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Intro and motivation

e TeV-scale New Physics (NP) is motivated e.g. by the hierarchy
problem

* Such NP cannot have generic flavour structure
— see e.g. K — K mixing = Ayp > 105-6 TeV

e For A > v, effects can be parametrised in SMEFT

e Need to study the flavour structure of the SMEFT
(2499 parameters at d = 6)

e B anomalies give some hints for NP in semileptonic interactions

e Constrain the same operators also at high-pr (Drell-Yan tails)
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B a’nomahes (see talks by P.

b— sl
w
b s
u,c,t ;
Z,
7 ¢
LFU ratios:

< B(B — Xsee)
Xs = K,K*,Ks,(b
Other observables:
B(Bs — pp), B(Bs = dpp), ...
e Deficit in muons

Hamilton, S. Klaver and C. Langenbruch)
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LFU ratios: [New results this Week.]
R~ BB= DY)
D) — B(B N D(*)EV)
b= pe

e Fxcess of 7 leptons

e Many other ratios...

Combined explanations suggest
TeV-scale new physics coupled
mainly to the 3' generation
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V2

[Aebischer, Isidori, Pesut, Stefanek, Wilsch, WIP]
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Includes the new Rp/Rp+ measurements

0.20
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Ot = (Cryubr)(Tey*'ve)
Ofr = (cLbr)(TrVL)

e Compatible with left-handed
scenario

¢ Contribution of right-handed
currents also possible
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[Cornella et al. 2103.16558)

o Cf=CPM 4 ACY
sl V’\ ] ¢ Fit compatible with purely
N3 A left-handed solution (ACy = —ACi)

Lo g A 1 e LH NP preferred over SM at ~ 50

act, // ) with clean observables only

05 Bp,suen / 1 Including all b — sf¢ observables:
B > 50

0.0~ ! [ 1903.09578, 2011.01212, 2103.12738, 2103.13370]

Global significance of NP: ~ 4o

5 | | |
=20 -15 -10 =0.5 0.0 0.5 1.0 15 [Isidori et al. 2104.05631]
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https://arxiv.org/abs/2103.16558
https://arxiv.org/abs/1903.09578
https://arxiv.org/abs/2011.01212
https://arxiv.org/abs/2103.12738
https://arxiv.org/abs/2103.13370
https://arxiv.org/abs/2104.05631

Lo = _A4Gr Vt’;th 204 o 05 = (5L7ubL)(€:7“€)
Ot = (5L7ubr) (17*750)

[Cornella et al. 2103.16558]
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ZO)/

ACY 05
Ch =M + ACY + AC
9 9 9 L
other b — sp* w _ ~SM 1
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Acy = -Ach,
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https://arxiv.org/abs/2103.16558

A combined EFT explanation

¢ Left-handed charged current and neutral current operators
related by SU(2)y symmetry:

i i U(2)r
(g, yud])( (" f—j) <—> ( L’mdJ )(ELVWB)

e Minimal combined description in SMEFT, purely left-handed:

ZC”"B a5 7l?) (017" q1)

by, SL
* Rp sets the size of C2377 = "
— RGE gives ACY at u ~ 5 GeV
[Crivellin et al. 1807.02068] ¢ ! l=epu,T
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https://arxiv.org/abs/1807.02068

“Flavoured” SMEF'T for the B-anomalies
b L b ”
~1072Gr ~4x1075Gp
TL VL 129 KL

¢ Suggests NP coupled stronger to third generation fermions
e Compatible with the U(2) flavour symmetry scenario:  [1s:2.0i560)
Couplings to 2°d generation suppressed by powers of €q.1
(see talk by N. Selimovié)

) o C3HTT ~0.01 (~1072GF)
_ ijaf myijaS
L=—5 > cieroy

U(2) scaling:

