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Scalar, Pseudo-Scalar operators
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Scalar, Pseudo-Scalar operators

Real Wllson Coefﬂments
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Scalar+ Tensor operator
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Scalar+ Tensor operator
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Scalar+ Tensor operator
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Scalar+ Tensor operator
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Scalar+ Tensor operator
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Scalar+ Tensor operator

% Ry+ @ ATLAS g CMS @ LHC () HL-LHC(20) JAN [TeV]
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Scalar+ Tensor operator

% R, @ ATLAS g CMS @ LHC
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2 Greljo, Camalich, Ruiz-Alvarez 2018 1
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s Fr,(D*) = 0.60 + 0.08 + 0.035 (Belle)
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Scalar+ Tensor operator

% Ry+ @ ATLAS g CMS @ LHC () HL-LHC(20) JAN [TeV]

oo 43 2 Greljo, Camalich, Ruiz-Alvarez 2018 1

e
— = Tensor
[  Cpp =08 F(D*) ~0.09
T Fr(D*) = 0.60 4 0.08 + 0.035 (Belle)
¥ * Scalar -Tensor

00 02 04 06 08 10 12
l€r|

Only-tensor solution ruled out both by pp — 7v and FL(D*).



Scalar+ Tensor operator

*Form-factor uncertainties not included in this plot Imaginary WiISOn CoefﬁCientS
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Only-tensor solution ruled out both by pp — 7v and FL(D*).



Scalar+ Tensor operator

*Form-factor uncertainties not included in this plot Imaginary WiISOn CoefﬁCientS
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Scalar+ Tensor operator

*Form-factor uncertainties not included in this plot Imaginary WiISOn CoefﬁCientS
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Vector, Axial-Vector operators

OPE = [evy* b][€~y, P V]
O = [ey* 45 b][€y, PL V]

(D(pp, Mp)|ey"vsb|B(ps, MB)) = 0
el ch£ does not contribute to /)

U, = —C%; ~ 1.1 explains both Rp and Rp-

- gj\V; e PLb| [[7,Pry] =P A= g, 2.7TeV



Vector, Axial-Vector operators: correlations

. 1 _ _
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Vector, Axial-Vector operators: correlations

. 1 _ _
Lm0 — 2 Z [C(?’)]pr o (Upvuc' ) (97" o' qp) + he.

pl,rlslt/
b— cTu:
3 3 3 3 3 3
(c, )]3313 + ([Cy )]3331) Vea + ([C) )]3323 + ([C) )]3332) WVes + ([C )]3333 +([Cy )]3333) )Veb
A2
2 0.06 (Tevz) (Rp,Rp- @ 10)
C, (3)] prrsp are defined in the mass basis of the left-chiral down quarks and left-chiral charged leptons.

[0(3 [oypr g1 are also assumed to be diagonal in the Lepton flavours.



Vector, Axial-Vector operators: correlations

. 1 _ _
Lm0 — 2 Z [ ]pr o (Upvuc' ) (97" o' qp) + he.

p/,rlslt/

b — cTU:

(lC (3)]3313 + ([C (3)]3331) Wea + (IC (3)]3323"‘ (lC (3)]3332) )Wes + ([C (3)]3333 +(lC (3)]3333) )Veb

A2
> 0.06 ( .
TeV

C, (3)] prrsp are defined in the mass basis of the left-chiral down quarks and left-chiral charged leptons.

) (Rp, Rp- @ 10)

[C’,(; [oypr g1 are also assumed to be diagonal in the Lepton flavours.

: A A’
Br(B” — 7'vv) —’ —0.018 (W) [ s + [Cl i < 0.023 (TeVQ)

2

0 * 0 A / ! % A2
Br(BY — K*"vv) q —0.005 (TeV2> < [Cl(;)]%% + [Cl(;)]3332 < 0.025 (TeV2)

, A?
For Ry, )+ one needs: ([Cl(;)]§333 + [Cl(;)]3§33)Vcb 2 0.03 (TeVz)



Vector, Axial-Vector operators: correlations

Feruglio, Paradisi, Pattori 2016
) (@ orva'dy) = (81D 9) (U o'4# 1) = Agh, ~Ag



Vector, Axial-Vector operators: correlations

Feruglio, Paradisi, Pattori 2016
) (dyraly) = (61D o) (I alym 1) — Agp, —Agy

9
(3)7 (3) | < 0.017 A 1
’[C ]3333"’[0 ]3333 ~ v\ Tev 1—|—O.6log%



Vector, Axial-Vector operators: correlations

Feruglio, Paradisi, Pattori 2016
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Vector, Axial-Vector operators: correlations

Feruglio, Paradisi, Pattori 2016
7 N S 1/ T 1%
Uy ruotl) (@' s ol ay) — (quz D qub) (U o' y" 1) = Agr, —Agy

2
(3)y/ (3) < 0.017 / A 1
’[C ]3333 + [C ]3333 ~ V Tev 1 n 0610g %

’\

Introduce:

L£4m6 12 Z C, oWy 1y (Upvully) (49" ay) +hec.

p'r’s't!

