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Flavour anomalies P.‘H A\‘(IT

In recent years several discrepancies between measurements
(of branching ratios and/or angular decay distributions) and SM
predictions have emerged, denoted as flavour anomalies.
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This talk: _
Vy
@ b — c7v : Enhancement of the ratios of branching ratios 4
B(B — Dzv) B(B — D*tp) |
Ry = - and Rp: = —  with £ =e,u.
B(B — D¢v) B(B — D*¢D)

BaBar, Belle, LHCb
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New LHCb measurement in 2022
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R(D) — R(D*) plot with 68%(95%) cL. P@H

@ The 95% CL regions of all 0
measurements overlap.
0.35
@ Robust anomaly: ~
@ three experiments, different 2«0_30
methods (semileptonic vs.
hadronic tag)
0.25

® SM prediction not contested

Plot from Judd Harrison, Martin Jung,
Beyond the Flavour Anomalies 1V, Barcelona 2023
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New physics explanation P.‘H A\‘(IT
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@ Charged Higgs boson:

was known to be sensitive to effects of a hypothetical bLR Sk
charged Higgs boson since 1992. A w
Grzadkowski,Hou, Phys. Lett. B 283 (1992) 427
TR VL
@ Leptoquarks:
@ bosons with quark-lepton coupling
B can also explain (g — 2),, and b — su™ 1~ anomalies
br, CLR by, Cr
S1 Spin 0, SU(2) singlet 52
— _(. — ( ’ — .)_ —

Spin 0, SU(2) doublet —Y
1, TLR TR Vi,

@ appear in SU(4) gauge theories, where lepton number is the fourth colour
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Effective operators P.‘H \“(IT
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Nice: We can describe all types of new physics in terms of bLr CLR
effective four-quark operators:

O = ¢y bL FiyuvsrL s

R — _
OS — C br TRV, , /\\
Ot = crb; TRV, , TLR V7L

O1 = cro*¥b; TRO uwVrL -

Fit the corresponding coefficients C., CSR’L, Crto data.

Blanke,Crivellin,de Boer,UN,Nisandzic,Kitahara,Phys.Rev.D 100(2019) 3, 035035
Iguro, Kitahara,Watanabe, arXiv:2210:10751
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D*
FL

Other input to global fit:
fraction of longitudinally polarised D* in B — D*tv:

FP" =0.60 = 0.08,, +0.04,,, Belle 2019

sta

FE* = 0.464 = 0.003 SM prediction

This 1.40 discrepancy has some effect on the global fit to the NP coefficients.
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New-physics explanations

coefficients motivated by ( *)
All scenarios fitthe B — D'\"V/Tv

L s« < data, with different predictions for
real by, Cs = —4Cr F.(D*) which is the fraction of

decays with longitudinal D*

T polarisation and B(B — 77 1)
real Cg, Ck |
@ H+: larger F.(D*) in better
agreement with data.
real Cj,. CH

@ S+: smaller (SM-like) F.(D*).

Re[CL = 4C7], Im[CL = 4C7] B S, similar to H* but small F.(D*),

testable at ATLAS and CMS.
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Charged-Higgs revival P.‘ A\‘(IT

Karlsruher Institut far Technologie

@ Before 2019: R(D*) called for sizable ¢y<bTrL,; coupling, i.e. sizable

Cr — C,. But this was in tension with the bound B(B — t7v) < 0.3.

R. Alonso, B. Grinstein, J. Martin Camalich, Rev. Lett. 118, 081802 (2017)
“lose”

@ In our 2018/2019 papers we found the fit to compromise between this

tension and F; (D*) > F;(D*)q,;, which the H™ scenario can explain,

while the leptoquark scenarios cannot. Bianke et al.,Phys.Rev.D 100(2019) 3, 035035
“tia” Fedele et al., Phys. Rev. D107 (2023) 5, 055005

B The 2022 data shift the anomaly a bit from R(D*) to R(D), so that
the B — 77vis less relevant.

win”
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Charged-Higgs solution P.‘H A\‘(IT
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@ Girish Kumar, Phys.Rev.D 107 (2023) 7, 075016:
Choose ad-hoc Yukawa sector

and flavour-diagonal couplings to leptons to simultaneously explain
b — ctv and b — s£¢ anomalies and modify the W mass prediction.

