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Global fits

Correlations, correlations everywhere...

One observable can be influenced
by many operators

Higgs decay
A(1),(3)
®q --- --- ---@
One operator can contribute to [A. Biekotter’s seminar]

many different observables
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S MEFIT In a nutshell

[ A Python software for global interpretation of particle physics data in SMEFT J
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S MEFIT In a nutshell

[ A Python software for global interpretation of particle physics data in SMEFT J

THEORY

SM: (N)NLO QCD + NLO EW
SMEFT: NLO QCD, quadratic in WCs
50 WCs!

S MEFIT

MANCHE}EER Automated SMEFT-Assisted constraints on UV models | Alejo N. Rossia, 27 Sept 24 4_

The University of Manchester


https://github.com/LHCfitNikhef/smefit_release

S MEFIT In a nutshell

[ A Python software for global interpretation of particle physics data in SMEFT

THEORY DATA
SM: (N)NLO QCD + NLO EW LEP+SLD: EWPOs, WW, BrW...
SMEFT: NLO QCD, quadratic in WCs LHC: Higgs, top, VV... Mostly Run-2
50 WCs! 445 data points!

S MEFIT

MANCHE}EER Automated SMEFT-Assisted constraints on UV models | Alejo N. Rossia, 27 Sept 24 4.

The University of Manchester


https://github.com/LHCfitNikhef/smefit_release

S MEFIT In a nutshell

[ A Python software for global interpretation of particle physics data in SMEFT

THEORY DATA
SM: (N)NLO QCD + NLO EW LEP+SLD: EWPOs, WW, BrW...
SMEFT: NLO QCD, quadratic in WCs LHC: Higgs, top, VV... Mostly Run-2
50 WCs! 445 data points!
METHOD .
= G MEFiT

Bayesian Nested Sampling

MANCHE}EER Automated SMEFT-Assisted constraints on UV models | Alejo N. Rossia, 27 Sept 24 4.

The University of Manchester


https://github.com/LHCfitNikhef/smefit_release

]

=iT In a nutshell

[ A Python software for global interpretation of particle physics data in SMEFT

THEORY DATA
SM: (N)NLO QCD + NLO EW LEP+SLD: EWPOs, WW, BrW...
SMEFT: NLO QCD, quadratic in WCs LHC: Higgs, top, VV... Mostly Run-2
50 WCs! 445 data points!
METHOD .
= G MEFiT

Bayesian Nested Sampling

MANCHE}IER Automated SMEFT-Assisted constraints on UV models | Alejo N. Rossia, 27 Sept 24 4.

The University of Manchester


https://github.com/LHCfitNikhef/smefit_release

5 MEFIT In a nutshell

[ A Python software for global interpretation of particle physics data in SMEFT

THEORY DATA
SM: (N)NLO QCD + NLO EW LEP+SLD: EWPOs, WW, BrW...
SMEFT: NLO QCD, quadratic in WCs LHC: Higgs, top, VV... Mostly Run-2
50 WCs! 445 data points!
METHOD el

—) 5 M E FiT — PCA, Fisher, closure tests,

Bayesian Nested Sampling T

p(ci|D)

Posterior on WCs

MANCHEEEER Automated SMEFT-Assisted constraints on UV models | Alejo N. Rossia, 27 Sept 24 4_

The University of Manchester


https://github.com/LHCfitNikhef/smefit_release

Operator basis

Warsaw basis with rotations.
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EFIT 3.0 results
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Pulls and correlations

No large correlations
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An eye on the future

Implemented in SMEFiT
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Improvements at HL-LHC and FCC-ee

Ratio of Uncertainties to SMEFiT3.0 Baseline, O (A=) , Marginalised

95% CL . Cro (3 ¢
] (baseline + HL-LHC) Gk cgg o0 ®q

]95% v (baseline) gMEFiT

== HL-LHC =@ HL-LHC+ FCC-ee

min ax
G C;n

min ax
[eim, e

Rt‘fci = [

Automated SMEFT-Assisted constraints on UV models | Alejo N. Rossia, 27 Sept 24

The University of Manchester



Improvements at HL-LHC and FCC-ee

Ratio of Uncertainties to SMEFiT3.0 Baseline, O (A=) , Marginalised

4-quark:
Improvement
at HL-LHC
e,
e,
Cl
c%u
cbu
Ch
(&
i (=) %Q
Rse, = (e, ] o el (baseline + HL-LHC) i %G cw ¢y c552 cfo% v
§ [Cin e ax] 9% OL (baseline) 5 MEFiT

