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Outline

e Intro: framework, Drell-Yan, implementation in flavio

e Results in EFT: (semi)leptonicb —» dand b — s
meet high-mass DY

e Model examples: heavy Z’s and LQs
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L=< : C
B SM+FZ < Axp =7
i A
o
e Model-independent description of heavy NP S5 TeV
* 59 operators for a single generation at dim. 6 £
v
.
* Flavour opens a huge parameter space: 1350 real + 1149 complex EW
» Correlates different classes of observables, non-trivial interplay
« Complicated data analyses done for { C;}
-> bounds on C; can be reinterpreted in many NP models
B decays

\ goal of e.g. flavio + wilson -> smelli

1810.08132, 1804.05033,1810.07698
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Low-energy processes meeting DY

1
1210.4553, 1605.07114, 1609.07138, 1704.09015, 1806.02370, 1809.01161, L=Lsu+— Z C.0,;
1811.07920, 2002.05684, 2003.12421, 2008.07541, 2207.10714, 2303.07521, ... A £

pp — ¢C(Cv) TeV
q;

b—dft,b — stt... B decays
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Low-energy processes meeting DY

1
1210.4553, 1605.07114, 1609.07138, 1704.09015, 1806.02370, 1809.01161, L=Lsu+— Z C.0,;
1811.07920, 2002.05684, 2003.12421, 2008.07541, 2207.10714, 2303.07521, ... A £

pp — ¢C(Cv) TeV
q;

VEwW

b—dft,b — stt... B decays

We implement predictions and latest measurements of neutral and charged current
high-mass Drell-Yan with £ = ¢, u in flavio [See also talk by Jaffredo]
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Implementation of Drell-Yan

Greljo, Salko, AS, Stangl; 2212.10497
Experimental measurements:

---------------------------------------------- R Ittt (~140fb-1)
ATLAS |2006.12946:1906.05609
Likelihood: Poisson convolved with Gaussian (systematics)
Predictions: SM+NP
We reweigh the reported expected number of DY events with N3, t5M = g NV
A. Greljo and D. Marzocca: 1704.09015
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Sensitivity of DY to Cl

Greljo, Salko, AS, Stangl; 2212.10497

CMS pp — pu
T [C 2211
g (e 2211%
= 1 = [Cledgl2o11
g: o [C 2223/
T | C 2233
\% _E V/
@ ] 5
0 1021 0.9- A/+/ICT < mew/ /AT
My |GeV] 500 1000 3000
Meut |GeV]
EFT Cl enhanced at high energies Bound saturates at bins of ~TeV

Also e.g. 1811.07920, 2207.10714
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Results in EFT: b — d and b — s* meet high-mass DY

-

P

*assuming non-local effects under control (2110.10126, 2206.03797, ...)
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b— d,sin WET

bqt't . Greljo, Salko, AS, Stangl; 2212.10497
0" = (@r"PLb)(Cy, L)

O’ = @r'Pb)Zy,1s)

—
b > dup b = Sup
0 ) By — up 1o .
BY — up 1o flavio R & R 1o. %0 flavio
1254 —— By, — K*%uu 1o L5 - K K= 29
—— B muulo : — b—suu lo, 20
10.0 1 —— global 10, 20
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B — 7 FFs from 2102.07233
Also e.g. R. Bause et al (2209.04457), M. Ciuchini et al (2212.10516)

A. Smolkovic: Rare b decays meet high-mass Drell-Yan



SMEFT: minimalistic flavor

Closing flat directions with complementary constraints:

Greljo, Salko, AS, Stangl; 2212.10497

Example assuming NP only in bdee
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SMEFT: interplay in MFV

Greljo, Salko, AS, Stangl; 2212.10497
G 1 Lir LiQgy'Q, — [C 1) = 8 IC 10 + (VYD) [CAD, +

I/tI/t

\_ VaVii ViVii ViV
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ViV, VisVis VoVis)

\

A. Smolkovic: Rare b decays meet high-mass Drell-Yan




SMEFT: interplay in MFV

Greljo, Salko, AS, Stangl; 2212.10497
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SMEFT: interplay in MFV
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SMEFT: interplay in MFV

