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Beautiful physics on the lattice
RBC and UKQCD collaborations
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Higgs Centre for Theoretical Physics
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Beautiful physics ...
» may require a controversial definition
» or physics with a beautiful quark
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Why are b-quarks beautiful?

» Allow us to test the Standard Model
» Allow us to look for new physics
» b-quarks are heavy and hence have a lot of decay modes

» Are frequently produced in b-factories: BaBar, Belle, LHC, Belle Il
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Motivation: Constraining the Standard Model
» Determination of CKM matrix elements V,;, and V,
» B-physics provides constraints on the apex of the CKM unitarity triangle
» B%-B0 mixing
» Vi and V,, e.g. from B — wlv and B — D*{v form factors
» Experimental results and nonperturbative inputs are needed

latticeaverages.org |

0 p—value = 76.0% \
"Sio ~03 00 05 10

http://ckmfitter.in2p3.fr, http://utfit.romal.infn.it, http://wuw.latticeaverages.org


http://ckmfitter.in2p3.fr
http://utfit.roma1.infn.it
http://www.latticeaverages.org
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Example: V,, from exclusive semileptonic decay B — wlv

14
} P = M2+ M2 — 2MgE,
1%

w

» Conventionally parametrized by

dr(B—mty G2 ) 3/2 ) ,
(d; ) = 192W§M§ (Mg + M2 — ) _4MI%M7%] X | (q?) "% | Vil

experiment known nonperturbative input CKM

» Long standing puzzle in V;, determination: 2 — 30 discrepancy between
exclusive (B — mfv) and inclusive (B — X,fv) measurement
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Motivation: New Physics in rare B-decays?

B — Tv it pLB 687 (2010) 61]
» fg is needed for the Standard-Model prediction of BR(B — Tv)
» Potentially sensitive to charged-Higgs exchange due to large 7 mass

Bs — b+ b [Buras et al. EPJ C72 (2012) 2172], [Buras et al. JHEPO7 (2013) 077]
» g, is needed for Standard-Model prediction of BR(Bs — puiji—)
» Strong sensitivity to NP because FCNC processes are suppressed by the
Glashow-lliopoulos-Maiani (GIM)-mechanism in the SM
» Measured by CMS and LHCb: combined analysis of 7 and 8 TeV runs
yields > 60 significance — in agreement with SM [CMS and LHCb arXiv:1411.4413]

Both are sensitive to new physics!


http://dx.doi.org/10.1016/j.physletb.2010.02.063
http://dx.doi.org/10.1140/epjc/s10052-012-2172-1
http://dx.doi.org/10.1007/JHEP07(2013)077
http://arxiv.org/abs/arXiv:1411.4413
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Discretize Euclidean space-time and set up a -

hypercube of finite extent L3 x T and spacing a

Study physics in a finite box of volume (aL)3 (%)

Compute expectation values of gauge invariant observables by

() = %/DU e SV o), zZ-= /DU e S(U

Only statistical estimation possible: (O) = 4, vazl o)

L

)

Generate a sufficiently long sequence of configurations with

probability distribution
P o exp{—S(U)}

Typically done by a Markov chain using the HMC algorithm with

configurations saved e.g. every 10 MDTU
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Are b-quarks on the lattice beautiful?

» Not yet ...

but they provide new challenges

conclusion & outlook
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Challenges for B-physics on the lattice

» The mass of the b-quark introduces another scale
» Light quark masses: m, = 2.3 MeV, my = 4.8 MeV, mg = 95 MeV
» Mass of the b-quark: m, = 4.18 GeV

» Today's lattices have an inverse lattice spacing of a1 ~ 1.7 ...3 ...4 GeV
»amp > 1
» Forced to simulate b-quarks with an effective action
e.g. HQET (static), NRQCD, Fermilab or RHQ action
» Requires (perturbative) mixed-action renormalization factors

» New concepts like heavy HISQ action look very promising
[C. McNeile, et al. PRD 85 (2012) 031503]


http://dx.doi.org/10.1103/PhysRevD.85.031503

lattice
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Our project

» Based on RBC-UKQCD's 2+1 flavor domain-wall lwasaki gauge field

configurations

» Use domain-wall light quarks and nonperturbatively tuned relativistic
b-quarks to compute at few-percent precision
» g+ coupling constant (Ben Samways, Jonathan Flynn)
» Decay constants fg and fg, (Ruth Van de Water, OW)
» B — mlv and Bs — K/v form factors
(Taichi Kawanai, Ruth Van de Water, OW)
» B°-BY mixing (Taichi Kawanai, OW)