== HL-LHC =@ HL-LHC+ FCC-ee

Automated SMEFT-Assisted constraints on UV models | Alejo N. Rossia, 27 Sept 24

The University of Manchester



Improvements at HL-LHC and FCC-ee

Ratio of Uncertainties to SMEFiT3.0 Baseline, O (A=) , Marginalised

4-quark:
Improvement
at HL-LHC
e,
e,
Cl
c%u
cbu
Ch
(&
i (=) %Q
Rse, = (e, ] o el (baseline + HL-LHC) i %G cw ¢y c552 cfo% v
§ [Cin e ax] 9% OL (baseline) 5 MEFiT

== HL-LHC =@ HL-LHC+ FCC-ee

Automated SMEFT-Assisted constraints on UV models | Alejo N. Rossia, 27 Sept 24

The University of Manchester



Improvements at HL-LHC and FCC-ee

Ratio of Uncertainties to SMEFiT3.0 Baseline, O (A=) , Marginalised

4-quark:
Improvement
at HL-LHC

e
]95% “L (baseline + HL-LHC) Gre 3 ) G

@
G Ccy Ciz cé,g o)

]95% v (baseline) §MEFiT

== HL-LHC =@ HL-LHC+ FCC-ee

min ax
[Cz’ : C;n

Rt‘fci - min ax
[eim, e

Automated SMEFT-Assisted constraints on UV models | Alejo N. Rossia, 27 Sept 24

The University of Manchester



Improvements at HL-LHC and FCC-ee

Ratio of Uncertainties to SMEFiT3.0 Baseline, O (A=) , Marginalised

4-quark:
Improvement
at HL-LHC

®
]95% CL ( Cry 3) (_)

baseline + HL-LHC) Gk B o Cypq
vq

]95% v (baseline) §MEFiT

== HL-LHC =@ HL-LHC+ FCC-ee

min ax
[Ci ’ C;n

Rt‘fci - min ax
[eim, e

Automated SMEFT-Assisted constraints on UV models | Alejo N. Rossia, 27 Sept 24

The University of Manchester



UV perspective
E UV model

A

SMEFT

MANCHEEEER Automated SMEFT-Assisted constraints on UV models | Alejo N. Rossia, 27 Sept 24 10.




UV perspective

E
A

Matching

p < A>~min{mpyy}

MANCHEEEER Automated SMEFT-Assisted constraints on UV models | Alejo N. Rossia, 27 Sept 24 10.

The University of Manchester



UV perspective

E

4>
Matching
p < A>~min{mpyy} .
MANCHE}EER Automated SMEFT-Assisted constraints on UV models | Alejo N. Rossia, 27 Sept 24 10.

The University of Manchester



UV perspective

E
A

-» Functional
Liver, uv[@r] = Depr|dir] + O (A_(n+1))

Matching

p < A~ min{myy}

MANCHE}EER Automated SMEFT-Assisted constraints on UV models | Alejo N. Rossia, 27 Sept 24 10.

The University of Manchester



UV perspective

E
A

-» Functional
Liver, uv[@r] = Depr|dir] + O (A_(n+1))

Matching

p < A~ min{myy}

» Diagrammatic

Mirpr vv(pi] = Mgrr[pi] + O (A_(n+1))

MANCHE}EER Automated SMEFT-Assisted constraints on UV models | Alejo N. Rossia, 27 Sept 24 10.

The University of Manchester



UV perspective

E
A

-» Functional
Liver, uv[@r] = Depr|dir] + O (A_(n+1))

Matching

p < A~ min{myy}

» Diagrammatic

Mirpr vv(pi] = Mgrr[pi] + O (A_(n+1))

C

A f(guv, myv)

MANCHE}EER Automated SMEFT-Assisted constraints on UV models | Alejo N. Rossia, 27 Sept 24 10.

The University of Manchester



UV perspective

E
A

-» Functional
Liver, uv[@r] = Depr|dir] + O (A_(n+1))

Matching

p < A~ min{myy}

» Diagrammatic

Mirpr vv(pi] = Mgrr[pi] + O (A_(n+1))

— = f(guv, muyv)

O'(C) > J(ng)

MANCHE}EER Automated SMEFT-Assisted constraints on UV models | Alejo N. Rossia, 27 Sept 24 10.

