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-b = s anomalies |

b||

Use-Case: Heavy Flavor Physics

— An attempt of a brief overview —
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CKM Metrology & much much more
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The %(D")) anomaly

e_
175 b ; .
R 477
1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 l
- I Belle 2015 ¢+ Belle 2017 -
i BaBar 2012 4+ LHCb 2015 |
1.6 _| Current Current
I Belle 2020 + LHCb 2018 | Obs. World Av./Data SM Prediction Significance
- 1 Average (pp-) ] R(D) 0.340+0.030  0.299 +0.003 1.20 }3 1
10
= "y R(D*) 0.295+0.014  0.258 £0.005 2.50
Q L i P,(D*) —0.384+0.51792L —0.501 £0.011 0.20
e T 7 ] Fr.(D*) 0.6040.08+0.04 0.455+0.006 1.60
\ - -
g 19k - R(JAp) 0.71+0.17+0.18 0.2582 + 0.0038 1.80
E i 1 R(m) 1.05+0.51 0.641 £0.016 0.80
B v ° -
L ] R(D) 0.337+0.030  0.299 +0.003 1.3¢
~ 3.60
1.0 \\/ R(D*)  0.2984+0.014 0.258 £0.005 2.50
! FB, M. Sevilla, D. Robinson, G. Wormser |
B [Accepted by RMP, arXiv:2101.08326]
0-8 1 I 1 1 1 1 I 1 1 1 1 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1

050  0.75  1.00 125 150  L.75
R(D) / R(D)sm — Can new physics somehow explain the tension?



New Physics

Most general Lagrangian density for b — c¢Z0,

4G _
L= - chxy(EFxb)(nyV),

V2

— 10 NP four-Fermi operators

— 10 (complex) Wilson coefficients = 20 dof

Current | Wilson Coefficient, cxy Operator
SM 1 :E'y“PLb: :E’}/MPLv:

VyriL :E’y“PLb: :E’}/I_LPLI/:
VyRiL (&yH PRb| [£y, PLv]

Vector - S -
VyLir Y PLb| 4y PRy
V4RIR :E’y“PRb: :E’)/MPRI/:
SquL :EPLb: ZPLV
SqRIL [EPRb| [¢P V]

Scalar - c -
SquR _EPLb_ _EPRV_
SquR :EPRb: EPRV
TquL [EO"LWPLb- -EO'NVPLI/]

Tensor L
TquR [EO‘“VPRI)_ _EO‘MVPRV]

R(D*)

Example for tensor (7;;;) NP + SM

Various values for cr,,, Projected onto R(D®)

0.4
| [ 1 NoL+SR
0.3 F =39 1.,.145R
- [ LO,p2=1.24
0.2 .
0 Sle,1=0
I O
01 .|....|....|....T
0.1 0.2 0.3 0.4 0.5

R(D)

FB, Z. Ligeti, M. Papucci, D. Robinson
[Phys. Rev. D 95, 115008 (2017), arXiv:1703.05330]



The two categories of measurements

1st Category

Measurements that have no or trivial or
negligible dependence on parameter of interest

Example: Right-handed currents & |V, |

4G
Log = —T;Vulg) (ﬂ'yMPLb + €gr ’EryuPRb) (vy* Prl) + h.c.,
8 [ | I | I | I I | I | I | I
i == B - X,lv |HFAG BLNP
Un ~ B-tv |HFAG y
B ---B->nlv |HFAGavg.w/
3 B
X 5
~
o L=
" S S
= 4‘ — //
// B // —
3 - _|
- Standard Model — -
2 | | | | | | | | | | | | | |
-04 -03 -02 -0.1 0 0.1 02 03
€R
Decay |Vup| X 10>  er dependence
B — wfév 3.23 +£0.30 1+ e€er
B — Xulo  4.39+0.21 VIt

B—-71v, 4.3240.42 1 —e€r
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The two categories of measurements

>

f R

2nd Category

Measurements that have non-trivial
dependence on parameter of interest / other params.

Let’s say you want to use the measured R(D'") ratios
to learn something about the anomaly and your favorite
model that could explain it!
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The two categories of measurements

2nd Category

Measurements that have non-trivial
dependence on parameter of interest / other params.

. ' I ' I
i El World Average
| . SM (BLPR)

""""" 2HDM Type Il |
D1 02 03 04 05 06

ﬁ f‘
» Let’s say you want to use the measured R(D'") ratios

to learn something about the anomaly and your favorite
model that could explain it!




