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Flavor physics w/ GW fermions

® NP search by high luminosity frontier experiments

Super

KeKB

C}_.)

» heavy flavor (B,D) decays

» theoretical studies at high-precision — lattice QCD

e Matrix elements (decay consts.,form factors etc) by Ny=2+1 lattice QCD

» good chiral symmetry — (Mobius) DW fermions RBC Collab., 1998-

« control of chiral extrapolation

*suppression of operator mixing

» continuum extrapolation in the fine (a < 0.1 fm) region

e accommodate relativistic heavy quarks

» light sea quarks (my= 500, 400, 300 MeV and lighter)

» lattice volume satisfying mnL > 4

» rather multipurpose configs
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(MObuis) Domain-Wall fermions

® Defined in 3D lattice (V' x L, ) to separate L/R modes O\ L R S
Kaplan 1992; Shamir 1994; Borici 1997; Chiu 1998; Brower et al. 2001 N
» 5D — 4D effective op = Ginsparg-Wilson op 0 Ls-1
4 — 5) — 15
DE)I)/V(m) — [73 1D§)1)/V(m =1) 1D§)1)/V(m)73} 11 P . 5D projection
1 1— bDw (—M
(Ls = o0) — m + m75~sign (75 w(=11) )
2 2 2+ cDw(—M) M, b, c : tunable parameter
® In our simulation
rset M=1.0, b=2, c=1
» stout link smearing:. smaller residual mass, faster inversion JLQCD 2013
» good chiral properties with modest size of L,
e violation of GW relation (residual mass) is measured
mres ~mudX0.1ata=1=24GeV / mygx0.02ata=1=3.6 GeV
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Design of the numerical simulation

® Config generations have been finished
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» three lattice spacings with physical size fixed to ~ 2.5 fm

» m.L > 4 even for lightest pion

» Extrapolate the data to phys. point.
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Plan of this talk

® Generation of config.
» HMC + basic measurements
® Lattice2015 summary + discussion

» especially on hadron physics

» chiral extrapolations

® Conclusions
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Generation of config



HMC

® Action = Symanzik gauge + MObius Domain-Wall (Nr= 2+1)

» tree-level Symanzik action
» 3-level stout smearing
® standard RHMC with Omelyan integrator

® performance @BG/Q : 30 GFlops/node (HMC), 45 GFlops/node (meas)
thanks to P. Boyle !
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powered by BAGLE™

Hitachi SR16k M1, 57TFlops peak IBM BG/Q, 1.2PFlops peak
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Gauge ensembles

®B =417, 323x64 x12 «=1~24GeV  ® 3 =4.35,483x96 X8 a1 ~3.6 GeV
* 1 traj. = 2 MD time

muq mn[MEV] MD time mqg mn[MeV] MD time*
m,=0.030 m.=0.018
0.007 310 10,000 0.0042 300 10,000
0.012 410 10,000 0.0080 210 10,000
0.019 510 10,000 0.0120 500 10,000
m.=0.040 m,=0.025
0.0035 230 10,000 0.0042 300 10,000
0.007 320 10,000 0.0080 410 10,000
0.012 410 10,000 0.0120 510 10,000
0.019 510 10,000
ms=0.040, 483X96 ® B - 447, 643 X128 X8 a—1~45 GeV
0.0035 s 10,000 1traj. =4 MD time
myg m,t[MeV] MD time*
mg=0.015
0.0030 240 10,000
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Basic studies through YM grad. flow

w=0-0042,m_=0.025

® history of 2<E> (around #p) Liischer, 2010 =1) -2 B = 4.35, 48%x96 |

0.30 Iv‘ .
. T
» sensitive only global (IR) structures . “WWWNWW

0.32

~_~
i
—h

Q . _
n l' t=7
. ) ) w028 8&““.* |
» useful to monitor the thermalization - = |
or auto-correlation JLQCD 2013 | B "WMWWW
- r“’&\f" t=6 |
» traj. length ¢ = 2 (8 = 4.35) and 4 (8 = 4.47) 1
0.24 1
0 5 10 15
® | hanain B ~ traj. length (x10°)
topology changing - S~ ur,, 7,

