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INTRODUCTION

Weak decays of hadrons QCD — confinement, light objects
rich phenomenology Weak interactions — short range,
(e.g. CP violation in K — 7rmr) heavy mediators

There is a natural scale separation in these decays

I

build an effective low-energy theory

Integrate out heavy degrees of freedom: heavy quarks, weak bosons
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EFFECTIVE THEORY

Integrating out weak bosons generates four-quark vertices

Current-current diagrams:
c — sud

new divergences in the EFT

!

operator mixing

Heg x Gp Z C;Q; with 4 =1,2 in our example

Long distance matrix elements (Q);) — Lattice

Wilson Coefficients C; — PT BHﬂﬂKHﬂ"EN
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OPE

We use W boson propagator in unitary gauge (Euclidean)

1 qu mw — 00 1 q2
W) = e (= 512) "% o+ ()|
v (q) q2_|_m%v 7 m%v m%v po + m2,

Four-quark operators (Q; are first terms in the expansion

(d)
Hest < G [ZOiQi + Z Cfi,g Ozw] , d=>38
; i Mw

m

(d) o
O, can be gauge-invariant operators
if we fix the (QCD) gauge Ogd) can be gauge-noninvariant operators

Ogd) depend on momenta p; of external states
BRDUKHHUEN

In the limit p;/mw — 0, Vi, only 1 and Q- survive'



WINDOW PROBLEM

1 is the matching scale:

A GeV
1 a!

amyy < 1 for discretization effects
T Mw i << myy for higher order operators
T > m,pul > 1 for infrared effects
-+ L'\m

Present study is focused on unphysically small my ~ 2 GeV
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MATCHING THEORIES

Caveats:
current available lattices my ~ 2 GeV
disconnected (—penguin) diagrams for full operator basis
What can we learn from a calculation with my ~ 2 GeV ?
we need the limit p?/m3, — 0 — infrared scales
study finite volume effects

study finite quark mass effects

Explore different renormalization schemes:

study properties of RI/MOM schemes (e.g. pole structures)

[Dawson, Martinelli, Rossi, Sachrajda, Sharpe, Talevi, Testa '98]
Seminal ideas for a non-perturbatively
defined weak hamiltonian



RI/(S)MOM SCHEME

[Martinelli, Pittori, Sachrajda, Testa, Vladikas 95]

Given renormalized amputated Green's function A%
Regularization Independent conditions (RI-MOM)

AR|p2:#2 _ Z;n/2 VA Abare‘p2:#2 — Atree

The renormalization scheme is defined by the choice of the external
states:
e we use off-shell external quark states
with momentum p;, 1 =1,2,3,4
with masses m; = m, Vi
with Projectors P; to project onto definite spin-color states

e we use Landau gauge

BROOKHIAYVEN
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LATTICE OBSERVABLES - EFT

Green's function G(Q;) Rl schemes
Q1= (8i¢j)v-a ® (Ujd;)v_a P1L=Pp3 =D P2 =ps=—p
Q2 = (3ici)v-a ® (U;dj)v-a p1# P2 # 3 # pa, D} =P

A(Q;): amputated G(Q;) with quark propagators S(p;, m;)
Projectors: P, = 5il5k‘j (Fl X FQ), P, = 5ij5k’l (Fl & F2) [RBC/UKQCD '10]

We define M;; = P;[A(Q;) ] BROOKHEJEN



LATTICE OBSERVABLES - FULL
THEORY

P2 D1
\ / W boson in unitary gauge
Rl schemes:
Gan = e P1=pP3 =P P2 =pPs= "D
" p1# D2 # D3 # pa, D] =D
QCD  Weak vertex factor o g

Agn: amputated Ggy with quark propagators S(p;, m;)
3. Define W,L = Pz(ASM)
. WRI 2272 22 W}at 2,2
4. Note that W% (1) o () Zy Wi, =2 BHﬂﬂKHﬂ"EN

Zy. vector bilinear operator renormalization factor | | . o1 | Avora



MATCHING PROCEDURE

Matching equation for Rl conditions :
& O (W) M (1) = W (1)
CKM matrix elements simplify
Gr/V/2 and g3 /8 simplification — 1/m3y
CRI(pa) =mi (WM™ ) (127 ()] 22 )

Bare lattice Wilson Coefficients: Cpt = m Wit [ M)

1. The matching procedure on the lattice
study effects of higher order operators O(p?/m3;)
study infrared effects in limit p?> — 0

2. Renormalization of the lattice theory to Rl (or MS) BR“ﬂKHﬂ"EN
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LATTICE SETUP

Ensembles Ny = 2 + 1 Shamir Domain-Wall fermions
ot~ 1.78 GeV ~ 0.11 fm a~ '~ 2.38 GeV ~ 0.08 fm

L~ 1.8 fm and 2.6 fm L~ 26 fm
Bare operators with external p between 0.2 and 1.0 GeV
RI schemes with external p between 1.4 and 2.4 GeV
Artificially small mw € [1.4,2.4] GeV — 0.6 < amy < 1.2
Momentum sources and Twisted BC

Can we define a method to safely

extract Wilson Coefficients?