The two categories of measurements

2nd Category

Measurements that have non-trivial
dependence on parameter of interest / other params.

T ‘ T
B BaBar sM
B . BaBar 2HDM Type II, tan B /m_, =0.5 (GeV'™h
- [l sMm BLPR)

2HDM Type Il -
04 05 06

Predicted value for
tan B / mu, = 0.5 GeV-1

» As it turns out, not that easy — the measured points

themselves are extracted assuming the SM and kinematic
distributions sensitive to the Pol are altering the measurement




b — cti,

v

T = LU,

\

Use kinematic quantities (e.9. [p¥|.

to subtract background

,q?)

N . 25_ I I I I I I I I I I I I I I I I I I I I I ]
(*) Slg €n0rm - B—~Dtv,R,LQ:S , =8T A =025+025i """ B-—D"tv,R, LQ:SqLIL=8TquL=O.25+O.25i:
%(D ) — X | - B—Dtv:T =025 - B—Dtv:T =025 il
N € . ()] 2__ “=*B—>DtviV =025 B—D"tv:V, =025 st
norm S1g S 0 S
s I_III‘III-”-”-LII”I”I” ------------------------------ ;I ---------------------- .HHHU:------IIII-----_
/ wn 1.5 MMee | 7T Ty 7
C e Sl I ST PP T ]
= [ T T :
Assume SM acceptance x efficiency @ e .
_9 e e T 8 g T i
O e T B b 1 R —
1.1 +—= 0.5 BT —
- Model: Tensor &U i ‘p* ‘ i m2 . -
1.08 : '\ L miss :
106_— /Q@I/ov @@IKQ@IQOIQ‘QIQVI&@ Z I@OIKQ\ IK)\ I/O\ I/)\ I/e I@\ I/V\ I{s} I/ﬁ2 I/)\ I@2 I(sg
; % % % o o m e e S\ Y Y Y Y Y Y9 Y DYy
1.04— Ip "1 1GeV] m2. . [GeV?]
% %’3 102
= \
g 1=
20 -
S | %%8F . Colored curves: different NP working points
C SM Efficiency
0.96-
0.94
- —B —=Dnv
0.92— —B —=D* v
OgTIII|III|III|III|III|III|III|III|III|III
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NP Interpretation Strategies for H, — H v

>
- % Frankly a perfectly sane strategy; after all the
<>>, je #1 Just fit ratios, hope that bias is small experiments do not provide any other information
o '8 with respect to the current precision one could use and not all measurements might
é - have such a strong dependence as e.g. BaBar
Q]
@)
Highlighted in the report
5 #9 Fold your model into the MC m
= 3 simulation, directly confront the data
®) @) 1 WORKING DRAFT
% + 2 Publishing statistical models: Getting the most out of
o 8 3 particle physics experiments
; > #3 PrOVide theOFiStS W|th dll’eCt 4 3 Kyle Cra.niner IT, Sabine Kraml QI,Pa.rrison B. Prosper 38 (editors), .
5 2 measurements of Wilson . Morcin hasataca O, Andres Cooenre 65, Glen Gowan®, Matthew Feckort o1, Nahl
O 7 erreiro Iachellini L12 Andrew owlie 13 ukas Heinric 14. exander He l
=S coefficients; these can be used to ! Thoms Kabn 4%, Audrs Krallstad 1, Maowe Modigan ¢/, Farvah Mabmoudi 7,
9 Knut Dundas Mora '9, Mark S. Neubauer 10, Maurizio Pierini '4, Juan Rojo P,

confront your favorite model

l

Benefit: no biases, more sensitivity as shape of all
kinematic distributions help distinguish between models

10 Sezen Sekmen 2], Luca Silvestrini 22, Veronica Sanz ©*** Giordon Stark 25,
1 Riccardo Torre S, Robert Thorne 26, Wolfgang Waltenberger 27, Nicholas Wardle 28,
12 Jonas Wittbrodt ©%




Slightly dramatic example of what could happen

Produce fit shapes / eff.
with some NP

1.1 . - e
R: SquL s 8TquL = 0.25(1 + z)
[ recovered ]
T '_
S _
2 .
true value
0.8 ) ) | ) ) | ) ) ) ) | )
0.9 1.1 1.3 1.5
R(D)/R(D)sm

Im[SquL = 8TqLZL]

Determine Z (D)
using SM shapes / eff.

