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Introduction

Lepton Flavour Universality — no difference between
electroweak decays at high energy (negligible mass)

14
W=+ &
7
8e = 8 = 87
anomalies in charged currents b — ¢ (;Ze"R’D(*))
Lepton Universality neutral currents b — s (%,RK(*))
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Introduction

Discrepancies [(2 — 4)o ] in semileptonic B decays

o B(B — D(*)TV) exp SM
RD(*) = B(B N D(*)Eﬂ) ) RD(*) > RD(*)
=&l
B(B = K™ pup) e
Ruy = Ry 0 <R3N
K (%) B(B — K(*)ee) ze[qz . ] K(*)
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Introduction: B — Kutpu~
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Standard Model
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Introduction: B — Kutpu~
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Introduction: B — D71v

B=B",B°, B~ =bi, B® = bd
D =D D, DO = ci, Dt = cd
1 14
) g/
W v 77 F v
b Vb b +é§\
u,d ¢ ud ©
—_— —_—
Standard Model New Physics
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Current status of charged B anomalies

Rpe = B(B — DMr) 2016 : 3.90 discrepancy
B(B — D™D) 50193204 discrepancy

SM prediction
SM 0.00 SM 0.00
RpM =0.300100% and R =0.25170:00%
World average 2016 (HFLAV)
Rp = 0.403+0.040+0.02 and Rp-=0.310+0.015 + 0.008

World average 2019 (HFLAV)

Rp =0.340 £0.027 £ 0.013 and Rp- = 0.295+ 0.011 £ 0.008
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Current status of charged B anomalies
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Current status of charged B anoamlies

More measurements...

FP" =0.60+0.08 (stat) +0.04 (syst)  1.60 discrepancy

[Belle '19]
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Current status of charged B anoamlies

More measurements...

FP™ =0.60 +0.08 (stat) 4 0.04 (syst) 1.60 discrepancy
[Belle "19]

o B(Be = Jbry)
I = B(Be = J/vbuiz,)

= 0.71+0.1740.18, RJ/U ~ 0.25 -0.28

before October!

PP = —0.38+0.51793%, PPSM = _0.497 +0.013

T

Large experimental uncertainties
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Current status of charged B anoamlies

More measurements...

FP™ =0.60 +0.08 (stat) =+ 0.04 (syst) 1.60 discrepancy
[Belle "19]

n_ B(Be— J/yri)
I = B(Be = Jf i)

= 0.71+£0.17+0.18, RJ/ = 0.2582 £ 0.0038

[2007.06956]

PP" = 03840517031, PPSM — _0.497 +0.013

T

Large experimental uncertainties
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Theoretical framework - Effective Hamiltonian

@ Most general SU(3)¢c ® U(1)g-invariant effective Hamiltonian
at b scale, without light right-handed neutrinos

e = ﬁvcb[ (14 C1) Of) + CROK + CROZ + CZLO2 + CLO[ ] + he..

=
O = (@r*be) (Coyaver) Ok = (ErY"br) (CLypver) »
O3, = (€br) (Crvir) 071 = (erbr) (TrveL)

O/, = (era" br) (Crowver) -

CVSI\/I CVSM CSSM CSSM CTSM 0
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Theoretical framework - Effective Hamiltonian

Vv Vv T Vv S
CLL? CRL‘/ CLL CLL’ CRL

Many analysis: usually with single operator/mediator and partial
data information

[Freytsis et al, Bardhan et al, Cai et al, Hu et al, Celis et al, Datta
et al, Bhattacharya et al, Alonso et al, . ]
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Theoretical framework - Assumptions

@ NP contributions, C; # 0, only in the third generation of
leptons
B(r — pv-,)/B(T — ev ve) = 1
analyses of b — c(e, i), transitions

e EWSB is linearly relarized — C,‘{L is flavour universal, i.e.
Vo _
CrL =
No new states up to 1 TeV
Higgs couplings consistent with SM

@ CP-conserving: all Wilson coefficients C; are assumed to be
real
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Form Factors

e Heavy quark effective theory (HQET) parametrization
o Corrections of order s, Aqcp/mp,c and /\éCD/mg

@ Inputs from lattice QCD, light cone sum rules and QCD sum
rules

@ No experimental information used — FFs independent of NP
scenario

@ 10 form-factor parameters

h(a?) = h(g®)/E(d?).
[M. Jung et. al '18, M. Bordrone et al, '19]
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Form Factors

&q?) =

Ana Pefiuelas

Parameter Value
p° 1.32 + 0.06
c 1.20 +0.12
d —0.84 +0.17
x2(1) —0.058 + 0.020
X5(1) 0.001 =+ 0.020
x3(1) 0.036 + 0.020
n(1) 0.355 4 0.040
n'(1) —0.03+0.11

Global fits to b — c7v transitions

} leading IW function

} O(1/mp.c)

