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@ Motivation

(1):B — KITI~ Important as a clean FCNC.
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_ [D. Du et al. (Fermilab, MILC) 1510.02349]
Question: Are the long distance contributions

completely taken into account?

—\We calculate the value
without factorization scheme.




@ Charmonium resonance part

<& We focus on the charmonium part as the diagram which
could suffer from non-factrizable contribution.

1=1 1=3

O1 = (SivuP-cj) (€7, P-bi)
03 = (EWMP—C@') (Ej’YuP—bj)

— These 2 kinds operatores are response to long distance...
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@ 4 point decay amplitudes

& We'd like to calculate B decay amplitudes on the lattice,
iIn a similar way to the K decay amplitudes.

[N.H. Christ et al. (RBC, UKQCD) 1507.03094]
Au () = [ dta (5(p) T 17,(0) Hoa(2))] K (K)

'

A, (¢) = / A4z (K (k) |T [J,,(0) Hea (2)]] B(p))

<& The amplitude is calculable from the integration of 4pt.
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@ Artificial divergence in amplitude at previous work

S K — 7Tl+l_CaSG [N.H. Christ et al. (RBC, UKQCD) 1507.03094]

try t;
—

1 (T, Ty p. k) — _/OOO dEpz(? (7 (k) |J,(0) %;glj)ELpE\Heﬁ(O)\K(p» (1 _ 6[EK<p>—E1Ta>

<& Energy of some intermediate state £ are Eyx > E

— Since 1, — oo ,they must be subtracted.

(e.9. K — m,wm, )
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@ Artificial divergence in amplitude

O B — KTl case

try t;
—

I, (T,, Ty, p, k) = — /OOO dEpZ(EE) (K (k) |J.(0)] IED;IZ;;E_, I;Heff(O)’B(p)> (1 B e[EB(P)—E]Ta)

<& We take unphysical light bottom and heavy up down quarks.
Ep < EJ/¢ + Eyx

— Artificial divergence does not exist.



@ Amplitude of B — KIFi~ .

<& From the integration of the 4point correlators, we can
extract the amplitude after takingZ,.» — oo limit.

L. (Ts, Ty, p, k) = — /OOO dEp;(g) (K (k) |J,(0)] EJ;:Z;;E_,I;H&(O)\B(D» (1 B G[EB(p)_E]Ta>

A () = [ 4% (K9 [T 17,00) s (2)] B(D)

l

A,LL(QZ) = —7 lim I,u(TayTbyka p)

Ta,b—>OO



Factorization method for B — Ki*i~decay




@ Factorization

<& Assume long range gluon exchanging could be ignored

£
TRC)

1
(Vol.)

(Prc|J5¢(EiyuP-c;) (557, P-bj)|P) =

(O[T T |0) (P [V P)

— We test this relation and assumption. .



@ Factorization in previous work at K — ©r
[P.A. Boyle et al. (RBC, UKQCD) 1212.1474]

<& Factorizable operator O and non-factorizable Oy

O = (1, P-1s) (L P-s;)
01(527 — (Zz [Ta],ij ’yMP_lj) (Zk [Ta]kl ”}/MP_SZ) w

l Fierz transformation

1
O} = 0% 0y = 0y’ +204)

<& Assume non—factrizable operator Oﬁ;—, could be ignored

K — 7, Lattice. O, ~ —0.70!
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@ Factorization

<& Factorizable operator O and non-factorizable Oy

O = (@vuP-ci) (57, P-b;)

O](\%?‘ — (Ei [Ta]ij %LP—CJ') (Sk [Ta]kl %LP—bl) w

l Fierz transformation

1
05 = O 05 = go}” + 208
& Assume non—factorizable operator O](@: could be ignored

. . 1
— We test this assumption O35 = 50_% . .



@ More on factorization (Perturbation)

. . 1
— We test this assumption O35 = gOf .

<& Note: This relation completely ignore rescattaring.

>

'

<& Rough estimate for this process in perturbation.

1 0(8)

%
0(8) .
3Onr 3% L g06 (6%)
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@ Colour suppression

0(8) .
39nr 3% L g06 (6%)
% m

& 1s 6% uncertainty small? (for factorization)

— Colour suppression in Wilson coefficients.

(e.9.): NLO in MS(p ~ 4 GeV)
[G. Buchalla et al. hep-ph/9512380]

1
C;05 = C500 C505 = C5 <§O§3) + 20%)
i Of+§0§go.2 CE ~ 1

2060(8) 0(8)
21 NE 4y = 10 J(Vlfj ~0.2 (20%)
(Cf + 5026) OF OF




@ Another estimate

2060(8) 0(8)
21 VE 4y = 10 f(\;l;’ ~0.2 (20%)
(Clc T §C§) OF OF

< Another estimate using Breigt-Wigner approximation,
[J. Lyon and R. Zwicky 1406.0566]

factorisable charmloop hc(q2 )

9 cO(S) k
C:ONF g5 (50%) *

(Cf +5C5) 0F)

— ~50% contribution.

q*[GeV?]
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@ Comparison to experiments

<& Does factorization represent the experiment?
25) [J. Lyon and R. Zwicky 1406.0566]

W (
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| o f

(In perturbative study, -
without rescattering)

— ~50% contribution?
(From rescattering)
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@ Estimate of non-factorizable contributions
[J. Lyon and R. Zwicky 1406.0566]

<& Assuming non-factorizable contributions come from
charmonium resonance.

— Introducing free parameter 7). for fitting

(7))

(e.g.) 50% contribution: 77 = —0.9

'

& n. ~ —2.5 well represents results from experiments.
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@ Comparison to experiments

& n. ~ —2.5 well represents results from experiments.
[J. Lyon and R. Zwicky 1406.0566]
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@ Factorization in perturbation

Perturbation
<& Non-factorizable contribution is sizable.

& We could estimate the contribution as 7. ~ —0.9.

}

Experiment

& n. ~ —2.5 well represents results from experiments.

}

Lattice

. 1 .
— We test naive factorization O; = gOf as a first step.
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Preliminary result for the test of factorization
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@ Currenst status

15, a ' [GeV] L3 xT(xLy) | amyg am., amy
435  3.610(9) 485 x 96(x8) | 0.025 0.27287 0.66619

ap #Conf. | m;|MeV| Fg|MeV] E |GeV]  mp|GeV]
2L (1,00) 377 | 714(1)  854(3)  3.128(1)  3.44(1)
211,00 388 | 713(1)  962(11)  3.157(1)  3.44(1)

¢ Heavy up and down mass same with strange.

¢ Light bottom mass: my = (1.25)4mc

2T

¢ Finite momentum at final state k= (—L,O,O) , (— - ,0)
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® 4 point functions
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@® Factorization of 4 point functions
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@® Factorization of 4 point functions
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@ TO DO LIST

We have to...

(1):determine the lattice renormalization constant.

(2):Input more realistic momentum to conserve energy.
E5(0) = By (p) + Bxc(p) —b v~ (2(3).2(%) 2(%))
(3):Input or extrapolate to physical quark masses.

(4):complete integration and taking limit to extract

amplitude.
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@ Summary

<& We study to extract the charmonium contribution in
B — K171~ by the lattice calculation.

O B — K11 is also calculable similar to K — #l11~ if we
use a lighter bottom quark mass to eliminate the artificial
divergence.

<& As a first step, we focus on the validity of the factorization.

<& So far, sizable non-factorizable contribution might exist in
non-perturbative region.
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