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SMEFT
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* Higher-dimensional operators encode 2
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* No preferred BSM model-building direction et F
e SM works well as a low-energy limit .

* Experiments headed towards the precision era
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Challenge:
Large number of parameters (2499 for 3 gen, flavor!)
SMEFT operators will impact observables from vastly different classes

Towards a global SMEFT likelihood

e smelli Aebischer, Kumar, Stangl, Straub, | 810.07698

wilson Aebischer, Kumar, Straub, | 804.05033

& flavio Straub,1810.08132
Also: HEPfit, SMEFIT, EOS, ...
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Crucially relies on RGE&matching computations
1308.2627, 1310.4838, 1312.2014, 1709.04486, 1908.05295, ...

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



EFT for flavor observables

e Short-distance NP enters weak decays typically through only a
small number of WCs in the WET

e Should be maximally exploited for reporting experimental results

The upshot:

EFT interpretation of an experimental analysis informs model builders
about its importance relative to the global data
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Exercise | want to make in this talk:

How realistic is it to discover short-distance NP in a given sector,
given the global data?

1. Choose a WET sector

2. Study sector in the SMEFT including correlated effects from other
observables (either minimalistic, or with a flavor assumption)

3. Assuming perturbativity, study additional leading correlations as
imposed by UV completions
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Example interplay in SMEFT

Low-energy meson decays vs high-mass Drell-Yan

1210.4553, 1605.07114, 1609.07138, 1704.09015, 1806.02370, 1809.01161,
1811.07920, 2002.05684, 2003.12421, 2008.07541, 2207.10714, 2303.07521, ... ANP —
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https://arxiv.org/abs/1704.09015

m . N Rare b decays meet high-mass Drell-Yan
|
Exa ple b Sff Greljo, Salko, AS, Stangl; JHEP 05 (2023) 087

pp — €€, Cv now available in flavio
flav-io.github.io

ATLAS [2006.12946 1906.05609
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http://flav-io.github.io

b — s in WET

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

i Greljo, Salko, AS, Stangl; 2212.10497
SMEFT: consider the OZ(q) operator
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Rare b decays meet high-mass Drell-Yan

i Greljo, Salko, AS, Stangl; 2212.10497
SMEFT: consider the OZ(q) operator

[C, 1 U@ r'q,)
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Rare b decays meet high-mass Drell-Yan

i Greljo, Salko, AS, Stangl; 2212.10497
SMEFT: consider the 0( ) operator

[C 1 U d)Gra,) — [C“)](” = 3,LC 1Y + (YDLCITD .+
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Rare b decays meet high-mass Drell-Yan
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Rare b decays meet high-mass Drell-Yan
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Rare b decays meet high-mass Drell-Yan

i Greljo, Salko, AS, Stangl; 2212.10497
SMEFT: consider the 0( ) operator

[C 1 U d)Gra,) — [C“)]“) = 3,LC 1Y + (YDLCITD .+

I/t Lt

My \_ (V. VE V. VE YV, VE)
(@) = D10 — 1MW dVtd VisVtd YibVid
G T =T =G, ~y2 | ViaVis Vi Vi ViV

0.03 - '
- pp" n 1" \thv;z VISV;Z thv;};)

B decays 1

0.02 1

0.01 -

u YU

)

0.00 -

[Cl(ql) ](!

1 0.01 1

0.0 <4— Dominated by b — suu

! 0'03-1 T T T T T T
1003 1002 !001 000 001 002 0.03

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



Rare b decays meet high-mass Drell-Yan
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Rare b decays meet high-mass Drell-Yan

i Greljo, Salko, AS, Stangl; 2212.10497
SMEFT: consider the OZ(q) operator
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Rare b decays meet high-mass Drell-Yan
Greljo, Salko, AS, Stangl; 2212.10497

If there is (LFU) NP in b — s£¢, what could it be?