1—8p22(q%) + (64c — 16°) 2%(q°) + (256¢ — 24p° + 512d)
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Observables in the fit

dr(B — Dri,) G2|Vep® m2\
= JAp(a?) (1= =
a2 19273m3 7 VP (%) 7

2 m? 3 m?
X {‘1 +CY + C,{!L) [(1 + T) H\S;?O + E?T H\s/ﬂ

2q2
3 2 2m£
+ 5‘ ‘ HE +8|Cr|? <1+ - >HST2
*k mT
+ 3Re[<1+CLVL+C,¥L)( )]\/C?Hg 5

m;

~ Re[(1+cf+ch)(ch ] HSHS
) (Cik) | 7 i
vector contribution Cy =1+ CY + C¥,
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Observables in the fit

dr(B — D*r,)  GE|Vu|? m2\*
( )= FYel o) (1- )

dq? 19273 m3 q

{(‘1+ (CL‘/L)2+ ‘CRVL‘
2

~ 2Re [(1 n CLVL> (CRVL)] {(1 n %) (HZ.o+2Hy  Hy,_) + g% Hﬁ,t}

X

2 2 2
ms 2 2 2 3mz o
) {(1 + —2q2) (HV,+ 4+ Hv,— + Hv,0) + v Hv,t}

3| -s s 12,2 2 2m? 2 2 2
+ > Crr— Ci| Hs +8|Cr|" 1+ P (HT,+ + Hr _ + HT,o)

m-

5 HsHy ;

N

~ 2Re[(1+qY) (cﬂ)*] T (HroHv,o + Hr.Hy. . — Hr_Hy, ")

NG

\/T—Z (Hr,oHv,o + Hr.+Hv, - — HT,HV,+)}
q
“almost” axial contribution C4 = Cy — (1 + C%)
pseudoscalar contribution Cp = C3, — CJ}
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Observables in the fit

Observables included in the fit:
@ The ratios R+
o Differential distributions of the decay rates I'(B — D(*)r7,)
@ The longitudinal polarization fraction ,ELD*

Events (arbitrary units)

IZ_ 1 1
4 5 6 7 8 9 10 11 12

[Be”e ,15] q? (GeVZc?)
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Observables in the fit

Observables included in the fit:
@ The ratios R )
o Differential distributions of the decay rates I'(B — D(*)r7,)

@ The longitudinal polarization fraction :ELD*

. dly,.—o /drP”
2 _ Apx=0
FL (q ) - d22 / dq2
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Theoretical framework - Observables in the fit

@ The leptonic decay rate B(B. — 7,) < 10(30)%

B(B. — 10;) = 78,

2
chmgfécGﬂVch 1_ m2
8w

% % mi
X (1+CLL)_CRL+—m (mb—cl-m)
T c

B < 10% LEP data at the Z peak See also
B < 30% B, lifetime M. Blanke et. al '18
for further discussion

Ana Pefiuelas Global fits to b — c7v transitions

(Co— Ci1)

2

17 / 42



Introduction Fit and results New Physics Interpretation of results Fits with v Predictions Conclusions
2_ .2 +
X = Xexp

ngp — experimental contributions: 2 4+ 58 + 1 observables

i) = Fi)TVTIF(),  F(i) = fn(yi) — foxps Vi = pijoio;

yi — input parameters of the fit

pij — correlation between observable i and j

o; — uncertainity of observable i

Ay; : determined minimizing X2|yimin+Ayi varying all parameters

that increase Ax? =1
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Fit and results

SM fit

o SMfit, ;=0
XZin/d-0f. = 65.5/57 — CL of ~ 20%

e Uncertainties in dI'/dg? maximally conservative

Xeyin.gr/d-0.f. ~ 43 /54

L RD and RD*
x?/d.o.f =22.6/2 — 4.40-tension

— NP scenarios judged by the improvement when compared
to the SM
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Fit and results

o Always two minima with degenerate 2

% 4 j
C) =-2-C and C=-GC for i= %, 0 1L

@ Distributions highly non-gaussian

Example of the correlation between two
Wilson coefficients (C3, — C;}). Blue
areas (lighter 95% and darker 68% CL)
minima without /:_LDX and

B(B: — 10;) < 10%.

-15 -1.0 -0.5 0.0 0.5
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Fit and results

Interpretation of results Fits with vg

Predictions Conclusions

0.9 [ | | 0.9 1 [ ol
- I og 1y
03" | " ° mm Min1 0315 " i H .
0 T I e = Min 1, w/FP" 0 = . — § pee—
-03 X | P R X X | X
-0.6 Ll | | Min 2 -0.6 fig | l
-0.9 : : : Min 2 .\\’/FLD' -0.9 : : :
v R Min 3 L
Ol Chr Ciy O Ol Chr Ciy O
Minl | Min2 | Min3 Minl | Min2 | Min3
B(B. — Tv) 10% 30%
anin/d.o.f. 34.1/53 37.5/53 58.6/53 33.8/53 36.6/53 58.4/53
[ 0.17%973 | 0.417g¢0¢ | —0.57705% | 0.19%05 | 0.4275¢0¢ | —0.547057
S 0.38 0.18 +0.59 +0.49 +0.25 +0.69
Cry 70-39J—r0.15 71<15J—r0.08 0.06T¢7g || —0.567577 | —1.33757%g | —0.147¢7g
o] 0.36%03s | —0.34%g75 | 0647049 | 0.54%04 | ~0.16%055 | 081705
Cli 0.01%ggs | 0.12%g0q, | 0327563 | 0.01%g5¢ | 0.12%g¢q, | 032755