C237‘T C337’7‘ €qy €1 ~ 0.1
OZLJ?B = (‘JL%EL)(KL’Y qL) CisLW 2033

0Pl = (@ruls) (@ gy dh)
Owa'g (RW@R)(ERVHCH%)
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light fields set to zero


https://arxiv.org/abs/1512.01560

“Flavoured” SMEF'T for the B-anomalies

337'7' _9
7}2 a a
“ U (2) scaling:

C237’T ~ € C33‘r'r €q, €1 ~ 0.1
O“(X'B (QLVMEQ)(KQV QL) 23141 ! 3377 ’
ijoB o i Crp' ~ €q€lc
Orr = (QL’Yue )(eR’Y dr)
OZJaﬁ (di ’YueR)(eR’YHdJ ) + all couplings with RH

light fields set to zero

Constraints from other low-energy observables:

AF =2 7 LFU tests
bL TL SL
TL b, M,
KK O
SL TL by v tr, v,
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“Flavoured” SMEF'T for the B-anomalies

_ ijaB myijos
L=-5>ciro;
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CHTT ~0.01 (~1072Gp)

U(2) scaling:

, ZB Y C23T’T C33TT €qy €L ~ 0.1
(QL7u )" ar) s 6337-7-
LL q€l

(QL%EL)(@R’Y“d] )

( R’Y#GR)(GRIYHd%{) + all couplings with RH

light fields set to zero

Rp/Rp~ point to the TeV-scale
= we can probe the same interactions
also at high-energies




Searches at different energy scales

D Lo,
qi

qi f «
/ qj

p fﬁ

4 55\ M
qj M — L. lg e
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M — M’éafg

pp — Lol 1+ TeV

q,
(3 gﬁ

High-pr searches can probe the same operators
directly constrained by flavour-physics experiments
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https://arxiv.org/abs/1609.07138
https://arxiv.org/abs/1704.09015
https://arxiv.org/abs/1811.07920
https://arxiv.org/abs/2003.12421

Fla/UO’U/T Zn D/r’ell_ Ya/rn ta/ilS [Angelescu, Faroughy, Sumensari 2002.05684)

Parton-Parton Luminosities

Vs =13 TeV
e 5 active flavours in the proton 1k
* Drell-Yan at LHC: :
« pp— L3l M
® pp— éiyﬁ b 1072
e Hadronic cross-section: o
1073 | — 8
o(pp = lalp) = Lij x 65 —w
100203 0405 i 2 4
Vi [TeV]
. &f‘jﬁ = 6(¢:q; — ¢al3) partonic cross-section

— energy-enhanced in the EFT. With 4-fermion operators:

22
6%F o« 2
ij A4

e Heavy flavours suppressed by parton luminosities £;;
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https://arxiv.org/abs/2002.05684

Example: charm observables

[Fuenf,es-Martm Greljo, Camalich, Rmz AI’U(H‘PZ 2003 12421]

10+
Compare constraints on s
semileptonic interactions involving e
charm quarks: s o ! |
e D meson decays: ¢ — uf/ s -
- pp— T
e Drell-Yan: cu — ¢/
. _ +p— +p—
LHC already provides better 10F D_“f ( ’”’ ( ‘

constraints! 40 -20 0 20 40

Other examples:
¢ de Blas, Chala, Santiago 1307.5068
¢ Angelescu, Faroughy, Sumensari 2002.05684
e Dawson, Giardino, Ismail 1811.12260
e Marzocca, Min, Son 2008.07541
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https://arxiv.org/abs/1307.5068
https://arxiv.org/abs/2002.05684
https://arxiv.org/abs/1811.12260
https://arxiv.org/abs/2008.07541
https://arxiv.org/abs/2003.12421

Drell-Yan cross-section

Parton-level amplitude:
AlGig; = taly) = 5 Z{ (LarPxly) (@vuPyd) [Fo 9% (3, D)]apis
+ (faprﬁ) ((prq]/) []:é(y’ a4 (§,It)]aﬁi]‘
+ (LaouPxly) (@0 Py ;) 6%V [Fi ¥ 99 (3,1)]api;
_ ik, . p
b (EanPxts) (@0 Pyas) W (FRY (5, D)o,

_ ik, A
+ (Fac™Pxty) (P as) 2 (F) " (5, D)asis |

e X,Y € L,R, 5=k>= (pr+pr)? L = (po — py)?