The University of Manchester



UV perspective
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-» Functional
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® Model dependent
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The state of matching affairs

Automated
1-loop
matching*

*Only up to tree level for heavy spin-1 bosons.
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matching*
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[2212. 04510] [1808. 04403]
Updated to v.0.2.0

On-shell matching techniques [2308.00035] [F. vilches@Planck24] [1. Lépez Miras@HEFT2024]
Matching with Spontaneous Symmetry Breaking [2404.11640]
Functional matching for dim. >6 [2306.09103] [2308.03849] [2311.12757]

1-loop dictionaries [2303.16965] [P. Olgoso@HEFT2024] [J. Gargalionis@Planck24]

2-loop matching [2311.13630] . Fuentes-Martin@HEFT2024]

Disclaimer: incomplete list.

*Only up to tree level for heavy spin-1 bosons.
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https://gitlab.com/matchete/matchete
https://ftae.ugr.es/matchmakereft/
https://inspirehep.net/literature/2684220
https://indico.cern.ch/event/1323379/contributions/5889344/
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https://inspirehep.net/literature/2778944
https://inspirehep.net/literature/2725989
https://inspirehep.net/literature/2668948
https://inspirehep.net/literature/2686332
https://inspirehep.net/literature/2724928
https://indico.cern.ch/event/1339526/contributions/5907813/
https://inspirehep.net/literature/2647303
https://indico.cern.ch/event/1339526/contributions/5909505/
https://indico.cern.ch/event/1323379/contributions/5892249/

Automation across scales
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Apologies for not including all tools/codes due to space restrictions.
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Bridging the gap

1atin Aseeof SMEFT predictions
d glo bal its to bound UV models
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https://github.com/arossia94/match2fit
https://commons.wikimedia.org/w/index.php?curid=36479611

Constrains on WCs from UV matching

[ Tree-level matching J
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Constrains on WCs from UV matching

[ Tree-level matching
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Constrains on WCs from UV matching

[ Tree-level matching J
(1) d)? (8) 4\ (. )
(C‘i’d )3333 _ (y@b)gg (qu )3333 _ (y‘-b)g:a (Cdp)sy As (y¢):33 o _ Ao
=T a2 : = R 5 = 2 0 A2 D
A2 6m; A2 m; A2 m; A2 m 5
{ One-loop level matching J
co gt 1 g 1 3 A%
A2 768072 m2 256072 m2 3272 m2’
u 2 2 u
co_ Mo(Ws)s  ady™ 1 PN ) 13 00 M (8
A2 m?b 384072 m ?b 1672 m ?b G4 m?b

SM SM SM Ys (yg)gs 3 A (yg)gs
_(12)\@ =) -1 ))647T2 m3 12872 mZ

[ UV constraints on the WC space are highly non trivial J
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Reusing EFT global fits for the UV

THEORY

N\

METHOD == & MEF|T ¢== TOOLS

\

p (ci| D)

Posterior on WCs

DATA

Automated SMEFT-Assisted constraints on UV models | Alejo N. Rossia, 27 Sept 24 15.




Reusing EFT global fits for the UV
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Reusing EFT global fits for the UV

TH EORY
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Reusing EFT global fits for the UV
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Reusing EFT global fits for the UV
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Reusing EFT global fits for the UV
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match2fit

@® A Wolfram Mathematica™ package, fully documented.

@® Reads results from Matchmakereft and produces run cards that can be
fed into smefit to perform a fit .

@® Uses the same WC basis than SMEFiT.
3
U(Q)q X U(3)d X U(Z)u X (U(l)g X U(l)e) + Cbyp, Cryy Ceyp
@ It can impose UV flavor assumptions and evaluates the masses.

@® It can run Matchmakereft to perform the matching and translation at once.