Ana Pefiuelas

Global fits to b — c7v transitions
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Fit and results

0.9 1 1 | 0.9 1 | ol
0.6 I | el 0.6 ! ! . !
03" ! ' | * mm Min1 031" : : :

oL ® L, e oy L . o % L, e — ran""®

| e | mm Min 1,w/F; | L |

~0.3 H | | . N b -03 | I I

-0.6 Bl | | Min 2 -0.6 e | l

~0.9 ! ! ! == Min 2 ,w/FP —0.9 : | |

12 1 LI | Min 3 -1.2 | L 1

15 \ | | 23 Min 15 1 | I
Ch Ci CiL oh Ch Cis CiL CLL

Fits without FP”

@ One global minimum (34.1/53) and two local minima
(37.5/53 and 58.6/53)
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Fit and results

0.9 [ | | 0.9 1 [ ol
0.6 1 | ol 0.6 1 [ 1
03 * ' | o mm Min1 03 ;. " | : i .
0 14 | L. oy o rsn"® /7”. 0 | | L. g tsus""®
| | | mm Min 1, w/F] 1 bl ol
-0.3 e | | I L " o-03 1 | 1
-0.6 Bl | | Min 2 -0.6 g | l
_?g : I : : Min 2 ,w/FP" _(1)2 : : :
-1. l | | L -1. l | l
| N B B Min 3 | S B B
Clh Cin CiL Ch Clh Cin CiL Ch

@ Strong preference for New Physics: X%M — x> =314
@ All minima saturate the constraint B(B. — 77;) < 10(30)%

e Complex C; do not improve the x?, but open to many solutions
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Fit and results

0.9 1 | | 0.9 1 | ol
os 1 it os 1
03 ' I | ® mm Min 1 0.3r o | | N
0 | | L. oy rsn"® /7” 0 | | L. g Isus""®
1 | | mm Min 1 ,w/F] | L P
-0.3 H | T I . -03 ! ! !
-0.6 ol I I Min 2 -0.6 it I I
_?2 : 1 : : Min 2 .\\*/FL'T _?2 : : :
= 1. I | | L = 1. I | I
-1 S B RN B Min g | S B B S
Ol Ch Ciy CiL Ol Ch Ciy CiL

Global minimum (34.1/53)

@ No absolute preference of a single Wilson coefficient

e Compatible with a global modification of the SM: adding CLVL:
Ax? =14
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Fit and results

0.4

0.2

Cy,

-0.2

-0.15-0.10 -0.05 0.00 0.05 0.10 0.15 0.20
Cr

Global minimum (34.1/53)

o Requires either ] or C/,
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Fit and results

0.9 [ 1 | 0.9 [ 1 ol
0.6 l | ol 0.6 l s l
I | | I | I
(o] 8 | ° mm Minl 03 5. ° | I °
0 | | T . lee""® - 0 | | L | tse °
1 [ | mm Min 1, w/F] 1 g fes
-0.3 e 1 s . L -03 1 1 1
-0.6 o | | Min 2 -0.6 g | l
-0.9 ! ! | Min 2 ,w/FP" -0.9 : | |
-1.2 \ LI | Min - -1.2 1 . ! |
15 l | I Min 3 15 l | l
O Chr, CiL Ciy Ol Chr, CiL Ciy

Local minima (Min 2 — 37.5/53 and Min 3 — 58.6/53)

o Further away from the SM and involves sizeable Wilson
coefficients

e Min 2 fits slightly worse Rp- and g? distributions

@ Min 3 fits Rp- perfectly disfavoured by g distributions
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Fit and results

0.9 1 | | 0.9 1 | ol
0.6 | 1 ol 0.6 ! [ !
. 1 | I . ! | l
0.2 i 'y .:' ! L == Min 0-8 T Ly ! ! Ve
§ b . I ED" ] N s
~03 : | : ' : mm Min 1 ,w/F] _03 : : . :
-0.6 e l | Min 2 -0.6 fe l 1
-0.9 : : : Min 2, w/Ff" -0.9 : : :
-1.2 | o I . -1.2 l | l
15 | | | Min 3 _15 1 * 1
¢, G o, ¢ Gk Ch L
. =*
Adding F, LD

@ Still no clear preference for a single coefficient
@ Central values smaller, while 1o regions almost constant

@ Min 3 disappears
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Fit and results

