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Introduction

- Tree level processes with large Br (~ few %)

- Theoretically cleaner (w.r.t FCNC b—s transitions)
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Goal of my talk

- These measurements, if indeed confirmed, point unequivocally to the
presence of NP effects in b—c transitions

-+ Can we build more observables, complementary to R(D™), in order to
further probe NP effects?

-+ Can these new observable distinguish between different Lorentz
structure? (Presently, several different solutions allowed)



Assumptions of my talk

- | will assume NP effects affecting only the = channel, with SM

behaviour assumed for the e and u channel, using an effective
Hamiltonian

- | will study the effects obtained considering only one NP WC at a time

- | will assume complex values for all WC



NP analysis

It is possible to describe the process b—c/v by means of the effective
Hamiltonian
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As a first step, let’s start by fitting present data and constraining each WC



NP analysis
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NP analysis - chiral basis

Alternatively, it is possible to use the efftective chiral Hamiltonian

(
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NP analysis - chiral basis
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Only one WC at a time!




Angular distributions

The B = D™7Zvis a 3 (4) bodies decay, hence allowing for the
experimental study of its angular distribution.

The aim is the definition of observables that are:
- Theoretically clean

- Sensitive to NP effects

- Complementary to Br measurements

Some of these observables, if properly built, could show hint of NP
evidence even if the anomaly in the Br would disappear in the future
(similarly to P’s for B = K*uu)
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- 12 Independent angular coefficients

B = D*/fv
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12 independent angular observables!
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B = D*/v - building the amplitudes

As a first step, we define the “tilde” helicity amplitudes as functions of

the “usual” helicity ones, in order to simplify the following expressions
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B = D*/v - angular coeffs |
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B D*/v -Rit & Ras
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B = D*/v - angular coeffs Il
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B = D*/v - Arg & Ags
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LFUV Observables

For most of the other angular observables, we define the LFUV
observables as ratios

(O7)

RO) = 1168y + (0

Since I;:g’g =15 9(SM> — (0, we define the last three LFUV

observables as differences

1

D(A78,9) = (A759) — 5 (< - 8.9) T <A¢,8,9>)

Each angular observable is integrated over the g2 spectrum
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LFUV Observables predictions

~ 20, 30, 40 difference from the SM value

SM qv ga gs gp gr
0.077 £ 0.004 0.074 £+ 0.003 — [—0.058,0.074] — 0.082 £ 0.004

—0.332 + 0.003 —0.331 £ 0.003 - —0.48 £ 0.05 — —0.254+0.05
R(A?;) 0.47 + 0.02 0.48 £+ 0.04 0.48 £ 0.02 - 0.36 4 0.04 0.184+0.14
T) 0.79 £+ 0.02 0.78 £ 0.02 0.80 £ 0.02 — 0.95+0.05 0.424+0.14
B) 0.520 £ 0.004 0.514 £ 0.005 | 0.524 £+ 0.004 — 0.516 20.004 | 0.64 £ 0.07
3) 0.23 4+ 0.04 [—1.52, 0.40] [—1.38,0.20] - 0.00£0.06 | —0.02+0.06
3) 0.62 + 0.01 0.58 + 0.01 0.63 £ 0.02 — 0.56 £+ 0.02 0.11+£0.23
) 0.46 + 0.01 0.45 + 0.01 0.46 £+ 0.01 — 0.42 +0.01 0.06 £0.18
5) 1.15 4 0.02 —0.26, 1.28] —0.09, 1.12] — 1.24 +0.05 0.42 £+ 0.30
) 0.79 + 0.01 —0.96, 0.96] —0.76,0.76] — 0.72 £0.02 0.15+£0.25
) 0 —0.05, 0.05] —0.04, 0.04] - 0.00 £ 0.01 0.00 £ 0.02

) 0 —0.03, 0.03] —0.03,0.03] — 0 0

) 0 —0.09, 0.09 —0.07,0.07] — 0 0
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Complex g; are varied as free parameter according to p.d.f. obtained from the fit of R(D™)




LFUV Observables predictions

~ 20, 30, 40 difference from the SM value Allowed “ region
SM qv ga gs gp gr
0.077 4 0.004 0.074 #+ 0.003 — [—0.058, 0.074] — 0.082 + 0.004