BROOKHIYEN
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p? DEPENDENCE

Different external quark states — different p? behaviors

C* = unique answer in p? — 0 limit

my =~ 2.4 GeV
Clat
00404 ©2 }
——'—* ————————
00351 '=TTTd_
S
S
09301 7T
0.00 0.02 0.04 0.06
2 fmiy

Spin part of Projectors: VA + AV

Except. vs Non-except.
kinematics

Co=1+ O(Oés)

BROOKHEVEN
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QUARK MASS DEPENDENCE - I

Projectors: (parity even and odd) VV + AA and VA + AV

suppression of quark mass effects with parity odd Projectors

my ~ 1.8 GeV
0.96 1
X X
0941 VA + AV ¥ '
Ea
0.92
0901 VV+AA t am=0.01
t am=0.04
0.88 : . . :
0.00 0.05 0.10 0.20 0.25

Except. kinematics
Fourier modes

Co=1+ O(Oés)

BRﬂﬂKHﬂUEN
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C%at

FINITE VOLUME EFFECTS

Momentum injected along time (t) or spatial (zy) directions

time extent is 2x spatial extent

Projectors VA + AV: v and ¢ schemes [RBC/UKQCD '10]
L~ 1.8 fm L~ 26 fm
v
0.98 1 ev X 0.98 1 M
v X
° X v
[ ] N X
0.96 ) 2 096 v
e X . ¢ 7.t @) v X . $ 7.t
° e X
0o1] ™etX L I "/,:/.1/ 091] ¥ . I w,:z.u
.“ q,t ® . . q,t
bt ¥ q.ay ¥ q.ay
0925 ‘ : ‘ 0.92 L ‘ ‘ :
0.0 0.1 0.2 0.3 0.4 0.0 0.1 0.2 0.3 0.4
p*/miy p*/miy
Breaking of universality at p?> = 0 BﬂﬂﬂK“ﬂ"EN
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PRELIMINARY RESULTS - (5

Warning: RI — MS missing (small for RT — SMOM-)

1.00

C3"% (mw) R
0.95 1 ’5§§§§ __‘551555335333

zz-
0.90 1 /
0.85 : :
0.801 -- NLO a§4_100p) B cont.lim.
0.75 - : -- NLO o™} a'~18GeV

' -~ NLO a§2—100P) a '~ 24 GeV
0.70 T T T T T T T
1.00 1.25 1.50 1.75 2.00 2.25 2.50
BHﬂﬂKI‘Iﬂ"EN
PT questionable at 2 GeV NATIONAL LABORATC

From these results — possibility to bound PT error



PRELIMINARY RESULTS - (Cy — 1)/C}
Warning: RI — MS missing (small for RT — SMOM-)

(G375 = 1)/ (may )

—0.2
—0.4 1 /-_
—0.6 1 . . .
_08 -
— NLO PT t al~18CGeV
B cont.lim. a~!'~ 2.4 GeV
—-1.0 T T T T T T T
1.00 125 150 175 200 225 250
BH“UKH"AUEN
PT questionable at 2 GeV NATIONAL LABORATORY

From these results — possibility to bound PT error



CONCLUSIONS

We have developed a method to compute (weak) wilson coefficients to
all-orders in ay

controlled quark mass and finite volume errors
discretization effects removed with 2 lattice spacings

excellent statistical precision

possibility to bound perturbative error with current data
Outlook:

complete current study with RI — MS

extend the basis of operators

push towards higher values of my

Thanks for the attention! BROOKHEUEN
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We test also the running: C'(u) =

mwy ~ 2.15 GeV

RUNNING OF C,

Z-‘r (:uv mW)C+ (mW)

1.2
_ e ___% 7 scheme

1.1 c, 9@31‘:‘5_65,,-3\; v
1.0 1 T .

P Warning:
0.9 1 y < : q schefne RI — MS
08+ ;(‘ X missing

X (expected
0.71 large for
X —- NLO q{t7%ooP) b alx18GeV & ﬁ)

0.6 1 —- NLO & op) b a'x24GeV
0.5 T T T T T . .

1.00 1.25 1.50 1.75  2.00 2.25  2.50

1 [GeV]
) BH“UKH”A’EN

Convergence of RI schemes at large 4 NATIONAL LABORAT(

18 /20



RUNNING OF C_

We test also the running: C_(u) = Z_ (1, mw)C— (mw)

mwy ~ 2.15 GeV

1.2
s O -- NLO a{*™°?
N\,
NC -~ NLO a(gZ—loop)
1.0 1 T e o
DRt t a_l ~ L8 GeV Warning;:
0-81 missing
. . . . .~ schepe (expected
0.6 large for )
% % X % ¢ scheme
X
0.4 T T T T . . .
1.00 1.25 1.50 1.75 2.00 2.25 2.50
1 [GeV]
BH“UKH”A’EN

Convergence of RI schemes at large y? NATIONAL LABORAT(
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(QUARK MASS DEPENDENCE - II

Z = 2% () 25
Implement mass-less renormalization condition
limyn o[ 2™ (1)) 71 23

1. compute Z for am = 0.02 and 0.04 at one value of

2. Estimate first derivative w.r.t. quark mass dZ/dm

d /dZ

@(%) =0
d71,1 — d71,2
dm ' dm

3. Assumption

~ —0.07
BR“"K“HUEN

ATIONAL LABORATC

20 /20



	1
	2
	3
	4
	6