—

Determine NP couplings
from measured % (D)

# 11

06 ! ] T T T T T T T T T T T T
I R5: SquL o 8TquL = 0.25(1 +i)
1 recovered -
0.3 r i
i true value
of : _
A SM
-0.3 i
0.6 — -
-0.6 -0.3 0 0.3 0.6

Re[SquL = 8TquL]

Note: the values were chosen intentionally not to reproduce the measured values to avoid the
temptation to correct measured values..
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HAMMER — a tool to correct H, — H v to arbitrary NP

Challenge: Produce MC for each NP working point

Need a MC generator that incorporates all NP
0 effects and modern form factors

(e.g. EvtGen does not)

Very expensive; MC statistics is
already one of the largest systematic
uncertainties on these measurements




HAMMER — a tool to correct H, — H v to arbitrary NP

Challenge: Produce MC for each NP working point

Need a MC generator that incorporates all NP
0 effects and modern form factors

(e.g. EvtGen does not)

Very expensive; MC statistics is
already one of the largest systematic

uncertainties on these measurements

SM or Phase-space MC can be corrected

HAMMER offers a to NP or FFs via ratio of event weights

solution to these problems tensor that encodes

2 To correct angular enCOde hadroniC amp”tUdeS Of given
’ distributions one form factors process
® (L needs to do this
’ ! forallD*and ¢
7 6 6, decay products
new /
dI2ev /dPS

d]"})ld/dfps ) Z Co C FF Wazﬁja

O{7/1’7/87.7

8
'
BER

sum independent of Wilson coefficients ¢,
https://hammer.physics.|bl.gov/ — can exploit this to create fast predictions
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The work program

It’s a very sensible null-test in its own right and
0. Do the SM analyses :-) these are very complicated analyses by their
own right.

1. Use HAMMER to directly fit for Wilson coefficients € using experimental spectra,
ideally combining the statistical power of several channels and observables

* R(X, R(xlpl
e.q. Belle Il R(DD) (X,) (z/plw)

can access to
several orthogonal had. Tagging

measurements leptonic T

and properties

had. Tagging had. Tagging
leptonic 7 all

had. Tagging
hadronic T

g H gz( ¢, 9)

leptonic T

Lepton ID
Hadron ID

incl. Tagging
leptonic T

full experlmental likelihoods with full

dependence on systematic NPs § <>
(and Wilson coefficients)

D** Bkgs
Other common Bkgs




2. Provide theorists with direct limits on Wilson coefficients, that incorporate all
experimental effects on kinematic shape changes and efficiency x acceptance

FB, S. Duell, Z. Ligeti, M. Papucci, D. Robinson
Eur. Phys. J. C (2020) 80: 883 [arXiv:2002:00020]

15F ' | ' | ' | ' =

1 Wilson Coefficients C.I. B

1 1L \ N

A . _
O Preferred

— O — region of )

E i Rl your model ~

—O .5 B % . C , ¢ —

i f MHtt'—:I.iciItg;Ampltit;de I\{Iorletgle ','/ .

_1 I or Matrix Element Reweignting " Your Model R

1.5 | | | | | | | +—

| -0.5 0 0.5 1

Relcg]

With the profile likelihood contour or C.I. contours
you can directly fit your model to all our data
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The full work program: include the LHC

R(DD) R(DD) R(Jy) R(NL)

had. Tagging
leptonic T

had. Tagging
leptonic T

leptonic T

leptonic T leptonic 7

had. Tagging

. hadronic 7
hadronic 7

hadronic 7 hadronic 7

R(D;”)

SL Tagging
leptonic T

leptonic T
incl. Tagging Create a truly global fit for b — ctr,

leptonic z (or b = gtv.) that avoids biases & SM priors

hadronic 7

Adding additional observables (e.g. polarizations) is straightforward as the
kinematic regions sensitive to such can be readily included

‘WORKING DRAFT

Publishing statistical models: Getting the most out of
particle physics experiments

Drawback: FFs are convolved with measured Wilson Coefficient
— we should provide the entire framework to allow future updates ——
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The b —» s anomalies

b _ IiV_ S —> Ratio again excellent probe to search for NP
i~ " o™
" 70 RK) = HB(B — Kuu)
+ [+ —
prle BB — Kee)
7 2
g% = (pe+ + s-)
1.1 < ¢*><6.0GeV?c? 1.1 < ¢*><6.0GeV?c? [hep-ex]

