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Why hunt for New Physics in b decays?

New Physics (NP) in the b system
o flavor violation suppressed in the SM

@ b is long-lived:
> rare b decays not that rare
> relevant interference with SM

6] Vi LV

Leptons )

@ plethora of possible channels
Shortcomings of the Standard Model (SM)

@ electroweak hierarchy problem Primary routes to discovery

flavor problem @ theoretically clean observables

neutrino masses o flavor changing neutral currents

dark matter & dark energy o light NP in the final state

o
o
o
@ baryogenesis
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Hints for New Physics from B meson decays?
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Tension in charged current B decays

Lepton flavor universality in b — ¢ decays
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@ clean test of SM, as form factor uncertainties a e
mostly cancel in ratio 025 : et
@ long-standing tension between SM and data, aapar
020 R(DH = 6565 = 0,010
recently reduced to 20 level & HFLAV SM P
#+  FLAG24 (Nf=2+1 for R(D*)) P(x*) = 0.76%
e first (™) measurement with large L T

uncertainties > inconclusive
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b— ctv

Recent LHCb news from B, — J/¢{Tv
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Naive expectation: similar NP effects in R(D*) and R(J/v)
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b— ctv

Effective Hamiltonian for b — ctv

New Physics above B meson scale described model-independently! by

Hot = 2V2G RV, [(1+O@L) AN §R+C§LOEL+C%O%U

with the vector, scalar and tensor operators
07, = (ey*Pub) (TyuPrvr)

0%, = (¢Prb) (TPLVT) B b ¢

OE'L = (EPLb) (TPLVT) T

OF = (¢o Prb) (Touw Prvy) \V,
Note: O7, = (¢y"Pgb) (T, PLvr) not generated at dimension-six level in the
SU(2)r, x U(1)y-invariant theory

Lassuming heavy/no vr and NP only in 7 channel
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Possible single-particle explanations

Possible New Physics scenarios (tree level!)

Cy., vector SU(2)-triplet W/ boson
> disfavored by EW precision tests & LHC searches X
(Cg,s CZ,) charged Higgs boson H* /
(Cy,» C3,) SU(2)-singlet vector leptoquark U /

C?. , CL = —4C7) SU(2)r-singlet scalar leptoquark Sp J
Vi St T

(Re[C5, =4CF],  scalar SU(2)-doublet leptoquark Sy with CP-violating couplings /
Im[CF, = 4CF))

M. Blanke New Physics models and constraints from Ay and B decays



Status of the B. — 7v bound
Charged-Higgs enhancement of R(D*), R(.J/1) correlates with large NP effects in B, — 7v

@ 2016: measured R(D*) implied BR(B, — 7v) ~ 50% in conflict with bound
BR(B. — 7v) < 30% derived from B, lifetime
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Status of the B. — 7v bound

Charged-Higgs enhancement of R(D*), R(.J/1) correlates with large NP effects in B, — 7v

@ 2016: measured R(D*) implied BR(B, — 7v) ~ 50% in conflict with bound
BR(B. — 7v) < 30% derived from B, lifetime

@ 2018: caveats of 7, calculation pointed out which relaxed constraint to
BR(B. — mv) < 60%
confirmed by reassessment of 7, theory prediction

@ present: recent data show reduced anomaly in R(D¥)
> BR(B. — 1v) safely small v (but: conflict with large R(J /%))

o future: FCC-ee can place stringent direct limit on B, — 7 and test charged-Higgs
effects in R(D*) and R(J/)
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Lepton flavor universality in baryonic decays

NP in b — c7v can also be tested in baryonic decays

. BR(Ab — ACTV)

RAe) = BR(Ap — Actv)

t=e,p

LHCb 2022: R(A}) = 0.242 + 0.026 + 0.040 = 0.059 J

compare to SM prediction:  R(A.)sm = 0.324 + 0.004 J

> hints at under-abundance of 7 leptons, although not yet conclusive
> consistent NP explanation of R(D™)) and R(A.)?
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The R(A.) sum rule

Approximate sum rule relating R(D™)) and R(A.)

