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Evidence of LFU violation?

Br(B — 7v,.D%)
Br(B — lv; D%)

R DWW =

Wiq)

B(pg)

Experiment R Stat Syst
BABAR12 0.024 0.018
BELLE15 0.038 0.015

expWA SM
LHCb15 0.027 0.03 p* deviates by approx. 3.7 ¢ Rp-
BELLE16 0.03 0.011
BELLE1?7 0.035 0.028

What are the considerations

LHCb18 0.019 0.026 in the SM prediction?
Average
HFLAV 0.013 0.007




Evidence of LFU violation?
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Y. Amhis et al. (HFLAV), Eur. Phys. J. C77, 895 (2017),
1612.07233. https://hflav.web.cern.ch

See Befani, S. et al J. Phys. G46(2019) no. 2, 023001 for a
recent review

What are the considerations in the SM prediction?



Standard model calculation

Leptonic current L=way,(1—-7)v,

Wiq)

Parametrization of the hadronic vertex WsB zPC 29 637(1985).

Form factors param. Falk A and Neubert, M. PRD 47 2965 (93) Caprini I. et al Nucl.
Phys. B 530 (1998) 15
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V, AO, A1, A2 have been reconstructed by Belle using HQET analysis, but only for e and p
measurements - not t! W. Dungel et al. (Belle Collaboration), Phys. Rev. D 82, 112007 (2010).

AO is heavily suppressed for e and p since it represents a longitudinal state of the lepton-
neutrino system

Instead, AO is derived from A2 using HQET approximation. A direct measurement from t data
could test it!



Form factors measurement

Dungel et al. (Belle Collaboration), Phys. Rev. D 82, 112007 (2010).
Using Caprini-Lellouch-Neubert (CLN) parametrization caprini I. et al Nucl. Phys. B 530 (1998) 15

ha 1 (ps  pp-\° _ pp-Pp- _mh+mpb —q°

2\ _ 1 — _— — B —

V(q ) - R]('LU) RD‘ > w=1 2 mpg mD.) mpimmp- 2mpmp-

Ao (g?) = Ro(w) }’;A“ , Kinematical parameter.

h
2\ Ay
As(qg”) = Ra(w) Ry Ry = 2/figiig:/(mp +mp:) Belle Average
Ai(g?) 2 ha,(1)|Ves| | (34.6 £0.2+1.0) x 102 (35.61 + 0.43) x 1073

hAl ('LU) - RD‘ w~+ 1 |Sgur-Wise funct'ion p2 1.214 + 0.034 + 0.009 1.205 + 0.026
R;(1) 1.401 £+ 0.034 = 0.018 1.404 + 0.032
Rs(1) 0.864 = 0.024 + 0.008 0.854 + 0.020

Ri(w) = R1(1) — 0.12(w — 1) + 0.05(w — 1)?,

Ro(w) = Ro(1) — 0.11(w — 1) + 0.01(w — 1)3,

Ry(w) = R3(1) +0.11(w — 1) — 0.06(w — 1)?, and

ha,(w) = ha, (1) [1 — 8p%z + (53p® — 15)2% — (231p® — 91)2°] ,

with z = - wT - — \/5, F. Falk and M. Neubert, Phys. Rev. D 47, 2965 (1993);
Vw + 1+ V2 HQET and [eading corrections M. Neubert, Phys. Rev. D 46, 2212 (1992).

Ry(1)(1 — mp-/mp) + (mp-/mp) [Ro(1)(1 + mp-/mp) — 2]

= 0.97
(1 —mp-/mpg)?

R2(1) = 0.80 Th.vs Ry(1)=0.864 Exp.

0.252 + 0.003 S. Fajfer, S. et al. PRD 85, 094025 (2012) (CLN) 5
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Corrections from form factors parametrization?

Form factors are evaluated in different

phase space regions.
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Form factors contributions
to the differential decay
width

Form factors from Lattice

Kaneko K, JLQCD Coll arXiv:
1811.00794v1 [hep-lat]

\
i

Including corrections to dispersive bounds on form-factors.

Boyd-Grinstein-Lebed (BGL) parametrization C.G. Boyd, B. Grinstein and
R.F. Lebed,, PRD 56 (1997) 6895

=1 /04 *
VMMp- (D (&,p)|Vu|B(p)) = €uvpo €"VPV° hy(w),

VMsMp: (D" (&,7)|Au|B(p)) = —i(w+ 1) ha, (w) +i(€") v ha, (W) +i(€"V) V) ha, (W),

Different parametrizations, NLO corrections and theoretical
restrictions for the form factors have been studied

0.260 + 0.008 Bigi, D. et al. JHEP 11(2017)06 (BGL, LCSR)

+ Berlochner, F. et al. PRD 95, 115008 (2017)
0.257 £ 0.003 newfit. QCDSR
0.259 + 0.006 Jaiswal, S. et al. JHEP 12 (2017)060 CLN