- fmer—» Iess frequent but reasonable sampllng observed
10 T

0.20 T T
’3 — 4535’ 483x96 1 g ¢ m,=0.012, m=0.025
g 0fF--------qp--———--8 AR ALLIAR — 0.15
8 :
o I"""I""e.;n‘t;amf"
-5 | 1 %" a
(@) = 0|6|0(49> “onf.
_10 N 1 N 1 N 1 N 1 " 1 " "
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traj. length (x10%)
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» no significant correlation between Q and my
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Scale setting

® mass dependence of to/a?

t2(E)|i—s, = 0.3, \/t2™" = 0.1465 fm

Luscher 2010;: BMW 2012

» B = 4.17 :non-significant FV effect
» sizable strange mass dependence

» combined linear-fit of all data

phys
o _to

a2 a2

* NLO ChPT : small higher order effect

® Result (statistical error only):

B 417
a '[GeV] 2.453(4)

8=417 t}*

[1 + cx (tgmi - (tomi)phys) + Cg (to@m?{ — mi) — (tD(Q-m%{ — m?r))physﬂ

Bar-Golterman, 2013

4.35 4.47
3.609(9) 4.496(9)
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LATTICE2015 summary + discussion



LATTICE2015 presentations

® Hadron physics

» Charmonium current-current correlators K. Nakayama
» OPE study of coord. space correlators M. Tomii

» Eta' -mass by topological analysis H. Fukaya

» light(-heavy) meson spectrum B. Fahy
» D-meson semileptonic decays T. Suzuki
»ga & g7 (On previous confs) N. Yamanaka

» light meson EM form factors (on previous confs) T. Kaneko
® Finite temperature

» restoration of U(1), symmetry at Nf=2 G. Cossu + A. Tomiya
®etc

» Stochastic approach to the spectral density S.Hashimoto
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LATTICE2015 presentations

® Hadron physics

» Charmonium current-current correlators K. Nakayama
» OPE study of coord. space correlators M. Tomii

» Eta' -mass by topological analysis H. Fukaya

» light(-heavy) meson spectrum B. Fahy

» D-meson semileptonic decays T. Suzuki

>

>
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Charm correlators (K. Nakayama)

- I i Chetyrkin et al. 2006;
® charm Js-Js correls on the lattice — continuum VP funcs 5 5250 %% %006

Srat () d)

t
 quantum effect R}'jtt & Reont HPQCD 2008,2015; ETMC 2010
. u e 04
't'WlndOW AQCD « T[/t « Tl:/a Rn(a’) — Rn(o) (1 i cl(amc)g) X (1 -+ flm e
Essentzally flat
. Rs || 1.526(9) -
n-dependence R || 137305) Each configurations kg
° i imi Rio 1.305(4) Iat10l ]
chiral limit Rio || 1.265(2) i
. . lat 14 - >
- continuum limit i | LD -5
e charm mass & ag \” fitting. dxl TG T o
meip Rcont Rlatt Rcont m W _fX
mo( = e L Rl RPtedumg e
n n+2 Rn+2 (CVS ) N/mc) 1.5 55 ” [Gevol ] 0.15
— ag ( )

result: m.(3 GeV) = 0.9901(81) GeV, a¥>(3 GeV) = 0.2526(77)
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OPE study in coord. space (M. Tomii)

® NPR

® Lattice correlator and its improvement
[1(z) = (Or(@)Or(0)f) — T () — (TG (@) — T () )

_ significant discretization error
* OPE « II,2%(x) < perturbation ¥

. MS,cont /. latt Martinelli et al, 1997; Gimenez et al, 2004;
= \/Hr (s ) [TIE(T) Gichy et al, 2012

