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Heavy NP?

e Neutrino masses? h
‘e %4
. \
Dark matter? v q; U;
* Hierarchy problem? ' ,
| d; /" Vis

gi j ’
* Flavor puzzle?
* CPV beyond the SM? ( ) ( )

1903.05062

ATLAS&CMS are pushing the high-energy frontier, challenging
many NP models
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Challenge: various NP models will in general impact several
observables from vastly different classes

b 4
Z semi-leptonic B decays
b high-mass DY
7' S 4
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meson mixing
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Global, model-independent approach?
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- SM(EFT)

SU(3)C X SU(2)L X U(I)Y — SUQ3) X U(l)em
Field content:

q,u,d,l., e (+H, GBs), 1 =1,2,3

12 7717 1 1

Wilson coefficient Local operator SM: [Q] <4
J flavor: 3 gen. -> 9 masses, 4 CKM par.

e.g. [Y,q.Hd, [Y"];q:Hu;
Z = Z
A[ ] 4
SMEFT: include [Q] > 4, truncate

T at dim. 6, AB = 0 most parameters
from flavor (59 -> 2499 for 3 gen)

Cutoff scale

(1)
[C ]prst ~ U
e.g. Ly )G q)
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8 classes of operators, 2499 parameters (e.g. 1008.4884)
Concrete models will generate operators with particular structure

b - 2 iIntegrate out b ¢
ﬁ -2 —
0, = (Ly)G;r"e,)
A) f CQ — f(. ’ ‘a M)
S 4
b b b b
Z/
ﬁ (1) . _ _ u
S S ¢ g
€ 4
€ r

prst - flavor
e.g. 1711.10391, 2305.08898
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Challenge: various SMEFT operators will impact observables from
vastly different classes

For a model independent approach, study the global SMEFT likelihood

9 smelli Aebischer, Kumar, Stangl, Straub, | 810.07698
wilson Aebischer, Kumar, Straub, 1804.05033

& flavio Straub,1810.08132
Also: HEPfit, SMEFIT, EOS, ...
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Cwet (1) Lglobal
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Crucially relies on RGE&matching computations
1308.2627, 1310.4838, 1312.2014, 1709.04486, 1908.05295, ...
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Importance of flavor violation

(O] =6 Low-pT | High-pT Physics Briefing Book
flavor anarchic 1910.11775
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Minimal flavor violation Anarchy is highly unlikely
hep-ph/0207036 e.g. 2005.05366, 2203.09561
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Focus for remainder of the talk:

Interplay between low-energy meson decays and high-mass Drell-Yan

1
3=3$M+FZ GO,

Anp ="

pp — (V) TeV
q;

b det,b— stE... d B decays
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Why high-mass Drell-Yan?

5 flavors in the proton

1
dx
ffgq(fa HE) = [ —fgl(X, ﬂF)fq(T/xa Up), T= m,%f/s
-1 x
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> 180 I
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Why high-mass Drell-Yan?

Many operators contribute, especially sensitive to contact interactions

2
qd; 4 qdi 4 1
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Sensitivity of DY to Cls

Bound saturates at bins of ~TeV

20
CMS pp — up
10'5_ Vo, /
— 3| [Cl(;)bzu /
% 17 [Cledq]2211
= 21— [Cl(;)]zzzza/
<‘9 11 [Cl(ql)]zm
/
02 | | A/\/m<mcut/\/g | :
200 500 1000 3000 g b e T T
Meut |GeV] 0.5 0.75 1 125 1.5 1.75 2 2.25

. Mcut [TeV]
Greljo, Salko, AS, Stangl; 2212.10497

Allwicher, Faroughy, Jaffredo,
Sumensari, Wilsch; 2207.10714
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Selected examples in EFT and models

(not a complete review by far)
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Charm Physics Confronts High-pT Lepton Tails

Fuentes-Martin, Greljo, Camalich, Ruiz-Alvarez; 2003.12421

Rare ¢ — uf¢ decays

e Efficient GIM suppression 10 - ]
e long-distance dominated Z |
c £ > -vic ‘
e 0 | :
u £ | L

o/ el pp - ("~ ]

B €V _ — i [CMS 140 fb-1]
S L (ie) (71, ) | _
(15TeV) 10D > (1, gl :

High-mass DY leads to compatible/ -40  -20 0 20 40

stronger constraints ee
v
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Probing LFV in Meson Decays with LHC Data