[ It supports 1-loop matching results.
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https://github.com/arossia94/match2fit

One-part. models at tree level
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One-part. models at tree level
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[ Sensitivity to the sign of UV couplings ]

Dataset: SMEFiIT 2.0 + EWPOs
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One-part. models at tree level
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One-loop matching makes a difference

o~ (1, 2)1/2 Luv D = (y4),, ¢lioady *ul — A\g¢" H|H|? + h.c. mg =1 TeV

Dataset: SMEFiT 2.0 + EWPOs
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One-loop matching makes a difference
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One-loop matching makes a difference
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Projections for the future: simple models
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Projections for the future: simple models
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Projections for the future: simple models

I LEP + LHCR,, -2, guv =1 BN + HL — LHC, gov =1 B | CC—ee, guy =1
103 LEP 4 LHC R0, gy = 47 + HL — LHC, gy = 47 4+ FCC = ee, guy = 47
| Driven by
107
d heavy
0 4-quark
operators
loll
Driven by Tree-level
matching
EWPOs
Top %101
partners
109
MANCHE}EER Automated SMEFT-Assisted constraints on UV models | Alejo N. Rossia, 27 Sept 24 19_

The University of Manchester



Projections for the future: complex models
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Projections for the future: complex models
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Projections for the future: complex models
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Projections for the future: complex models
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Projections for the future: complex models

N E h 77 Ql ~ (312)1/6

T]_ ~ (3’ 3)71/2 ‘,Tl (one — loop)
Spin 1/2 Spin 1/2 4 s
Q7 ~ (3, )7/6
15 ~ (3, 3)2/3 |(Az.)s| , 8 (N,)s
T, (tree) o
mr, = 10 TeV Spln 1 { W~ (1,3),
mrp, = 10 TeV
[(Az)s sgn ((gyy)33) Gy (SU)e. SU2)) (1
T5 (one — loop)
mg, = 3 TeV
sgn(Ay) (y:;)“ |(!I;l/v)33|
¢ (tree) meg, = 4.5 TeV
&b ~ (1,2)1/2]_ m oy = 2.5TeV
mqﬁ = 5 TeV ¢ (one — loop)
Sgll(’\ﬁ") (yg)g:x |(y{'V)u| .
SMEFIT
=je=LEP + LHCRrun1u -&— |+ HL - LHC wap= + FCC — ee
Automated SMEFT-Assisted constraints on UV models | Alejo N. Rossia, 27 Sept 24 20_

The University of Manchester



Conclusions

@® We have the tools for the full cycle of the EFT program for BSM Physics.

SMEFIT allows to interpret LHC data at the EFT and UV model levels from
one set of predictions.

Match2fit provides a simple and flexible SMEFiT-MMEFT interface.
LHC Run 2 data shows an impressive constrain power.

We can understand the impact of future colliders at SMEFT and UV level.

Several improvement possibilities: interfacing more codes, flavor data, RGE
effects, more general flavor symmetries...
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Thanks for your attention!

Contact:

Alejo N. Rossia

HEP Theory Group — Dept. Of Physics and Astronomy
E-mail: alejo dot rossia at manchester dot ac dot uk

Thanks to M. Thomas, E. Celada, V. Miralles and H. el Faham for ideas for the slides and discussions.
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UV invariants
We are sensitive only to combinations of UV couplings that enter the WCs.
h:U— 1 “UV invariants” C = f(gUV)

c = f(h(guv))
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Not necessary to do the fit, but useful to understand the results.
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Restrictions from EFT flavor symmetry

@® Your model produces an operator that should vanish and does not enter in
any fitted process.
@® The bounds from the fit might be suboptimal with respect to bounds
from other processes.

@® Your model produces an operator that should vanish and enters some
processes in the dataset.
@® The bounds from the fit might not be trustworthy and suboptimal.

@® The symmetry assumes two WCs to be equal but your model produces
them with different values.
@® Match2fit will take only one of those values and ignore the other.
Unless the difference is small, the bounds from the fit are not
trustworthy.
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How to forecast

(3 ab?) "CEF

® Take SMEFIT 3.0 LHC datasets with

highest int. luminosity ® Snowmass + FCC midterm Feas. Rep.

® Pseudodata fluctuated around SM ® Z-pole+161+240+350/365 GeV

® Rescale uncertainties: ® EWPOs
o Statistical — L ® ff production
! ® ZH + vvH + all H decays.

e Systematics — 5

® No HL-LHC optimization e W'W™ + tt with Optim. Obs.
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Additional technicalities

SMEFIT supports relations among fit parameters like:
ni,; NN, __
E a,q;(cl) "...(CN) =
7

The exponents can be rational numbers of any sign.
This imposes restrictions on the supported matching relations.

