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e motivation & role of LOQCD



Motivation ...
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Role of LQCD ...
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Physics at disparate scales factorizes

dl’

d_q2 = (Z C; (Vekm) <7T|Ji|B>>2

» Wilson coefficients: short distance, perturbative

* hadronic matrix elements: long distance, nonperturbative

gﬁ form factors: f,, f., & f;



* simulation & correlator construction



MILC ny=2+1 asqtad ensembles

ensemble a/fm M;/MeV N X N; R Nefe
C1 0.12 267 243 x 64 4 2096
c2 O 0.12 348 203 x 64 2 2242
C3 0.12 489 203 x 64 2 1200
F1 O 009 313 323 x 96 4 1896
2 A 009 438 323 x 96 4 1200

Bazavov et al, RMP 82, 1349 (2010)




Simulated momenta reaches g2 =0.4 GeV?2

prL | (27)
ensemble a/fm M,/ MeV
g2 | GeV?2
0,0,0), (1,0,0), (1,1,0), (1,1,1), (2,0,0)
C1 0.12 267
255, 229, 212, 199, 187
0,00), (1,00), (1,1,0), (1,1,1)
c2 O 0.12 348
248, 218, 198, 182
0,00), (1,00), (1,1,0), (1,1,1), (2,0,0), (3,0,0), (4,00), (5,0,0)
C3 0.12 489
237, 212, 194, 179, 165, 113, 59, 04
(0,0,0), (1,0,0), (1,1,0), (1,1,1), (4,0,0)
F1 O 0.09 313
249, 218, 197, 18.1, 58
0.0,0), (1,00), (1,1,0), (1,1,1), (2.0,0), (3,0.0)*
P A 0.09 438

239, 213, 194, 178, 165, 112

* Generated 300 cfgs with p,L/ (27) = (2,2,1) to search for Lorentz-violating effects
relative to (3,0,0). None found.



3pt correlator construction ...

NRQCD
b
thy/
tOvy t() ‘l‘T, x/
HISQ
£ =u,d

J: current insertion, with momentum
P(y —y): local and Gaussian smeared NRQCD b quark

£(x"), &(x): U(1) phases for random wall HISQ sources, with momentum

T : separations of 12,13, 14, 15 (21,22, 23, 24) used on 0.12 fm (0.09 fm) ensembles



Matching NRQCD ...

* Generate 3pt correlator data for the following currents,

—1 —1 -
7O =gy b, D= gy y-Vb, Y= qy - Vvor.b ,
U qy,u U 2Clmb qyluy U 2amb qy }/Oy/,t
—1 —1
2amy, amy,
A a
e Match through @(as R ,aSaAQCD):
my, aniy,

(Vo) = A+ ap U7y + A+ ap"!U7P) + ap{7D)

4
(Voo =L+ ap %70 + (1+ap (7P + a ) p(7D)
=2

(Tio) = (1 + a,pONTO) 4 (FDsuby

with power-law subtraction (J(Dsuby = (J(Dy — g £ (JO)

* Correlator data are combined with priors for matching coefticients.
Monahan et al, PRD 87, 034017 (2013) Gulez et al, PRD 73, 074502 (2006); D75, 119906(E) (2007)



 correlator fitting
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Correlator fitting ...

® Bayesian, USiﬂg lsqfit Lepage, github.com/gplepage/lsqgfit

e simultaneous fit to (2pt + 3pt),

Cgpt( p;t) = Z | Z7(p) |2 (—1)™ (e—E,f(p)t + e—E,ff(p)(Nt—t)>

n

CEr(pit) = )" ZE(P) Ayy(p) ZB (= 1ymnT=0) g=Ent g=Eip)T=0

n,m

e posteriors from (2pt + 3pt)00) are priors in (2pt + 3pt)q00)

e posteriors from (2pt + 3pt)q 00 are priors in (2pt + 3pt)a.1) ---
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Dispersion relation ...