Descotes-Genon, Faroughy, Plakias,
Sumensari; 2303.07521

Comparing pp — L”l-fj (CMS, 140 fb-1)
to LFV meson decays
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See also 2002.05684
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Observable LHC (140 fb~') HL-LHC (3 ab™')| Exp. limit
B(B° — pu*rT) 8 x 1074 1.7 x 10~* 1.4x107°
B(BT = atpu*r¥)| 1.1x107* 2 x 107° 9.4 x 107°
B(B; — K2u*r¥) 4x107° 8 x107° =
B(B® — pu*rT) 7x107° 1.5x107° -
B(B, = pErT) 8 x 1073 1.7 x 1073 4.2 x107°
B(BY - KTp*r%)| 9x10™* 1.9 x 10~* 3.9x 1075
B(B® - K*°u*7F)| 4x107* 1.0 x 1074 -
B(B, = ¢u*rT) 5x107* 1.0 x 10~* =
B(B® — e*77) 1.7 x 1073 4x10* 2.1 x 1075
B(Bt — nte®rT) 2 x 1074 5x 1075 9.8 x 107°
B(B, - Kse*rT) 8 x 1075 1.7 x 1075 -
B(B® — pe*rT) 1.4x 1074 3x107° —
B(Bs — e*77) 1.8 x 1072 4%x1073 7.3x 1074
B(BT — Kte*rT) 2 x 1073 4 %1074 3.9%x107°
B(B® —» K*%*7%)| 1.1x1073 2 x 1074 -
B(Bs — ¢errT) 1.2 x 1073 2 x 1074 -
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Drell-Yan Tails Beyond the Standard Model

Allwicher, Faroughy, Jaffredo, Sumensari, Wilsch; 2207.10714
See also 1609.07138

U1 g (3, 1, 2/3)

Study of pp — ¢, £v in SMEFT (up to d=8)
+ concrete UV mediators
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Dominated by b — ctv

Released HighPT Mathematica package
(2207.10756, github.com/HighPT)
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http://github.com/HighPT

Rare b decays meet high-mass Drell-Yan
Greljo, Salko, AS, Stangl; 2212.10497

Complementarity with rare b decays

NP in bdee
1 0.06 4N /] A
4 A=1 TeV flavio
0.04 A
U;
b d g 0.02
%‘ 0.00 N
S \
pp — £, v now available in flavio 0
. . . — B — mee
flav-io.github.io —0.044 —— pp s 00
— b—=duu
0064 — global
Data | —OI.06 —OI.O4 —OI.02 0.00 O.IOZ 0.64 O.IOG
R N Sl W Ind i Cochisn
...CMS_ 12103.02708 2202.06075 0,4 = (ey,e)dy'd), O, = Gy (er'e)
ATLAS [2006.12946:1906.05609
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http://flav-io.github.io

Rare b decays meet high-mass Drell-Yan
Greljo, Salko, AS, Stangl; 2212.10497

[C, 1 U@ r'q,)

[Cl(ql)](zf) = [Cl(ql)](e) — [Cl(ql)](u)
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Rare b decays meet high-mass Drell-Yan
Greljo, Salko, AS, Stangl; 2212.10497

MFV expansion

G 1A D@ a) = 1C)1F = 8ACU1Y + XYDAC)TD + ...

[CYO = [V = [¢D) \' (ViaVi ViV ViVii)
! ! ! ~ yt2 ViaVis VisVis VaVi

ViV, VisVis VoV

\
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Rare b decays meet high-mass Drell-Yan
Greljo, Salko, AS, Stangl; 2212.10497

MFV expansion

(1 Aird)Gsra) — 1C17) = 8,LC V10 + (VY D[CO10  + ..

[COYO = [CV)© = [Cw \' (ViaViy ViV Vi, Vi)
: . : ~ yt2 ViaVis VisVis VaVis

ViV, VisVis VoV
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Rare b decays meet high-mass Drell-Yan
Greljo, Salko, AS, Stangl; 2212.10497

MFV expansion

(1 Aird)Gsra) — 1C17) = 8,LC V10 + (VY D[CO10  + ..
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Rare b decays meet high-mass Drell-Yan
Greljo, Salko, AS, Stangl; 2212.10497

MFV expansion
[C 1 Ad)@grta) — [CO1F = 8,[C V10 + (VYD [C 1D+

I/t Lt
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Rare b decays meet high-mass Drell-Yan
Greljo, Salko, AS, Stangl; 2212.10497

MFV expansion
[C 1 Ad)@grta) — [CO1F = 8,[C V10 + (VYD [C 1D+

I/t Lt

[COYO = [CV)© = [Cw \_ (ViaVi V, ViV, Vi)
: - : ~ yt2 ViaVis VisVis VaVis

0.03 - '
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—-0.03 —-0.02 —0.01 0.00 0.01 0.02 0.03 1 1
(1)1(6)
[Clq ]5
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Rare b decays meet high-mass Drell-Yan
Greljo, Salko, AS, Stangl; 2212.10497

MFV expansion

(1 Aird)Gsra) — 1C17) = 8,LC V10 + (VY D[CO10  + ..