D 22 LHCb P!
2 220 2 F
> 200 — Data 9 fb! <+ 12 LHCDb
> 180 —— Total fit = - -1
=P NG S RUAE R Bl Kere- = of 91b
= 140 Bt*—Jp(ete)k* | S gE
~ 120 =P t é/ viee) . 8L LHCb provides likelihood
Q 100 art. .eco. _ qa 6 ratio of the parameter of
3 30 B Combinatorial o . interest for the unbiased
'c% 60 % 4 :_ Interpretation
O 40F .- 3 3

2087 T w 2 :

O' ] ! ! ! ! -4 ' T k! s k! el O_I o o
5000 5500 6000 0.7 0.8 0.9 1 11

m(K*e*e~) [MeV/c2] R,


https://arxiv.org/abs/2103.11769
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A quick boot-camp: how do we measure ‘ V. &‘ Vol ?
Inclusive |Vyp | Inclusive Ve |
B — X,y B — X .l

[B = |qu|2 [I’(b — qlug) +1/mep + s + .. ]J

‘Leptonic’ [V | Exclusive |V | Exclusive Ve |

b> <£ B—)?Tfﬂg,./\b—)puﬂu B—)DEDg,B—)D*Eﬁg
B~ W :

[B « |Vub|2 ]% m% ] [B X |Vcb|2 fZJ
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A quick boot-camp: how do we measure ‘ V. ?

&| V.,

4 )

Measured

B(B — quﬂg)
TF(B — quﬂg)

|qu| —

‘Leptonic’ 1V | Theory but often also
: measured differential distributions

b - :
5 W™ : Theory from non-perturbative Methods:
------ : * Lattice QCD

u Ve : * QCD Sum rules

[Boc Vis|? £ m3 ] _ 2 =(p—p) Y
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Global averages on the example of B — #nt'v,

(\ll_l T T T T | T T T T | T T T T | T T T T T T T T | ]
'> — Input Measurements: m
o 14 - ¢ B’ Belle untagged , Phys. Rev. D83, 071101 (2011) ]
O = v B° Belle had. tag, Phys. Rev. D88, 032005 (2013) T
OO 12 - A B" Belle had. Tag, Phys. Rev. D88, 032005 (2013) T
e — & B°& B* BaBar untagged, Phys. Rev. D86, 092004 (2012) —
(\IO_ B O B°& B* BaBar untagged, Phys. Rev. D83, 032007 (2011) |
o 1 O —L r @ Likelihood fit average —
= N ]
> JIi ] _
+ 8 ' v —
'g : A ‘.‘ :
T 6 ]
o _ _
m | e
@ 4F ‘
S 4C —
) - _
- 2021
O B L L L L | L L L L | L L L L | L L L L | L L L
0 ) 10 15 20 25

Average can be fitted with any choice of form
factor parametrization and also by theorists;

Vi) = (3.70 £ 0.10 oxp & 0.12 160) X 107° (data + LQCD),
p
Vip| = (3.67 £ 0.09 oxp & 0.12 1e0) X 107° (data + LQCD + LCSR),

Use coarse bins to constrain sum
of fine bins to retain finest granularity
In average

> H ?i(x{”; 2 Xijs Gi)
i J

(\'l_| | T T T T | T T T T | T T T T | T T T T | T T T T |
S n i
© 10— v 1=[3.67 = 0.09 (exp) = 0.12 (theo) ] x 10° ®— Average Belle + BaBar  _
(O] - ub —A— LCSR (Bharucha) .
coo —  Fitprob.: 47% — BCL fit (3 + 1 parameter) 7
g - Data & LQCD (FLAG) & LCSR
N _
O I~ + — _
/\-?\ - ]
= n i
6 ] -
e B ]
T — —
o Y ]
m ~ i
© - ]
2— |
- 2021 =
0 B | 1 1 1 1 | 1 1 1 1 | 1 | | 1 | \

0 5 10 15 20 25

2
oF [GeV]



Global averages on the example of B — DU¢7,
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For B — D¢, traditionally single form factor
parametrization (CLN) was used.

Measurements directly determined the parameters

and quoted these with correlations.

Problem: Theory knowledge advances; today more

general parametrizations are preferred (BGL, BLPR, ...

