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WE CONSIDER TWO AXES WHEN CONSTRAINING NEW
PHYSICS: MEASUREMENTS AND MODELS

Model independent

Theor
(many parameters) !

Global SMEFT fits
(SFitter and others)

Single Constraints on new All relevant

measurement physics , measurements
matching

Model dependent

Experiment
(few parameters)
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TODAY’S AGENDA

1. THE MODEL INDEPENDENT WAY: GLOBAL SMEFT FIT
2. THE MODEL DEPENDENT WAY: UV MODEL FiIT

3. CONCLUSIONS AND FUTURE PERSPECTIVES
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THE MoODEL INDEPENDENT WAY: GLoBAL SMEFT Fir

THE SFITTER FRAMEWORK SAMPLES THE
LIKELIHOOD FUNCTION

o What we compute:

£(M) = £(D|M) = p(D|M)

@ How we scan the parameter space:

e How we measure the goodness of fit: (statistical test)

L(D|M,)

L(D|M2)
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THE MoODEL INDEPENDENT WAY: GLoBAL SMEFT Fir

OUR THEORY/MODEL IS THE SMEFT

o Assume new physics is much heavier than current phenomena.

o Take the same ingredients as in the current theory: symmetries and
particle content.

o Add higher order operators mediating new interactions between
those particles which respect the symmetries.

@ Operators are "classified" in an expansion in the 1/A (A = new physics
scale) or equivalently according to their dimension.

v

tandard Model Effective Field Theory:

1 -
eswer = i+ oo’ |

+
59 operators
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THERE ARE TOO MANY OPERATORS IN THE SMEFT,
SO WE DIVIDE THEM IN SECTORS

SFitter Higgs SFitter Top

more operators
= more CPU time.

Flavor .
Bayesian approach

(work in progress)
Fitmaker & SMEFiT EFT fitter

SFitter Higgs: arXiv:1812.07587 | SFitterTop: arXiv:1910.03606
EFT fitter: arXiv:2012.10456 | Fitmaker: arXiv:2012.02779

SMEFIT: arXiv: 2105.00006
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THE MoODEL INDEPENDENT WAY: GLoBAL SMEFT Fir

WE SPECIALIZE IN CAREFUL UNCERTAINTY
TREATMENT AND NON-STANDARD MEASUREMENTS

I. Steps to a careful uncertainty treatment:

— Consider uncertainties on signal and background measurements,
SM predictions, and SMEFT Monte Carlo predictions.

— Assign to each uncertainty the correct probability distribution:
gaussian, flat, or poissonian.

— Decide which uncertainties to correlate (systematic) or uncorrelate
(statistical).
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THE MoODEL INDEPENDENT WAY: GLoBAL SMEFT Fir

WE SPECIALIZE IN CAREFUL UNCERTAINTY
TREATMENT AND NON-STANDARD MEASUREMENTS

IT. Measurements included in the SFitter Higgs fit:

— standard: Higgs searches by ATLAS and CMS, Electroweak Precision
Observables by LEP,

— non-standard: Exotics or Higgs and Diboson searches by ATLAS
and CMS (e.g. searches for VH and VV resonance, or H — inv),

— crucial: high kinematic distributions constraining kinematically
enhanced operators.
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e MopeL Depenpent Wav: UV Moper Fir
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THE MobpEL DEPENDENT WAY: UV MobEL Fir

WE CAN CONSTRAIN SPECIFIC UV MODELS BY
MATCHING THEM ONTO THE SMEFT

SFitter (same operators, measurements and machinery)
-+ Matching of a UV model parameters onto the SMEFT coefficients

(+ Basis rotation)

= Limits on UV model parameters from all the measurements already
included in SFitter!
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THE MobpEL DEPENDENT WAY: UV MobEL Fir

OURr UV MODEL IS THE HEAVY VECTOR TRIPLET

Consider an additional vector triplet V' transforming under SU(2);:

~2 ~
1~ a5 My ~ i~ M ~ A
Luvr =Lsm— 5 VAV + — VEAVA — - VAW,

= v — = I 8VH ~ A
+ 8 VI BV + (B VI g+ = IHPVEAVE,
+ + matching scale Q (at 1-loop)

enter in 17 SMEFT coefficients inside SFitter after matching procedure.

Matching at 1-loop using the functional matching formalism.
Benjamin Summ, arXiv: 2103.02487.
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THE MobpEL DEPENDENT WAY: UV MobEL Fir

IT’S IMPORTANT TO MATCH AT 1-LOOP AND VARY
THE MATCHING SCALE

When matching at 1-loop, you must introduce a matching scale Q.

And changes to this matching scale can make a huge difference
in the bounds on gy!

10

0
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2 3
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Note: all results are preliminary. Other paper considering Q: arXiv:2102.02823
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THE MobpEL DEPENDENT WAY: UV MobEL Fir

NEXT WE INCLUDE RESONANCE SEARCHES, BUT USE
THEM FOR THEIR HIGH KINEMATIC REACH
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arXiv: 2007.05293
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THE MobpEL DEPENDENT WAY: UV MobEL Fir

NEXT WE INCLUDE RESONANCE SEARCHES, BUT USE
THEM FOR THEIR HIGH KINEMATIC REACH
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CoNcLUSIONS AND FUTURE PERSPECTIVES

THERE IS MORE THAN ONE AVENUE TO IMPROVE AND
USE GLOBAL SMEFT FITS!

MODEL INDEPENDENT WAY: GLOBAL SMEFT FIT
o Add more operators (and sectors)
@ Improve uncertainty treatment
@ Add non-standard measurements
o Other: PDFs, NLO QCD, etc...

MODEL DEPENDENT WAY: UV MODEL FIT
e Match your preferred UV model onto the SMEFT at 1-loop (or more)

o Treat the matching scale as a theory uncertainty (nuisance parameter)
@ Add relevant exotic searches

EMMA GEOFFRAY IMPRS PTFS, 25.5.21. 15 /16



Thank you all for your attention.
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