10%  30% i 10% 30% 10%  30% i 10% 30% 10%  30%

Rpe

Min 1 Min 1b Min 2 Min 2b Min 3
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New Physics
Energy
ANP _______
SMEFT
0P, Oreay. OL1),. O,
AEW _______
WET
OXL,OZ}%OERA,OEDOEL
Aqepl = = = = = =
C(us) = —1.503 CL(N),
CPlpp) = —1.257 CP (N) +0.2076 C/, (M), =5 GeV
Ca (up) = —1.254 C3,(N), A=1TeV
C/ (pnp) = 0.002725 C7,(A) —0.6059 C/, ().
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New Physics

Spin Q.N. Nature | Allowed couplings SMEFT WET
0 | S~G11/3) | LQ |qfl druf, uger | G, G5 | O R G
0 | $~(3,3,1/3)| LQ a5l ¢y cY
0 | R ~(3,27/6) | LQ TRLL, Grer ¢ G G G
0 | Ha~(1,2,1/2) | SB | Grdr, lrer, trar | C3. €5 | CR1 G CLL
1 | Va~(3,2,5/6) | LQ | dvule. esvua CaL Chr
1 Ui ~ (3,1,2/3) LQ Trvule. dryuer 6LVL~, CﬁL QL Ca
1 | Us~(3,3.2/3) | LQ TR [ o
1| Wi~ (1,3,0) | VB | Tivufe, G Y al
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Introduction Fit and results New Physics Interpretation of results Fits with vg
New Physics
Global minimum
+0.13 S _ +0.38
Cli= 017757, Crr=-039"715 ,
+0.11 T _ +0.06
CLL - 0'3670.357 CLL = 0.01 —0.05"
/
W, ~ (1,3,0)
gfl/géi/u = =
Lest O == — (Coyuven)(@n™dL),
!

Mot~ 2 Tev

(gfug gdu)

tial W’
sequentia My ~ 0.2 TeV  ruled out

with SM couplings by DS

Us ~(3,3,1/3), S

~(3,3,1/3)

Ana Pefiuelas

Global fits to b — c7v transitions
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New Physics
Min 2
v _ +0.05 s _ 10.18
V.= 041 506 CS,=-115 ‘006
_ + +
CPL = —0.34%33, Cli= 0.127gq,.
S~ (ga L 1/3) + Hy ~ (1727 1/3)
Min 3
0.23 0.59
¥ +0.
CLL_ 0.6475 45, CLL_ 0.327§03-

R> ~ (3,2,7/6),51 ~ (3,1,1/3)

[A. Angelescue. al '18]
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Interpretation of results

0.10 03 — oV
CLL
02
0.05 o \%
0.1 A RL
& -
.00 0.0 —
A T8 TN - CISaL
-0.1
0.0 S
-02 CLL
T o 00 o1 02 03 T T — EL
ARp C;
10
]l - Excluded by B(B. — v) < 10%
A, [T I\ T
P AX =X — Xspy
~02
~05
~0.4
-10
2 o 0 1 2 R 0 1 2
C; C;
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Interpretation of results

0.04

v
LL

-1.0 -0.5 0.0 05

1.0

-1.0-05 0.0 05 1.0

Ana Pefiuelas

Global fits to b — c7v transitions

Predictions Conclusions

Ce=Cq — Ci1

D* observables =
f(C[_\ia CP7 CT)

B(Bc—7o1) < 10%
q2 distribution

It is not possible to
accommodate all D*
data at 1o
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Interpretation of results

Interpretation of results

Not possible to accommodate all experimental data at 1o

@ Theory side: one of our assumptions is incorrect

o There is an insufficient gap between the electroweak and the
NP scale

o The electroweak symmetry breaking is non-linear: CJ;

o Additional degrees of freedom: light vg...

o Experimental side: there is an unidentified or underestimated
systematic uncertainty in experimental measurements

Ana Pefiuelas Global fits to b — c7v transitions 28 / 42



Introduction Fit and results New Physics Interpretation of results Fits with v  Predictions Conclusions

Interpretation of results

Not possible to accommodate all experimental data at 1o

@ Theory side: one of our assumptions is incorrect

o There is an insufficient gap between the electroweak and the
NP scale

o The electroweak symmetry breaking is non-linear: CJ;

o Additional degrees of freedom: light vg...

o Experimental side: there is an unidentified or underestimated
systematic uncertainty in experimental measurements —
upcoming experimental studies of LHCb and Belle Il
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Adding C,g,’,_

CYp=-05Cl =0 CY,=01,Cl =0

R p*
B(Bc—1ir) < 10%

q2 distribution
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Adding CY,
Min 4 Min 5 Min 6 Min 7
o [dof | 325/53 | 33353 | 376/53 | 389/53
Cip | O age | ~085 30| Olhiens | 035 00
2 S e - Riien 7 vt = Blite
Chr | OMaas | TO3age | 01000ae | 0000
CE | ToartlE | orondit | Tooril | Co oot
o —0.2253; | 019753 | 0.01%gg7 | —0.02%g¢7

o Including CY, slightly improves the fit \?/d.o.f. = 32.5/55
e Global minimum — Min 6
e Two fine-tuned solutions (Min 4 and Min 5): 1+ C}, ~ 0