» gauge invariant, TI;"(x) available to 4-loop level

» OPE tells best modification O,— O;. to simplify x-dependence — extract Z's

ZMS(z:a) = ZM5(a) + c_o(a/z)? + cazt + (co + cem)z®

1.2 T T T : : 094 T r T
am, = 00042 o 0.93! amq:0.0042aea 1
am, =00080 o Ms/;at . am. =0.0080 o @ = 3.61GeV,
1151 am =00120 - (5V-|—3A)/8( ;) 0.92} amq_OOIZO am, = 0.0180
V, A— (5V+3A)/8 1 S,P— (S+P)/2+(V A)/16
1.05¢ : 0.89}>
T 0.88}
11 i oz
"2 0 8 g oI T 0.87]
0.95} d 086}

0.85}

09 T T T T T 0.84 N . L ) ) .
0.1 Vie 03 04 U O 0250 3085 O () 45 ()5
[fm]

x [fm]
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n’ by YM-gradient flow (H. Fukaya)

y : . . :
® Use of gluonic operator after the flow Z‘-’ z) = Q + 0(a?) o o |
Chowdhury et al. 2014 Conf 5010 s
1 Y10k C0n£1510 -
¥ Conf 1010 -
x % q Tre F 'LLVF pJ 5 k! -{‘,.I..I'u““m"“onn nnnnnnnn 00 B 000 0
(2) = 4(@) = 355 Treppo
0 s
A ' .-.-. - bale L fede b e dele fe ot e o] 0 e al ]
(a(@)q(y)) = PEYLE (may [ —y) 5 | - -
_ 10 }
much cheaper than hadronic calc.
-15 : - - :
V8t K |x - y| - O(mn/ ) Cooling (=WilsonFlow) steps
* We chose t < 0.008 fm2, |x-y| > 0.7 fm 2000 ' ' ' ' '
1.0e-07
1500 t !
- LN
A 1009 - : B=4.17m.20.030 —o—
2 ' S g experiment K
= B=4.17,m=0040 —5—
= 500 |3417m—0040(L_48)—|— :
Vo 10e10 | B=4.35,m =0.0180 -t
p=4. 35,m=00250 e
B=4.47m=0.030 :---a
10e-11 F 0 ' '
0 0 2 30 4 50 6
m,,; (MeV)
1.0e-12 :
0 mild { a, V, Msea } dependence
-yl — my=1.03(11) GeV by linear fit
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Meson spectrum (B. Fahy)

D meson mass 2020 D, meson mass
® charmed observables
; - 2000 : I .
1940 /// o -y
» DW charm mass tuned } 3 - e z 1
. . 1920 e //// 77717777777777777777,,,
by spin-averaged charmonium ; 2 I
= 1900 % Ig - % PDG II I [¢¢ PDG
: L — fitata~2=0 104 — fitata~2=0
g gaUSSIan Smeared source 1880 _— - fitat a*2 for beta=4.17 ! . fitata~2 for beta=4.17
o (=447 (=447
1860 _ 8=4.17 — B §=417
mp=1.87(1) Ge\‘/i . Mps=1.964(06) GGL .
. 50000 100000 150000 200000 250000 300000 350000 190G SO0 00000 TSO000 200000 20000 300000 35000
> decay ConStant by PCAC relatigcn fp_decay constants 300 fn. decaywconstants
€ §=117.L=32m, =003
280 .g B=417,L=32m, :: o
280
260
2 > —
3 20 QHI f 2 S B S ;
—3 240 ? ¢
200 & | il
180 -
f5=211(6) MeV fos=245(4) MeV
6 SO000 100000 IS0000 200000 250000 300000 350000 200(‘) i ToToa TS 3003550003550

My

» combined linear fit to extract the physical value N preliminary results
O (M2 myg, a?) = OPMYS 1 O (m2 — m2 PYs) 4 O, (1hy — mPY®) + C,a?

7

Mms = 2m3 — m2
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Meson spectrum contd.

