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Indirect searches and Effective Field Theories
The Standard Model EFT (SMEFT)

Integrate heavy fields out:

[ UV Model ] > | EFT Model |

[10.1007/s10773-021-04723-1]

Obtain model independent Lagrangian:

SUV _ SM, gHeary > szSMEFT SM Z—@<6>+... :

- Dim 6 EFT operators with SM fields: @l@

* Wilson coefficients fittable from data: i

; A



SMEFT fit from data e s e

A =4 TeV i All data
C; L.OT E w/o Higgs
© i w/0o EWPO
= Vo E w/o Top
) | ‘ | | | i | w/o Flavour
5 0.0M Ii | :I | | | | : | w/o Dijets -
:*é w/o PVE
05 | w/o DY
O |
B —1.0f i
AT e O e e e e e e
E Q? QO & O =0 QO 's QO s @) 3
O ie O <)

Ci |
Can fit {F}.

= can then be matched to a UV model




Hadron colliders, SMEFT and PDFs

Collinear factorization theorem

p {

S s

Parton S
o Hard
Distribution - .
unch d Scattering:
et * 0t Perturbative
7S : 1 0CD+EW

i
e ey
S S

dgpp%ab _ Zsz R fj R H&ij%ab 4
2, :|




Injecting new physics in HL-LHC projections

Description of the models

Top pair production:

High-mass Drell-Yan
Heavy triplet under SU(2); : W’
» WT/W~ and W,
= matching to SMEFT: oblique parameter 1%

Heavy octet under SU(3) : G
= Couples to third quark family

= matching to SMEFT: oblique parameter 7

Heavy neutral boson under U(1)y : Z'

= |mpacts only neutral current DY

= matching to SMEFT: oblique parameter Y




Injecting new physics in HL-LHC projections (DY)
Goal: recover it with a SMEFT fit __
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“BSM-biased” PDF in HMDY

PDFs are mimicking the SMEFT corrections

,‘ Charged current HM DY
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Number of replicas

Missing new physics In Drell-Yan
Impact of the BSM blased PDFs on SMEFT flts
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“BSM-biased” PDF In 1t

PDFs are partially mimicking the SMEFT corrections

HL-LHC tt invariant mass my; gg luminosity
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Number of replicas

Diluting new physics deviation In the top sector
Same exercise W|th heaw gluon G’ in ttbar at HL LHC
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Separate and simultaneous fits of PDF and SMEFT

Comparison of the methodologies

Separate fits | | Simultaneous fits |

PDEF fit:

I({0}, {c = 0}) = PDF({0}) ® 6({c = 0}) 110}, {c})) = PDF({10}) ® 6({c})

= 6_) Assumes SM:
source of bias

» (0,¢)
SMEFT fit:

T({6 = 6}, {¢}) = PDF({0 = 0}) ® 6({c}) | |
Removes assumption-based bias

=+ C

Need to make sure SM assumption is true




Safe separate fits: “conservative” PDFs
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“Conservative” separate fits
Impact on PDF and SMEFT bounds for DY

Fixed-PDFs SMEFT fits
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Simultaneous fit of PDF and SMEFT

Presentation of the tool: SIMUnet

Input Hidden Hidden PDF Convolution SM SMEFT
layer layer 1 layer 2 flavours step Observable Observable
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Extra layer:
SMEFT

[Iranipour et Ubiali, 2201.07240]

e Performs BSM closure
tests

NNPDF
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http://github.com/HEP-PBSP/SIMUnet
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Simultaneous fit of PDF and SMEFT

Marginal distributions for DY

ud 4+ du luminosity
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PDFs for new physics searches

in HMDY

SMEFT only fit
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PDFs for new physics searches in ¢

Same exercise with heavy gluon in ttbar at HL-LHC

PDF impact on SMEFT bounds
True PDF

— 95% CL
— 68% CL

- == Underlying law
— = Standard Model

BSM-biased PDF

Conservative PDF

Simultaneous Fit




Comparlng conservatlve and smultaneous fits

Conservative separate fits

Pros:

e FEasier

 Less parameters per fit

Cons:

* Difficult to figure out optimal cutoff
(manageable)

 Cannot use precise high-energy
observables to constrain PDFs

; Slmultaneous flts f

Pros:

e Entire dataset constrains PDF and SMEFT

 High-energy observables constrain PDF

Cons:

 More parameters -> more uncertainty
(manageable)

 Risk to absorb SM error as SMEFT signal




Summary and outlook

You can contact me at:
eh651@cam.ac.uk

» Signs of new physics fitted away in PDF parametrisation

> Exclude true underlying law (DY) / water down BSM deviation (ttbar)

» Must be aware of this source of bias

* Practical recommendations:

» Conservative PDFs for SMEFT fits

Thank you for your
attention!