Ana Pefiuelas

Global fits to b — c7v transitions
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Including vg
4GF Ve
/HefF:TC oL+ Y, Cis0ks |,
X=S.\V,T
AB—LR

5 Wilson operators — 10 Wilson operators
— difficult to fit all at the same time
— focus on scenarios

PP included in the fits
Spin Q.N. Nature v -WET Nr-WET
0 S1~(3,1,1/3) LQ Cl Co G | CRre CRre G
0 ¢~ (1,2,1/2) SB Cp, Ca, Cirr Cig
0 | R ~(3,2,1/6) LQ - Cir: Chr
1 Ut ~ (3,1,2/3) LQ Y, C3 CYs, Cop
1 | Vi~ (3,2,-1/6) | LQ - Cir
1 VE ~(1,1,-1) VB - Che
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Introduction Fit and results New Physics Interpretation of results Fits with vg

Scenarios

RHN + SM-like contribution:
OLL ) OI\_/R ) O%R ) OfR ) OgR ) OI—R’FR'

2) RHN: O}g, Okg,Ofg, O Okg.,
3) Vi 0,
4a) &1 Ofg,Ofg (b) + 07, OF
5a) Uf't Ofg,Org. (b) + OF . O}
6) Ry Ozg, Ok with C3s=4rCL,
7a) Si: ORR,(’)RR,ORR (b)+ OLL,OfL,OLTL with
Car = —4rCly, (b) and CP, = —4r C/}
8) VZ“: OLR
Ana Pefiuelas Global fits to b — c7v transitions
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Fits with vg

Quality of the fits

To measure the quality of our fits:
o Comparison with the SM: x3,,/d.o.f. = 52.87/59

@ p-value: Larger p-values correspond to better explanations of
the experimental data than lower ones
2 > 2 2
POGin) = [ dz’(zn) C(zn)

2
Xmin

@ Pullsp: Compares any fitted solution with the SM results.
Larger pulls — further from the SM

o Comparison with experimental data
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Fit results

Fits with vg

L

L L

L L

L

L

A1 AIZ onll] vnp] V"

(1] 2] ®+LH U' U'+LH R,

S S +LH ¥

Scenario B(B. — ) | x?/d.of Pullgpm Pullsy | p-value
PP FP" | Rpp- | dT/dg?

SM 2.16% 52.87/59 69.95%
Scenario 1, Min 1 < 10% 37.26/53 |  0.007 2.08 | 0.0414 2.4 | 95.02%
Scenario 1, Min 2 < 10% 38.86/53 0.001 2.08 0.0006 2.2 92.68%
Scenario 1, Min 1 < 30% 36.42/53 0.022 2.08 | 0.0866 2.5 96.00%
Scenario 1, Min 2 < 30% 38.54/53 0.011 2.08 0.000 2.2 93.21%
Scenario 2, Min 1 < 10% 38.54/54 |  0.006 2.32 | 0.0113 25 |93.20%
Scenario 2, Min 2 < 10% 39.05/54 0.004 2.32 0.0003 2.4 93.73%
Scenario 2, Min 1 < 30% 38.33/54 0.035 2.32 | 0.0023 2.5 94.73%
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Introduction Fit and results New Physics Interpretation of results Fits with vg  Predictions Conclusions

Fit results (RHN)
o Difficulty to reproduce longitudinal D* polarization

@ Scenarios involving only scalar (and tensor) operators can't
reproduce R7Y (largest \? value)

@ Some scenarios disfavoured by the g° differential distributions
of the B — D) decay with respect to the SM (Pullsy)

Clear preference for NP (pulls 1.2 — 3.7)

V# mediator (only Cyr) — similar to fit without RHN (CY))
(largest pull)
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Fit results (RHN)

