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CKM matrix
elementVyp

¥ CKM matrix element relates to the ¢
differential decay rate

di (B! 1'#)_ GE Vil

I dq2 2| 3 |k' |3|f+ (('i)lz
decay rate CKM matrix theory (lattice)

(experiment)  element | - _ pion momentum

g = momentum transfer



Form factors

¥ For pseudoscalar to pseudoscalar detays
| ' M2 # M2
| (IVHIB(Pa)" = 1 () (po + ki) # B
! M2 # M2
! + fO(qz) 5 q2 .
- pg andk, are theB and! four momenta
- ¢" = p5 — k! is the momentum transfér
- kinematic constraintfy(0) = f(0)
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Form factors

¥ In the context of Heavy Quark Effective

Theory (HQET), a useful parametrisatioh Is
|

(k) VA |B(ps)) = 2/ My | o~k Yot + ol b )
! .

- v = p'y /Mp IS the heavy quark veloclty
!

- pion energye, = vak = Mg * Mi* 9

2M g




Form factors

¥ These two form factor dePnitions are

related by

| 5
b fa(vaki)  Ta(vak)

. 2\ —
(@)= Me g
| 2
flo(qz):! 2_ ZIVII'B fl(Vé.k!)+ fz(Vé.k!)
! Mg M2 " M?
8 ' ) %;
L vk (vak )+ ¢y k)
Ma 1 ! (v &k, )? 2 |



Lattice conPgurations

Mobius Domain Wall Fermions

Nf =2+1

mi | 225 300,400, 500 MeV

B =4.17,4.35 4.47

a! 0.080,0.055 0.044 fm
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1.2

Valence quarks

Mebius Domain Wall Fermions
m; same values as sea quarks
mp ! {mec, 1.25%me., 1.254mc}

O mpg, " 1.95, 2.55, 3.40 GeV

O Fully relativistic formalism

@ MK = M
®@ m,=12%! m,
®@ m,=1.25"1 m,
* My = Mp
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2pt and 3pt correlators

¥ Smeared sources with
| 2 noise
s “___
¥ Local and smeared sinks t ;
¥ 1,2 or 4 time sources

y
¥ B and! mesons separatéd —-
by timeT B< > i
‘ = ,

¥ Vector operatorV* inserted
attimeO <t<T
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Renormalisation

Renormalise withZy oy = = Zy ppZv i

Require Cyp(t)/C opi(T) = Zy

n the continuum limitZy ,, = Vi
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Extrapolating taa! O,
Myl My, M My d

= "3
filv -k )+ folv-k)=Do 1+  Dpn E"+ Dy M
n=1 4
, D, $ , %
+ Xlog —|_DEWM72FE! My + mh 14+ D,2a
h

E, '
f 3k, )= C - 1+ Cg E, + Cy, M2

C # $
Aog"‘ CE!M!ZE! M!2+ Mh 1+ Cazaz

m
Pole "
dominance




Form factors vsn

B=4.35 12% x m,

fa(v-ki )+ fa(v-ki)




Form factors vs2

Ip[2=(2YL )% m, =0.3 GeV; 125! m,

1.2
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Form factors vsm

' =4.35; m =0.5 GeV

M me d 1.252! mg £ 1.25%1 mg

L5

fi(vak )+ fa(vak )

1.2



Form factorsf;+f> andfs

(v aky) fo(vaky)+ fo(vaks)
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Systematic effects

¥ Systematic effects vary acrags

¥ Adding higher powers of;, E arff !
for f1+f2 andf, respectively): a couple éb

¥ AddingM # terms: around5%
¥ Addingl/m; terms: aroune-5%
¥ No chiral log<1%




Systematic effects

__ 1/m3% sys

— mi sys

— mi&1l/m? sys

f2(V ’ k7r)
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Z-eXPanSsIoneesande [

¥ g2rangeis large,and | \__ .
z is often used instead: o ¢
| L1 @ LT semileptonic -+
=L 1wt region
|

. ty ! CI2+ t+ I o
where t = (I\/IB + M )2 and we choode

to = MB —I—M \/ \/ M
¥ Full kinematic range is now0.3 <z< 0.3

¥ Fit functions for the form factors ate
1 N ! 1 +

RO frpag, O
I\!Z! 1

n=0 NZ
fO(Z) - Qn 2"

n=0




Z-parameter expansion & bt
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Combined bt

¥ Usez-expansion to bt both lattice and exptl.
data, includinyu, as a bt parameter
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Combined bt
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Combined bt

I B(¢?)/! ¢*! 10° [GeV' ?]

JLQCD Preliminary
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I B(cP)/! ! 10° [GeV' ?]

Combined bt
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CKM elementVyp

JLQCD Preliminary

- JLQCD Prelim.
- Fermilab/MILC
- RBC/UKQCD
- HPQCD

- Detmold et al. ! " plv

- Exclusive (FLAG)
- Inclusive (HFLAV)
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CKM elementVyp

JLQCD Preliminary
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Form factor comparison
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Summary

¥ B! !I" using M3bius Domain Wall
fermions for all quarks
- heavy quark treated relativisticdlly
- usemultiple my> m¢ and extrapolate tamy
- use multiple light quark masses and
extrapolate to physicail

¥ Fit form factors calculated on the lattice
together with experimental partial branching
fractions to get|Vup
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