@ Critical test:

Search for cg — 1777~ at LHC.
Syuhei Iguro, Phys.Rev.D 107 (2023) 9, 095004.
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7 polarisation asymmetry

PCH T
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Future:
« A=+1/2 )\ _ % _A=—1/2
PT(D*):F(B%DT v) —I'(B — D*r V)
['(B — D*tv)
Belle 2017:
P,(D*) = —0.38 £0.511) 7,

Standard Model: P_(D*) = — 0.50 = 0.01
Different NP explanations have different imprints on P_(D¥).
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Blanke,Crivellin,de Boer,UN,Nisandzic,Kitahara,Phys.Rev.D 100(2019) 3, 035035

Ilguro, Kitahara,Watanabe, arXiv:2210:10751
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Sum rule for b — cTv P.‘H A“(IT

R(D™) and R(D) are correlated with

B(Ab — ACTE)

R(A.) = B(A, = Aly where Ay ~ bud, A, ~ cud
R(Ac) R(D) R(D")
— 0.262 4 .
Rew(Ad) 0.26 Rem(D) +0 SSRSM(D*) + X

with |x|< 0.05 in any scenario of new physics.
Blanke,Crivellin,de Boer,UN,Nisandzic,Kitahara,Phys.Rev.D 100(2019) 3, 035035
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What is behind the sum rule?

@ In the heavy-quark limit 1, — oo:

B(B — D*¢v) = 3B(B — D¢V)
and
BN\, = A.fv) = BB - D*¢v)+ B(B - Dtv) =1

1 1
®hus R(A,) = 2(3 — €) R(D*) + Z(l + €) R(D) holds for all choices of

€. = Optimise coefficients in

R(Ae) _ R(D) R(D*)
Reon(Ag) — 02827y +0.738 55 +

to minimise x for all values of coefficients Cb, CSR’L, Ct complying with data.

X.
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Sum rule for b — c7r

R(Ac) R(D)
RarA) — 02827

+0.738

R(D*)
RSM(D*)

+ X.

Our 2019 prediction (confirmed in 2022 with new data on R(D")):

R(A,) = Rgm(A,) (1.15 -

- 0.04) = 0.38 -

Tension with 2022 measurement by LHCb:

R(A.) = 0.242 + 0.026

- 0.01 -

+ 0.040 == 0.059

- 0.01

(LHCb, Phys.Rev.Lett. 128 (2022) 19, 191803)

— with future data either R(.D*))will come down or R(A..)will go up.
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Sum rule for b — c7r

SU(2) sing
SU(2) doub
SU(2) trip

charged Higgs boson H =+

et
et

et
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Fedele,Blanke,Crivellin,Iguro, Kitahara,UN,Watanabe,
Phys. Rev. D107 (2023) 5, 055005
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scenario R(D) R(D*) | R(A.)
exp. 0.36(3)  0.29(1) | 0.24(7)
eptoquark S4 0.36(3) 0.29(1) | 0.38(3)
eptoquark S 0.36(3)  0.28(1) | 0.40(4)
eptoquark S3 0.33(2) 0.29(1) | 0.38(2)
- 0.36(3) 0.28(1) | 0.36(2)

X/

fit results
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Summary P.‘

@ BaBar, Belle, and LHCb data consistently point to values of R, and R, above their SM
predictions, with a combined significance of 3.20.

@ The new LHCb measurement of RAC points to ~2c¢ inconsistent measurements of

at least one of k), Rp+, or R, , irrespective of the presence of BSM

physics, because these quantities fulfill a sum rule.
- Redundancy of B physics helps to disentangle BSM physics from mistakes.

@ Global fits of Ry, Rp+«, and Fl{)* give good results for the charged-Higgs and leptoquark
interpretations, both with discovery prospects at CMS and ATLAS.

17 8 May 2023 Pushing the Limits of Theoretical Physics MITP Mainz Ulrich Nierste