> Simultaneous fits of PDFs and SMEFT (SIMUnet tool already available)

* Ongoing work:

> Ongoing study on real jet data [Greljo, Hammou, Merlotti, Smolkovic, Ubiali, forthcoming]

> Developing a bayesian framework

> Allowing choice in PDF modelisation

Costantini, Moore, Mantani, Schutze, Ubiali, forthcoming (PDF)]

‘Hammou, ter Hoeve, Shutze, in progress (SMEFT)]
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Upcoming: Colibri

Model-flexible framework for bayesian fits

PDF model
I Optax Monte Carlo I

Implemented a ko —= fit
by the user /V !

UltraNest

&_ Bayesian fit | =——»

JAX
High-performance

;‘-,.‘
o AR
o Coliori

NNPDF -2,
Data and theory N g’ Analytic fit —

predictions NumPy
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Discrepancy between low and high-energy data fits

Kinematic coverage |

* datasets pre HERA

107-; v dataset LHC —
atasetls pre Qmax — 180 Gev
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=
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Potential pitfalls of PDF fitting

* No theory constraint available (e.g. from lattice)
= Only determined from measurements

* Very flexible parametrisation by necessity
= Can mimic deviations in the observables

* Assumes SM in theory predictions

» |arge-x PDF mostly constrained by high-energy measurements
= Risk to absorb BSM deviations!

24



PDF fitting: selection criteria

Exclusion of incompatible datasets (NNPDF criteria)

Two criteria: , . |
X =D —=Tg)" -V, (D—Tg,)

. xz—statistics:

~
excluded
J
2
 nstandard deviation: _ y Al 1
~ ~ Ny = —"—
|\ n_ > 2 =) excluded 0,2

\_ J
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New physics scenarios: W
From UV to the SMEFT

Heavy triplet under SU(2); : W’

gW’ - P — lW’a W'Cl,//tl/ i lMZ W’aw’a,,u _ W’a,,u Z]? Ta /,tf _ (W/a,,u J(Tal-D +hc )
v — < SM g 7 Wk EwW’ 7L~ 8w @ WP .C.
'_ -> Creates two Charged partleles + / W and a neutral one: W3

Matching to the SMEFT:
2
/ g ! ’ — C
gE/MEFngSM 2]\3/ Jdﬂ]a St = ZfLTGV”fL
2 2
/ W A g / m C
W _ 8 . _sw Mtw .
—> L prr = Lsy — ™ J Jﬁﬂ W = 2 M2, X _A2 New physics parameter
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New physics scenarios: W r—177  My=138TeV

Generation of the pseudodata —
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Constraints from current data _

* New physics scenarios

compared to constraints at
95% CL
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Impact of contamination: fake deviations
pp = WTW~ (SM)

( SM predictions with: 0 —
{ 106 $® Data
e Contaminated PDFs (red) 2
; 105 X /Ngat = 2.194
\ ' a ny = 3.044
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Comparing SMEFT bounds for different PDFs

Injection of W’ and Z’ in Drell-Yan

Fit W x 10° (UL = 0.8) Y x 10° (UL = 1.5)
9%5% CI n, (SM/UL) | 95% CI n, (SM/UL)
True PDF (0.64,0.98)  9.00 /0.11 | (0.99, 2.03)  5.50 / 0.00
BSM-biased PDF | (-0.08, 0.39)  1.34 /551 | (0.11, 1.44)  2.26 / 2.16
Cons. PDF (0.50,1.1) 529 /0.03 | (0.68,2.22) 3.73 / 0.18
Simu. fit (0.44,1.05)  4.91 /0.28 | (0.79,2.09)  4.39 / 0.15
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Simultaneous fit of PDF and new physics
SMEFT operators implemented

40 operators implemented

e Observables:;

>

>

top sector
diboson
Higgs
Drell-Yan

EW Precision Observables
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Ratio to Underlying law

PDFs for new physics searches in HMDY

PDF luminosities

ul + dd luminosity

ud + dd luminosity
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PDFs for new physics searches in ¢

Same exercise with heavy gluon in ttbar at HL-LHC

gg luminosity

vs =14 TeV
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SMEFT PCA results

FIM eigenvectors and SMEFT operators

Eigenvectors

FIM Eigenvalues

Bl Negative
B Positive
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BEYOND MONTE CARLO AND NEURAL NETWORKS

8 i -1
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® |n the quad ratic SMEF f|t ngerved digagreement Let’s consider a simple scenario: 1 operator, 1 datapoint
: _ 2
b.etween MC m.ethod and B.ayeS|an method. Very e (0(0) = 0ep)” ey =1 = [cc]
different posterior (hence different CLs) 60°
T A
e Study of MC versus Bayesian method based on
nested sampling for PDF fits and SMEFT fits
[Costantini, Madigan, Mantani, Moore arXiv:2404.10056] s 3
, >
o
® Towards a general Bayesian methodology for S —

simultaneous fits [Costantini, Mantani, Ubiali, in progress]


https://arxiv.org/abs/2404.10056