R(A) _1 R(D) 3 R(D"

Rsm (AC) T 4 RsMm (D) 4 Rsm (D*)

originates in heavy-quark symmetry
0.30

@ enhancement of R(D(*)) implies R(A.) > Rsnm(Ae)
e model-independent — holds for any NP in 7 and/or light ¢
lepton channel 0.20
@ can be extended to angular observables 0'15\

0.2 0.3 0.4 0.5 0.6
Ro

> R(D™)) anomaly testable with future LHCb measurements of R(A.)
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Further complementary probes of NP in b — cTv

Restoring SU (2); symmetry Relevant players
@ recall: left-handed fermions come in @ B-meson staples:
SU(2)L doublets B — K®Wrtr= B, -t
@ NP in b — crv generally linked to B— KW ...
b— st~ and/or b — svi @ baryonic counterparts:
@ pattern of NP effects can be used to Ap = ATHr7 Ay = Avw
determine NP operator structure @ charming competitors?

B, — D rtr= B, — DM ..
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Anomalies in b — sf1£~ decays

Branching ratios
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> consistent depletion below SM visible in low-¢? region
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Angular observables and lepton flavor universality
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Theoretically cleaner observables in b — s¢t¢~
e P! in tension with SM prediction, PL° consistent with both SM and e — p universality
@ less significant tensions also in other angular observables

@ no indication for departure from e — 1 universality
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b— sete—

Global b — sf*£~ fit

EFT picture

4GF 2 Global fit (with 2025 LHCb results)
Hetr = 3 —ViVis—— 162 E (C;0;+CI0OY) o2 o Bt o 16— 681000 e o A% )

. . 0 . . z2

@ consistent fit to data for a ~ —25% shift in Cy g,
g

St eV
by ey o2
0.00 0.05 0.10

-035 -030 025 -020 -015 010 -0.05

. 6CoICSM
@ ¢ — 4 universal effect

> can be scrutinized by angular analysis of Ay, — Aptp~
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NP interpretation of b — s¢T£~ anomaly
Tree or loop level?

@ naive NP scale A ~ 40 TeV > inaccessible even at FCC-hh
@ loop-induced NP: scale lower by (at least) one order of magnitude: < few TeV
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NP interpretation of b — s¢T£~ anomaly

Tree or loop level?
@ naive NP scale A ~ 40 TeV > inaccessible even at FCC-hh
@ loop-induced NP: scale lower by (at least) one order of magnitude: < few TeV

> intriguing possiblity: link NP in b — s¢t¢~ to R(D()) anomaly

@ NP mediating b — ¢7v can generate 6Cy via 7-loop
> significant softening of b — s¢/™¢~ anomaly
> large NP effects in b — s77 7~ predicted
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Testing common NP hypothesis in A, decays

Lepton flavor universality in A, — ALT £~

L. _ 200 RY/*
@ common origin of b — s~ and b — cTv r{m)w/ 00

anomalies predicts large 7/u lepton flavor
universality violation

b — spji[lo]

@ can be accessed in baryonic ratio ! fpalio]

& 0
RT/H _ BR(Ap — ATF77) -50
A BR(Ab — A/j,"’,u_) ~100
—150 p
enhanced w.r.t. SM prediction by two orders of o 4
magnitude! ~150-100 =50 0 50 100 150 200

@ related channel: Ay — pK7T7~
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New Physics in b — svi?

SM Average
Evidence for Bt — KTvi decay - E———
@ Belle Il: 2.70 excess over SM value ——o-,—— Ble I (362 7, hadronic)
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b — svw

Impact on Ay, — Avw

Disentangling NP in b — svv

e B — K®ui sensitive to (axial)vector b — s current
> measuring both modes determines (', Cp

@ complementary determination through longitudinal
polarization fraction Fy(K™*) and baryonic decay rate
BR(Ay — Avp)

@ purely baryonic determination from BR(A;, — Avv)

and forward-backward asymmetry
> feasible at FCC-ee

ACL

BB® > Kv7) x 10°

i scenario

Ci scenario

Excluded by Belle

5 10 15
B(B* - K*vw) x 10°
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A window to light NP

1.0
B — Kvv or B — K + Xinuisible? e
@ experiment “observes” final-state neutrino pair as 08| o
missing energy 2
pv4
@ possibility for new light invisible particle(s) Toer
e sterile neutrinos &
o light dark matter Soar
o
e dark photon —
e axion-like particle 02k
> impact on b — s + Xjnisible differential decay rates
data shows slight preference for 2 GeV dark resonance 0o
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Conclusions

A BEYOND STANDARD MODEL MYSTERY |E — ) |

|
| i
= ___ll|

j —

—_— M

b physics offers a powerful window to New Physics.
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Outlook

Conclusions

A BEYOND STANDARD MODEL MYSTERY |

WHAT'S out
THERE?

b physics offers a powerful window to New Physics.
B. and A, decays need to be included to exploit its full potential!
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