» Compute renormalization and O(a)-improvement factors using lattice PT
(Christoph Lehner)

conclusion & ou

tlook

13/44
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2+1 flavor domain-wall gauge field configurations
» Domain-wall fermions for the light quarks (u, d, s)
[Kaplan PLB 288 (1992) 342], [Shamir NPB 406 (1993) 90]
» lwasaki gauge action [lwasaki UTHEP (1983) 118]

» Configurations generated by RBC and UKQCD | !

. s=0 s=1Ls—1
collaborations [Allton et al. PRD 78 (2008) 114509],
[Y. Aoki et al. PRD 83 (2011) 074508]
# time
L a(fm) m ms  Mz(MeV) +# configs. sources
24 =~ 0.11 0.005 0.040 329 1636 1
24 =~ 0.11 0.010 0.040 422 1419 1
32 =~ 0.08 0.004 0.030 289 628 2
32 ~0.08 0.006 0.030 345 889 2
32 =~ 0.08 0.008 0.030 394 544 2

14 /44


http://dx.doi.org/10.1016/0370-2693(92)91112-M
http://dx.doi.org/10.1016/0550-3213(93)90162-I
http://dx.doi.org/10.1103/PhysRevD.78.114509
http://dx.doi.org/10.1103/PhysRevD.83.074508
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Relativistic Heavy Quark action for the b-quarks

» Relativistic Heavy Quark action developed by Christ, Li, and Lin
[Christ et al. PRD 76 (2007) 074505], [Lin and Christ PRD 76 (2007) 074506]

» Builds upon Fermilab approach [El-Khadra et al. PRD 55 (1997) 3933]
by tuning all parameters of the clover action non-perturbatively;
close relation to the Tsukuba formulation [S. Acki et al. PTP 109 (2003) 383]

» Heavy quark mass is treated to all orders in (mpa)”
» Expand in powers of the spatial momentum through O(pa)

> Resulting errors will be of O(p%a%)
> Allows computation of heavy-light quantities with discretization errors
of the same size as in light-light quantities

» Applies for all values of the quark mass

» Has a smooth continuum limit

15 /44


http://journals.aps.org/prd/abstract/10.1103/PhysRevD.76.074505
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.76.074506
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.64.014502
http://ptp.oxfordjournals.org/content/109/3/383
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Nonperturbative tuning of the RHQ action parameters
[PRD 86 (2012) 116003]

» Start from an educated guess for our three parameters mga, cp, and ¢

» Probe parameter space at seven points by measuring
spin-averaged mass: M = (Mg, + 3Mg;)/4
hyperfine-splitting: Ay = Mpx — Mp,
ratio: My /Mo = Miest/ Miinetic

3.5 T
» Assume linearity to relate o
parameters and observables 3.3

» Obtain tuned parameters o |>'<

3.1 Tmoa
corresponding to physical b-quarks
by requiring that M and Ay, agree . »
with experiment and that M; = M, WG 5
. 8.40 8.30 — 5.8 6.0 .
mpa 8.20 56 cp

16 / 44
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Predictions for the heavy-heavy states (rro ss (2012) 116003

» RHQ action describes heavy-light as well as heavy-heavy mesons

» Tuning the parameters in the Bs-system we can predict bottomonium states
and mass splittings and thereby test the method

» We find good agreement with experiment within errors

9.9r

9.8

9.71

M [GeV]

9.5¢

9.4r

9.67

9.3 ¢

T = 9410(30)(38) MeV

X1 - z M_-M |
g ol C S, = 9350(33)(37) MeV
f : ’ . lgg  Xe1 = 9851(35)(39) MeV
‘ M -M Ybo = 9808(35)(39) MeV
T Tlgs o e = 9862(36)(39) MeV
| =3
£ experiment e My — Mnb
—— 7T continuum - — 49(02)(17) MeV
f;? n, 4a=0086fm o= B m, - M,
) 2 a=0.11fm | = 38(01)(16
[4 s (01)(16)
15 1P 1P 15 1P
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Testing RHQ lattice perturbation theory [PRD 86 (2012) 116003
(Christoph Lehner)