® light meson observables

K meson mass pion psuedoscalar decay constants

fk_fpi_ratio psuedoscalar decay constants

pd 4«
~ o0
650 - o
/// 125 %
- >>
4 7 o0
600, 7 ’ tatar2=0 //’/i 1.20 ! —
- . a
o #/// -~
T 115 i | ]
= 7 ~
& ¢-¢ PDG - = 10 s Tk
e By ) ~ 140 il/
// — fitata~2=0 -3 "
500, ./'/// f' ~ f b ,E/// t b !
P -~ fitata”2 for beta=4.17 sl e 105 ' ~
# I (=447
450 (=417 120 1.00
Bl (=435

C mK=496(3) MeV 250000 300000 350000 Of-n-= 1 29(4) Me\n{ 00 300000 350000 f fK/f'IT= 1 . 1 7( 1 ) . 250000 300000 350000

» naive linear fit works! What about chiral log and LECs ?

» eg. NLO SU(2) ChPT with expansion param ¢ = ( )2 JLQCD 2008

™

mi/mud:2B(1—|—§7rln§7r/AR)—|—Am§W+Cm7ra2 .
A
Fr=f(1 =2 In&x/AR) + Apér + Cy_a? Ar = (4W>}0> , I'12 and G2 are known funcs

Ap + fF1(ms)
fE)

fx = fE) (1 — —fﬁ In&,:/Ag + Fg(ms)ﬁﬂ) (%(# +1)As + f(K)Fg(ms) + sz(ms)> Er + CfKa2

m2 /ms = B) (1 +1lom 4 + Gi(my) | + Cpp e a®

(B fE) A, As) — (Ly, Ls, Lg, Lg) does not describe the data — needs more study
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D-meson semileptonic decays (T. Suzuki)

® Determination of CKM matrix elements ¢'(D — ) o Va1 277 ()
dg?

® Correlators with momentum insertion

» gaussian smeared source/sink, tuned meson separation

-V
p Pt P g D/ 7 /K P D/ /K

=t t t; 1=t t
e remove time dependence by picking up plateau
» observables as a func of momenta
50 (Pi, Pf)?

e matrix elements on the lattice (7 (pf)|V1att|D (p;)) =2/ EpE, \/ — -
Cth P C2pt pf)

- form factor ( V,= Zy V Jatt, 42 = (p—p)? )

(Ep — Ex)(m(p;)|Ve|D(P:)) (PD — pr )i (m(Pr) Vol D(p:))
2(EDp£€r — Ewp%)

7% =

J. Noaki for JLQCD Collab. , LHPV Cairns, July 20-24 2015 16/18



D-meson semileptonic decays contd.

® Performance test (= 4.17): compare the g-dependence with CLEO-c

3.5 ‘ ‘ . . 2.5
thi k —a— this work e
Mo Do ae Dok
2 L
2.5 —~
(|
2F S 1.5}
+ }
1.5 | 3
1t i
0.5t 1
0 : ‘ ! ! : ‘ 0
0 0.5 1 1.5 2 2.5 3 0 0.5 1 1.5 2

® Extrapolation to g=0 (very preliminary)

50 D -> Pi D->K
f+ (q2) pry +2 5 P(q2) 0.8 single pole ._5_. IIIIIIIII ‘ 0.9 single |p01e -—al—u “““““
1 —q¢?/m3, 075 |  CLEOG X } o.g5| OLEOc X
0.7 r ‘w 4 0.8 t } l
i i 2\= | 4
best fit with P(q2)=1 0 es | % - *
. . . 0.6 _§ i 0.7 t
More statistics coming g :
0.55 1 0.65F
0.5 ' ‘ . ' ‘ 0.6 ! ! L L !
0 100 200 300 400 500 600 0 100 200 300 400 500 600
Mpi Mpi
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Conclusions

® N¢= 2+1 simulation with Mdbius Domain-Wall fermions

» precise control of systematics with chiral symm. / discretization / finite volume
» heavy quarks in the same framework as light quarks
» 10,000 MD-times generated at a—1 = 2.4, 3.6, 4.5 GeV

» basic study and scale setting by YM gradient flow
® Physics

» ongoing projects including n’-mass / charm-current / OPE study / D-meson
semileptonic / spectrum + chiral property

» semileptonic decay: more statistics / data points / operators
» chiral property: consistency with previous works? determine LECs.
» next plans (more phenomenology-driven)

» baryon (hyperon)-semileptonic decays

* B-meson decay constants
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