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Experiments vs. Standard Model

BaBar had. tag
0.440+0.058 £0.042

Belle had. tag

0.375+0.064 £ 0.026

Average

0.407 +£0.039 £0.024

FNAL/MILC (2015)
0.299+0.011

HPQCD (2015)
0.300 +0.008
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0.302 £0.030 £0.011

Belle (hadronic tau)

0.270£0.035 £ 0.0Z7

LHCb
0.336 £0.027 £0.030

LHCb (hadronic tau)
0.285+0.019 £0.029
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S. Fajfer et al. (2012)
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BaBar, PRL109,101802(2012) B (E — D(*)7'777->
Belle, PRD92,072014(2015) Rpe =

LHCb, PRL115,111803(2015)
Belle, PRD94,072007(2016)
Belle, PRL118,211801(2017)
LHCb, FPCP2017

Average

B(B — DMin)

"o SM Predictions
R(D)=0.300(8) HPQCD (2015)
R(D)=0.299(11) FNAL/MILC (2015)
R(D*)=0.252(3) S. Fajfer et al. (2012)
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However, assuming
Rp+ = 0.260 £ 0.008
[Bigi, Gambino, Schacht (arXiv:1707.09509)]

the deviation reduces to 2.60
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Experiments vs. Standard Model
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Comment on Form Factor induced uncertainties

B(B — D(*)TDT)
B (B = DOin)

Rpw =

0.633 +0.014 %

.

B (B — Dli,) 2.111312 % ~ 5%

B — D1,

B

Br (B — Dtv;) = [0.370%]rz + [0.263%]r2 = [0.633%]Total
Br(B — Dlvy) = [0.016%]gz + [2.095%]p2 = [2.111%] Totan

fip 0.300+0.011

B( D*TD 1.28 :I:.O%

B (B — D*lin) 5.041044%

Rp- 0.254 + 0.004
Br(B — D*rv,) = [0.072%]y2 + [0.117%] 42 + [1.31%] a2 + [0.025%] 43 + [—0.242%] 4, 4,
— 1 . 28(%)] Total
Br(B — D*tyy) = [0.350%]y2 + [0.012%] 42 + [7.16%] a2 + [0.472%] a3 + [—2.96%] 4, ,
. :5-03(70]T0ta1
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E |

OFL = 7" bl[E v Pr V] ;
ORY = [e7* s b] (€, Pr V] .
0§y’ = [eb)[e PL v n
08 = [er IlIEPL Y] :
O% = [ea" b[lay,, PLV] I
|
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® Note that (l—'f,,a,we'r,) (J’sra“”qg ) vanishes algebraically
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1
5 (é;)/’yuPLV,,/./) (TTL;/'}’“PLdgl))

[0(3)]prs’t’ (Z (é;)/’)’uPLG;./) (JISI’YMPLd;/) +

ee — 7 ]- ~ evu — —
[0(3) dd]pﬂ”,S,t (6P7MPL6T) (dS’YMPLdt) + 5[0(3) d]p,r,s,t (ep’yuPLVr) (us’YuPLdt)

N e (VO AV (VI XVED e = [CE ), 0

pl ,,r/,sl tl

3 e e ~(3)eedd
> Ol VORAVE (V) fVEdee = [l
p/,,rl,s/,t/
~(3)evud
Co " asas vy No completely model
C/(B)eedd = JVEVE) independent correlations!
o 3323 P -



Vector, Axial-Vector operators
R/ 034 —0.38

bl
OVL = [ev* b[€yu Prv]
bl i
OFL = [e7* vs b][£ vy Pr V]
ﬁgﬁt\*\
, sk
| <
-16 Egit -
) _ A
(D(pp, Mp)|ey*vsb|B(ps, MB)) = 0 7 E’?‘\i \ ]
= (' does not contribute to /7 18l %;_EL__———————""*{” i
7 | | | E!\;_:/\_‘_t: | | | ‘ « |
06 08 10 12 14 16 18 20
T
VL

v, = —C7%; ~ 1.1 explains both Rp and Rp-

s ng\V2P ey P b [0+, P V] _—p A\~~g. 2.7TeV
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Scalar, Pseudo-Scalar operators

Ot = [cb][¢ Py v]
Opt, = [¢5 b)[[€ Pr ]
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cbZ
SL'_

cbZ
PL'—

cb)[f Py v]
[Cys B][[€ Pr V]

Scalar, Pseudo-Scalar operators

|
_ , ]
(D(pp, Mp)|ey5bl B(pp, Mp)) = 0 onmoee P RLERLEELEL i -
| B 0.5F ' .
(D*(pp+, Mp-)|cb|B(pp,Mp)) = 0 : | i : l
---------- - . . ---------r------J-----------------------
, ]
Br( C % TV7—> OO | | : | 5 | 1 ! | ! | | ! |_ < 30%
< 10% 0.0 0.2 04 0.6 0.8 1.0 1.2 1.4
T
CsL
8 0.6] R . . “1
" Cl = Cl lsm= -1 4 First pointed out by
0.5 I Alonso, Grinstein, Camalich ( arXiv:1611.06676)
’;: 0.4; /l:j,'
~ [ llll/
T 03 -mmmm e 7’7'- -----
o i
502 j\:\ /,/lf/ 9 9 2
Y 2 cbr ch cbt
01" . B(B — T 1/7-) C C
N . m(my +me)
00  Ttve—aee] 7
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Tensor operator Ry 2 017-0.21