» Compute RHQ parameters in 1-loop mean field improved LPT
[http://physyhcal.lhnr.de]

» Use nonperturbative inputs for (P), (R), (L) and mgpa and predict cp and ¢
» Naive a% ~ 5% power-counting estimate
» Agreement within errors = MF-improved LPT can be trusted in situations
for which NP matching factors are not available

6.5 T
61 Pl 34
: * L,
55 - ¥ _— 3
5 + + : 32 + + + ;
; {
& a5 A ~o 3 F * T
4 i
+ 2.8 - bl
35 - ,
+
3 Latice PT  + 7 26 | Lattice PT  +
T 1 1 1 1 \NP tL‘Jning‘ 1 1 1 1 1 1 \NP tl\‘lning\ 1
25

T 1 Tp Ip Ipw Tu Ly lym NP T 1 Tp Ip 1pw Ty Ly lym NP
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B-meson decay constant (pro o1 (2015) 054502)
(Ruth Van de Water, OW)

to tAu

» Use point-source light quark and generate Gaussian smeared-source heavy quark
» On the lattice we compute ®p,

fg = O 3,2/, /M,

» Improve axial current at 1-loop (O(«asa), perturbatively computed coefficient)

20/ 44
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Mostly nonperturbative renormalization

For fg, fg, and B — m we compute mostly non-perturbative
renormalization factors & la [El-Khadra et al. PRD 64 (2001) 014502]

2y =" \[202)

» Compute Z{! and ZEP non-perturbatively and only ¢” perturbatively
» Enhanced convergence of perturbative series of o® w.rt. Z¢

because tadpole diagrams cancel in the ratio
» Bulk of the renormalization is due to flavor conserving factor

JZizt ~ 3

» 0" is expected to be of O(1); receiving only small corrections

(Christoph Lehner)

» For domain-wall fermions Zy = Zy + O(myes) i.e. we know Z\’}
[V Aoki et al. PRD 83 (2011) 074508] and compute Z2 ourselves

21 /44
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Determination of Z‘?b [PRD 91 (2015) 054502

(t)

bb
v

z

conclusion & outlook

t
Vi
b 4 75 % (B|VPPO|B) = 2mg
t taink G NNT bb
0 sink m M7 o0 Zy
s
55 T
55 7% = 5.237(12) ml,, = 0.006
' X3/dof = 0.34, p=95% 324ms/ea Zé)b 232 miea Zéwb
L ! . =0.006
S4r M 0.005  10.037(34) 0.004  5.270(13)
0010  10.042(37) 0.006  5.237(12)
5.35 0.008 5.267(15)
5.3l Avg.?Y  10.093(25) Avg.®?  5.2560(76)

24 32
PTCH,  1072(16)(0)  PTD

5.725(74)(1)

5'20 5 10 15 20 25

time slice

by qF
L1
5251 } { } { } } W } } } } ' ! PT values: [http://physyhcal.lhnr.de]


http://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.054502
http://physyhcal.lhnr.de
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Coupling constant gp«pg; [Pos(Lattice2013)408]
(Ben Samways, Jonathan Flynn)

» Strong coupling gg-p. parametrizes (Br|B*)

» Related to leading order LEC g, = gg+gx - fr/(2Mg) of HMYPT
» g» important for chiral extrapolations of fg, Bg, &, B, fF™, ...
» First determination at physical b-quark mass

» Not accessible experimentally

0.85
o Hofe —— Becirevié and Sanfilippo 2012
0.80 &5 =0.557200%7 ;;/?yosf; 068 charm — Becirevic and Haas 2011
075 — Abada et al 2002
. RBC-UKQCD this work
0.70) bottom .
— Abada et al 2004 (interpolation)
—.— Detmold et al 2012
- ALPHA 2014
. ALPHA 2010
— Becirevié etal 2009
static —— Ohki etal 2008
- Negishi et al 2007
_— Abada et al 2004
— UKQCD 1998
0.00 005 000 015 020 025 030 035 040 03 04 05 06 07 08

m IGeV”
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B-meson decay constant (pro o1 (2015) 054502)