[CYO = [V = [¢D) \' (ViaVi ViV ViVii)
. . . ~ yt2 ViaVis VisVis VaVi

ViV, VisVis VoV

0.03 -

\

0.02 - Expansion validity?

or Linear MFV: | [Cz(ql)]YuYZl < | [Cl(ql)]5|

s 0903.1794
SN
=~ 0.00
NS,
=)
—0.01 DY B decays
small 1 large

—0.03 A
—-0.03 —-0.02 -0.01 0.00 0.01 0.02 0.03

1)1(#
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[Cl(ql)]YuYi/ [Cl(ql)]5

See also 1704.09015
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Ul)g_;

|
JH = Jg_L + geij Qiy'uq]'

LFU Z’

€; = — K| Vi [ (8265 + 6;36)

ee = Ul 1o | . b ?xﬂ
44 — pp— U lo flavio Z/
— AF =210
— b—sup lo /
9 / S ' 4
2 0 e
meson mixing
b b
- >vzv<
4 \ \) S
B — L, case (i)
2% 10° 3x10%4x 103 6x10° 10t 2 % 104 . LEP I
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Ul)sp, 1

JH = ]533—L + Eelj Qiyﬂqj'

Greljo, Salko, AS, Stangl; 2212.10497

|
— pp— U 1lo flavi
4 1 ee > Ul 1o avio
— AF =210
— b—sup lo
2_
//
O \
_2-
_4-
3B3 — L, case (i)
2% 10° 3x10%4x 103 6x10° 108 2 % 10
mX/gX [GGV]
Tension



Greljo, Salko, AS, Stangl; 2212.10497

LFU LQ

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=AV, ,kV,,1)

3 ]
B = 2 1o flavio
— b— suu lo
2 -
b £
- LO
S e—t—
¥ 04—
2q2¢ at tree level
_1 -
4q and 4¢ loop suppressed
_2 -
LFU Leptoquark
_3 L T T T T T T T T
2x 102 3x10%4 x10® 6x103 104

m/|Al
* could be more minimal, i.e. U(2), or U(1), X U(1),, X Zze<—>ﬂ
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Summary

* Model-independent approach to heavy NP
-> tools for global analyses indispensable

 Complicated data analyses can be done “once and for all”
-> reinterpretation in concrete heavy NP models possible

* Flavor responsible for the vast majority of parameters
-> Interesting correlations between observables from different
classes

* High complementarity between high-mass DY and meson decays
especially in realistic flavor scenarios and concrete models

Thank you
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Additional slides
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b— d,sin WET

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

047" = (qy*Pb)(Ly,yst)

—
b > dup b = Sup
0 ) By — up 1o .
BY — uu 1o flavio R & R 1o. %0 flavio
1254 —— By, — K %uu 1o 15 - K K= 29
—— B muulo : — b—suu lo, 20
10.0 1 —— global 10, 20
1.0 1
7.5 -
2 3
%O 5 0 - %O 0 5 -
> — . o — .
O O
2.5 1
0.0
0.0
—0.5 A
—2.5 1
_5.0 1 1 _1.0 1 1 1 I
—15 —10 -5 0 5 -20 —-15 -—-10 -0.5 0.0 0.5 1.0
b
ngu,u 093/1»,“

B — 7 FFs from 2102.07233
Also e.g. R. Bause et al (2209.04457), M. Ciuchini et al (2212.10516)
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LFUvs LFVinb — s

Greljo, Salko, AS, Stangl; 2212.10497

—0.8
10 Bs — pp 1o flavio Bs — pp lo 8 fl/ .
Rk & Rk 10,20 Rk & Ry 10,20 oro
_osd b— sup lo, 20 =064 —— b— sup 1o, 20
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1 =
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> 4

—0.4 1 |
= 3
£, 02 s ) 3

TS 0.0 :
a ., / { W / 3 NS/
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CUHIV CUHIV — CUHIV
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O,"" = (qr'P b)(¢y,0) Coto = Cono T AG g
bqf £ _ U bsee _ ,univ.
01" = (qr*Pb)([Cy,rst) Co10 = Co.10
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LFU tree level models

Greljo, Salko, AS, Stangl; 2212.10497

B 1 —0.8 7T 7 7
—1.0 A s 7 Hp Lo flavi Bs — pp lo .
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