¢ General parametrisation of tree-level effects invariant
under SU(3). x U(1),

¢ Captures both local and non-local effects
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Local and non-local contributions

]:I(é,l?) = ]:I,Reg(*ga{) + ]:I,Poles(gaf)
/ N
o Isolated simple poles in §, £

e Non-local effects due to

¢ Analytic function of 3, ¢
Halytic THnerion ot s, exchange of a mediator (SM

e Describes contact interactions and NP)
— SMEFT
. ~ » R 2Si(a
« Expansion for v2, |3], || < A%: T, poles(8,1) = 22_7’9”
AN v TI(b v U ()
F1,reg(8,1) = Z]:I<nm)< )(;2) +Z 7Z§+f+90
n,m=0 ¢

This encapsulates all possible tree-level effects with purely leptonic
final states
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Hadronic cross-section

Algid] — bally) = 22{ (Car"Pxly) (a7uPyd}) [FEY 9 (3, Dlasis

+ (TaPxty) (@Pyd)) [Fa " (3, 8)]apis

+ (laowPxly) (60" Py q)) oY []-'XY '” (3, )] apij

parton-level

N amplitude
+ (EarPx ) (G0 Pyds) SE1FDY Y (5o
+ (£ Pxtly) (@Pyf) “E IFB " (5, Doy |
osp = G0 = —— 33 / v ds 0 di MY Ly [F] [
- e ) IJ 7, I . J
a”p 48702 Xy 175 m%ZO S J_s J afij afij
MY (/3) 0 0 0 0
. 0 MEY (t/5) MEY(t/3) 0 0
lnterferfznce MY (3,8) = 0 MY (E/5) MY (8/3) 0 0
matrix 0 0 0 S MEY(E/3) 0
0 0 0 0 SMAY(E/3)
! 3
parton Li;(8) z// [fq (T, 1) £y (S ; >+(q1 qu)]
luminosities Universitt
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High-pp Tails

A Mathematica package for flavour physics in Drell-Yan tails

with D. Faroughy, F. Jaffredo, O. Sumensari and F. Wilsch
arXiv: 2207.10714, 2207.10756
https://highpt.github.io/



https://arxiv.org/abs/2207.10714
https://arxiv.org/abs/2207.10756
https://highpt.github.io/index.html

HighPT: Generalities

e Includes (some of) the latest LHC Drell-Yan searches
e Large variety of NP scenarios:
* SMEFT d = 6, d = 8 (¢ computed up to O(A™*))
¢ Bosonic mediators: leptoquarks (s-channel mediators will come in
the future) — propagation effects
e Allows to compute:
e Hadronic cross-sections
e Event yields
* x? likelihood as function of Wilson coefficients/coupling constants
¢ Includes a python output routine using WCxf to perform analyses
outside Mathematica
— possible interface with other existing codes/tools
(e.g. smelli/flavio)

— Extract bounds on form-factors/Wilson coefficients/NP couplings
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LHC searches