» Perform analysis in terms of dimensionless ratios over Mp,

1 aMg, = 2.3252(13)
2.351F x?/dof =0.87, p=>56%

amg = 0.006

52326
s

L I‘ILIII;;.;_E_?}{_E?_
; }

ﬁ

2.301

2.276

|

5 10 15 20
time slice

25

30

0.0416

3/2
Bs

OFi()/M

0.0386

conclusion & outlook

0.0356

~ ogff /M2 = 0.03954(31)
X?/dof = 0.50, p=89%
amg = 0.006

f;mimﬁ%{ﬁﬂ-}#

5 10 15 20 25

time slice

30
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Chiral-continuum extrapolation of fg and fg_/fg
[PRD 91 (2015) 054502

o - . - . . . . . . . . . .
0.5 " DgIME2 = 0.0369(11)-> fyo = 199.5(6.2)MeV | 125 g 0= 1207(14) o= 1197(13)
0,048 h y/MEZ = 0.0369(11)> fy. = 195.6(6.4)MeV 4,55/% —1.233(15)> fES/fE'ﬂ 223(14)
a I 7
i %2/dof = 0.30 [2] p-value = 74% ﬂ 1ol x2/dof = 0.37 [2] p-value = 69%
Lt 9 4 . I
0.046} ! %} [,?} h» [
| |
0044} i n
88 ol § B 1150
042} 1 , N
= [ S [
% 0.0ah! Pl
i 1A
0.038l =0.004 "
038} |
A A : : L
0.036/f1 » am=0.00 1051 1
0.034( | = am=0.005 o b
R +am=0.010 1 suE) - 1
032+, 1 . . . . . , L , . . . . & .
0.005 0.01 0.015 0.02 0025 003 0.03% 0 0005 001 0015 002 0025 003 0.035
a32(mx + mves> a32( x + res’

» NLO SU(2) HMxPT to data with unitary M,

» Only data points with filled symbols included in the fit (M, < 425 MeV)
» g8+Br = 0.57(8) [Pos(Lattice2013)408] » f = 130.4 MeV [pDc] » A, =1 GeV
» Statistical errors only
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Continuum extrapolation of fg_ Pro o1 (2015) 0sas02]

0.05

0.048

0.046

3/2
Bs

Y

oren

Bs
o
o
=
N

0.042

0.04

|
|
|
|
qa m|=0.004
|
4am=0006  am=0.005
',am=0008  ,am-0.010 |
| |
0.000 0.005 0.010 0.015

Dy /M = 0.0439(10) f

B

. =235.4(5.2)MeV

x?/dof = 0.23 [3] p-value = 88%

» Data for 5, show no
sea-quark mass
dependence

» Average data at same
lattice spacing

» Assume a? scaling to
remove LQ and gluon

discretization errors

» Statistical errors only
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Graphical error budget [Pro 91 (2015) 054502]

60

isopsin and EM
50

renormalization

40t
i LQ discretization
0l HQ discretization
i RHQ parameters
20- light quark mass
1*  lattice scale
1or 13 extrapolation
{2

Bs fB /fBo fB /fB+

(o2}
Error [%]

o

Error? [%2]

[$)]
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Comparison with other results
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241 124141

2

I /5. f8./fB [FLAG 2014]
— — - ETMC 2013 (TM+HQET)
I — n HPQCD 2013 (HISQ+NRQCD)
I RBC 2014 (DWF-+HQET, static limit)
# : RBC-UKQCD 2014 (DWF+RHQ)
HPQCD 2012 (HISQ+NRQCD)
HPQCD 2012 (HISQ+HISQb/NRQCD)
_ \ — FNAL/MILC 2011 (Asqgtad-+Fermilab)
i ALPHA 2014 (Wilson+HQET)
* * * ETMC 2012 (TM+HQET)
180 220 230 240 250 260MeV 1.10 1.20 1.30

» Good agreement with other results

» fgo = 199.5(6.2)(12.6) MeV
» fg+ = 195.6(6.4)(14.9) MeV
» fg, = 235.4(5.2)(11.1) MeV
» fg,/fgo = 1.197(13)(49)
» fg,/fg+ = 1.223(14)(70)

