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Cross-road

Why (semi)leptonic b decays:

@ Laboratory: creating and improving tools for QCD
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Cross-road

Why (semi)leptonic b decays:

@ Laboratory: creating and improving tools for QCD
o Extracting fundamental parameters: CKM matrix
@ Going Beyond the Standard Model: indications of LFUV
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Introduction

Important progresses in the theoretical front
Notably Lattice QCD

[Talk by Chris Bouchard]
v

Important progresses in the experimental front

BaBar, Belle, LHCb

[Talk by Mika Vesterinen]

v

Here, a review:

Brief overview of V(, ), and Rp.)

Developments in NP searches
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Outline

© Theoretical status of Viu,)b

Luiz Vale Silva (University of Sussex) Th. status and NP in semilept. b decays Sep 5th, 2017 6 /31



Theoretical status of V(, ¢)p

Overview

o Extractions of V(, ), have a great level of precision, of few %
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Theoretical status of V(, ¢)p

Overview

o Extractions of V(, ), have a great level of precision, of few %

@ ~ theo. frameworks for charmed and charmless modes, but
different tools for inclusive and exclusive

Exclusive
HQS (oo mass limit) underlying HQET
e.g., in the HQ limit, F87P"(w) = GB~P(w) = & (w)

Inclusive

HQE leads to a systematic OPE in powers of 1/mj,

Luiz Vale Silva (University of Sussex) Th. status and NP in semilept. b decays Sep 5th, 2017 7/31



Exclusive V., extraction: B — D*/v

% & U%W]:(W)Z\Vch; W = vg - Vp,

where 1 < w < (m3 + m?.)/(2mgmp-)

@ In the limit m, . — oo, single FF (axial-vector)
O(Ngcp/mp ) corrections: for the normalization @ w = 1
and the shape of the FF as a function of w
o Lattice QCD, F(1) = 0.906 + 0.013 [Fermilab/MILC'14]

| Ves| = (39.05 & 0.47csp %= 0.581ag¢ice.w) X 1072 (CLN)

[HFAG'16]
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Exclusive V., extraction: B — D*/v

@ Parameterizations of the FFs as a function of the recoil
CLN model dependent/BGL model independent

@ Important tensions among CLN/BGL for latest Belle
BGL in agreement w/ |Vip|ine., but large tensions w/ HQS

[Belle’17,Bigi+'17,Grinstein+'17,Bernlochner+'17]

4
—— saL
N
- . 3 CLNnoR
Preliminary B — D*(v rosas
— Prel. FNALMILC D*
beyond Zero-recol I Etg: o[ e FnaLMILC 0+ HGET

from Lattice

[Bernlochner+'17]
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https://makondo.ugr.es/event/0/session/92/contribution/120/material/slides/0.pdf

Exclusive V., extraction: B — D/fv

9 oy G(w)?|Ves|?,  w/ G function of £, and f

FNAL/MILC
HPQCD
Belle

BaBar

| V| = (40.49 £ 0.97) x 103
(BGL & Bigi, Gambino)

[HPQCD'15,Fermilab/MILC'15,Bigi+'16]

Competitive precision w/ B — D*
CLN/BGL are consistent

0.00 001 0.02 0.03 004 005 006
form facters £.(@) (upper plot) and fo(@) (lawer ploty
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Theoretical status of V(, ¢)p

Inclusive V., extraction

i)l 2 i) ol a
Mo Vel [, C0% + O 32, €0 4 2 32, €90

o Terms (’)(gsu2/mi) for the dimension 5 chromomagnetic op.,
i = (BIB(ID!)(iD: ), blB) (D! = (g — vuv,) D)
[Alberti+'14,Mannel+'15]

o Estimate terms O(1/m;”)

[Gambino+'16]

Main uncertainties: higher-order perturbative (a2, a;/m}) and
non-perturbative corrections
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Theoretical status of V(, ¢)p

Inclusive V., extraction

@ Semileptonic moments (El)e.~g,.., n=0,1,2,..., etc.

