The interplay of V , evaluation
and b — ¢ phenomenology

Nazila’s Mini-Workshop Oct 2023 - IP2I

Alexandre Carvunis - 10/10/2023



The Vcb Puzzle

Exclusive vs. Inclusive determination of Vcb
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The Vcb Puzzle

Exclusive vs. Inclusive determination of Vcb

Inclusive Exclusive
vinel = 422 +0.8) x 103 vexel = (39.5+0.9)x 1073
Average from PDG 2020

Large variability between determinations using different processes,
FF parameterization, lattice input, etc... See next slides

— Inclusive : 2107.0064

- BGL 3 — 1 : 1606.08030
e HQE B — 1) : 1912.09335
DMEB — D 2111.10582

— BGL B — D™ 1905.08209
— HQE B — D* : 1912.09335
DM B — D" : 2111.10582

FNAL/MILC B — D* :2105.14019
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Exclusive Vcb: Theory prediction of d['/dw(B — D*£D)
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Theory prediction of dI'/dw(B — D*¢D)

dl” |, _ _ Gimg 2
— (B - D*¢w,) = V.,
dw 4873

« (1) =1 from Heavy Quark Symmetry in the infinite quark mass limit (w=1 -> 0 recoil)

(W2 = 1) Pw) (e FW))”

o #(w) extrapolated from w = 1 using parameterizations:

 From analycity and unitarity constraints: Boyd, Grinstein, and Lebed param. (BGL)

o0

F(z) = : Zanzn,z=(\/w+1—\/5)/(\/w+1+\/§)

PH2)¢pp(2) =

 From BGL and using Heavy Quark Symmetry: Caprini, Lellouch, and Neubert param. (CLN)

hy (W) = hy (1) [1 — 8p°z+ (53p* = 15) 2% + (231p* - 91) z3] (one parameten)



Theory prediction of dI'/dw(B — D*¢D)
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« (1) =1 from Heavy Quark Symmetry in the infinite quark mass limit (w=1 -> 0 recoil)

PW) (e F W)

o #(w) extrapolated from w = 1 using parameterizations:

 From analycity and unitarity constraints: Boyd, Grinstein, and Lebed param. (BGL)
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O = 55 nz::,)anz 2= /w+1-v2)/w+1+4/2)

 From BGL and using Heavy Quark Symmetry: Caprini, Lellouch, and Neubert param. (CLN)

hy (W) = hy (1) [1 — 8p°z+ (53p* = 15) 2% + (231p* - 91) z3] (one parameten)

Inconsistent with subleading terms in the 1/m_,, expansion



Theory prediction of dI'/dw(B — D*¢D)
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e From lattice, #(1) = 0.904 £ 0.012 (Fermilab/MILC + HPQCD)

e From sumrules, #(1) = 0.86 £ 0.01 = 0.02 (Gambino, Manuel, Uraltsev
2012) -> yields results closer to exclusive measurements

o [ypically fit to data provides :

NewF (1) [Vep| = (35.27 £ 0.52) x 103 (CLN).



Exclusive measurement by Belle Collab. - 2301.07529
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Take home message: Vcb is theory dependent
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Status of the b — c¢Zr anomalies and recent data

LFUYV tests

BB —» D)
BB —» DO¢ED)

RD(*) — Lﬂ = U, €

Longstanding tension ~ 30, hinting at LFUV

Particularhyinteresting-in-the Hght-of hints¢
LA HRr-redtraleurrent B-deeays No LFUV In

neutral current B decays anymore, but some
b — s£¢ anomalies are still standing.

Ratios of BR(b — c¢£'v) are independent of Vcb
but depend on the form factor parametrization

Hence in a global fit including RD-RD* and BRs
must be consistent in the f.f. parametrization
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Status of the b — c¢Zr anomalies and recent data
LFUV tests

 Other ratios are now available:

L HCb 2022: R(AF) = 0.242 £ 0.026 + 0.040 % 0.059, R(AH)gp\ = 0.332 £ 0.008

T hrtu,
| HCb 2017 R(J) = ggg; :: j;ilﬁ’/u)) = 0.71 £ 0.17 (stat) + 0.18 (syst).

RU/y)g\ = 0259 £ 0.004

: BB —=]J/¢ tv,)
CMS 2023: R(J/y) = BB S 1/vutv.) = 0171715 (stat.)fg:g;_ (syst.)fgziz (theo.) = 0.17 + 0.33,
¢ H
SM prediction

B(B. —» X tv) —t Belle I1: ¢

Belle Il 2023: R(X.) =

BB, — X .Cv) T Belle I1: 1

Belle II: #
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Global fits for b->clv

EFT assuming NP In the tau sector only
4G

7 off = ZFVcb (1+Cy) 0y +C,0p Oy, .= (Cy"PL gb)(Ty,Prr;)
OgL,R — (EPL,Rb)(%PLUT)a

+C;, 0% + C5,0% + CO3]. O% = (¢o"P,b)(76,,Pv,) .

Observables can conveniently be expressed in polynomials of WCs



Global fits for b->clv

Available data

Observable Measurement

Rp BaBar [403], Belle [183,404]

Rp+ BaBar [403|, Belle [183,404,405|, LIICb [406,407]
Fr(By — D*1p) Belle [408]

BR(B. — Tv) LEP [409]

I oz (B — D™7i) | BaBar [403], Belle [183]

Ry LHCb [195]

Rp, LHCb [197]

+ 2023 data: CMS R(J/Psi), Belle Il R(Xc), R(D*)




Global fits for b->clv

Preliminary plots
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To do

o State-of-the-art global fit of WET WCs of b — c£v

o Study the impact of f.f. parametrization on the fit result, account for it as a
systematic uncertainty

In collaboration with Peter Stangl and Marzia Bordone



Inclusive prediction for B - X 71

* From the optical theorem:
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Inclusive prediction for B - X 71

Parameters i, U, Pp» P g @re the non-perturbative input.

- Can be fitted on the moments of the distributions of:
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QED effects in inclusive semi-leptonic B decays
Bigi, Bordone, Gambino et al. - 2309.02849

« Compute soft QED O(a) correction to o Y by : o
B — X_ev including real and virtual (Z_e :Zi : \4\2
corrections N\ \ \

* |mprovement over PHOTOS which is
currently used by BaBar and Belle to
subtract photon radiation

 Roughly decrease the value of V_, by b \{f . ’ ° b\ yd O
0.4 % - \%‘ | \



To do

* Inclusive Vcb: Generalize the correction to the moments of the hadronic and
leptonic invariant mass distribution, these moments play an important role in
the HQE global fits to experimental data

 Exclusive Vcb: Similar computation needs to be done for EW and QED
corrections to B — D*(v

In collaboration with Paolo Gambino and Martin Jung



Faps/
A I -
IOl T Ve

AR/

NS

—dall gt




The Cabibbo-Kobayashi-Maskawa matrix
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