28/
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http://dx.doi.org/10.1103/PhysRevLett.110.222003
http://arxiv.org/abs/1406.6192
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http://dx.doi.org/10.1103/PhysRevD.86.034506
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http://dx.doi.org/10.1103/PhysRevD.85.114506
http://dx.doi.org/10.1016/j.physletb.2014.06.051
http://arxiv.org/abs/1211.0568

introduction lattice decay constants form factors conclusion & outlook
000000 000000000 000000000 0000000000000

form factors

29 /44



introduction lattice decay constants form factors conclusion & outlook
000000 000000000 000000000 ®000000000000

B — mlv form factors [Pro o1 (2015) 074510]
(Taichi Kawanai) 14

to T

l
» Parametrize the hadronic matrix element for the flavor changing
vector current V* in terms of the form factors f,(g?) and fo(g?)

2 Ag2 2 g2
(x| V¥(8) = £.(a) (ph + Pt — o) + fo(a?) i g

» Re-use point-source light quark propagators and generate
Gaussian smeared-source sequential heavy quark propagators

» Improve vector current at 1-loop (O(asa), perturbatively computed
coefficient (Christoph Lehner))
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Relating form factors £, and f; to fj and f,

» On the lattice we prefer using the B-meson rest frame and compute
fi(Ex) = (x|V°|B)/v2Mg and  fi(E;)p} = (n|V'|B)/v2Mg

» Both are related by

f(e?) = 5t [(Me — Eo)fj (Ex) + (E2 — M2)fL(Ex)]

31/44
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Lattice results for form factors f| and £y Pro o1 (2015) 074510

_ . B—m
fi= dim RE™7(t.T)
1
fil = lim —RB™(+, T
L t,TIE:oo p;r ! (t7 )
Cf;“f(t, T) 2F,

REZ™(t,T) =
() CF(t)CE(T —t) V e Exte=Ms(T-1)

04— T 2.0 LA B S BELENL AL BRI L
$32550000UTng rd |
¢ 1 i ﬁﬁﬂ@ﬁﬁ@mm 5
EIL SO o .
sz 02f } { 3 S0l § I 7
= @% t 18 7z i % i
g e, = 22(000)/L, p=28% ;§§
- & P, = 22(100)/L, p=16% 1 3 &, = 21(100)/L, p=50%
00 - P =2a(1,10)/L, p= 9% 7 00 - i B= 2a(1,10)/L, p =85% 7]
r 4 Pe=2a(1.LDIL, p=63% 1 =4 B, = 2a(1,1,1)/L, p=89%
o'”'Is"”1lo""1ls""2lo” o'”'15”“110”“115”“210”
time slice time slice
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Chiral-continuum extrapolation using SU(2) hard-pion xPT

1 i 2) M2 3 4) E2 5) 22
i (M, En, ) = o [1+ (b + 258 + P& + 55 + ¢ 35 )]

24
I A2a%,

M2 E2 2
L (Mn, Ex,2®) = g2z e [1+ (b + D5 + D8 + %5 + P3|

with §f non-analytic logs of the pion mass and hard-pion limit is taken by £= — 0

» Again we perform the analysis in terms of dimensionless ratios over Mp,

10 T - - - 40 - - v ;
i 1o 242 ensemble, am, = 0.005 : 1o 242 ensemble, am, = 0.005
24° ensemble, am = 0.01 H 24° ensemble, am, = 0.01
o8|+ va 32° ensemble, am; =0.004 : v 32° ensemble, am, = 0.004
k 32° ensemble, am = 0.006 30! 323 ensemble, am; =0.006 |
c ! o 32° ensemble, am, = 0.008 . : o+ 32° ensemble, am, = 0.008
S _ ' — continuum @ ' \ — continuum
= PR
o 0611 o 1
S ; S : .
s ! = L ~J7 ]
' O 2
i 1 T
o4l : =
' ! _—
i xdof=139, p=14% 0 i xiidof=091, p=52%
02 Lu I I I I L L L L L
0 001 0.02 0.03 0.04 0 001 002 0.03 0.04
2 2
(En/Mg,) (Ep/Mg,)

[PRD 91 (2015) 074510]
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Obtaining form factors f, and fy [Pro 91 (2015) 074510]

» Extract f and f) for three different g values (synthetic data points)

» Estimate all systematic errors and them add in quadrature
» Convert results to f; and f