<Een>Ee>Ecut = Emax dF EndE /fEEmax dr dE

Ecut

e Fit including (1, s, 0?), (1, )/ m?, 1/m} terms

’Vcb’ - (4219 + 0'78ﬁt,theory) x 10~ 3 ( km) [HFAG'16]

@ Unc. dominated by theory unc. for the measured moments
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Theoretical status of V(, ¢)p

Exclusive V,;, extraction

B — wly

T
Lattice N,=4 fit

ar BaBar untagged 6 bins (2011) 8 ]

. ) ) Belle untagged 13 bins (2011) %
Simultaneous fit to Lattice and € 4} BaBar untagged 12 bins (2012) &~

i i g et aged 5 7 e 2019
- = elle tagged B 7 bins

d Iﬂ:erentlal rates data - ?2 10 Lat.+all ex;::)gl. combined N,=4 fit

x S5 ) N
h=3 & =
— -3 = rate alid [%
|Vis| = (3.724£0.160p¢ 1a1.) X 1073 2

e gEaE iRl = . |
(BCL& FNAL/MILC) gt

0 5 10 15 20 25

[Fermilab/MILC’15]
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Theoretical status of V(, ¢)p

Inclusive V,;, extraction

Huge background from B — X {7;: more complex handling of

non-perturbative effects

Different theoretical methods
lead to similar extractions

Luiz Vale Silva (University of Sussex)

HFAG Ave. (BLNP)

444%0.15+0.21 - 0.22 e
HFAG Ave. (DGE)
4.52£0.16 +0.15-0.16 ——
HFAG A\L ((,(,()[ r
4.52£0.15+0. e
HFAG Ave. (ADFR)
4.08£0.13+0.18-0.12 e
HFAG Ave. (BLL)
4.621£0.20 £ 0.29 —
BABAR (LLR)
4.43£0.45+0.29 —_—
BABAR cndpoml (LLR)
4.28+0.29+0.4 —_—
BABAR endpoint (LNP)
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Semileptonic b-baryon decays: excl. |V|/| Ve

A = (p, N

Ay = pu™ B, A= Api™ B,

¢° (GeV?) g (GeV?)

o N — (p,A\l)u~ peak at large recoil: Lattice specially suitable
o Latt'ce FFS fOI’ baryon decays [Detmold+'15,Meinel’16; tensor: Datta+'17]

Six in total for each channel (3 vector, 3 axial-vector)
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Semi-leptonic B-baryon decays: excl. |V,p|/|Vep|

B(AS b PHP) 2515 Gev?
BN —AL piv)

o LHCb: measurement of
¢2>7GeV?2

First determination of |V,;|/| V| at a hadron collider

|Viub|/| Ven| = 0.08340.004cx¢ = 0.004,¢45cc (Detmold et al.)

@ Similar unc. compared to inclusive and exclusive determinations

PDGI15: |7l = 0.1070.006 (incl.), [y = 0.095+0.005 (excl.)
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Theoretical status of V(u,c)b

@ 1o bands (no distinction of statistical and theoretical uncs.)

ing

38 39 40 41 42 43
|VepIx10°

@ Exclusive |V,;|, inclusive |V |, and |V,p|/| V| from B-baryon
decays favored by indirect predictions [CKMfitter, UTfit; by ICHEP 16]
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Outline

© Theoretical status of 7/¢ ratios

Luiz Vale Silva (University of Sussex) Th. status and NP in semilept. b decays Sep 5th, 2017 18 / 31



Tau rates

B — D™y

o (1) [0 40 1) (1 2) + 0]