Process Experiment Luminosity Ref. Tobs T
pp— 77  ATLAS 139fh T 2002.12223 m(rh, 2 Er)  ma.
PP — pp CMS 140fb7" 2103.02708 o My
pp — ce CMS 137fb ! 2103.02708 Mee Mee
pp— v ATLAS 139fb ©  ATLAS-CONF-2021-025  mr(rh, Br)  pr(7)
pp — pv ATLAS 139fb! 1906.05609 mr(u, Br) pr(p)
pp — ev ATLAS 139fb~! 1906.05609 mr(e, Br) pr(e)
pp — T CMS 138fb~ ! 2205.06709 meel, Moy
pp — TE CMS 138fh~! 2205.06709 mi‘]’le Mre
pp — pe CMS 138fb! 2205.06709 Mye My
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https://arxiv.org/abs/2002.12223
https://arxiv.org/abs/2103.02708
https://arxiv.org/abs/2103.02708
https://cds.cern.ch/record/2773301/
https://arxiv.org/abs/1906.05609
https://arxiv.org/abs/1906.05609
https://arxiv.org/abs/2205.06709
https://arxiv.org/abs/2205.06709
https://arxiv.org/abs/2205.06709

Leptoquarks in HighPT

SM rep. Spin Ling

S (3,1,1/3) 0 Ls = [yia S1@ela + [YFia S1tea + [§1ia S1dSNa + h.c.
S (3,1,4/3) 0 Lz =i Sidieq +hec.

Ur (3,1,2/3) 1 Ly, = [#1ia Glhla + [#f]ia dilliea + [Ff)ia @l No + hec.
U (8.1,5/3) 1 Ly =[ifiatlieq +he.

Ry (3,2,7/6) 0 Lr, = —[¥5)ia UiRzela + [y5']ia Gia Rz + hoc.

Ry (3,2,1/6) 0 Lg =—[0fliadiRaelo + [75ia i NaRa + buc.

Voo (3,2,5/6) 1 Ly = [2h]iadiVaela + [25]ia qfeVaea + hic.

Va (3,2,-1/6) 1 Ly = [5)iauiVaela + [#ia GeVaNa + hec.

Ss (3,3,1/3) 0 Ls, = [y5ia @e(r! Sy + hc.

Us (3.3,2/3) 1 Ly, =[Eied(r! Ul +he.
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Digression on RGE effects: EW precision observables

Lo 4 Lo o H
s 4 s RN
RGE [ 1310.4838]

Semileptonic operator at scale A: )

€5 as D 2NC apmalY, Yat VIV
(01 Nasis = (a0 15) (@70 45)

(Ofit)as = (H'iD, 0" H)(Ir"o"15)

— Modification of W couplings to leptons:
= \[ Z [gZ aﬂ (Crav*vep) } W, + h.c.

geL # =6 +7[Cgl]

e.g W — v, ...


https://arxiv.org/abs/1310.4838

Ezxample: leptoquark solutions for Rp, Rp-
(see talks by B. Allanach, U.

Three possible scenarios: Haisch, F. Jaffredo, N. Selimovi¢)
[2103. 12504]
" U (1) (3) (1) 3)
[Clq ]3323 = [Clq ]3323’ [Clq ]3333 = [Clq ]3333
+ possibility of RH currents
° Sli
(1) _ (3) (1) _ (3)
[Clq ]3333 - [Clq ]3333’ [Clequ} 3332 = 4 [Clequ]3332
" (1) (3)
[Clequ] 3330 = 4 [Clequ} 3332

Compare the combined constraints from low-energy, EW and high-pp
between the EFT approach and the explicit mediators

— Choosing two LQ couplings at a time corresponds to more than two
SMEFT operators, get more correlations between different observables
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https://arxiv.org/abs/2103.12504

Tree-level L) matching

Field S1 Ry U1
Quantum Numbers (3,1,1/3) (3,2,7/6) (3,1,2/3)
[Credgl o pij - - 2zf 1, [
[ O 1173 N1 SPE 17 I T -
e, AL el
[Ceulapi s[iis i
[Ced] npis —[efisle]s,,
[Ceul npi - —2lvElislvd e -
(Caclijas - — 5 [v5is[v3 50 -
C],, bl : ~3letlslat s

— 3yt lis

—3[7lisle1 0
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Ui LQ-inspired EFT: HighPT example

[C(l)] _ [C(?») [C(l)

lg 13323 = Lig ]33237 lq ]3333 =
Computing the LHC likelihood for pp — 77, Tv:

3
[Cl(q )] 3333

1= x2tT = Plus @@ ChiSquareLHC["di-tau-ATLAS", Coefficients - {
wc["lq1", {3, 3, 3, 3}],
WC["1lq3", {3, 3, 3, 3}],
WC["lg1", {3, 3, 2, 3}],
WC["1q3", {3, 3, 2, 3}]

115
Computing observable for di-tau-ATLAS search: arXiv:2002.12223
PROCESS : oppooTT
EXPERIMENT : ATLAS
ARXIV T 2002.12223
SOURCE : hepdata
OBSERVABLE B miot
BINNING m{°* [GeV] {150, 200, 250, 300, 350, 400, 450, 500, 600, 700, 800, 900, 1000, 1150, 1500}
EVENTS OBSERVED : {1167., 1568., 1409., 1455., 1292., 650., 377., 288., 92., 57., 27., 14., 11., 13.}
LUMINOSITY [fb!] : 139
BINNING ~/§ [GeV] : {150, 200, 250, 300, 350, 400, 450, 500, 600, 700, 800, 900, 1000, 1150, 1500}
BINNING pr [GeV] : {0, «)

x2tv = Plus @@ ChiSquareLHC["mono-tau-ATLAS", Coefficients » {
wc["lql", (3, 3, 3, 3}1,
WC["la3", {3, 3, 3, 3}1,
wc["lql", (3, 3, 2, 3}],
WC["lq3", {3, 3, 2, 3}]
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Ui LQ-inspired EFT: HighPT example

& _ (3 & _ (3
[Clq ]3323 - [Clq ]3323’ [Clq ]3333 - [Clq ]3333

Flavour + EW likelihood:
ChiSquareFlavor[
Observables -» FlavorObservables["b->c,semileptonic"],
Coefficients - {

Wwc["lq1", {3, 3, 3, 3}1,

wc["lq3", 3, 3, 3, 3}],

WC["lq1", {3, 3, 2, 3}],

wc["lg3", {3, 3, 2, 3}]

} .
] HighPT takes care of RGE in SMEFT,
ChisquareEW[Coefficients » { match it to LEFT,

wer"lal", 3, 3, 3, 331, and evolve the LEFT coefficients

we["lg3", (3, 3, 3, 3}1,
We["lql", {3, 3, 2, 3}1,
we["lg3", (3, 3, 2, 3}]
)

to the low-energy scale
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Results: Uy - LH couplings only

Ly, = [fﬂf’]m Gl + [wﬂm dillea + [i?]m ;1 N, + h.c.

EFT
T T T T
A=2TeV
3L i
R 2F EW 5
g . -
B 1 3
ASH
Il Uy 3
2R Comb
]
5 -1p 1
S B
= ol o
| LHC77+7v
73 |- \ -
HighPT
1 1 1 1
-1 —0.5 . 0.5 1.
(1) _ [p®)
[Clq ]3323 - [Clq ]3323

[LA, Faroughy, Jaffredo, Sumensari,

LQ model
U, ~ (3,1,2/3)

LHC 77 + v

HighPT 1
.

Wilsch 2207.10714]

1.5



https://arxiv.org/abs/2207.10714

Results: Uy - Including RH currents

(.
CLR

[Aebischer, Isidori, Pesut, Stefanek, Wilsch, WIP]

0.10 . . : . &g
Ne &
\\\a :'2{}
((
0.05F b
Rp
4G
Log=——-Vu|(1+CY ¢
0.00 eff N5 w[(1+CE)0%
C C
_QCLROLL:I
-0.05F J
ATLAS (¢, = 2|Viu]) 0. = (EL’yHbL)(?L'y“VL)
—0.10f ATLAS (e, = 3|Vas|) | 4 c (= —
Rp- CMS (e = 2|Via]) OLR - (CLbR)(TRVL)
95% C.L. Excluded COMS (e = 3{Vaal)
~0.15 L L ' | ~N
-0.10 -0.05 0.00 0.05 0.10 0.15 0.20
CiL

Ziirich™
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Results: S

Ls, = [YFlia S10ela + [yi)ia S1Tiea + [G1ia S1d¢Na + hec.