(E]% —Mi )ﬁt / (P,% )sim
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e chiral, continuum, & kinematic extrapolation
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Matching NRQCD (account for missing higher order effects) ...

e Matrix elements written in terms of intermediate form factors

2MBP7]§

(Vo) = vV 2Mp f|| ) (Vi) = vV 2Mp P;]zC fis (Tho) = My + M. It -

* Uncertainty from omitted higher order matching effects are accounted for after
correlator fitting:

- P
fior = Mor (1 + Uy T HyT . )

max
T

where the coefficients dy = 0% 0.04
H||,L,7: generic pz-independent effects

p, =0x0.03

[y.1.7: generic pz-dependent effects i, =0%0.05

are priors in subsequent fit, with values set by observed size of J©/J©.
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Chiral, continuum, and kinematic extrapolation...
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Z

e HISQ permits large momenta simulations

e want to fit all this data
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Chiral, continuum, and kinematic extrapolation...

* Use hard pion ChPT to factorize chiral logs from kinematics

Bijnens and Jemos, NPB 840, 54 (2010); B 844, 182(E) (2011)
Bijnens and Jemos, NPB 846, 145 (2011)

® kinematicg: trade En fOI’Z Bouchard, Lepage, Monahan, Na, and Shigemitsu, PRD 90, 054506 (2014)
f(Er) = (1+ [logs]) K(Ex) — f(z) = (1+ [logs]) K(z)

* where the hard pion ChPT log is

3 M?
[logs]SU(Q) — —g(l -+ SQ%B*W) T {log <—> + 5FV}
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Chiral, continuum, and kinematic extrapolation...

* write kinematic term K(z) as polynomial in z

Py(¢®) fi(a®) = (1 + [logs]) Y ay) DV z(g?)

k=0
* with expansion parameters
2
I ( M ) Sv — M.%( asqtad M?( Ty = amyp — avg(amb)
Ar f X Anf,)? avg(amsp)

* analytic chiral and continuum terms are

D(z) —1+c()x7r+c§3€x

O (1 B+ 1322) (14 B + iha)
a4 (4) (4) (i) (i)
) 1+ :177T+l3ka; )(1—|—h LTy + hg kxb)
apw) e (z) (apw)

T T

2 phys.\2

(@) (On @y My, — (MPY™)

+C3,k( +5K)+C4k (47Tf;)72




Chiral, continuum, and kinematic extrapolation...

* write kinematic term K(z) as polynomial in z
Pi(¢*) fi(¢*) = (1 + [logs] Z VD

* fit stable from K=3
* impose constraints in continuum:

- kinematic  fo(¢*> =0) = fi(¢* =0)

- large ¢2 scaling of i and fr (i.e. BCL type z-expansion)

* in physical limit, the BCL z-expansion coefficients are then

lim (14 [logs]) ar Dk

M—>Mphysical
a—0
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* phenomenology
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Incorporate Experimental Results...

* redo mod-z fit, including BaBar and Belle results for the differnital branching fraction

BaBar, PRD83, 032007 (2011)
BaBar, PRD86, 092004 (2012)

Belle, PRD83, 071101 (2011)
Belle, PRD88, 032005 (2013)

dB(B — wlv) TG4 |V |? (q* — m%)Q\/E?T — M? y
dq? 2473 g M?%

2\ 2
[ (1 + Qm—qg> MZ(E2 — M2)|f+(¢®))? + 5L (ME — M2)™ [ fo(g®)|?

* output: improved form factors & [Vl
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10° dB/ dg* (B — muv) [GeV2]
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O(2°), x?/dof = 152.4/127 = 1.2, Q = 0.05
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e summary/outlook
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Summary/outlook ...

preliminary results for fo . r

- momenta over full kinematic range

- hard pion ChPT modified z expansion

preliminary [Vubl
- ~equal error from LQCD & expt

To do:

Full error budget
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Summary/outlook ... 25 fitene) 2
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All-HISQ b decays (Will Parrot)
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Thank you.

Back up slides ...
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