Probability in UV and WC spaces

The relation between PDFs in WC and UV space can be misleading.

Ple) = 2 /Ood P(c) =1
€)= —=¢€ ’ c C) = 12f
VT 0 |
c = g? Z: — P
’ — P(lgl)
Pllgh) = =gl [T dlgl P(lgl) =1
g ﬁ g ? O g g 0.5 1.0 1.5 2.0 2.5 3.0
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One-part. models at tree level

L 4] BN [0,0(A?) EEE NLO,O(A™2)  EEE Fitmaker
mm LO.O(AY)  mEE NLO,O(AY) ;
1.21 myuv = 1 TeV
1.0 '
= 0.8
S
0.61
0.4
0.21
0.0 na 5 5
S = ¢’ N E Al Ag E 21 U D Q7 T1 T2 T Q5 Q17 Bl W1 B1B
[ Good agreement with the Fitmaker results }

Dataset: SMEFIT 2.0 + EWPOs
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Multi-particle models at tree level

(Q1, @7, W) model, 95 % C.L. intervals at O (A1)
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List of models
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UV Couplings

Scalars Fermions Vectors
Model | UV couplings | Model | UV couplings | Model UV couplings
S KS N (AV)3 B (9%)33: (9B) 33> 9B
¢ Ao (Yg)33 E (AE)3 (95115 (95)22> (95) 335
= K= Ay (Aai)s (g%>22’ (geB)fﬂ
21 Kz, Aj (Aay)s B, 9%,
o |y | B Qe | W] (), =2 (), (),
W4 (yﬁj‘)% > (Asy )3 95\/? (93\/)33
¢ (v1), U (Av); Wi 9w,
0 (y?ﬁ)33 D (AD)3 g (95)33’ (96) 35
o (Yo, ) 5 @ (X8,),
T yT)s% Q7 (/\Qv):g H (9%)3%
® (1), T (A1) Qs (98).,
T (A1) Vs (9ys) 33
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Dataset

MANCHESTER
182

Ndat
Category Processes
SMEFIT2.0 SMEF1T3.0
tt+ X 94 115
tZz, ttW 14 21
ttry - 2

Top quark production single top (inclusive) 27 28

tZ, tW 9 13

tttt, tthb 6 12

Total 150 191

Run I signal strengths 22 22

Higgs production Run II Slgnal Strengths 40 36 (*)

and decay Run II, differential distributions & STXS 35 71

Total 97 129

LEP-2 40 40

Diboson production LHC 30 41

Total 70 81

EWPOs LEP-2 - 44

Baseline dataset Total 317 445
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Impact of new LHC Run 2 data

SMEFiT2.0 Dataset, NLOO (A™) | SMEF{T3.0 Dataset, NLO O (A~
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HL-LHC impact in detail

Ratio of Uncertainties to SMEFiT3.0 Baseline, O (A~?) , Marginalised

r [emin, emax] % CL (hageline 4 HL-LHC) g8 Qe e [ERS e
6 i = . i
‘ [cmin, cmax] 9% CL (haseline)
b0 oy chy) %R e :
S MEFIT
—d— HL-LHC —#— HL-LHC, individual
—®— SMEFiT3.0, individual
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FCC-ee Energy runs

Ratio of Uncertainties to SMEFiT3.0 Baseline, O (A~2) , Marginalised

Cou

az @ )
Coq ¢ S
) ‘PQ C(Pq .
S MEFIT
== HL-LHC + FCC-ee (91 GeV) == HL-LHC + FCC-ee (91 + 161 + 240 + 365 GeV)

~®— HL-LHC + FCC-ee (91 + 240 GeV)
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FCC-ee Energy runs

Ratio of Uncertainties to SMEFiT3.0 Baseline, O (A~2) , Marginalised

Cou

az @ )
Coq ¢ S
) ‘PQ C(Pq .
S MEFIT
== HL-LHC + FCC-ee (91 GeV) == HL-LHC + FCC-ee (91 + 161 + 240 + 365 GeV)

~®— HL-LHC + FCC-ee (91 + 240 GeV)
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The power of multi(di)-boson

Marginalised 95 % C.L. intervals, NLO O (1‘\_2)
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