~ S
[ ——— BaBar, PRL109,101802(2012) )
@/ ' —— Belle, PRD92,072014(2015) Ax”= 1.0 contours
~ o045 LHCb, PRL115,111803(2015) === SM Predictions
. . E —— Belle, PRD94,072007(2016) R(D)-0300(8) HPQCD (2015)
QT Cont”butlons. [ = Belle, arXiv:1612.00529 R(D)-0299(1 1) FNALMILC (2015)
04—

Average R(D*)=0.252(3) S. Fajfer et al. (2012)

Sensitive to H;

@ Ratios of [,:
Tension with SM
— LFUV 02

= S
w
T
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Combined fit Rp and Rp+

e ©

©

R(D*)

Luiz Vale Silva (University of Sussex)

HQET to O(Aqep/Me.p, ts)
Global fit: |V

[Bernlochner+'1703,'1708]

, G(1), F(1), slope of &y, sub-leading IW funcs.
No inconsistencies between data, LQCD results and QCDSR

0.3 F

B SM L1 15K

0.3 0.4
R(D)

0.35

03

0.25

Th. status and NP in semilept. b decays

Most precise prediction
(L~
and all LQCD and QCDSRY):
Rp = 0.299(3) and

Rp+ = 0.257(3), corr = 44%
(| Ves| = (39.3+1.0)x 1073)

SR = expt. data
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Prospects on other ratios

R(Ds) = Ba—5ra = 0.314 + 0.006)s1icc

[Monahan+'16,"17]

0 2 | 3 B 10 12
2
a

type-Il 2HDM

R(X10s 0701053 D) = 0.085 £ 0.012,

w/ subleading IW functions estimated

R(Xanp /my. | REXIsm

[Bernlochner+'16,Monahan+'16,'17]

0.0 0.2 0.4 0.6 0.8 1.0
tan B/ my- [GeV™']

AlSO, R(/\C) =0.334+0.01 [Detmold+-'1503.01421,Datta+'17]
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Outline

@ Constraining NP in b — cTv
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b — cT, at low energies

Charged currents:

_AGFVe
V2
+¢ T7_-O-[,LVPLUT - oM"Y PL b+ F«SL'F'DLVT -CP b+ TP v, - €Prb| + h.c.

Eeff =

[(1 +eL) TyuPLvr - EYFPLb + g7y PLy, - E4FPrb

Different phenomenological aspects for the NP €, €g, €s5,, ¢5,, ¢
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B. lifetime

Valuable info. for constraining chiral-enhanced pseudo-scalar NP

1.0
Y
ot = 0. 521018 ps = EXCLUSION REGION
0.8
[Bigi'95,Beneke+'96,C.-H. Chang+'00]
S 06 OPE
T
B(B: — tv) < 30% )
= 0.4
Suppressed coupling 0.2 o
€5, — €
S, — €Sk -

022 024 026 028 030 032 .0.34
Ap

[Alonso+'16; see also, Akeroyd+'17]
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7-lepton polarization in B® — D*r~ i,

o First meas. of the 7 longitudinal polarization in B® — D*7~

through 7= = 717w, 77 — p v, [Belle’16,'17]
™y
e/
B
e

@ The distribution of cos(f,,) gives the polarization
@ SD information carried out by the polarizations of the 7-lepton
[lvanov+'17]
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Constraining NP in b — c7v

Constraints on NP: longitudinal polarization

Zb X (ESL + 65R) and Zb X (ESL - ESR)

Im (65,)

10 15 20

5
Re (AZ,)

4 3 2 1 0 1
Re (6g,)

Dark red/blue rings: R(D(*)); light red/blue disks: g*-distribution of B — D™*)ru; green disk:

B(B: — Tv); dotted area: includes %; dashed circle: P (D*) [Celis+'16]
Sep 5th, 2017 26 / 31
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Constraining NP in b — c7v

T-lepton polarization in B — D71v

e Final-state 7 — dv. (), d = {m, p,(}: self-analyzer (aoncoi17)
Fa(7 — d) = P, and Ay(q°) = FEA(9°) + FIP (4°)