EFT
3L ]
)
g0 1
2 L ]
S
I 0
Il
2
2 -lp 1
S
S, -2 C‘TT +7v ]
—3L ]
| HighPT
1 1 1
-3 -2 -1 0 1 2 3
(1) — _Alr®
[clequ] 3332 4[Clequ] 3332

[LA, Faroughy, Jaffredo, Sumensari,

[vi]*

LQ model
S ~(3,1,1/3)

Coml%

/

Wilsch 2207.10714] Universitat

Ziirich™


https://arxiv.org/abs/2207.10714

Results: Ry
Lr, = —[y5ia Ui Raelo + [y3)ia Gi€aR2 + hoc.

EFT LQ model
Ry ~ (3,2,7/6)

3 my
8
8 of ]
3
&3
ASTNS IS ]
g '
g s
x
o T =
3 =
[}
= af 1 E
=
=3
AT b
g
HighPT . 7
—3h 1 1 1 1 1 ? O )-‘||ghF'T
-3 -2 -1 0 1 2 3 1 9 3
(1) _ (3) 1123
Re [Clequ] 3332 4Re [Clequ] 3332 Re ([Z/z] )

)) Universitat

[LA, Faroughy, Jaffredo, Sumensari, Wilsch 2207.10714]
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https://arxiv.org/abs/2207.10714

Summary and outlook

e Drell-Yan tails can provide a useful complementary probe of NP
to low-energy observables

e Also EW precision tests can play a role through RGE effects

e HighPT provides an easy-to-use framework to obtain the high-pp
likelihood from the LHC with the latest Run-2 data

e Can constrain both SMEFT and LQ scenarios (mrg = 1,2,3
TeV, more coming soon)

¢ low-energy + EW observables will be included in a future release
— get likelihood as an analytic function of the Wilson
Coefficients/LQ couplings

e Stay tuned!

Thank you!




Backup
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SMEFT

c@ d)
LsmerT = Lsm + ZAd O(d) + Z[ O(d) + hc]
d,k

Cross-section up to O(A™4):
G~ /[ }{|ASM + 2 Z2Re(A(6)ASM>
[ R4 A7) S 2me( A )] 4 }
ij

* Include | A®)|? contributions: LFV
e Only d = 8 terms interfering with the SM are relevant
¢ Basis:

* d =6: Warsaw [1008.4884]
e d = 8: Murphy [2005.00059 ]
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https://arxiv.org/abs/1008.4884
https://arxiv.org/abs/2005.00059

SMEFT

Relevant Feynman diagrams:

a ¢
QV>W/<N V . " >W/M/<[’ ' QV>W<W ,/ u’>’\/%</ |
SM Pt V2 XH Y2H?2D
w4H2 1,Z)2H2D
w4D2 T,Z)2H4D
¢2 H2D3
Parameter counting and energy scaling:
Dimension ‘ d=06 d=38
Operator classes Pt Y2H?D  ?XH | ¢*D? vr*H?  Y?H*D ?H?D?
Amplitude scaling | E?/A2  v2/A?2  wE/A? | E*/AY 02E?/AY ot/AY 02E2Z/AY
Parameters # Re 456 45 48 168 171 44 52
# Im 399 25 48 54 63 12 12
niversitat
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SMEFT: Schematic form-factor matching

Vector form factor:

S
Fv = Fvoo +Fvao 35 +Fvor

Matching:

Fv (0,0)
Fv o =
Fvon =

5S(a)

t
ERDY
a

v [S(a, M) + 0S(w)]

v

§—m2 +imyT,
U2 U4 ’U2m§
Fclﬁ) + FC"/SE)HQ + A4 CIZE)H2D3 + Ty
v
*C,.q 2 o, s Q
AZUD 87Q_1+57Q
v
L \,
Ma o (©) vima (1o© 12 .0 M (9)
A2 Cd)szD + A4 ([Cd}szD] +cw2H4D) + chszDS + Tty
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Cross section — event yield

. d— computed analytically (z = mye, pr)

e Need to compare with measured quantity

do tot

Toe (Tobs = mge, my*, mr, ...)