Scenario B(B: — 77) Rp Rp- I?,f)' pD”
Experiment - 0.340 £ 0.027 £ 0.013 | 0.295 £ 0.011 £ 0.008 | 0.60 = 0.08 £ 0.04 | —0.38 £0.51432¢
Scenario 1, Min 1 10% 0.339 +0.030 v/ 0.295 + 0.014 v 0.494139% 0.067933 v
Scenario 1, Min 2 10% 0.338+0.030 v 0.296 £ 0.014 v/ 0.472130%% x -0.201858 v
Scenario 1, Min 1 30% 0.338 +0.030 v/ 0.295 + 0.014 v 0.510t3%14 v 0.08932 v/
Scenario 1, Min 2 30% 0.338+0.030 v/ 0.296 £ 0.014 v 0.48810:982/ —0.2473% v
Scenario 2, Min 1 10% 0.341450% v 0.296 + 0.013 v/ 0.47415030 x 0421383 v/
Scenario 2, Min 2 10% 0.339+0.030 v 0.296 = 0.014 v/ 0.47175:912 x —0.40173%% v
Scenario 2, Min 1 30% 0.341450% v 0.296 ++ 0.013 v/ 0.489130%8 X 0471588 v
Scenario 2, Min 2 30% 0.340 +0.030 v 0.295 £ 0.014 v/ 0.48475:9%5 x 045138 v
Scenario 3 2.5% 0.343 +0.012 / 0.294 +0.010 v 0.462 + 0.004 X —0.377+333 v
Scenario 4a, Min 1 10% 035310528 v 0.263815.3%34 x 0.466273:3%%9 x | —0.5028%3:3%5% v
Scenario 4a, Min 2 10% 0.35315.0%8 v 0.263810:903 X 0466209939 x ~0.5028"5.0%%% v/
Scenario 4a, Min 1 30% 0.34813:5% v 0.269915:9532 x 0.4792F09000 x| —0.5144739%%¢ v
Scenario 4a, Min 2 30% 0.348100%8 v 0.269910-9%32 X 0.47923. 9044 x ~0.514413:99%8 v/
Scenario 4b 10% 0.353+0.028 / 0.270810:9933 x 0.481510. 9048 X ~0.442150% v
Scenario 4b 30% 0.340 +0.028 v 0.286615:9%3° v 0.5125+3:9%%¢ v/ —0.35610:9% v/
Scenario 5a 2.2% 0.33545:5%7 v 0.2966+5.9943 0.4611+5:99%8 X —0.364109e8 v/
Scenario 5b 2.0% 0.334+0.029 / 0.297 +£0.013 / 0.460910.9%59 X -0.381877 v
Scenario 6 7.6% 036143922 v 0.274815.95%8 v 0.4522 +0.0050 X | —0.480015.9078 v/
Scenario 7a 4.6% 0.335400% v 0.297 £0.011 v/ 0.468+3907 x 03771385 v
Scenario 7b 4.3% 0.328+3:9%¢ v 0.299 +0.012 v 0.47143514 x -0.38%377 v
Scenario 8 7.3% 0.35919028 v 0.2629 £ 0.0036 X | 0.4644 - 0.0043 X | —0.5012 - 0.0039 v
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Introduction Fit and results New Physics Interpretation of results Fits with vg  Predictions Conclusions

Fit results (RHN)
@ Difficulty to reproduce longitudinal D* polarization

@ Scenarios involving only scalar (and tensor) operators can't
reproduce RpY (largest x? value)

@ Some scenarios disfavoured by the g2 differential distributions
of the B — D) decay with respect to the SM (Pullsy)

o Clear preference for NP (pulls 1.2 —3.7)

o V# mediator (only C¥.) — similar to fit without RHN (C,))
(largest pull)
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Introduction Fit and results New Physics Interpretation of results Fits with vg  Predictions Conclusions

Fit results (RHN)

Scenario B(B. — 1) | x?/d.of Pullgm Pullspy | p-value
PP FP" | Rpp- | dT/dg?

SM 2.16% 52.87/59 69.95%
Scenario 1, Min 1 < 10% 37.26/53 0.007 2.08 0.0414 2.4 95.02%
Scenario 1, Min 2 < 10% 38.86/53 0.001 2.08 0.0006 2.2 92.68%
Scenario 1, Min 1 < 30% 36.42/53 0.022 2.08 0.0866 2.5 96.00%
Scenario 1, Min 2 < 30% 38.54/53 0.011 2.08 0.000 2.2 93.21%
Scenario 2, Min 1 < 10% 38.54/54 0.006 232 | 0.0113 25 93.20%
Scenario 2, Min 2 < 10% 39.05/54 0.004 2.32 0.0003 2.4 93.73%
Scenario 2, Min 1 < 30% 38.33/54 0.035 2.32 0.0023 2.5 94.73%

Scenario 2, Min 2 < 30% 38.80/54 0.025 2.32 0* 2.4 94.09%
Scenario 3 < 10% 39.50/58 0.150 3.65 0.0835 3.7 97.00%
Scenario 4a, Min 1 < 10% 49.93/57 0.079 2.34 0* 12 | 73.52%
Scenario 4a, Min 2 < 10% 49.93/57 0.079 2.34 0* 1.2 73.52%
Scenario 4a, Min 1 < 30% 44.49/57 0.311 2.66 0* 2.4 | 88.62%
Scenario 4a, Min 2 < 30% 44.49/57 0.311 2.66 0* 2.4 | 88.62%
Scenario 4b < 10% 43.56/55 0.054 2.07 0* 1.9 86.70%
Scenario 4b < 30% 40.03/55 0.218 2.52 0* 2.5 | 93.54%
Scenario 5a < 10% 39.39/57 0* 3.22 0.0981 3.2 96.36%
Scenario 5b < 10% 39.37/55 0* 3.34 | 0.0060 2.6 | 94.47%
Scenario 6 < 10% 44.20/58 0* 3.34 0* 2.9 90.93%
Scenario 7a < 10% 39.21/57 0.126 3.22 0.0616 33 96.53%
Scenario 7b < 10% 39.06/55 0.014 2.56 0.0112 2.7 94.87%
Scenario 8 < 10% 47.32/57 0.259 2.56 0* 1.9 81.60%
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Fits with vg

