [€&. 5 (F38.8Y) ~ W (F36.8)]
65 B €drTi- (FEIBRE)
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ReSuH‘S for matrix elemen+s -

o k=9

ex, prmoet, Of'=hEFT(FEBLE) L. ——
- r

Gro|kTH(FEBLE) 1P N

L [ btF ~Pemg _ 4b, _Muil,
R [~ TF om0 o

o N DiF My 4 __!_L
ARZXp | o Ty T ¥ -‘i'—ne.]

onh-Shell condition For ouT-%eing ’ep‘fons
~Pame, TAVE =MW

el AT-(F3BLE) [P
; [ piF méPrg %ﬂ}
= veCl.Up [3;’? & \Tz_—f —’;'e}"‘mfv "y "

| ameme | 4b, _Weie_
Tr—— I.@;Lm%-—mi: Tre ‘mird,

mu, me <<my , assume b, ba ~ OU)

g< ol T (F BB [P) 2 4UECR Up 755 (HOHF)

—> unknown parameters &, 872



Definitions oF o,f

" { (Ei'fg u;s)(ﬁfn.eda - a.ft.le-) € inuork fuids
Oy =

o[ 3§ T (FEBLE) ~ViE Tr(FEBLE)] in chivel legrngum

GOlOT 1Py —> ClEs; AU CR ) RuM PO = ARK®
CIOF 1D~ {olesn(uchd’) R &k [POT) = g RA®

We can determine &g with [«fice YCP

NLO effects in indirect methed

R )2 . (1'_*:{__)
(‘Z; - 4.“.? ~o02%



Simulation parameters

Wilssn quark action + plaguette gauge action fuendch
B=60, LxxLyxlgxle = 28228%48280, (00 confry.
k=0.185820, 0.I5848, OLEE16, OJ5HS (&%-N--N
al=230(4) Gev Fam Me=T76 MeV

Results $or &8

o{(NBR, 72 )= —~o.0l5(l) Gel?
BINBR, ) = o014 GeV3
five times farger than [d]|=|8]=6,003 QeVi

—_—TTTN

Smallest amon} various QO meduls
MIT bag Donoghwe~ Golowich(W)
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V. Direct Methed
defects of indirect methed can be overcome

Form factors

Ps
_ NNBRE
¢ 5 —%

N R

<P5(—P—))l0f’f NR) Y = RW®)u™ - R w419 2qu™’

W¢term is negligible after the multiplication of W (ThwmW)
Wo(32) and Wg(92) should be disenlangled in latie calonlaiion

my

Jps %) 6%y (@0

Impertant technical points

e ms¥myd by makmy

-28*x48x 80 allows lﬂﬂ-‘%‘,‘%‘
investigate the R dependence
inferpolate the results fo §¥=o poiat



¥ iting Function inspired by Chiral m
Cot C, () 4+ Cz("ﬂ" +Gm, +Gema
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Results %or direct me+thed
*Youghly Comparable with the resalts for indirect metind

+3~5 timeS larger than +he tree-level predictions of
Chiral lagrangian with Mi=(pi=o.00d Ga¥®

—7 enhancement of +he partial decay width by o foctor of~se
[ | <PS|OBIND [}
mote Stringent constraints on GUT medels



V. Continuum [imi+ of <olOBIND inquenched <O

Systematic errors

-Scaling violation
could be large For the Wilson puark acton

» Quenched approximation

- NLO 6% ChPT for &,8 parameters
— Temove Séalfns violation effects for o.g povems

Simulation params.

B a7 alfm] Rconf
5.9 32x56  0.1020(8) 300/800

.1 40°x70  0.0777(7) 200/ 600
§.25  48°x 8¢ 0.0 4420¢M 140 /420

La3im Mn,xp5-075 with € firk masses

same parameters as the quenched [ight hadven spectyem
calculated by CP-PACS Collad

PRDLV(2003) 03003

except that we drop +he largest @ and the [iphtest
quark mass at each @



S}'s'fem—;’ric error coming From scale aﬂ'mﬁ. is lach

le mFl #'

|« (NOR, 2GeV)| = 6.000(01) (f;) GeV?3
|BINBR, 26eV)| = 0.0696 (01) C:O) Gev?

—> still larger than 141=g]= a003 GeV’

0.020— - . - 1
' |o,B(NDR,2GeV)| [GeV"] *
0.015- | =-
. t * o
0.010[- % f —
T o o |4 (m, impwt) 1
00051 Coow B (m mpw)
o s a o€ mpw)
000 — %02 o4 0



once we set +he lattice Spacing by mo

—Toh deviation For My
+2% For Ix

— quenching effects
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» GUT-model- independent calculation of (PsIPR)
(P.n) = (m, K 7)+ (¥, €% )

+ KPS| OFINDyct are Toughly comparable with <P5|(9¥ 10D, yint
using o, B determined on +he same |athice

' KPS|OFIND et 37€ 3-& times [arger Han
CPSIG®INDindirect using 41z lg1<0.003 GeV?
— stronger constraints on GUT models

* Continuum limit in 7uenche¢{ P
IANBR, 2Ge V)| = 0.009009) (1) GV
16 (VR 2GeV)| 20007 (01) (14 Gev?

— Sca.ling. s?‘ud}' For (PSIO"'IN}dmd S Teqeired

next step

- remove quenching effects |
new possible with 2- and 3~ $layer @CO

sone~loop calculation of chiral lagrangian