)
300 By ™A statistics 300 B mm statistics
Y mm chiral-continuum extrapolation Fidd mm chiral-continuum extrapolation
mm lattice-scale uncertainty 16 mm lattice-scale uncertainty 16
250 mm renormalization factor 250 mm renormalization factor B
mm HQ discretization errors mm HQ discretization errors
L | " - L | NS
X - Y XX - Y
L 150 12 5L 150 12
e =)
i ]
100 10 100 10
8 8
50 50
6 6
4 4
0 0
18 20 22 24 26 18 20 22 24 26

q* [GeV?] ¢ [GeV?]
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zZ-expa NSION [PRD 91 (2015) 074510]

» Use the model-independent z-expansion fit to extrapolate lattice results to

the full kinematic range [Boyd, Grinstein, Lebed, PRL 74 (1995) 4603]
[Bourrely, Caprini, Lellouch, PRD 79 (2009) 013008]

_ V1= /ti—y/1—to/t}
1=/t +/1—to/t;
with t2 = (Mg + M,)? and ty = tops = (Mg + M,)(v/Mp — V/Mj;)?

» Minimizes the magnitude of z in the semi-leptonic region: |z| < 0.279

z(qza t())

» £(g?) is analytic in the semi-leptonic region except at the B* pole

» . (g?) can be expressed as convergent power series

K—1 ,(k _
fi(®) = =gmz; Lko B [2% — (~1) K fe2k]
and use for f(g?) the functional form f(q%) = Y, o b 2k

» Exploit the kinematic constraint f;(g? = 0) = fo(g? = 0)
and use HQ power counting to constrain the size of the f; coefficients
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z-expansion fit [Pro o1 (2015) 074510]

T3 7 S L I B B B B
E o1 B ]
1.0 (= 7
S s 1 BCL z-fit (K=3 + constraints) ]
g 08 b ] BCL z-fit (K=4 + constraints)
o . ]
< 06| ;
£ I, |
S04 | Al 3
02 [ .
0.0 S S T T I

-0.3 -0.2 -0.1 0 0.1 0.2 0.3

z
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Combine with experimental data to determine | V|
[PRD 91 (2015) 074510]

. . . . . T T T T T T
+o+ BABAR 2012 (untagged) 14 1 +o+ BABAR 2012 (untagged)
0.8 - T 1=+ BABAR 2010 (untagged)| +&# BABAR 2010 (untagged)
+a+ BELLE 2013 B° (tagged) S 12 ¢ +&+ BELLE 2013 B (tagged) -
+= BELLE 2013 B" (tagged) | "® T + BELLE 2013 B (tagged)
& +o4 BELLE 2010 (untagged) | &, 10 Ll --+o+ BELLE 2010 (untagged) |
~ 0.6 T @4 This work 18 | @+ This work
Nga — 8 | L . - —
N\S \' z\?( ¥f5' Y ! 1 4
v J 6 THH T L5 i
— 04| . 1 = _,,_,W%_,,
~ <& -
= a4l 1 | i
3 +
02  x%dof=1.32, p=7% T ] 2 xdof=132, p=7% 'i 1
1 1 1 1 1 0 1 1 1 1 1
03 02 -0.1 0 0.1 0.2 0.3 0 5 10 15 20 25 30
z g’ [GeV?]

» Result: |V,p| = 3.61(32)-1073
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Comparison with other determinations

HFAG inclusive |- B—Xdv H-~H |

FLAG (Vy=241) - B—w —A——

CKMfitter Group |- _

UTit Collaboration |- ioy CrMunharlty |

HPQCD 2006 (4* > 16GeV?) - -
FNAL/MILC 2009 (BCL z-fit) - +——— -
FNAL/MILC 2015 (BCL z-fit) | HEH B—aly |
This work |- i -

11 I 111 I 1111 I 1111 I 1111 I
30 35 40 45 50
Vil % 10°

» In good agreement with existing and new FNAL/MILC result
» Result agrees with value obtained CKM unitarity
» Exhibits 20 tension to inclusive results
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B, — K/l pro o1 (2015) 074510]
(Taichi Kawanai)
» Lattice calculation: replace light spectator quark with s-quark