Systematic approach: start with leading effects, tree-level models

b 4

WET SMEFT LO

0, 041 N

One can then continue with loop-level, either: 1. RGE induced
2. Genuine 1-loop models, ...

(1807.02068, 1910.12924, 2210.13422, ...)
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Models imply new correlations...
Greljo, Salko, AS, Stangl; 2212.10497
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prst - flavor
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Models imply new correlations...
Greljo, Salko, AS, Stangl; 2212.10497

LFU Z' LFU LQ
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See 2306.08669 for variations
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Example: b — ufy SMEFT restrictions on exclusive b — ufv decays
Greljo, Salko, AS, Stangl; 2306.09401
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Is there room for NPin b — utv?

Limited amount of data available: Typically considered for 'V, !
e B = 1TV, HFLAV :
_ ] N — = B - X,lv, arXiv:2102.00020 [
° leferentlal BR Of B N 71'{1/ e . ............................................... : ...................... Cf .............
|
1 2 aBar |Vp| =3.01+ 0. l £
e Differential BRof B — pfv,B — wfv* | "7 ’ L
Belle |Vyp| = 2.85+ 0.40 o | 2
................................................................................................................................................... [T
° Info on BR Of B —> l[/ Average |Vyp| =2.96% 0.29 —_—— : o
BaBar |Viyp| =2.58% 0.3] . @ e : :é\
l s
Belle |Vyp| = 3.35+ 0.32 ° [ 2
: <
I I I I
1 2 3 4 5

(10°) IVl 24104.05739

Tension

*data only as combination of £ = e, u
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Is there room for NPin b — utv?

Step 1:
1.2

WET
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Greljo, Salko, AS, Stangl; 2306.09401
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Is there room for NPin b — utv?

Step 2: SMEFT Greljo, Salko, AS, Stangl; 2306.09401

u 1%
Contact interactions Vertex corrections
3 7 — a <—> —
Q| buoa)@r*e*a) Q) | (81 D50 @oara:)
Qlidq (lper)(dsquj) Qoud | (91iD,9)(upy*d,)
Qrevs | Ber)esn(@u)
QZ(Squ (lpo',ul/er)gyk (QS O-'LWut)
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Is there room for NPin b — uf1?
Step 2: SMEFT Greljo, Salko, AS, Stangl; 2306.09401

u 1%
Contact interactions Vertex corrections
3 1 — a v _
Cy, Ql(q) (UpVuoalr) (@7 0% qt) fo;) (#1i D §,6)(@poar*ar) = C,
Cs, € Qlidq (lper)(dsqtj ) quud (QbTiDuﬁb) (ap’Y“ d'r) —> C,,
CSL l Ql(e)'u, (lpe’f')gjk(qsut)
3 v
Cr 4— Ql(equ (lpguver)eyk(qs o uy)

But SMEFT implies correlations..
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Is there room for NPin b — uf1?
Greljo, Salko, AS, Stangl; 2306.09401

Contact interactions: scalars and tensor

Hierarchy of constraints

003 /F { 9
[ _
A=1TeV || flavio —— B —>ee |
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S / = pp — ev ‘\‘
L
— NX d |
S
@§, 0.00 3
@) / 4 1 j
—0.01 ~ 3 A {
N — pp — ev lo o -
—0.02 - = b—ulv lo
’;'j / — B —evlo 1 |
!f //‘ —— global 10,20 /
—0.03 | — u - 0 "—’#5' R
—-0.03 —-0.02 —-0.01 0.00 0.01 0.02 0.03 10~ 10~
~(1

Important complementary constraints!
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Is there room for NPin b — uf1?
Greljo, Salko, AS, Stangl; 2306.09401

Cl + VC: (Ql(ql)a Ql(q3), Q¢ud)

0.012 ) 0.035 | | | | |
—— pp" " 1#
oot04 A\ \1 TeV 4 0030d 1 TeV | A
N \ —— b" ul" 1
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o \ ., 00207
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O S 0015-
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[(Cg(blq), C(fq)) case dominated by complementary constraints]
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Is there room for NPin b — utv?

