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SMEFIT framework

Luca Mantani

Theory
/ (N)NLO QCD + EWSMXS

NLO-QCD, linear and quadratic, EFT
(SMEFT@NLO)

\PDFs, avoid redundancy (notop) ___J

e

- Top quark data

. Diboson production (LEP + LHC)

— = = = ==

' Posterior probabilities in EFT
. parameter space, CL intervals

Methodology

'Two independent fitting methods: MCfit
; and Nested Sampling
| Modular structure: easy to add new
!7\ theory predictions and data
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Theory Luca Mantani

L=Lsm+3; 507+ 7207 + .

Dim 6: Large humber of operators and therefore degrees of freedom

Many observables : : Break degeneracies
and final states '- In parameter space

NLO-QCD

O = with SMEFT@NLO

Linear contribution: leading correction

Quadratic contribution: useful information in many instances

@ 3 ?i{\ACnet



Data Luca Mantani

Category Processes Ndat
tt (inclusive) 94
ttZ, ttW 14
: single top (inclusive) 27
Top quark production L7 tW 9
tttt, ttbb 6
Total 150
Run I signal strengths 22
nggs production Run II Signal Strengths 40
and decay Run II, differential distributions & STXS 35
Total 97
LEP-2 40
Diboson production LHC 30
Total 70
Baseline dataset Total 317
N , b
4 —
—7MCnet



REEIG Luca Mantani

Dataset - 2 XBPT XEPT
O(A?) O(A™)
tt inclusive 83 1.46 1.32 1.42
t¢ charge asymmetry 11 0.60 0.39 0.59
tt+V 14 0.65 0.48 0.65
) _ ] single-top inclusive 27 0.43 0.44 0.41
Chi2 values: slight improvement ingle-top 41 o o 055 -
(d ataset dependent) t#bb & titE 6 1.68 1.09 2.12
Higgs signal strenghts (Run I) 22 0.86 0.85 0.90
Higgs signal strenghts (Run II) | 40 0.67 0.64 0.63
Higgs differential & STXS 35 0.88 0.85 0.83
Diboson (LEP+LHC) 70 1.31 1.31 1.30
Total 317 1.05 0.98 1.04
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9 XEET XEFT
Dataset Ndat XSm
0(A™?) O(A™)
tt inclusive 83 1.46 1.32 1.42
tt charge asymmetry 11 0.60 0.39 0.59
tt+V 14 0.65 0.48 0.65
, ) , single-top inclusive 27 0.43 0.44 0.41
Chi2 values: slight improvement ingle-top +V o | om 055 -
(d ataset dependent) t#bb & titE 6 1.68 1.09 2.12
Higgs signal strenghts (Run I) 22 0.86 0.85 0.90
Higgs signal strenghts (Run II) 40 0.67 0.64 0.63
Higgs differential & STXS 35 0.88 0.85 0.83
Diboson (LEP+LHC) 70 1.31 1.31 1.30
Total 317 1.05 0.98 1.04
Linear Quadratic
cQQs c81qq | c8qt
Effects of quadratic =5 0 5 =5 0 5

corrections can be drastic
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Top — only, Quadratic NLO EFT

t
¢

Top + Higgs + VV, Quadratic NLO EFT

EFiT
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Conclusions Luca Mantani

< SMEFIT is a novel and flexible framework for global EFT interpretations.
 Already successfully employed for Top, Higgs and diboson data.

% Several functionalities to cross-check and validate results.

New steps:

“ Add new data (VBS, Tevatron, low-E observables, recent LHC results, ...)
< Improve theory (RGEs, NLO-QCD and EW in EFT, etc)

“ Improve fit methodology (higher number of operators require better efficiency)
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Conclusions Luca Mantani

< SMEFIT is a novel and flexible framework for global EFT interpretations.
 Already successfully employed for Top, Higgs and diboson data.

% Several functionalities to cross-check and validate results.

New steps:

“ Add new data (VBS, Tevatron, low-E observables, recent LHC results, ...)
< Improve theory (RGEs, NLO-QCD and EW in EFT, etc)

“ Improve fit methodology (higher number of operators require better efficiency)

Thanks!
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What is SMEFiT

Luca Mantani

Slide from Juan Rojo’s talk at LHCEFTWG

Building upon extensive expertise in global PDF determinations, SMEFiT was designed
as a flexible EFT analysis framework with the built-in capabilities for producing a global
EFT interpretation of particle physics data (including non-LHC constraints)

S MEFIT

Publications based on SMEFiT:

¢ A Monte Carlo global analysis of the Standard Model Effective Field Theory: the top quark

sector, Hartland, Maltoni, Nocera, JR, Slade, Vryodinou, Zhang, JHEP 04 (2019) 100,
arXiv:1901.05965 [hep-ph]

¢ Constraining the SMEFT with Bayesian reweighting, van Beek, Nocera, JR, Slade, SciPost
Phys. 7 (2019) 5, 070, arXiv:1906.05296 [hep-ph]

¥ SMEFT analysis of vector boson scattering and diboson data from the LHC Run Il Ethier, Sce G Magni talk
Gomez-Ambrosio, Magni, JR, arXiv:2101.03180 [hep-ph]

¢ Combined EFT interpretation of Higgs, electroweak, and top quark measurements at the LHC,
Ethier, Maltoni, Luca Mantani, Nocera, JR, Slade, Vryonidou, Zhang, in preparation

representative results show in this talk

-l
10 —MCnet
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EFT operators Luca Mantani

Class Nyof Independent DOFs DoF in EWPOs

658’62?1 c?éS
EWPO oo o o

ch th, th,

four-quark
14 B cl B
1 9 (3) 5 (3) + _ CyD g?u _ (two-light-two-heavy) fw T TQu
491 <Pl1 c(pl2 Cl 4 919wCpW B, leu’ c?d, c%d,
1 1 .
o — f (—5,—1) + (—,o) i=1,2,3, S0 b
. 1 8 1
1 g}) foll) , four-quark s Q@ Q@ “qt
f DX -1 9 9 1=12,3, (four-heavy) c%t, iy
C<pe Cw Cor
f(O _1) ) f(O _1) f(O _1) - Ta four-lepton 1 ci
(—) (=)
Fi2y_ced (1 _1 _Ced _ (3) RORORNE
2’3 9 2’ 3 2 »q Cty, CtG» Chyps Coly oty Coly
2 C ]. Cod . Cecps Crps CtW s (?’l) (ll) (?’l)
/ (O’ §> a %’ / (O’_§) a %’ two-fermion 23 3) () ey
Ct7,C _~,C , Cpes Cpous CoT,
S (+ bosonic fields) " Te@ TeQ RN
where the function f is given by: Cot 3 G,
(3) (3) 2 Cpus Cpd
l l C CoD
Q) = (g -y cep | (A9
gw gl . C(st ckpB’ c(pW’ c(pWB9 C(pD
0 Purely bosonic 7
- CchB% ; Cods CWWW
9w — gl
Total 50 (36 independent) 34 16 (2 independent)

J

N
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Individual log-likelihood Luca Mantani

1 Ndat

Y2(c) = Z (agth)(c) — ageXp)> (cov_l)z.j (U§th)(c) — a(-eXp))

n
dat i =1

SMEFIT, NLO + ©(A~%), individual profiles
298 A

296 A

= 299]

/ Gaussian profile

294 A

292 A

(abs) [ngat

290 4 == quartic fit
== = 95% CL range
--- SM

2881 ¢ x? profile
® minimum (quartic)

2

tot

X

—-0.010 —0.005 0.000 0.005 0.010

cpG

12 %MCnet



Individual log-likelihood Luca Mantani

1 Ndat

X°(c) = Z (Uz(th)(c) - Uz(exp)) (COV—l)z’j (U§th)(c) - U§exp))

n
dat i =1

SMEFIT, NLO + O(A~*), individual profiles

298 A

299]

/ Gaussian profile

294 A

N

(]

N
1

Non gaussian
global minimum

| e quartic fit
== = 95% CL range

thot (abs) [Nngat

-- SM
2881 ¢ x? profile
® minimum (quartic)

—0.I010 —0.I005 | O.OIOO O.OIOé O.OIlO
cpG
SMEFIT, NLO + O(A~%), individual profiles

400

380 ~

300 4 === quartic fit
== = 95% CL range

X2 (@bs) [Ngat =299]

-- SM
2801 @ x? profile

® minimum (quartic)
260

SO D T E o __\\\'////
12 —MCnet



Individual log-likelihood Luca Mantani

Ndat
1
2 . (th) (exp) —1 (th) (exp)
() = 3 (ai () — o) (cov). (o™ (c) — o
Ndat .= J
a —_—
1,7=1
SMEFIT, NLO + O(A~*), individual profiles
298 A N I
2 296 Gaussian profile
I!é ol /
S
Non gaussian 3 292
global minimum = 200| — auartc Degenerate minima
N>4<—' —: 2:\54% CL range
2881 ¢ x? profile
® minimum (quartic)

—-0.010 —0.005 0.000 0.005 0.010

cpG

SMEFIT, NLO + O(A~%), individual profiles SMEFIT, NLO + O(A~%), individual profiles

