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Theoretical Motivation

Tree-level diagram Loop-level diagram

@ B-meson semileptonic decays through tree-level diagram (b — ulv).

For example, B — 7wlv, Bs — Klv
@ B-meson semileptonic decays through loop-level diagram
(B — K(m)ITI~, B— K(m)vi)
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Standard Model prediction

The effective Hamiltonian of the b — d(s)/T/~ transition under OPE with
as and A/my, corrections is:

4G
Heff = F td(s thZC (1)

the Standard Model prediction can be written in a generic form:
Theo. pred. = (prefactors) x (CKMfactor) x (f|O|/) (2)
@ Prefactors contain the Wilson coefficients (short distance physics).

@ CKM factor depends on the processes.

o Lattice QCD calculates (f|O|i) non-perturbatively from first principle.
(long distance physics)
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Hadronic matrix elements and form factors
e Matrix elements in B — K(7)/l and B — 7/v processes:
(B(p)|by*s|K(k)), (B(p)|5o* b|K(k))

2 2 2 2
mg — my
Tqu) + fO—2qH

n
=1/2mp |:f’I7J7_B + flkj‘_:|

(B(p)|by"'s|K (k)) = fi(p" + KM —

(B(p)|br°s|K(k))

fi(Ek) = S

e <B(p)£5\;%f<<k>>%
f(Ex) = ﬁ [(ms — Ex)f(Ex) + (B2 — m3)F. (Ex)]
£ (E) = o f(E) + (ms — E)FL(E)

Ran Zhou (Fermilab) 05/27/2016 4/28



Hadronic matrix elements and form factors

Semileptonic B — K transition from tensor current:

K (0[5 blB(p) = " [¢(p" + k) — (m} — mi)a"]

Solve for f1:

mg + m (K(k)|ibo®s| B(p))

fr = _
T v2mpg v 2mgk'
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Lattice ensembles used in B — K(7) works
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Figure : Ensembles of QCD gauge field configurations used in the simulations.
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fi, fL chiral-continuum extrapolations
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@ Form factors defined in the continuum are extrapolated from lattice
data.

o Lattice-QCD gives form factors in the low recoil (Ex(,)) region.

@ z-expansion is used to extrapolate lattice-QCD results to the whole
g? region; talk by Benjamin Grinstein (previous).
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Form Factor Results From Lattice QCD

Form factor results from lattice QCD
@ B — wlv and B — wll form factors
@ B — KIl form factors
e Bs; — Klv form factors
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Lattice-QCD B — 7lv and B — =/l form factors

B — wlv and B — 7l occur through b — ulv and b — dll transitions.
Results from RBC/UKQCD.
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Figure : B — 7lv form factors from arXiv:1501.05373.

o Fit together with experimental data and z-expansion fit, lattice QCD
can get accurate form factors (., fo) in the whole g? region.
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Lattice-QCD B — 7lv and B — =/l form factors
Latest results from FNAL/MILC.
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Figure : B — wlv and B — 7/l form factors from arXiv:1509.06235 and
arXiv:1507.01618.

e FNAL/MILC updated form factors with more statistics and ensembles.

@ The first lattice calculation of f+ in B — 7l process is available.
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Lattice-QCD B — 7lv and B — =/l form factors

HPQCD
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Figure : First lattice-QCD result on
FNAL/MILC .
¢ 15()3.()4839 B — wlv fo(q2,.x) at zero recoil
from physical u/d quark mass.
(HPQCD, arXiv:1510.07446).
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Lattice-QCD B — KII form factors

B — KIl occurs through b — sl transitions.
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Figure : Comparison of the B — KII form factors.
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Lattice-QCD B, — Klv form factors

Bs — Klv occurs through b — ulv transitions.

T T T T T 35 T

3.0 4

101 fBK i 1 3
i B / 1

1 BCL z-fit (K=3 + constraints) /' i 25 -
20 | BGL z-fit (N=3 + constraints) / -

. 4 : r
< 2 ]

Gimax] 15 F
y 4 1
1.0 + p 4

1

- osF
00 L oL I I I I I
0 5 A " V‘? 2 2 0 4 8 12 16 20 24
T ¢ 1GeV?]