—0.3324£0.003 | —0.331 4+ 0.003 — —0.48 +0.05 - —0.25+0.05

R(AR) 0.47 £ 0.02 0.48 £ 0.04 0.48 4 0.02 - 0.36 & 0.04 0.18 4 0.14

T) 0.79 & 0.02 0.78 & 0.02 0.80 4 0.02 - 0.95 4 0.05 0.42 4 0.14

B) | 0.520 £ 0.004 0.514 +0.005 | 0.524 4 0.004 - 0.516 £0.004 | 0.64 % 0.07

5) 0.23 £ 0.04 [—1.52,0.40] [—1.38,0.20] — 0.00 +£0.06 | —0.02 £ 0.06

3) 0.62 £ 0.01 0.58 £ 0.01 0.63 & 0.02 - 0.56 & 0.02 0.1140.23

) 0.46 £ 0.01 0.45 £ 0.01 0.46 £ 0.01 - 0.42 4 0.01 0.06 4 0.18

5) 1.15 4 0.02 —0.26, 1.28] —0.09, 1.12] - 1.24 £ 0.05 0.42 4 0.30

) 0.79 £ 0.01 —0.96, 0.96] —0.76,0.76] - 0.72 4 0.02 0.1540.25

) 0 —0.05, 0.05] —0.04, 0.04] — 0.00 £ 0.01 0.00 4 0.02
) 0 —0.03,0.03] —0.03, 0.03] - 0 0
) 0 —0.09, 0.09] —0.07,0.07] - 0 0
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Complex g; are varied as free parameter according to p.d.f. obtained from the fit of R(D™)




LFUV Observables predictions

R(As) is sensitive to Re(gy ) e
Assuming a real coupling, 2 solutions (left plot)

Allowing for a complex coupling, we obtain a continuum due
to the interplay between real and imaginary parts (right plot)

L I smallest 67.5% interval(s) 1. 8_— s smallest 63.4% interval(s)
- m . I smallest 95.1% interval(s) = m . I smallest 94.2% interval(s)
61— fit smallest 99.7% interval(s) - fit smallest 99.7% interval(s)
L ]. . 6__
5 1.4F

| | | | | | I | | | | B
0.5 1 1.5 —8.5 0 0.5 1 1.5

Measuring e.g. R(As) would correspond to a vertical band in the Re(gy )-Im(gy)
plane, sensibly reducing the allowed region!
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LFUV Observables predictions

~ 20, 30, 40 difference from the SM value Allowed “ region
SM qv ga gs gp gr
0.077 4 0.004 0.074 #+ 0.003 — [—0.058, 0.074] — 0.082 + 0.004

—0.3324£0.003 | —0.331 4+ 0.003 — —0.48 +0.05 - —0.25 4 0.05

R(AR) 0.47 £ 0.02 0.48 4 0.04 0.48 4 0.02 - 0.36 & 0.04 0.18 +0.14

T) 0.79 & 0.02 0.78 & 0.02 0.80 4 0.02 - 0.95 4 0.05 0.42 4 0.14

B) | 0.520 £ 0.004 0.514 +0.005 | 0.524 4 0.004 - 0.516 £0.004 | 0.64 % 0.07

5) 0.23 £ 0.04 [—1.52,0.40] [—1.38,0.20] — 0.00£0.06 | —0.02 £ 0.06

3) 0.62 £ 0.01 0.58 & 0.01 0.63 & 0.02 - 0.56 & 0.02 0.1140.23

) 0.46 £ 0.01 0.45 £ 0.01 0.46 £ 0.01 - 0.42 4 0.01 0.06 4 0.18

5) 1.15 4 0.02 —0.26, 1.28] —0.09, 1.12] - 1.24 £0.05 0.42 4 0.30

) 0.79 £ 0.01 —0.96, 0.96] —0.76,0.76] - 0.72 4 0.02 0.1540.25

) 0 —0.05, 0.05] —0.04, 0.04] — 0.00 £ 0.01 0.00 4 0.02
) 0 —0.03,0.03] —0.03, 0.03] - 0 0
) 0 —0.09, 0.09] —0.07,0.07] - 0 0
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Moreover, we obtain similar results is we assume R(D™)., = R(D"))sy £ 10%




Conclusions

We have constructed 2(11) angular observables when considering the
decay to a pseudoscalar(vector) meson

We have combined these observable in order to build LFUV tests,
complementary to R(D™), and made predictions for SM & NP scenarios

These quantities can be of great help when studying NP effects in
b—c transitions (in particular concerning its Lorentz structure), since

many NP predictions differ from the SM at ~ 3,4¢ level

These observable would still be of interest even if the Br anomalies
would disappear, since they involve different pieces of the amplitudes

The above description is totally general, and equally applicable to all

the various semileptonic pseudoscalar = pseudoscalar/vector decay
29



Back-up
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Form Factors treatment

B — D¢v : All FF from Lattice (Bailey et al., '15)

B—- D*v:

- All FF from Constituent quark Model (Melikhov, Stech, '00)
or

-V, A12 from either CLN parametrization (Caprini, Lelouch, Neubert, '97) or BGL (Bigi,
Gambino, Schacht, ’17)

* Ao, T123from HQET@NLO in 1/m¢p (Bernolochner et al., ’17) but with more generous err.

All the obtained results are in good agreement for different methods and parameterizations!
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