400 440
= quartic fit
420 - == = 95% CL range
380 A -- SM
o o 400 & 2 profile
m 360 - % ® minimum (quartic)
380
Il Il
B 340 - &
ke o 360
= S
—_ i —~ 340
) 320 0N
O o)
o O 320
+ 300 q === quartic fit o
N>"3 == = 95% CL range N>'.'<9 300
-- SM
- 1 1
280 @ x? profile i i 280 A
1 1
® minimum (quartic) i i
260 T T T T . |I T 260 T . : . T T T T T
-0.8 -0.6 -0.4 -0.2 0.0 0.2 —0.050 -0.025 0.000 0.025 0.050 0.075 0.100 0.125 0.150 /
cWWW cpB
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Luca Mantani

10° nop nop
10 PCk = E AkiCq, k = ]., «« 3 Nop E CL%Z- = 1Vk
10°% i—1 i—1

Singular Values
s

Flat directions

L B B B B B B B B ]

poIf w 100

§§§ oo Diagnostic tool: is the basis used

PC 5] o 0s : ] :

' - - good for the dimensionality?
07

PC 71
PC 8+ 02 0.75

PC 9+ 09

PC 10+ 09

PC 11+ 1.0

PC 12+ 07

PC 131 09

PC 14 1 .. 0.3

PC 151 0.50

e m "
17

PC 181 o1 “ 2

PC 191 09 aléi

PC 2004 008

PG 2] g " . | Eventually one can fit in the PC basis
PC 23 -

bC 53 o " ol o (not done in the present fit)

PC268 BB 08 l
PC 271

o g = 2
- T g
o " ,
C 36 -

BP 0.00 —S////
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EFT sensitivity Luca Mantani

.. i 0 In f (Gexp | €)
Useful to gain insight from Information Geometry I;j(c) = —E I Oc.
1Yty

100

75

50

25

on[eA IoySsl] POZI[BULION

10
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EFT sensitivity

Luca Mantani

O?In f (exp | c)]

Useful to gain insight from Information Geometry I;j(c) = —E [ 9 Oc.
(A

1111111

> Quadratic

100

75

50

25

10

Top Yukawa

on[eA IoySsl] POZI[BULION

14 %MCnet



EFT sensitivity Luca Mantani

O?In f (exp | c)]

Useful to gain insight from Information Geometry I;j(c) = —E [ 9 Oc.
(A

> Quadratic

"""" 100

Top Yukawa

75

Four fermion operators

50

25

on[eA IoySsl] POZI[BULION

10

1 %MCnet



EFT sensitivity Luca Mantani

0?1 ox
Useful to gain insight from Information Geometry Iij(c) = —E [ 1 g C(“;C L | C)]
[

> Quadratic

"""" 100

Top Yukawa

75

Four fermion operators

50

TGC operator

25

on[eA IoySsl] POZI[BULION

10

1 %MCnet



EFT sensitivity Luca Mantani

. : 0°In f (Fexp | €)
Useful to gain insight from Information Geometry  I;;j(c) = —E Y
iUC;j

> Quadratic

"""" 100

Top Yukawa

75

Four fermion operators

50

TGC operator

25

on[eA IoySsl] POZI[BULION

In the quadratic case the picture
does not change much

10

| |
A\

_aNe=
1 —MCnet



Methodology Luca Mantani

MCfit: generate MC replicas to construct probability distribution in
experimental data space.
Determine EFT coefficients replica by replica.

N, dat

(th) (k) ) — mart)k) -1 (th) (1 ) — mart)(k)
2 (@i ({Cn }) @iaf )(cov )ij(@j ({Cn }) @jar )

dat i,j=1

@ ° %MCnet



Methodology Luca Mantani

MCfit: generate MC replicas to construct probability distribution in
experimental data space.
Determine EFT coefficients replica by replica.

N, dat

(th) (k) ) — mart)k) -1 (th) (1 ) — mart)(k)
Z (@i ({Cn }) @iaf )(cov )ij(@j ({Cn }) @jar )

at j j=1

Nested Sampling: statistical mapping of the likelihood.

1
Z= Jchg (data]| ) (") = [ dXZ(X)
0

Samples from prior space to locate maximum.
No need for optimisers.
Construct posterior distribution.
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S MEFIT
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Top + Higgs + VV, Quadratic NLO EFT

Top + Higgs + VV, Linear NLO EFT
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BN Top + Higgs + VV, Quadratic NLO EFT
I Top + Higgs + VV, Linear NLO EFT
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2D fits Luca Mantani
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