Figure : B; — Klv form factors from RBC/UKQCD (left, arXiv:1501.05373) and
HPQCD (right, arXiv:1406.2279).
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Lattice-QCD B, — Klv form factors
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Figure : B; — Klv fi and f; error budget. (HPQCD arXiv:1406.2279)
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Lattice-QCD B, — Klv form factors
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Figure : Comparison of lattice-QCD Bs — K form factors (arXiv:1406.2279) with
those from a perturbative QCD model (arXiv:1207.0265) and the rela-
tivistic quark model (arXiv:1304.3255).
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Semileptonic B-meson decay phenomenology

Impact of lattice-QCD form factors to Standard Model Phenomenology.
Tree-level process:

e B — wlv and |V,;| determination. (arXiv:1503.07839)
Loop-level process:

e B— KITI~ (I =e,pu,7) (arXiv:1509.06235, arXiv:1510.02349)

e B—wltl~ (I =e,u,7) (arXiv:1503.07839, arXiv:1507.01618)

e B — mvi, B — Kvi (arXiv:1510.02349)

Ran Zhou (Fermilab) 05/27/2016 16 / 28



B — wlv semileptonic decay and | V|
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Figure : B — 7lv exclusive decay process.
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B — wlv semileptonic decay and | V|
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Figure : Comparison of the |Vyp| results from different determinations.
(arXiv:1503.07839)
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B; — Klv semileptonic decay and |V,
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Figure : Theoretical predictions on differential decay rates, divided by |V,|?, for

B; — Kuv and Bs — K. (arXiv:1406.2279)
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Standard Model predictions
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o Left: FNAL/MILC B — m lattice data + exp (arXiv:1503.07839)

e Right: (arXiv:1312.2523): old FNAL/MILC B — 7 lattice data
(arXiv:0811.3640) + HPQCD's B — K lattice data(arXiv:1306.2384)
+ exp + LCSR + model
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Standard Model predictions of B — KI*/~ process
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Figure : Standard-Model differential branching fraction (gray band) for B —
Kutp~ decay (left) and B — KrTr~ (right) using the form
factors obtained from lattice QCD. Experimental results for B —
Kutp~ are from Belle (arXiv:0904.0770), CDF (arXiv:1107.3753),

BaBar (arXiv:1204.3933), and LHCb (arXiv:1403.8044).

The BaBar,

Belle, and CDF experiments report isospin-averaged measurements, while
LHCb separately reports results for BT and B° decays.
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Resonance states in B — KI*/~ process
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@ The resonance states could have contribution to the final result of
dB/dq?. The plot is quoted from arXiv:1406.0566.

@ We focus on the results in larger bins.
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Lepton flavor violation in B — K(m)ll process

Lepton-flavor-violating effect in the B — K(7)/l process is defined as:

2
J§ da® dBR(B — Kt y)/dg?

RU*(qh, ) =~ 7
qu dq? dBR(B — Kete~)/dq?
1

@ R*€is close 1 in Standard Model for B — Kll and B — 7l processes.

o BaBar found Ri¢¢ = 1.00(73%)(7) in the union of [0.1,8.12]GeV? and
[10.11, ¢2,,.]GeV?. (arXiv:1204.3933)

o Bell found Ri¢® = 1.03(13°) in the full g2 range. (arXiv:0904.0770)

o LHCb found Ri® = 0.745(759)(36) which is 2.60 away from 1.
(arXiv:1406.6482)

@ New physics models and lepton flavor violation. (arXiv:1411.0565,
arXiv:1508.07009, etc.)
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Lepton favor violation in B — K(m)Il process
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Figure : Standard-Model lepton-flavor-violating  ratios (R,’éi — 1) (left)
and (RS —1) (right) for (q2;,,9%.) = (1GeV? 6GeV?) and
(15GeV?,22GeV?) using the lattice form factors. Our result is con-
sistent with HPQCD's (arXiv:1306.0434), but different from LHCb's
experimental data.
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Other Important Topics

Heavy to light meson semileptonic decay form factors:

e D — wlv (c — d) form factors at zero recoil. (arXiv:1206.4936)

e D — Klv (c — s) form factors at nonzero recoil. (arXiv:1305.1462)
Heavy to heavy meson semileptonic decay form factors:

e B — Dlv (b — c) form factors at zero recoil. (arXiv:1503.07237,
arXiv:1505.03925)

e B — D*lv (b — c¢) form factors at nonzero recoil. (arXiv:1403.0635)
Light to light meson semileptonic decay form factors:
o K — mlv (s — u) form factors. (arXiv:1312.1228)
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Summary

@ The form factors in the semileptonic B, D and K-meson decay
processes can be computed by lattice-QCD accurately.

@ The latest form factors calculated from lattice-QCD enable us to
calculated Standard Model predictions more accurately.

@ More results on the these semileptonic decay form factors from
improved lattice actions will be available in the next few years.
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Standard Model predictions

Theoretical prediction of dB/dq? in high g region:

dB G2a2|VbV* |2 2
TqZ — °F 27;5 td ’k‘ﬁ—l- |k’ 5+ ‘Ceff 2)‘
2 2
mj (Mg — eff 2
+ 2/\/12 ‘C o )‘

Gy (q7) + 25"

+ k[ [1 - 351] 7 mf 7(q°)

2
}, (4)

where Gf, a, and Viq are the Fermi constant, the (QED) fine structure
constant, and CKM matrix elements, respectively, |k| = /EZ — M2 is the

kaon momentum in the B-meson rest frame, and 32 =1 —4m?/q?, with
my the lepton mass.
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