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b — clv transitions

o Tree-level W-mediated transitions (within SM) with relatively large BR ~ 1-2%

Theoretical uncertainties from form factors (FF) - under control

Original motivation: 7-modes sensitive to charged Higgs contributions within a
Two-Higgs-Doublet-Model (2HDM)

Could also be affected by other new intermediate heavy particles (such as a
W’-boson or a leptoquark)

o Anticipation of precise measurements by collaborations Belle Il and LHCb
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Motivation: R(D), R(D*)

Theory predictions for individual modes (e, i, 7) involve FF uncertainties and the
parametric uncertainty from Vg,

Introduce the ratios to cancel (significantly reduce) V¢, (FF uncertainties)

_ BR(B — Drv)
~ BR(B = D)’

BR(B — D*rv)

R(D) BR(B = D'lv) (t=ep).

R(D*) =

Probe of beyond the Standard Model (BSM) sources of lepton flavor universality
violation

Measured values deviate from the SM expectations
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Summary of current theoretical /experimental status

~ —T
a [ [ HFLAV average Ax?=1.0 contours ]
M 0.4 — —
[ LHCbIS i,
E BaBarl2 ]
035 — 36 -
C LHCbI8 ]
0.3 = =
025 = + Belle19 Bellel5 4
C Bellel7 7

0.2 — + Average of SM predictions
- R(D) = 0.299 +0.003 B
C R(D*) = 0.258 £0.005 PO =27% ]

N B EA I B N
0.2 0.3 0.4

R(D)

New result by Belle 2019 (in green)




o New global average HFLAV
R(D) =0.340 £ 0.027 £ 0.013, R(D*) =0.295+0.011 4+ 0.008,

p=-0.38.

o Compared to the SM values (HFLAV 2018 average)
Rsm(D) = 0.299 £+ 0.003, Rsm(D™) = 0.258 £ 0.005

o Including all observables R(D™)), Fr.(D*), P-(D*) we find current discrepancy w.r.t
SM at level of ~ 3.30
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Effective description

o An interesting deviation from the SM

o New physics modifying these ratios needs to compete with tree-level exchange of
W-boson (Scale Anp up to O(1TeV))

o Heavy (charged) mediators integrated out (Anp > my). Effective description:

Heer = 2V2G PV, [(1 4+ CH)OV + CFOF + C50% + CrOr]

with dimension-6 four-fermion operators:

Ov = (&v*Prb) (TyuPrvr)
Og = (EPRb) (7_'PLl/T)
O§ = (ePpb) (7PLvy)

Or = (¢o"” Ppb) (Tou PLyzr)

o We do not consider (¢y* Prb) (77, Prv-) - does not appear in dimension-six
SM-invariant eff. theory
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o We consider combinations of Wilson coefficients that could result from exchange of
a single heavy intermediate state:

°L.R
TL,R
/
/
br v,
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o In this talk focus on two-parameter scenarios. Consider combinations of Wilson
coefficients that result from exchange of a single heavy intermediate state:

7 Z
TL.R vy,

(a) (b)

(a) real (CE, C% = —4Cr) - scalar leptoquark S; (3,1, —1/3)
(b) real (CF, CE) - charged Higgs
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Scenarios

o In this talk focus on two-parameter scenarios. Consider combinations of Wilson
coefficients that result from exchange of a single heavy intermediate state:

“L,R

TJ%A‘ CL
TL,R vy YL
I i
Siy H™, Uy
r !
33 vy, bL.RrR °R,L LR TL,R
(a) (b)

()

(a) real (CE, C% = —4Cr) - scalar leptoquark Si(3,1,—1/3)
(b) real (CE, C%) - charged Higgs
(c) real (CE, CE) - vector leptoquark Ui (3,1,2/3)
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Scenarios

o In this talk focus on two-parameter scenarios. Consider combinations of Wilson
coefficients that result from exchange of a single heavy intermediate state:
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(a) real (CE, C§ = —4C7) - scalar leptoquark S1(3,1, —1/3)

(b) real (C’g, C’g) - charged Higgs

(c) real (CV, CE) - vector leptoquark U (3,1,2/3)

(d) Re[CE = 4C7), Im[CE = 4C7) - scalar Ieptoquark S52(3,2,7/6)
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Observables

Perform fits for the Wilson coefficients of the four scenarios using the measured
observables as inputs

o In addition to R(D™)) we use 7-polarization asymmetry in B — D*7v

(B — D*7*=%1/2)) _ (B — D*r="1/2%)
I'(B — D*1v)

P.(D") =

with A denoting 7-helicity
P(D")=-038+0517075.  (Belle 2016)

Presently does not constrain NP scenarios.
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Observables

New: Longitudinal D*-polarization fractions in B — D*7v

« _ I'(B— Ditv)
P (D7) = T'(B — D*1v)

Fr(D*) =0.60 + 0.08 £ 0.035 (Belle, 2018)

consistent with SM value:
Fr(D*)sm = 0.46 + 0.04
at 1.50, but nonetheless helps to favor some of the NP scenarios over others

Use the results of the fits to predict the yet unmeasured baryonic ratio:

BR(A[, — ACTI/)

R(Ae) = FRA, S Autr)”

(f =6, /J‘)

and 7-polarization in B — Dru.