14

120 T

S

» Chiral-continuum extrapolation is similar but pole masses change

» Smaller statistical and extrapolation errors

» Perform z-expansion

» Experimental results for By — K{v not (yet) available

» Can make phenomenological predictions to be compared with
future measurements

conclusion & outlook
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Chiral-continuum extrapolation for Bs — K/ [Pro o1 (2015) 074510]

10 T T 40 T T T
: 1o 247 ensemble, am, = : wor 247 ensemble, am, = 0.005
H 242 ensemble, ar H 243 ensemble, am,
08 f | wa 32% ensemble, a ] H wa 32° ensemble, am,
B < 32° ensemble, am, 30| ! 323 ensemble, am; 1
« 1o 32° ensemble, am, « ! 1o 32° ensemble, am,
& __ ! — continuum o H — continuum
o6 H - :
s ' S :
= ; = 0| H
0al ; ;
Xildof = 1.21, p=23% 10 x2dof =0.74, p=75%
02 L H s s s L Hn L L L
0 001 002 003 004 0 001 0.02 003 0.04
2 2
(Ey /Mg, ) (E¢/Mg,)
s s s s s s L L L L L L L
statistics 120 mm statistics
chiral-continuum extrapolation mm chiral-continuum extrapolation
lattice-scale uncertainty mm lattice-scale uncertainty
renormalization factor mm renormalization factor
HQ discretization errors wm HQ discretization errors
& LQ and gluon discretization errors — & 80 LQ and gluon discretization errors —_
> other systematics L wm other systematics 2
8 x L8 »
% 5% @ g
= w = i
u w 40
6 -6
4 20 4
2 2
0 T T T T T T T
17 18 19 20 21 22 23 17 18 19 20 21 22 23
q° [Gev?] ¢* [GeV?]
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z-expansion fit for B — K/v and comparisons
[PRD 91 (2015) 074510]

0.6 T T T T T T T 0.7 T T T T T T ]
[ — HPQCD 14 (LQCD) ]
[ 06 +a+ Duplancic 08 (LCSR) ]
. - 1 Wang 12 (pQCD) 3
3 o4l < 05F 1o/ Faustov 13 (RQM) E
2 I > = This work ]
e r S o04f 3
= 3 = E
~ L o ]
T ¥ oosf E
& 02 S ]
= 0 1 = o2 E
=) L Z 1
[ 01| ]
0.0 L 1 1 1 1 1 1 1 0.0 &L | 1 1 1 1 1
045 041 -005 o 005 04 0.15 015  -01  -0.05 0 005 0.1 0.15

z z

» [Bouchard et al., PRD 90 (2014) 054506]
» [Duplancic and Melic, PRD 78 (2008) 054015]
» [Faustov and Galkin, PRD 87 (2013) 094028]
» [Wang and Xiao, PRD 86 (2012) 114025]
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Phenomenological prediction

10° d'Bldg’ (By—Kuv) [Gev?]

1

— !
0.8 ] Lo o8 [ h
| o - 4
] <] C ]
0.6 4 E 06 [ .
] 1 r ]
0.4 ] :5 04 [ 3
] o C ]
1 85 5
0.2 . ] S o2 | .
7 Vil Inclusive 1 S L 1 Vsl Inclusive
=3 |Vl Exclusive ] N 0 |Vl Exclusive
ol v v v b v v by by 1y N o Lus Lo by v by by
0 5 10 15 20 0 5 10 15 20
7 [GeV’] 7 [GeVv?]

» Using our value for | V| we can make predictions for the B; — K/{v
differential branching fraction for £ = u, 7

» Given an experimental measurement of branching fractions at g? > 13 GeV
one may distinguish between curves corresponding to | Vip|exc and | Viplin
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Conclusion

» Published results
» B-meson decay constants fg, fg,, and fg /fg
» B — wlv and Bs — K/{v form factors

» Finalizing first determination of the gg-g, coupling with relativistic b-quarks

» Errors dominated by chiral-continuum extrapolation

Outlook
» Improving upon our errors
» Add ensemble with physical pions
483 x 96, a1 = 1.73 GeV, M, = 139 MeV
» New DWF-lwasaki ensemble with finer lattice spacing in production
483 x 96, a~! ~ 2.8 GeV, M, ~ 200 MeV
» Finally working on B® — B® mixing
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