A.: FB asym.; P,: perpendicular pol. (e.g. in the plane 7v,)

o Belle Il (full operation): 7 — 7v;, uncertainties < O(10 %)

d?Iyldg*dsy

dAdl'de

-

s¢ = Eq/+/g? (in the 7, rest-frame)
Luiz Vale Silva (University of Sussex) Th. status and NP in semilept. b decays
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Constraining NP in b — c7v

Angular observables

Some benefits:

Distinguishing NP scenarios, e.g., FB asym. 7

[f2p]

8v = €Lt €r,

Luiz Vale Silva (University of Sussex)

| M
W za=—153-101i
EE— | gam 22
0.6} 2a= —02
lI W o= 10+12
04l

37475 6 7 8 9 10

g* [GeV?]

[Betirevi¢+'16]
8BA = €R — €L
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Correlations w/ rare decays

Anomalies in B decays intermediated by neutral currents, Ry
At energies > vgyy:

L = 7o (G @ Goy - Bouloy + G By T, - B lay)

EW corrections:
LNV four-lepton ops.,
corrections
to Z coupling, etc.

W Ry and RLI'_,
B LFV 7 decays
® Z-pole observables
m R

m Al

[Glashow-+'14,Feruglio+'16,"17]

00 o e
100 105 110 115 120 125 130 135 140

Bt

“D(+)
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Conclusion

Concluding remarks

@ Reason for the excl. vs. incl. tensions?
o Physics underlying R(D™)): SM? NP? stat., syst. effects?
e Common origin for all B anomalies, R(D™)) and R(K))?

— Perhaps more questions than answers, but important progresses
are continuously made!

Obviously, very exciting times are foreseen w/ improved LQCD
(e.g. B — D* beyond zero-recoil, etc.), further Belle/LHC analyses
and Belle Il (e.g. new tau observables, etc.)
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Conclusion

Thanks

(and apologies for possibly missing references!)
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Appendix

Angular observables

o Benefits: interference between D* — Dm and D — D7
Predictions rely on (naive) Breit-Wigner assumption for Dj

mpx—+96) c Ls
(re(@®). him(0%)) = g S0 (b5 b3)dm,
w/ (bg, by) function of BWp- x BWp:

o (Ire(9?), lim(q?)) small for different &, and €, €g, €5, , €55, €T ~ 1

0.0001 0.0005
0.00005 0.0004
o £ 0.0003
£ 0.0000 =

= £ 0.0002
—0.00005 0.0001

—0.0001 i % % i 3 0.0000 i B 3 i 5

q° [GeV?] q* [GeV?]

[1602:03030]
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Quantity| gy ga gs gr 9r
A?B X - *x * - *
Afr X - * % x - Hok
Aby * * ok ok - ok *
AP x X - ok *
Rur % X - >k *k
As Hke ok - * * k%
N * X - >k *k
Sx *k ok kkok - X * * ok
Ag >k *ok - ok * * K
Ay * * - *x >k
Ay >k *ok - X ok
An X X - *x *x

Table 1: Sensitivity to g; # 0: x stands for “not sensitive”, and % % * for “maximally sensitive”.
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Appendix

BELLE I [total]

BELLE II [1 year]

BELLE I [total|

L [ab™']/N [events] 1/60 5/300 50/3000
5PL/PL 10.21,0.49,0.62} | {0.10,0.22,0.28} |{0.03,0.07,0.00}
6PLJ|PL {0.62,1.8,4.0} | {0.28,0.81, 1.8} |{0.09,0.25,0.57}
5[] Ar| {0.74,0.69,2.8} | {0.33,0.31,1.3} |{0.11,0.10,0.40}

TABLE I: Relative statistical uncertainties on the r polarizations, P and P, and angular asymmetry, A,, in B~ —
D=7, for different 7 decays {r — w1, 7 — pu,T — fv#}. Predictions are given for the full data set from BELLE I
and projections for BELLE II
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