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How to look for New Physics

50000— ATLAS Preliminary ¢ Data
= {s=13TeV, 139 fo’ — Fit

Events / GeV

H—yy, m,=125.09 GeV ]

Data-Background
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The Standard MOdel Effective Field TheOry Brivio, Trott, arXiv: 1706.08945

Goal: find the value of ¢, and precisely!
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SMEFT predictions

NdS Nd6 C

Ci (5 i (6
l l

EFT parameter space
= many directions “C”

4 O

e, c;(1t) - ci(1)
osmerr(c(), A) = oy X | 1+ Y & C;(\”;) + Y g L 46 (A

. /AR U .

Linear EFT corrections: Qu.adratn: EFT
State of the art SM predictions interference with SM, computed corrections, computed

with SMEET@NLO with SMEFT@NLO

Degrande et al, arXiv: 2008.11743
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Building the likelihood
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X = Z 0; SMEFT(C) — O exp (COV )ij 0; SMEFT(C) ~ O exp

K Mat ii=1 j

[ATL-PHYS-PUB-2023-039]

Status: October 2023 l.] l.] l.]
Standard Model Production Cross Section Measurements
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S M E FiT O smetfit.science

K Theory \ K Data \ f \

Projections
SM: (N)NLO QCD + NLO EW 447 measurements from
Higgs, top, diboson and EWPO

HL-LHC, FCCee, CEPC

EFT: NLO QCD, linear and
quadratics, with SMEFT@NLO

k NNPDF4.0 no top J

+ Automatic projection module

K Full experimental correlations J \_ /

v

C o
dataset_name: ATLAS_ttW_13TeV_2016
’ I doi: 10.1103/PhysRevD.99.072009
location: Figure 13 arxiv preprint
arxiv: 1901.03584
///’—7 hepdata: https://www.hepdata.net/record/ins1713423

units: fb
UV mOdeIS [230904523] deszription: inclusive ttW cross—section
{ luminosity: 36.1
. R ||b t ||: 3.0 . num_data: 1
Automatised interface est_sm”: 13.0 pun_sys: 1
- "scales™: [91'0] ’ data_central: 3.1
USIﬂg MatCh2 flt and "theory_cov": [[1.0]], statisticlal_error: 0.1
Matchmakereft "Lo": {"SM": 1.0, "Opl": -0.2, "OplxOpl": 0.4}, R
K J "NLO_QCD": {"SM": 1.5, "Opl": -0.3, "OplxOpl": 0.6} sys_names: UNCORR
} sys_type: MULT
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http://smefit.science
https://arxiv.org/abs/2309.04523

Analysis tools

Marginalised 95 % C.L. intervals, NLO O (A~?%)

1.0r
0.5¢
25 0.0
—0.5¢
[] LEP
10} | LEP + LHCdiboson
[ ] LEP + HL-LHC diboson
+ SM
) 0 2
(-)
Cyq

025 0.00 025

\_

Automatised fit reports that analyse

the SMEFIT results /

Correlation: NLO O (A‘2)

CoWB

CWWW

Col

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

S MEFIT

== HL-LHC == HL-LHC, individual

—®— SMEFiT3.0, individual

C<pG

CoW B

CWWw

S MEFIT

—10! —10°
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RGE effects in the




Scale differences

- Experimental input to global fits spans a wide range of E

energy scales, from m, at LEP to m; ~ 3TeV in tails at LHC
ANP New physics

> Scale differences become even more marked when including -

flavour data Q ~ m,

10° GeV LHC data

- as well as projections at the FCC-ee around the Z pole

10% GeV EWPD ’
LEFT

Assuming all measurements entering a global SMEFT fit

to correspond to the same energy scale is in general ~ GeV =+ Flavor data
not well justified! '

B. Stefanek, 3rd ECFA workshop
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Scale differences

Data Scales for HLLHC + FCC-ee

100
tttt + ttbb - 9 13
90
Higgs - 24 16 12 14 2 6
80
LEP - 23 61
70
it - 10 1 3 171714232214951042 60
ttV - 28 6 L
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tV - 16 2 2 30 S
kS|
VV- 4 4 4 2 22 20 10 8 2 2 2 2 R
- 10
FCC-ee 91 GeV - 14
-5
FCC-ee 161 GeV - 3 13
-2
FCC-ee 240 GeV - 3 33 Mantani, Rojo, Rossia, Vryonidou,
-1 JtH, arXiv: 2502.20453
FCC-ee 365 GeV - 3 42
| | | | | | | | | | | | | | | | | _O
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RGE in SMEFT phenomenology