PN _
N (ng@Du(p) (I A" 1) = +AgT, +AgY



Vector, Axial-Vector operators: correlations

Feruglio, Paradisi, Pattori 2016
(l_p yuall’ ) (q_’s,v“(flqé,) — (quinL ) (l_’p/ ol l;,) — Ag7, —Ag7

’\

2
@) _ 0017 / A 1
’[C ]3333 + [Cl ]3333 ~ V TeV 1 +O610g%

Introduce:
£dim6 2 Z [ (l)prs’t’ llp ’Yﬂl, ) (q s’/Y qt’)+hc
p'r’s't!
= .
N (quzDM(b) (I A" 1) = +AgT, +AgY
0025 / A \? 1
AgT, Ag, AgT S0y . '
9dr, 291, 29w q )[C 3333 + [C], Js%as| S Vs \Tev 1+0°610gTﬁ:—V

Azatov, Bardhan, DG, Sgarlata, Venturini 2018



Vector, Axial-Vector operators: correlations

([C V513 + (CoV5331) Wea + ([CoTs323 + ([C3)Ts332) Wes + ([C3 T35 + ([C1T533) ") Ve

A2
> 0.06( )
TeV




Vector, Axial-Vector operators: correlations

(1 Vsas + ([Crg Vasn))WVea + (1G5 Trzzs + ([Clg Tssze)WVes + ((Ciy Yiaa ot QE 15350 ) Ve

> 0.06 ( )
TeV




Vector, Axial-Vector operators: correlations

([C (3)]3313 + ([C (3)]3331) Wea + ([C (3)]3323 + ([C (3)]3332) Wes ([Czi?)]asaa- Clch T§333 Ve

> 0.06 ( )
TeV

' Assume appropriate UV contributions at the matching scale that take care of the Ag;’” constraints.

In this case, one can explain the anomalies by the term proportional to V.
See, for example, Barbieria and Tesi 2017




Vector, Axial-Vector operators: correlations
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' Assume appropriate UV contributions at the matching scale that take care of the Ag;’” constraints.

In this case, one can explain the anomalies by the term proportional to V.
See, for example, Barbieria and Tesi 2017




Vector, Axial-Vector operators: correlations

v

([C (3)]3313"‘([ (3)]3331) Wea + ([C (3)]3323"‘([ (3)]3332) Wes ([Cz(;)]a;’,as--‘{ T§333 Ve

—
w—

> 0.06 ( )
TeV

Assume appropriate UV contributions at the matching scale that take care of the Ag;’” constraints.
In this case, one can explain the anomalies by the term proportional to V. .

See, for example, Barbieria and Tesi 2017

Rp p~ are explained by the term proportional to V.s. The tension with the Br(BO — K7 ODV) is assumed to

: : 1)1, . .
be cured by cancellation against the contribution of the o erator (. Achieved automatically by the
Yy g p [Olq ] # Ur ~ (3,1,+2/3) Leptoquark

Flavour structure must be such that | (3)]3323 > 2V [C ]3333. Alonso , Grinstein , Camalich 2015

Barbieria, Isidori, Pattori, Senia 2015



Vector, Axial-Vector operators: correlations
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> 0.06 ( )
TeV

Assume appropriate UV contributions at the matching scale that take care of the Ag;’” constraints.
In this case, one can explain the anomalies by the term proportional to V. .

See, for example, Barbieria and Tesi 2017

Rp p~ are explained by the term proportional to V.s. The tension with the Br(BO — K7 ODV) is assumed to

: : 1)1, . .
be cured by cancellation against the contribution of the o erator (. Achieved automatically by the
Yy g p [Olq ] # Ur ~ (3,1,+2/3) Leptoquark

Flavour structure must be such that | (3)]3323 > 2V [C ]3333. Alonso , Grinstein , Camalich 2015

Barbieria, Isidori, Pattori, Senia 2015
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Large enhancements in b — s77 modes:

Vector, Axial-Vector operators: correlations

v /

> 0.06 ( )
TeV

Assume appropriate UV contributions at the matching scale that take care of the Ag;’” constraints.
In this case, one can explain the anomalies by the term proportional to V. .

See, for example, Barbieria and Tesi 2017

Rp p~ are explained by the term proportional to V.s. The tension with the Br(BO — K7 ODV) is assumed to

1 1 ] 1 (1)1 Achieved automatically by the
be cured by cancellation against the contlggt))utlon of the operator O, : ) # TN ST
Flavour structure must be such that [C) |55, = 2Vep [C ]3333. Alonso , Grinstein , Camalich 2015

Barbieria, Isidori, Pattori, Senia 2015
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Vector, Axial-Vector operators: correlations

v /
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Vector, Axial-Vector operators: correlations

v v/

([C(g)]3313 + ([0(3)]3331) Wea + ([C(g)]3323 + ([0(3)]3332) Wes ([Cg)]asss- = 466)%333 Ve

2 0.06 ( 2)
TeV

- A? A?
Br(BO — 7190 V) q —0.018 (TeVz) [0(3 J5313 + [0(3 ]3331 < (0.023 (TeVz)




Vector, Axial-Vector operators: correlations

v /

([C(g 3313 + ([0(3)]3331) Wea + ([C(S 3303 + ([0(3)]3332) Wes + ([0(3)]3333- = 466)%333 Veb
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@ Possible to cancel against the contribution of the operator [Ol(;)]’ .
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@ Possible to cancel against the contribution of the operator [Ol(;)]’ .

@ This, however, enhances the Br(B, — 7v) by more than an order of magnitude
compared to the SM.



Vector, Axial-Vector operators: correlations
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TeV
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BI(BO — 7190 V) q —0.018 (TeVz) [0(3 J5313 + [0(3 ]3331 < (0.023 (TeVz)

@ Possible to cancel against the contribution of the operator [Ol(;)]’ .

@ This, however, enhances the Br(B, — 7v) by more than an order of magnitude
compared to the SM.

q Thus, this possibility is strongly disfavoured
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(V+ A)

(V- A)

Scalar

Tensor

Scalar + tensor

Summary

disfavoured by High-p; searches

Ut (3, 1, 2/3) Leptoquark

Large enhancements in b — s 77 modes

disfavoured by B. —» 7 v

disfavoured by F. and High-pr searches

S1 (3, 1, 1/3) Leptoquark (Real couplings)

Ry (3, 2, 7/6) Leptoquark (Imaginary couplings)
“slight tension” with B, — 7v
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