1

0% = [ea™ b)[€ o, PrV]

| | | | | | | 1 |
-06 -04 -02 0. 02 04 06 038

Cr



cbl __
Ot =

Tensor operator [y 2017 =0.21

[co* b][l o, Pr V]

1

0601 « +

0.55F

0.50F

-06 -04 -02 0. 02 04 06 038
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Tensor+Scalar operator

(l_’ku’) €k (q_’je’) — 4 (l_’je’) €k (q_’ku’) + (l_’jaw/e’) €ik (c}’%ﬂ“’u’)

T T T
CSL T _CPL CTL
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Tensor+Scalar operator
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Claim by Akeroyd and Chen (arXiv:1708.04072) : Br(B. — 7v) < 10% disfavours this scenario
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Distinguishing the various explanations
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Experimental strategies
B — DWW
B-factories :

e Multiple neutrinos prevent to fully determine the kinematics

e[Exploit unique experimental set-up: knowledge of initial
state and known production process

ete” — Y(4S) — Beomp Bsig

The companion B meson reconstruction

* Hadronic: sum of exclusive hadronic decays

B — D%nr, DYDWEK, DWDW  J/yKnn
- Semi-leptonic: sum of exclusive semi-leptonic decays
B — ﬁ(*)&/g

- Untagged/Inclusive: sum all tracks/clusters not used
for Bsig reconstruction

Slide taken from a talk by Anze Zupanc



Experimental status: 38— b,

Experiment

BaBar

[PRL109, 101802;
PRD88, 072012]

Belle

[PRL99,191807;
PRD82,072005;]

Belle

[PRD92,072014]

Belle

[PRD94, 072007]

Belle

[arXiv:1608.06391]

LHCb

[PRL115,111803]

Copied from a talk by Anze Zupanc

Technique Observables

(%) *
B = DYty Hadronic R(D), F;(D ),
T — fﬁgl/T q
B — D™y .
Inclusive Br
T = (Uyv;
() *
B = D, Hadronic R(Dg’ R(P )
T = U, a2, |pr|
BO D* i . . *
- TV Semi-leptonic 5(D 1
T — (v, P, [P*p*
B — D*1uv. *
Hadronic R(D7),
T — Ty, PVs P~
B’ — D* ru.

om0

g

_ (%) o BY— D*t7r~ 7 with
5 (B — D TVT) T — pu~ Vv and

B (E — D(*)lﬂl) B° — D** ;=7 have same final
. state.

variables : g2, E, m

Rpw =

Disentangled by kinematical

2 .
miss”




Belle |l Prospect

(Rp)urac = 0.403 +0.040 + 0.024
~10%  ~6%

(Rp-)urac = 0.310 £ 0.015 4 0.008

~5%  ~2.5%

(PP )pene = —0.44 +0.47 702

T

5 ab-1: 6% (stat.) = 4% (syst.)
50 ab1: 2% (stat.) = 3% (syst.)

5 ab-1: 3% (stat.) = 3% (syst.)

%
50 ab1: 1% (stat.) + 2% (syst.) h (D )

5ab1: 0.18 (stat.) = 0.08 (syst.)
50 ab-1: 0.06 (stat.) = 0.04 (syst.)
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0.25-
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025 03 035 04 045 05 055 06
R(D)

We are perhaps close to finding evidence of New Physics in B decays !



q = Pr + Pu,
= PBo —Pp

o(*)

2
- pB+pD) MB_MZ% H
q° q}
]\42 ]\42
,u

, i )
(D(pp, Mp)|ey'vsb|B(ps, MB)) =

(D(pp, Mp) || B(ps, Ms)) — M} = My
(D(pp, Mp)|eysb|B(pg, MB)) = o
(D(pp, Mp)|eco*” 3
3 b‘B(pB)M — .
) = —i(phpt — phpt) )

Mp + Mp



B — D* Form Factors

* — D, . vk _pP O Qv(qz)
<D (pD*7MD*) ny,ub’B(pB7 MB)> — Zgﬂl/po'e poD* MB 4+ MD*
. B _ € .q 5 . €.q 5
(D*(pp~, Mp-)|cy,vsb|B(pe, MB)) = QMD*q—gquAO(q )+ (Mp + Mp-) [EM - q—gqu} A1(q”)
€".q M3 — M3, 9
_ RV A
N g i |05 o) = =g, dale?)
(D*(pp+, Mp-~)|eb|B(ps, Mp)) = 0
— D QMD* 2
< (pD y VI D )0’75 | (pB, B)> € qmb+mc O(Q)
(D*(pp~, Mp+)|eo,bB(pe, MB)) = —€uvap [ — e**(pp- + pB)°T1(¢°)
M3 — M3. .,
Y = [e* B[, P 1] +—EB D~ e*f (Ti(q%) — T2(q°))
O~ [e9* 25 £, Py ¥ L )
€49 o 8 2\ 2\ q 2 ]
B = airu 125 ot () - 1) - 1 o D) )

O = [eo" b][l oy, PV

The two decays B — D*7i, and B — D7i, are
in general theoretically independent
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Form Factors

B — D* Form Factors
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Caprini, Lellouch, Neubert : hep-ph/9712417
Sakaki, Tanaka, Tayduganov, Watanabe : arXiv:1309.0301

Updated numbers from HFAG and
arXiv:1403.0635 (Fermilab Lattice, MILC collaboration)