Fit results (RHN)

@ Scenarios with several operators: best fits correspond to
solutions where all Wilson coefficients but one (i.e. CYs) are
compatible with zero

o Preference for solutions with all left-handed Wilson coefficients
compatible with zero within 1o

o Preferred solutions: V#, Sy, Uf' (cannot explain FP")
@ Only RHN + SM and ¢ with B(B. — 7v) < 30% can explain

e
Fr
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Predictions for B — D™ 1. observables

1.0
0.8
0.6
0.4
0.2
0.0

P (D)

y -02
-0.4/

Ags (D)

Red — Minlb .
Yellow — Min2b 04
Blue — SM 4 5 6 7 8 9 10
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Predictions for B — D™ 1. observables

0.5F
; ; — 0.45/
0.8 | | | | ] i
0.6 L 1 ) 1 l — pTD‘ I
: Iz | | |
04f * [ | l ® W | — AD <
0.4}
0.2 | T I 53
0 I R Y I [ I i~ — 7
| | | |
oy B R l‘ I‘ I | — 4 0.35
-0.4 i | i (R [ re ’
~0.6 I I I I Lexp
| | | | D
-0.8 A S S R PR 0.3
Min 1 Min 1b Min 2 Min 2b Min 3
R B(/\b — /\CTﬂT)
/\ f—

‘ B(/\b — /\Cfﬂg) .
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Introduction Fit and results

Other predictions

mSM
W Scenariol, Minl

W Scenario 3

Ana Pefiuelas

New Physics Interpretation of results Fits with vg

B Scenario 5a
B Scenario 6

W Scenario 7a

¢ [Gev?

@ [Gev]?

Predictions

AP(%)
0.5

04

03

02

7 [GeV?]

4 6 8 10
F{'(q)

PP (@)

¢ [Gev]?

Global fits to b — c7v transitions
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Other predictions

d*r(B — D*rv) 5
= 1(q%,6,,6p,
dq? d cos 0, dcosfp do (a7 D:9)

= 32% {Ils sin®0p + I cos? fp
+ (I2S sin®6p + I3 cos? 9D) cos 20,
+ (s cos2¢ + Iy sin2¢) sin20p sin® 0.
+ (ls cos ¢ + Ig sin @) sin 20 sin 20
+ (s cos ¢ + I7 sin @) sin 20 sin 6.

+ (IGS sin26p + ls cos? 9D) cos GT}
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Other predictions

02 2 Gev?
Fr e U

¢ [Gev?)

7 [GeVY]
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Conclusions

Conclusions

@ Global fit to available data in b — c77; transitions

@ EFT approach with minima assumptions
o NP enters only in 3rd generation of fermions
e There is a sizeable gap between EW scale and NP
o Operators are SU(2), ® U(1)y invariant and electroweak
symmetry breaking is linearly realized
e All Wilson coefficients are real
o BaBar and Belle ¢? distributions included. Effect of FP"
analyzed
o Different fits performed
o Main fit (without FP"): Three minima, one SM-like and two
with stronger deviations from the SM
o Fit with FLD*: One minimum disappears , tension at 1o
o Fit with CY¥ : The tension disappears for fine-tuned solutions
e Several fits with RHN
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Back up

2d plots

Cs, fou cr

Figure: Blue areas (lighter 95% and darker 68% CL) show the minima
without FLD* and with B(B. — 7;) < 30%. The yellow lines display
how the 95% CL bounds change when B(B. — 77,) < 10%. The dashed
lines show the effect of adding the observable FP™ for both

B(B. — 70;) < 30% (purple) and for B(B. — 71;) < 10% (orange).
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Back up

Form factors

Parameter Value

p° 1.3240.06

c 1.20+0.12

d —0.84 £0.17
x2(1) —0.058 £ 0.020
¥b(1) 0.001 4 0.020
X5(1) 0.036 4 0.020
n(1) 0.355 £ 0.040
(1) ~0.0340.11
h(1) 0.14 4+ 0.23
h(1) 2.00 = 0.30

[M. Jung and D. Straub, 2019]
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Back up

Form Factors

2 /(2 _
w(q2) _ mB+m = —4d and Z(q2) — W(q )+ \/5
2mpmps) Vw(g?) +1+2

hi(q%) = hi(®) /(4%
[Bernlochner, 2017]

A w+1 ~
hy = 1+ as [Cvl + 5 (Cv, + CV3)] (ec +eb) L1,
~ . w—|—1 ~

h. = as (Cv, — Cvy) + (ec —ep) La,

1
hs = 1+ &sC c L —L
S + &sCs + (e +€b)(1 4w—|—1>

ht = 1+€Y5(CT1—CT2+CT3)+(EC+Eb)<L1—L4>,
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Back up