0.257 + 0.005 Jaiswal, S. et al. JHEP 12 (2017)060 BGL

0.256 + 0.020 Gubernari, N. et al. JHEP 01(2019)150 LCSR+Lattice



B =2D*|/ vV reconstruction

LHCb

o Uses Neutral B’s (charged D*)

o D" ->Dm, AM=Mp - Mp< 2 MeV/c2
e D ->Km,

e T, leptonic and hadronic modes ()

Belle

e Uses Neutral and Charged B’s

o D" ->Dm, Dy, AM=Mp--Mp<3o0

e D ->Krm, Krm

e T, leptonic and hadronic modes (11, p)

BaBar

e Uses Neutral and Charged B’s

e D" ->Dm, Dy, AM=Mp-Mp<4o D* is detected through its
o D -> Km, Krm, Krrmrmr, KKrT... daughter particles

e T, leptonic modes

Br(D** -> Dm)=98 %

*0 _ — 0
Br(D*O > Dm) 64'70/) M. Tanabashi et al. (PDG)
Br(D*0 -> Dy)=35.3 % PRD 98, 030001 (2018).



Corrections from excited B’s intermediate states?

From Rp- to Ry,

__ BR(B — 1v,mD)
BR(B — lv:D)

B B* ¢

Observation of width effects in the D*m system
le Yaouanc et al. arXiv:1806.09853 [hep-ph]

~
N
~

Peter Lichard arXiv:hep-ph/9811493
C. S. Kim, et al. PRD 95, 013003 (2017).

B* is off-shell. The D* propagator includes a finite width because it can be on-shell.

[ NY%.(p, + p2) ]
(p1 + p2)* —mp- +imp-I'pe

NY(q) = T5(q) + L,s(q)(m}. — g*)/m3,.
transverse longitudinal

projectors

Interference is null in the narrow width approx. Explored the D-mm system around mp-

0.25 3(2) muon(e) C. S. Kim et al. PRD 95, 013003 (2017) CLN



Corrections from D¥* as intermediate state?

J. E. Chavez-Saab and Genaro Toledo PRD 98, 056014 (2018).

Longitudinal dof, finite decay width, interferences...

Wiq)

_____ D(pp)

B(pg)

G
7 F
~. M7= _\/_2- I,
JA= Jlﬂ Consider hadronic vertex as in the 3-body decay.
ey, Additional structures might be important.
M,>,=—ig(pp—Px), 2-body decay vertex

D#¥ is the D* propagator

Proper description of unstable states is important. As it may break EM gauge invariance

We describe it in a similar way to the W gauge boson at the one loop level.
U. Baur and D. Zeppenfeld PRL 75(1995)1002; E.N. Argyres et al PLB 358(1995)339; M. Beuthe et al. NPB 498 55(1997)



Absorptive corrections to the propagator

The absorptive contribution due to the bosons in the loop of the propagator and vertex introduces
transverse and longitudinal corrections. G.Lopez Castro and GT PRD 61 (00)033007; L.A. Jimenez Pérez and GT
JPG 44 125003 (2017)

D The corrected propagator, split in Transverse (T) and Longitudinal (L) is:
s, \
— T F [ HY
{ j Dw — 21T . - lL. |
D* \ - 7 D* Pp- — mp. +ilmlly  myp. — idlmll,
7
v
THY = g,uy _ pll‘)'zpD' [y — p%.p'l’)-
Pp- pzD-
where the absorptive functions are: ImIl; = +/p5-I'p-(P%-)  introduces the finite decay width
. . 2AV2(p2,. m2, m2) [ m2 — m2\ >
the longitudinal correction /7211, — 2 (P My M) (T — '"“)
167 P~
. . ‘712.2 — 711-2
is proportional to  ~ —2 x = A?=0.86
7712D-

10



Narrow width approximation

-2 m 2 .2
mp- FD‘ 6(pD“ mD‘)

IphH. — m%. + imp-T'(p5-)

78(pp- — mp-)

2 __ * Vo = —_— 2
Transverse Mz |> = M3, M35, T** T M, M5, P I'p- =I'p-(mp-)
Longitudinal — az, — igar,, PB- D~ Mz M|2 — | ML, MZ|? 1
= 1 e .
L 9 3 P5. m%. — ilmIl, (ML = [ M5 Ly M| mp. + (ImlIlp)?
2 2 :
(¢° — m7. + ZmD*FD*)T“WlL T S(—m>,)
. 14 *
Interference m% . —iImll; 22 el e D

The interference between T and L may be relevant. Not considered in earlier calculations of Rpn

We explored the longitudinal contribution around

(Ppp + Pr)? = (mp. =86)? S is in the range I'p-/2 to 1 MeV.

11



for Rp

We reported PRD 98, 056014 (2018).

(6 =Tp)

Br (in %) Transversal Longitudinal Interference
Electron 4.6(3) 5.0(3) x 10°° 7.6(6) x 1078
Muon 4.6(3) 5.0(3) x 10°° 1.6(1) x 1073
Tau 1.16(8) 1.1(6) x 10°° 1.02(7) < 107!
R, 0.252 0.252 0.274 (3)
R, 0.252 0.252 0.275 (3)

Rpr Values as each contribution is added from left to right.
Independent of the value of 0 <1 MeV at the current precision.