43.1 4= 1.35tar = 1.8yt

Experiment newF (1)|Va|[1073] (rescaled) p* (rescaled)
newF (1)|Vp|[1073] (published) p* (published)
ALEPH [497] 31.38 4= 1.80tat &= 1.244y¢ 0.488 4= 0.226¢,¢ 1= 0.146y
31.9 £ 180 £ 1950t 0.37 = 0.26401 & 0.14gyec
CLEO [501] 40.16 £ 1.24,10 % 154y, 1.363 = 0.084500 = 0.0870y01

1.61 = 0.09¢a¢ &= 0.21 4y

OPAL excl [498|

3620 Zi: 1-585tat :i: 1.47syst
36.8 & 1.64tat & 205yt

1.198 4= 0.2005¢at &= 0.1534yst
1.31 £ 0.215¢a¢ &= 0.166y¢

OPAL partial reco [498]

3744 Il: 1-205tat :t 2.325yst
37.5 £ 1. 25005 £ 2.56yst

1.090 £ 0.137spar £ 0.297 5yt
1.12 £ 0.14g¢0¢ £ 0.296y

DELPHI partial reco [499]

35.52 + 1-4lstat + 2-295yst
355 j: 1.4stat tg:isyst

1.139 = 0.1234at + 0.3824y
1.34 £ 0.14gar 0 33syst

DELPHI excl [500]

3587 j: ]-‘69stat :]: ]..95syst
39.2 & 1.84at = 2. 36yt

1.070 = 0.141555 & 01534y
1.32 = 0.15,0¢ & 0334y

Belle [502]

34.82 4 0.151a & 0.554ys;
35.06 & 0.15at £ 0.56ys

1.106 = 0.031tar £ 0.0084y¢
1106 Z|Z O.OBlStat :l: 0-007syst

BABAR excl [503|

33.37 & 0.294at £ 0.97 gyt
347 :i: 0-35tat :i: 1.1syst

1.182 4= 0.0484¢ar &= 0.029ys¢
1.18 & 0.05g¢a¢ £ 0.03yt

BABAR D*0 [507]

3455 Zl: 0-58stat :i: 1.065yst
359 j: 0-65tat j: 1-4syst

1.124 £ 0.0584tat £ 0.053yst
1.16 £ 0.064¢a¢ £ 0.084yt

BABAR global fit [509]

35.45 4= 0.20g¢at &= 1.084y¢
35.7 £ 0. 25000 £ 1. 24y

1.171 £ 0.019s¢ar £ 0.0604ys¢
1.21 £ 0.024¢0¢ 3= 0.07 gyt

Average

35.00 £ 0.1144a¢ & 0.34gys

1.121 &+ 0.0144¢a¢ &= 0.019y;

& A
o [ c)
—5 -
>° 46—
~ | BABAR global fit
6 -
8a)
=y i
42—
40~
3 I 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 |
8.8 1 1.2 1.4 1.6

Old measurements cannot be updated
to such as not the underlying distributions
were provided but only the result.

We should avoid this in the future.
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Summary

Two categories of flavor measurements:

Measurements with no / trivial / negligible
model-dependence on their observable of
iInterest

publishing the full statistical
—”  model opens a world of
applications

Measurements with non-trivial dependence
on parameter of interest

Publishing the full statistical model also future-proofs a result; desired
parameterizations and applications change over time; new ideas emerge.

Let’s make our results ready for them.



TN ol

Florian Bernlochner | Publication of statistical models: hanls-on workshop



An Illustrative Toy Example =&eess sttt

_'(2107IIIIIIIIIIIIIIIIIIIII
S M SMB—-Dtv MSMB—-D*tvCF lMMB—-Dlv MB-—-Dlv
>
(NN

10°F ... R,LQ:S  =8T,  =025+0.25]
2 s N guL = ¥ .

il S Df 2 Categories: D¢, D*¢

= - Binned 2D fitin m2. : | p¥|

miss

Corresponds to a guestimate of how an
analysis with 5/ab of Belle Il data could look
like in a single channel

_.(9107IIIIIIIIIIIIIIIIIIIII
o BmSVB—-D*tv M B—-D"Ilv
>
LLI

10°F ... 3 = _ .
R LQ:S,, =8T,, =0.25+0.25] D K f
- T, =025

Vgq = 0.25
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A toy example

NP’

e N R B T

' B
04 -02 0 02 04 0.6
Re[SqUL]
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RooHammerModel: interfacing the HAMMER software tool with