Greljo, Salko, AS, Stangl; 2212.10497
[C(l)](l) L 7 Lle}’ﬂQt N [C(l)](l) — St[C(l)](l) + (Y Y;)St[cl(ql)]g)yf +

u-u

)
[CDO) = [C(l)](e) — [C(l)](ﬂ) \_ (VaVi ViV Vo Vi
0.03 - lq lq ~ yt2 thv;x; Vtth)x; thVt>X<
—— pp—~ U 1lo \VdefZ VrsV?B 2 th)
B decays 1o
0.02 -
0.01 -
NG
SN
" 0.00 A
NS,
O,
—0.01 A
—0.02 A
—0.03 —I T T T T T T
—0.03 —-0.02 —-0.01 0.00 0.01 0.02 0.03
(1)7(6)
[Clq ]5

A. Smolkovic: Rare b decays meet high-mass Drell-Yan



SMEFT: interplay in MFV

Greljo, Salko, AS, Stangl; 2212.10497
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SMEFT: interplay in MFV

Greljo, Salko, AS, Stangl; 2212.10497
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Model examples: heavy Z’s and LQs
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LFU vs LFUV
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LFU tree level models

Greljo, Salko, AS, Stangl; 2212.10497
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LFU /'
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LFU leptoquark

Triplet of scalar S5 LQs: S¢ ~ (3,3,1/3), LQs form a 3 under U@3),*
Z > (D, SN (D"S*) — m*S*"S* — (4,51,5* +h.c.)
A=A (V4 kV,,1)

3 ]

pp — £ 1o flavio
b— supu lo
2 -
b 4
1 L0
N —
20
2q2¢ at tree level
_1 -
4q and 4¢ loop suppressed
_2 -
LFU Leptoquark
-3 L T T T T T T T T
2x10% 3x10%4 x 10> 6 x 10° 104

m/|
* could be more minimal, i.e. U(2), or U(1), X U(1), X Z;“’”

A. Smolkovic: Rare b decays meet high-mass Drell-Yan



Summary

* I[mplement neutral and charged current high-mass Drell-Yan tails with

light leptons into the flavio+smelli framework™
available on flav-io.github.io

e Analyse the interplay between low-energy B-meson decays into light
leptons and high-mass Drell-Yan constraints in the SMEFT and
beyond

* Demonstrate high complementarity between Drell-Yan and meson
decays in realistic flavour scenarios, and concrete models

Thank you

*shoutout to HighPT (see talk by Jaffredo)
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http://flav-io.github.io
https://github.com/HighPT/HighPT

Additional slides
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Experimental measurements:

We implement data (~140fb-1) from latest CMS and =~ oo o L Onn e

ATLAS searches:
140 fb' (13 TeV)

> 8 11 I I I I I | | I I I I
° SR+ Data CMS
210 CIY/Z —u'w
@ 10 I tt, tW, WW, WZ, ZZ, Tt
S 10 [ Jets
o 10* ] Total Background (NR)

10° — Gy, k/Mp, = 0.05, M = 3.5 TeV

102 ~-s Z'sguy M= 5 TeV

10

15500 200 300 1000 2000 _'
m(utu’) [GeV]
myin CCJ

A. Greljo and D. Marzocca: 1704.09015

ATLAS |2006.12946 1906.05609

Expected # of events
including NoM @ NNLO QCD, NLO EW

Systematic uncertainties provided
Likelihood: Poisson convolved with Gaussian

For predictions:
We reweigh the reported expected number
of DY events with ratio

o
NP+SM _ SM
N Npy

=implement analytical predictions

ofdo(pp — €C,Cv)/dm
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b — suu LFU, Bs — up all rare B decays

Wilson coefficient best fit pull best fit pull best fit pull
/e —0.77108 360 | —0.211017 120 | —0.42701% 3.2

o/ +0.29702 195 | —0.22701T 135 | —0.041013 030

Coepe +0.331924 130 | +0.167912 140 | 40171010 180

o —0.051016 030 | +0.041911 030 | +0.02+399  0.20

CosHi — Cbsm —0.274015 170 | 40171018 100 | —0.08101  0.70
Coott = —Clsmm —0.537013 360 | —0.1010%7 140 | —0.1770% 2.7
Cgstt —0.77%03; 3.60 —0.78%531  3.70

Cyst +0.297032 1.20 +0.30105:  1.20

Coect +0.33792% 1.30 | +0.217019  1.10 | +0.237012 1.60

Coste —0.05701¢ 0.30 | —0.217019 1l.1lo| —0.08T01 0.70

CEes — o 0271012 1.70 | +0.21701 1.lo | —0.091017 0.8c
C§stt = —Chstt —0.537015 3.60 | —0.217010 1l.1lo| —0.407071 3.50
(Corr = —Cpr#) x Gev ~0.002+3%% 110 | —0.001+3%% 0.70
(Caomm = cp) x Gev ~0.002+0901 1 15 | _0,001+001 (74
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