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Anomalies in B decays

In Standard Model (SM), three flavours of charged leptons has the same
gauge coupling strength, known as lepton flavour universality (LFU).

Violation of LFU is first observed in semi-leptonic B decays :

L 7 +
Y c/t /
b > w- > C

@ b s

Charged current (main focus) Neutral current
eg.B—->D*ly,B. = Jly lv ... e.g.B—> K*I"lI",B, > ¢pu*u~ ...
Observables: Ry, Rpe), Ry, P ... Observables: B Rer, Ps . . .

...Talk by Monica Pepe Altarelli
LHCb-PAPER-2022-046



Present status of » = crrv anomalies
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New physics explanations

Model independent approach:
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Model dependent approach:

@ Charged Higgs boson Leptoquark




Model independent approach - y* fit

y? fit using iminuit

. D* D*
Observables : Ry, Ry, Ra F5 . RAC’ Fy

1D scenario (Complex) :

C),=-067-i084 C; =016-i64%x10"° Cpo/Crr=-0.49-i0.14

(CS,, C5)=(-0.37+i0,0.48+i0)

(Cy,, ConlCrp) =(—0.67—i0.5, —0.63 —i 0.26)
2D scenario :
(Coyy CanlCe) =(0.16—i 1.6 X 107%, ~0+i 0)

(Cap» C2p) = (—0.88 —i 0.62, 0.50 + i 0.45)



Blue: 1o, 20, 306 contours

Contour Plots

Ry — Rp« plane
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* : SM prediction, o : Real fit, ® : Complex fit

Purple: B(B,. — ti7,)) = Bc =60%, 30% , 10 %
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Contour Plots
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Contour Plots

Rp« — Ry, plane
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Model dependent approach

Charged Higgs boson in generic two Higgs doublet model (2HDM) :

Lot = YL H (bPgc) — y2 H=(bP;c) — y,, H (TPv,) + h.c.
T f _ Phys.Rev.D 105 (2022) 9, 095011
Vi = Ype ygc constrained by B, — B, mixing
Err

Effective Hamiltonian for the b — ctv transition :

H ox = 202GV, [(Cy, b)) Grr'v) + C3,(Epby)Frran)]

S = b Yw 4 Collider search

At th " |
€ My= Scale, 2\/§GFVcbm}%]i



Collider Analysis : b-veto category

Signal process : bc - H* — tv

H:I:
Dominant background process : pp = W* — v
Other background processes : Drell-Yan (DY) + jets, a Yr
Misid. 7, (j — 7, fake), it , VV(V = W/Z)+jets, singlet <
W:i:
Trigger cuts: Optimised selection cuts: q T
NT,, =1,N,=0 Pro, 2 [50,50,70,80,90,110] GeV —
b-veto : Ny_jers = 0 my > [100,110,150,170,200,220] GeV Significance:
N; L2 Er > [50,50,60,80,90,100] GeV P i
Salactinn came- for my: = [180,200,250,300,350,400] GeV \/E

A¢(pT,Th’»p(T) Z 24 CMS Collaboration

0.7 SpT,rh/?T < 1.3 ReportNo.: CMS-EXO-21-009 ”
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Collider Analysis : b-veto category

Kinematic variables
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Collider Analysis : b-veto category

Upper limit on the signal production cross-section :
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Collider Analysis : b-tag category

Signal process : gc —» bH* — btv

b-tag : Np_jers = 1
Optimise over (py, , Ad(pr..py), My, Er)

Kinematic variables Upper limit
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Constraining the Yukawa plane

Green: Constraints from bc - H* - v

Purple: Constraints from gc - bH* — brv
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Collider constraint on

flavour observables
Preliminary - |
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Summary

7 We look at the b — ctv transition anomalies in both the model independent
and model dependent way.

7 We fit the scalar couplings to the six b — c7v observables, assuming either
real or complex, in 1D and 2D scenario.

? We show how these scalar coupling fits are in various 2D planes of flavour
observables.

7 A collider search in the v and bzv final state is performed, where the b-tag
channel gives stronger constraints on the charged Higgs production cross-
section.

7 Finally, we use these collider limits to estimate the reach of HL-LHC for
interpreting these six anomalies.
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