RooHammerModel g e L

J. Garcia Pardifias'™*, S. Meloni®3f,

L. Grillo*, P. Owen!, M. Calvi?3, and N. Serra!

! Physik-Institut, Universitit Ziirich, Ziirich, Switzerland
2 Universita di Milano Bicocca, Milano, Ttaly
3 INFN Sezione di Milano-Bicocca, Milano, Ttaly
4 School of Physics and Astronomy, University of Manchester, Manchester, United Kingdom

arXiv:2007.12605 [hep-ph]

g 100 -_ T I T T T I T T T I T T T I T T T I T __ & E T I T T T I T T T I T T T I T T T I T E
8 | Entries 995 i S 90 Entries 995  —
— Mean 0.0186 1 = Mean 0.0576 3
g 80 - g 80 3
5 | Std Dev 0.966 _ B o Std Dev 1.04 3
% = 2/ ndf 2005/26 % 70 =2 x*/ ndf 3709/30 T
(D] 60 __ Constant 81.03 331 _- D) 60 E_ Constant 74.59 = 3.02 _E
qa - Mean 002134 003128 qa - Mean 008141003369
— i Sigma 09620025 | — 50 = Sigma 1027 £0026 3
] B 7] Q = =
g 40 - - -g 40 E
5 0 ] 5 E
Z 20 41 Z 20F 3
- - 10 =
0 [ ] 1 ] 0 = L 3

4 i) 0 2 4 4 2 0 2 4

*

N, .,; pull R(D*) pull
w _ T I T T T I T T T I T T T I T T T I T - m _ T I T T T I T T T I T T T I T T T I T .
- - - e ~ 7
S 80 :_ Entries 995 —: % 80 ;_ Entries 995 _;
.E 70 :_ Mean -0.0166 _: .E :_ Mean -0.0563 _:
8 - Std Dev 101 . 8 70 - Std Dev 0932 .
a-‘ 60 o2/ ndf #983/30 ] % 60 F 2/ ndf 878127 —
) — Constant 7701+ 3.06 - ) E Constant 83.16 £3.26 E
t"a S0 - Mean  -0.008331 + 0032286 3 qa 50 = Mean  -006944£003017
3 40 :_ Sigma 0.9805 = 0.0227 —: E 40 E_ Sigma 09282 +0.0211 _E
O = - O - 3
g 30 = g 30F —
= - - = - 3
Z 20 = = Z 20F -
10 = 10 3
= 3 = : 3




More examples

FB, S. Duell, Z. Ligeti, M. Papucci, D. Robinson
Eur. Phys. J. C (2020) 80: 883 [arXiv:2002:00020]
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Form factors implemented in the HAMMER-library

Process Form factor parametrizations
(%) ISGW2* [41, 42], BGL* [43-45],
B = Dty CcLN*¥ [46], BLPRY [19]
B — (D* — Dm)dv ISGW2*, BGL*¥, CLN*}, BLPR?
B — (D* — Dy)tv 1sGw2*, BGL**, cLN*}, BLPRY
T — TV -
T — bvv —
T — 3TV RCT* [47—49]
. ISGW2*, LLSW* [50, 51],
B = Dgtv BLRY [52, 53]
B — Ditv ISGW2*, LLSW*, BLR?
B — Dty ISGW2*, LLSW*, BLR}
B — D3ty ISGW2*, LLSW*, BLR?
Ap — Acly PCR* [54], BLRS! [55, 56]
Planned for next release
B(C) — b MSbar
B — (p — mm)bv BCL* [57], BSZ[58]
B — (w — wrm)ly BCL*, BSZ
Be — (Jhp — £0) 0y EFG* [59], BGL** [60]
Ay — Ay PCR* ,
T — 4Ty RCT*
T — (p— 7m)v —




More bilas scenarios

FB, S. Duell, Z. Ligeti, M. Papucci, D. Robinson
Eur. Phys. J. C (2020) 80: 883 [arXiv:2002:00020]

r QHDM SquL = *2 1
[ recovered 7
E - -
= 1‘_SM
S
o
Py
*Q I true value|
= 09 |
1 1.2 1.4 1.6
R(D)/R(D)su
2 T —
F [ recovered A
1r P 4

_-truo value SM

Re[SquL]

2HDM (-2) :

2HDM (0.75i) :

Ry :

R(D)rec = 1.35(7),
R(D*)rec = 0.96(2),
R(D)ee = 1.24(7),
R(D")gee = 1.01(2),
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Take home message: the actual true value of the NP coupling could be ruled out by your interpretation of £ (D/D*)



Impact of r-polarisation in

T~ — ¢ Upv, decays :

- secondary lepton emitted preferentially in the

direction of the t

» Carries more momentum of the r-lepton

+ secondary lepton emitted preferentially

against the direction of the 7

» Carries less momentum of the r-lepton
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