K (mif'| mer)

¢ For binned distributions, introduce Kernel matrix K

xobs § qua'p

¢ K extracted with MC simulations using Madgraph + Pythia +
Delphes

¢ One matrix K for any combination of interfering form-factors

Universitat
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The U(2) paradigm

SM Yukawas respect approximate U(2)° symmetry:

[Barbieri et al. 1105.3396]

U2)P° =U(2)y xU(2) x U(2)y x U(2)a x U(2).

ng( fffff s ) Vy = € = OiVie) 1Al ~ g

Does TeV-scale NP follow the same pattern?

¢ NP coupled mainly to 3rd generation
e Couplings to 2nd generation suppressed by powers of €;; ~ 0.1

[Barbieri et al. 1512.01560)




Example: LFU tests in charged current B decays

Low-energy effective description:
LZ;CTV =— 2\/§GFvcb [(1 + CVL)(EL’YMI)L) ('T-L’YMVL) + CVR (ER’}/“I)R) (?LVMVL)

+ Cs, (erbr) (Frvr) + Csy (€Lbr) (FrvL) + Cr(Crouwbr) (fRU'WVL)] +hec.,

SMEFT matching:

R O (GRS CINE (013 o8 = (Tavule) (@7 47)

Cun = 22 L pe 1 (0108 = (a0 15) (@7 0" 45)

’ QA;VQ:Sl o [Olequ]Z]aﬂ (Ioe )e((jiuj)

Cs. = 55277 Clenl sz 0P Tisap = (la0™ es)e(@i0r )

Csﬂ:*%g%[czedq]gmr [Oledq(];;aﬂ (loes)(dig;) I

ol

Or =~ g [0S [qu]m = (H'iDyo" H)(@y alqj)

[OHl}aﬁ = (H'iD,o"H)(l,y"o"15)
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SMEFT operators

d= Pt pp — L4 pp — Lv
oy, (la"15) (@75) v -
Or (b 7115) (@77 05) v v
Ol (lay*lp)(u U Muj) v -
Oud (a’wlﬁ)( iYud;) v -
Ocq (€a7" 65)(%%%) v -
Oeu (é ’yueﬁ)( l Mu]> ‘/ B
Oed (éofyﬂeﬁ)( ﬂ//t ) v -
Oledq + h c. (laegs)(dig;) v v
Ol(;)u (l_aeﬁ) (‘huj) v v
Ol(squ + h.c. (lac™ ep)e(Gi0 ) v v

mvemtat
-



SMEFT operators

d=26 w2H?D pp — LL pp — Lv
O (lay"1g) (H1i D\ H) v -
o) (I 715) (HY D LH) v
Ol (gi"q;) (HTi D, H) v -
ol (Giv*rlq;) (H'i DL H) v v
One (Eares)(H'i D ,H) v -
Otra (wyu;) (HiD  H) v -
Otra (diytd,)(Hi'D ,H) v -
Opud + h.c. (;y*d;)(H'iD, H) - v
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SMEFT operators

d=6 2 XH 4+ h.c. pp — UL pp — v
Oew (lac"Vep) TIHWI{V v v
OeB (loo"eg) HB,,, v -
Ouw (Gio™ u;) TIHWJV v v
OuB (qio""u;) HB,,, v —
Oaw ((jiaf“’dj) TIHWI{U v v
OB (gio"" dj)H B, v -