Form Factors

A~

hy =

~

ha, =

~

hay, =

~

hay, =

Ana Pefiuelas

1+ &sCy, +ec ([2 - [5> +ep (21 - £4> ;

~ A w—1 ~ ~w—1
14+ 4&5C L, — L Li — L
+ Qs A1+5c<2 5w+1>+€b<1 4w+1>,

GsCa, + €c ([3 + [6) ;
1+(/5£5(CA1 + CA3)—|—€C ([2 — [3“‘[6_ [5) +¢€p ([1 — [4) ,

1+ &:Cp +ec [Z2+Z3(w—1)+£5—[6(w+1)} —|—€b<£1—

-1 R .
1—|—C¥5 |:CT1+wz(CT2 CT3):| —|—8CL2+€bL1,
L w1
s —— (Cr, + C1) +ecls — epla,

asCr, + € <[6 - Z3) ,
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Back up

Angular observables

d2rD(*’ " N
m g )( ) b( )( )COS@ngClg )(q2)COS2 9(,
D), 2y _ (5, 2y [ drP” 0 d2ro” !
= b, = d 0p —— — d (
A8 @) =) [ S / deost S /0
() .
PD(*)( 2y _ drADT:1/2 dl'ﬁ’ ——1/2 dro®
T q dq2 dq2 dq2 )
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Back up

Angular observables

PP" = —0.38 4 0.51 (stat) 70
FP™ = 0.60 +0.08 (stat) 4 0.0

N OR
— SN
(%]
<
(%]

+
~
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Back up

Theoretical framework - Observables in the fit

Other fits:

@ The ratios R+

o Differential dictributions.of 4 FB s Dl

[M. Blanke et. al '18, R. Shi et. al '19, A. Kumar et. al '16 .
@ The longitudinal polarization fraction FLD*
@ The leptonic decay rate B(B. — 77,) < 60% [M. Blanke et.
al '18]
o PP and R/, included
[M. Blanke et. al '18, R. Shi et. al '19, A. Kumar et. al '19 ...]
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Back up

Fit and results

Min1b | Min 2b Minlb | Min2b

B(B. — Tv) 10% 30%
X2m/dof. | 37.6/54 | 42.1/54 37.6/54 | 42.0/54
eS| 0arlE | 01a Y| 0.4073%
Chy 0.097555 | ~1.152005 | 0.09%p38 | ~1.34%058
i, | 000702 | 0347013 | 0007088 | 0187012
cl 0.027562 | 0127887 | 0.027g5 | 0.1170¢]

Min 1b compatible with minima found at M. Blanke et. al '18, R.
Shi et. al '19, A. Kumar et. al '19 ...
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Back up

Fit results

Scenario B(B. — 1) | x?/d.of Pullgm Pullspy | p-value
PP FP" | Rpp- | dT/dg?

SM 2.16% 52.87/59 69.95%
Scenario 1, Min 1 < 10% 37.26/53 0.007 2.08 0.0414 2.4 95.02%
Scenario 1, Min 2 < 10% 38.86/53 0.001 2.08 0.0006 2.2 92.68%
Scenario 1, Min 1 < 30% 36.42/53 0.022 2.08 0.0866 2.5 96.00%
Scenario 1, Min 2 < 30% 38.54/53 0.011 2.08 0.000 2.2 93.21%
Scenario 2, Min 1 < 10% 38.54/54 0.006 232 | 0.0113 2.5 93.20%
Scenario 2, Min 2 < 10% 39.05/54 0.004 2.32 0.0003 2.4 93.73%
Scenario 2, Min 1 < 30% 38.33/54 0.035 2.32 0.0023 25 94.73%
Scenario 2, Min 2 < 30% 38.80/54 0.025 2.32 0* 2.4 94.09%

Scenario 3 < 10% 39.50/58 0.150 3.65 0.0835 3.7 97.00%
Scenario 4a, Min 1 < 10% 49.93/57 0.079 2.34 0* 12 | 73.52%
Scenario 4a, Min 2 < 10% 49.93/57 0.079 2.34 0* 1.2 73.52%
Scenario 4a, Min 1 < 30% 44.49/57 0.311 2.66 0* 2.4 | 88.62%
Scenario 4a, Min 2 < 30% 44.49/57 0.311 2.66 0* 24 | 88.62%

Scenario 4b < 10% 43.56/55 0.054 2.07 0* 1.9 86.70%

Scenario 4b < 30% 40.03/55 0.218 2.52 0* 2.5 | 93.54%

Scenario 5a < 10% 39.39/57 0* 3.22 0.0981 3.2 96.36%

Scenario 5b < 10% 39.37/55 0* 3.34 | 0.0060 2.6 94.47%

Scenario 6 < 10% 44.20/58 0* 3.34 0* 2.9 90.93%

Scenario 7a < 10% 39.21/57 0.126 3.22 0.0616 33 96.53%

Scenario 7b < 10% 39.06/55 0.014 2.56 0.0112 2.7 94.87%

Scenario 8 < 10% 47.32/57 0.259 2.56 0* 1.9 81.60%
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