Errata

Bug found in the transcription
to integration code

B (R, =0.253 +0.003

12



Other corrections?

Corrections from excited Charmed mesons?

we also explored the scalar D*(2400) contribution. The interference effect is negligible in Rp,

Information on the scalar contributions

K. Abe, et al. Belle Collaboration PRD 69, 112002 (2004)
Bernlochner F. et al. PRD 95 014022(2017)

Celis, A. et al. PLB 771 (2017) 168.

Radiative corrections?

- Radiative corrections may be important when measurements at the
few percent level become available

Tostado, S. L., et al. EPJC (2016) 76:495
Stefan de Boer PRL 120 261804(2018)
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Rp« SM prediction

0.259 £ 0.006
0.260 £ 0.008
0.257 £ 0.003
0.257 £ 0.005
0.256 £ 0.020
0.252

0.252 £ 0.003

Jaiswal, S. et al. JHEP 12 (2017)060 CLN

Bigi, D. et al. JHEP 11(2017)06 (BGL, LCSR)

SM
R+ =0.258 + 0.01
Berlochner, F. et al. PRD 95, 115008 (2017)

newfit, QCDSR
Jaiswal, S. et al. JHEP 12 (2017)060 BGL

Gubernari, N. et al. JHEP 01(2019)150 LCSR+Lattice

Chuan -Hung, C. et al. JHEP 10(2006) 053 (LFQM)

Taking these values for the

prediction
B e discrepancy isabout 3.7 0

0.253
0.253 £ 0.003

Experimental
Average HFLAV

C. S. Kim et al. PRD 95, 013003 (2017) CLN

This work, J. Chavez-Saab, M. Sanchez and G.
Toledo, CLN. Corrected

0.306 +0.013 <+ 0.007
14



Conclusions

By considering Rp,;, the SM model prediction is found to be consistent with Rp~
estimates when including intermediate states.

The SM prediction could be refined further with a more careful analysis of the
BD*W vertex.

T data could provide a better approximation of A0
- form factors parametrizations and HQET assumptions.

- Correlations with other observables and implications on scenarios for new physics
may provided hints on remaining discrepancies.

- see David Straub talk
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LHCb Combination

Most precise measurement of o 042

R(D) and R(D*) to date = = Bollo GombinatioR’2015 (Prelimnary)
— World Combination 2019
038 « SM prediction
First R(D) measurement ‘
performed with a semileptonic 0.34
tag
0.3

Results compatible with SM

r rfrrryrrryrrorp 1t rrryp rrTi rTT YN T T T T T T 7T T TT ]
N [T T T T T T T T[T T[T T T [T [T 17T 7]

expectation within 1.20 096

R(D) - R(D*) Belle average is - ggi o =020 003
now within 2o of the SM 0-2§ R 'Sh('d)'4' : - 45;, -
prediction : : . . . .

R(D)

R(D) - R(D*) exp. world average
tension with SM expectation
decreases from 3.80 to 3.10
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R(K*)

m Test of lepton flavor universality via:

p BB KT
“ BB —K'e'e)

m Clean theoretical predictions.

a Currently O(2.30) tension.

® New physics can change this ratio.

® Decay modes used in this analysis:
K — KT~
K™ — K7

K" — Kgﬂ+

B® 5 K¢ty

Bt — K" ¢ty

SearchforB — vy andB — pv, and Test of Lepton Universality with R(K™) atBelle - Markus Prim

SKIT

Karlsruhe Institute of Technology

g—l—
W+ ZO/’y {—
b —= < <«— 5
B K*
d > d
g—l—
Z/
/-
b < < S
B K*
d > d
22nd March 2019 19/23
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R(K™): (Preliminary) Result

SKIT

Karlsruhe Institute of Technology

Bel)e breiimfnafy 1

"}" ) Belle
&' LHeb |
+ BaBar |

- SM prediction

2.0 R — 2.0
i Belle preliminary i
15[ 1 15|
<10 1 k10
RS - ! { S
05| ¢ . 0.5
: ¢+ Data for B” and B modes
: B SM prediction »
0.0 L~ ' S N —— ' 0.0
0 5 10 15 20
¢’ (GeV?/c?)
q2 in GeV2/c? All modes B° modes B modes
[0.045, 1.1] o.szizo'i% +0.05 0.46i20'2227 +0.07 0.62izo'§3:6 +0.10
[1.1, 6] 0.96t00'2279 + 0.11 1.06t00'3338 4 0.13 0.72i00'_5%4 4 0.18
[0.1, 8] o.gotoo'_5221 4+ 0.10 o.86i00'_6214 + 0.08 0.96t10'9395 + 0.14
[15, 19] 1.18t00"1372 4+ 0.10 1.12%,]2376 4+ 0.10 1.40t00"2(,348 4 0.11
[0.045, ] 0.947% Y, £0.08  1.127%%, £0.09 07075, £0.07

SearchforB — v~y and B — K, and Test of Lepton Universality with R(K*) at Belle - Markus Prim

_B
¢’ (GeV?/c?)

m First measurement of R(K

15 20

a All measured values are in
accordance with the SM and
other recent measurements.
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