Step 3: Tree-level mediators

Greljo, Salko, AS, Stangl; 2306.09401

Operator Mediator Operator Mediator
w1 ~ (371a_%)5 P~ (1,2,%)5’
; (~(3,3,-3)s || [Qiedglees1 | Uz~ (3,1,3)y
QNens | W~ (1,3,0)v Qs ~ (3,2, —3)v
u2 ~ (37 ]-a 2%)‘/ 1) p ~ (17 2’ %)15
X ~ (37 3, §)V [Qlequ]a?’l Wi ~ (37 1, _§)S
U~ (3,1, %)F 17 ~ (3,2, %)S
DN(3 1 l)F 3 w1~(3 1 —l)s
(3) » T3 (3) 473
[Q¢q ]13 Tl (37 3) _%)F [Qlequ]€€31 1—-[7 ~ (3) 27 %)S
Ty ~ (3737 3)F Ql ~ (37 2, %)F
[Q¢ud]13
W~ (1,3,0)y B~ (1,1,1)y

Notation and matching from 1711.10391

decoupled

But models imply directions..
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Is there room for NPin b — utv?

But models imply directions.. Greljo, Salko, AS, Stangl; 2306.09401
0.012 - 0.020
h= 1 TeV 3avio | = Ravio
0.010- < wosl ' =1 T1eV
0.008 - = 0.010-
w
00067 29 0.005
o < q,\ i ! ] n 1
j .\/0’ ™ I (1’ 21 _)S 7,
= 0.004- = = 27 " (3.2:8)8
® o G & 0.000 z -
€N N NI ) n
O, 0.002- 5 © SRCE RN
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\ 1 0.010-
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- - | > 1 0.0201— . - -
1 0.010 1 0.005 0.000 0.005 1 0.004 ! 0.002 0.000 0.002 0.004
+(1) +(1)
[Clq In1s [Clequ]!!31

e exclusive semileptonic b — uf’v (significantly) sensitive to only a handful of
UV mediators - modulo cancellations
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Is there room for NPin b — utv?

Take @; ~ (3,1 — 1/3)« (gives CV = — CO) Greljo, Salko, AS, Stangl; 2306.09401
I ’ s lg — g

and Q) ~ (3,2,1/6)p (gives C,; profiled)

N
/

j | decays 1
3 027 " —— EWPT 1"
-, / # decays 1
= 0.0 — pp" $$1"
2 / — pp" $%Nl"
200 - TN — b" u$%l"

—— global 1", 2"

=L —
WA

!Ol.lo !OI.O5 O.IOO O.b5 0.10
(y M, [Tev' 1

Yes, but not much
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Summary

* Model-independent approach to heavy NP
-> tools for global analyses indispensable
-> more can be done in terms of reporting exp. analyses

e Complicated data analyses done in the SMEFT parameter space
-> reinterpretation in concrete heavy NP models possible

 High complementarity between observables from different sectors
-> e.g. low-energy flavor observables and high-mass DY

Thank you
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Additional slides
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Why high-mass Drell-Yan and flavor?

| PDF suppression compensated by
5 flavors in the proton energy enhancement

10+ NNPDF 4.0
=
=
3
3
/]\
g
@)
200 500 1000 3000 o0 {2 T
m [GeV] . My |GeV]
20 Bound saturates at bins of ~TeV
—_ [qﬁ,”]m
10; Coany
';‘ 5_. [Cledq]2211
Iq—) 2_- [C ]2223/
“g 1] [ ]2233
05
02_' 1 Gl <mend A
200 500 1000 3000
Greljo, Salko, AS, Stangl; 2212.10497 Myt [GeV]
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(C h c (3)) case dominated by complementary constraints]
Greljo, Salko, AS, Stangl; 2306.09401
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