Ivan NiSandzi¢ (KIT)



Charged Higgs explanation under pressure from B.-lifetime that constraints yet
unmeasured BR(B. — Tv)
o B. — 7v is affected by the same pseudoscalar Wilson coefficient C% — C'% that
enters R(D")
o Total width T'tot(Bc) known from measured lifetime and
T'(Be = 7v) =T'tot X BR(B. — TV)
o Within a charged Higgs scenario, R(D™*) data compatible only with excessive
enhancement of BR(B. — Tv) over its SM-value Alonso, Grinstein, Martin
Camalich (2015)
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o An upper bound BR(B.; — Tv) < 10% inferred from non-observation of
Z — bb[B. — Tv] at LEP Akeroyd, Chen 2017

o The extraction of that bound used the estimate of the ratio f./f. of b — B. and
b — B, hadronization probabilities from pp-data using:

_ fe BR(B: = J/ym7)
~ fu BR(B— — J/YK-)

(48+£054+0.6)-107% with pr >15GeV (CMS 2014)
(6.83+0.18 £0.09) - 10~ with 0 < pr < 20GeV (LHCb 2014)

R =
R:

o Fragmentation functions depends on kinematics. Besides, pp-collisions produce B,
through mechanisms that have no counterpart in Z-decays.

o The extraction of 30%-bound by Alonso, Grinstein, Martin Camalich (2015) using
the theoretical predictions of I'(B.) from Beneke, Buchalla (1996)

o The latter results are very sensitive to the value of charm quark mass. The
Be-bound is not settled.

o We chose three hard constraints in our analysis: BR(B. — 7v) < 10%,
BR(B. — 7v) < 30%, BR(B. — 1v) < 60%
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o Concerning one-dimensional fit scenarios motivated by a single particle mediators,
only C' gives good fit

o Including the new result, best fit point C% ~ 0.07 (pyar ~ 40%), with
F(D*) = Fr,.sm(D")

o Impact of the choice of the limit of BR(B. — 7v) on these scenarios is limited.
Only CE, that does not give good fit anyway, is slightly affected

Ivan NiSandzi¢ (KIT)




2D fits

Compare the two scenarios C':, C% = —4Cp (from leptoquark S;) and Cé’R (from
charged Higgs)
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o S performs well, with Fr, and the predicted value of P,(D*) SM-like

o Fy, favors charged-Higgs solution

o If this scenario is true then either R(D*) will go down towards its SM value or
BR(B. — 1v) 2 30%




2D fits continued

Compare the two scenarios C{, C¥ (from leptoquark Uy) and C'L — 4C complex from

leptoquark S5:

2D hyp. best-fit p-value percent | pullsm R(D) R(D*) | FL(D*) | P,(D*) | P:(D) R(A.) ‘
(CE, CB) (0.08,-0.01) 26.6 36 334130 ‘igi“ . '1"1‘_66 , :g:‘;gd 031 038
(RelCh = a0 tm[O% = 4] || (~0.06,£0.31) 25.0 36 3:333 g:ggi 0-‘1‘_570 :g:‘l‘lg 041 038
(Re[C% = 4C7], Tm[Ck = 4Cx))| 0, || (~0.03,%0.24) 5.9 32 ‘133; . ‘Ef L :3241150 038 036

o Collider constraints on b — c7v operators from high pr tails in monotau searches
Greljo, Martin Camalich, Ruiz-Alvarez 2018

o The constraints cut out a slice of the 20 region for the scenario O’} = 4C'r complex




Correlations between observables

Use the results of the fits to predict correlations between observables for different
scenarios, e.g.

B
-0.35| ST SseaLenE
-0.30 | Tl
~0.40|
—0.35| - BRGmm-30% Gy |
al —0.40 Al _0'455 ‘-I-"‘-lsf{_:_h’_ v 10%
| BRiB.—v)=10% / K
~0.45) L -0.50|
045 _\*\- (Ch,Ck=-4Cp) f B (ChCH
| . ch | oL _ L_
850 55 B (Re[Ch=4Crl, Im[CE = 4 Crl):
0.1 02 03 04 05 06 02 03 04 0.5 06
P-(D) P(D)
(a) (b)
(a) leptoquark S; (b) leptoquark Uy
charged Higgs leptoquark S

Regions on the plots from 1o ranges of the Wilson coefficients




Correlations involving R(A.)
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"Magic relation’

o In fact, in all scenarios with good p-values the R(A.) has essentially the same value

o Inspecting the formulas for the observables in terms of Wilson coefficients we find a
sum-rule:

R(A)  _ 1 959 R(D) R(DY)
Rou(he) 0.262RSM(D) + 0'738'RSM(D*) +

The remainder = is function of Wilson coefficients C7 - stays small || < 0.05 for C7 in
their 1o ranges
For the current data (including new Belle result):

R(Ac) = R(Ac)sm(1.14 £ 0.06)
= 0.38 £ 0.01exp £ 0.01¢

in any model of NP
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Summary

All possible new physics in all possible observables of b — c7v decays can be
parametrized in terms of four complex coefficients C'&, CE. CL, Cr

Charged-Higgs scenario (with non-zero C’é’R) is not ruled out yet

Scalar leptoquark S7 and vector LQ U; provide good fits

Measurements of polarization observables could differentiate between scenarios.

R(Ac) is important 'redundant’ observable whose measurement could provide a
crosscheck of the anomaly
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Backup slide

BR(B.~7v)>10%

—06
%02 01 00 01 02 03
L
ch Cv
02 Z 5
4 N 20
1 \
/ . A
| 9
S B R
H P
\ ~f $) 10 B60
Y I b
—02 £
=
ie3 M
I
~04 -
k&i 2
=
~06 El
10 B.10%
~08
~06 04 -0z 00 02 04 [ R T E—T) 02 04
R Re[ Ck]=4Re[ Cr]