SMEFT operators

d=28 Y H? pp — L pp — Ly
Oh): 2 (Tay"15) (G vugs) (HH) v -
ol (T r15) (@) (T H) v -
o, (Lo 15)(@ivum"q;) (HTH) v v
O s (o Us)( @y ay)(H T H) v -
Ofooz € (lay"715) (@’ ay) (H1 T H) - v
Ol(leisz (Lay"1s) (wiyuy ) (HTH) v -
0%, . (Lay* 7" 1g) (@iry,uy ) (HI T H) v -
Oy o (lay"1p) (diypd;) (H ) v -
Oy o (la"7"15) (divudy) (H 7" H) v -
oY, (Ewrwes) ", 1) -
0 1o (ares) @' q )(H H) v -
Oe2y2 12 (€ar*ep) (@i, uy) (HH) v -
Oc242 112 (éa'VMeB)( Z'VM )( ) v




SMEFT operators

d=28 W D? pp — £l pp — Lv
Opso 2 D (14715 Do) v -
(2§2D2 (Za'YHD “16)(@ive D va;) v -
Oz(jgzm D¥ (Lo 7'15) Dy (Giryu’ 45) v v
o, (@ D) (g, Blay) / v
05(21,112 D2 D (la*1) Dy (i) v -
01(221121)2 (a’YHD lﬂ)(uﬁu uu]) v -
Opep:  D"("))Duldyy e ¢ -
Ol2d202 (lay" D"1g)(d Z’Vﬂ d;) v
02 pe D, (Eayues) DY (m”qg) v -
o (eartp D ves) @ Dg;) v -
e2¢2D? / B
Ol D" (eg7"e5) Dy (i) v -
0%aps  (€ar" Des) (i D yuy) v -
(0JS DY (éa7"e3) D, (divy,d;) v
O%ap:  (ear"Des)(diy, Do) v ) Shnens




SMEFT operators

=2 Y*H'D pp > U0
01(211)5!413 B (Z ] )(HTD H)(HTg) %
Opeprsp i(lav“TIlﬂ)[(H*DfH)(HTﬂg +(HID H)HT'H)
O VI [yt 1) (1Y D) (1 ) ’
0524))'{4D el TE (], ’y”Tllg)(HTTJH)(D H)irKH B
<=
Ogi)mD (qm“q])(HTD H)(HTg) v
Opep i) (HI DLH)(HIH) + (1D H)(HI' 1)
O?E)H‘lD iel K (qoynrlq;) (HT DY H) (H' w5 H) -
0§§>H4D 'K (gt ! q;)(H '/ H)(D, H) T8 H .
Oc2np i(ear"eq) (H' D, H)(H'H) %
Ouzrip i) (H1 T, H)(H'H) y
Onip i(diy"d,)(HT'D  H)(HH) y




SMEFT operators

d=38 Y2H?D3 pp = U pp — Ly

Ofiyeps _illarD*1y) H' (DD H) v -
O aps  ilay7'D1g) (D Dy )T H) v
O%FDS i(lo/Y#TID”lﬂ) air! (DD H) v Y
O?;)HQDL% Zl(éia’}/‘uDue/@) (D(MDV)H)TH) v -
08 il D) HDWDL
o 21029 (@i D" q5) (D Dy H) H v -
Og)H?Ds (@ D"q;) HY (D, D,y H) v -
@ i)HQDg_ WGyt T ID”qj)(D(# ,,)H)TTIH v v
O?ff“ps i(giy" ' D¥q;) H' ' (D, D,y H) v v
O%;)HZDS ( Z’)/HD uj) (D(M V)H)TH v -
0%12)1‘12133 i(any" D"u;) H(D(, D) H) v _
@ ;)H?D3 i(d Z’y”D d; )(D(lt D)H) H v -
Od2H2D3 Z( z’YMDVd )HT(D(M ,,)H) v ) Universitat
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