Higgs production
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RGE in SMEFIT

4 )

N N
L C (//t) & c(p) - cp)
osmerr(€(i)s A) = ogy X | 1 + Z F 2 R

i<j ;
\_ =

\ C

tG
- Wilson coefficients run and mix with energy through the anomalous e
dimension T Cyo

d =
C’L ) Jenkins, Manohar, Trott, Alonso, C C
E :77,3 '“ arXiv:1308.2627, 1310.4838, 1312.2014 ‘o te

dln,u

D 1 D¢
- Implemented in several codes ##& Tools

[2210.06838] Di Noi et al

[1804.05033] Aebischer [2010.16341] Fuentes-
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RGE in SMEFIT

We include RG effects in the Matrix Evolution Approximation interfaced to Wilson

'n()p
. — . . , [1804.05033] Aebischer,
Cz(,u) T E :PZ] (M7l’LO7 CYS,OK)CJ (,LL()) Em Kumar, Straub
j=1

el gt cilwe(p)
Terr(c(p)/A%) =Tsm + Z Ri—y g 2%y 1
i=1 i j=1
Mo Tlop
Cj (1O ~ C\ b0 ) Ce( O
~ Tt 3wy 4 3y, A
1,J=1 1,0,k £=1
= T —I—§Eﬁ:’-cj('u0) | % K (o)t o) Theory predictions
M 2" A2 ke A4 : yp
j=1 k,f=1 . keep the same form!
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Scale variations

We associate a fixed characteristic scale choice u to each bin, but this is choice is not unique!

Study scale variations y — ji = ku

B NLOO (A™?), po=5TeV

EE NLOO (A™), po=5TeV

1/

\

i

] k ]
i 1 1 !
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Process Scale Choice u Process Scale Choice u

Higgs (ggF) | /m3 + (pF)? ttbb 2m,

Higgs (VBF) | v/m% + (pF)? ttv v (2me +mv)? + (py)?

VH V(my +mu)?+(py)? ||tV mi +my or \/(mi +my)? + (ph)?
ttH VvV (2m: +mp)? + (p)? || W-helicities my

tH me +mpy WZ myZ or \/(mz +mw)? + (p%)?
tt Mt WW Mey

Single-t ey V pole (incl. EWPOs) | my

tty 2my Bhabha scattering NG

tttt 4my ete” = WW /tt/ ff | /s
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o Marginalised 95 % C.1., po =5 TeV C‘MEF
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4 heavy operators flow into operators
sensitive to the EWPOs at low energy:

b
Z > T % %
CEECERCENG
— O LOO
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= (@) — AN e
e s 8 8 8
o o
0 A OV UV O

L - >

T E 38 R L2 8 2R R R

Fisher information / sensitivity metric
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of Marginalised 95 % C.1., pg =5 TeV C‘MEF
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4 heavy operators flow into operators
sensitive to the EWPOs at low energy:

b

In general one may see two competing
effects:

- |l constrained operators flow into a
precisely determined observable

- More operators enter the same
observable, making bounds weaker
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The global fit



RG in the global fit

© | NLOO(A?) w/oRGE © NLOO (A™?) w/RGE, py=5TeV

ey

NLO O (A™%) w/o RG:

NLO O (A™?) w/ RGE, py=5TeV
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RG in the global fit

© | NLOO(A?) w/oRGE © NLOO (A™?) w/RGE, py=5TeV
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RG in the global fit

Global fits neglecting RGE effects can severely underestimate bounds!

30 1.0
95 % Credible Region 95 % Credible Region
20
0.5}
107 |
| STXS RGE
" | aa | H — vy RGE
S O._ S O'O__ combined RGE
| +  OSM
—10¢ |
—0.07
—201 4 STXS combined
H — vy + SM |
S = 0 50
Without RG —400  —200 0 200 400 With RG
Ciy Ctz
Remains mostly constrained by top Also constrained by Higgs through O g and O,y
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RG in the global fit

© | NLOO(A?) w/oRGE © NLOO (A™?) w/RGE, py=5TeV

ey

NLO O (A™%) w/o RG:

NLO O (A™?) w/ RGE, py=5TeV

Jaco ter Hoeve 20



RG in the global fit

© | NLOO(A?) w/oRGE © NLOO (A™?) w/RGE, py=5TeV
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RG in the global fit

g t
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo b
....0r severely overestimate bounds! 7
g t
b
0 4'_ 95 % Credible Region 0 4'_ 95 % Credible Region /
| | b
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RG effects in UV models

The ultimate goal of the EFT program at the LHC is to bridge the gap to explicit UV models

A cn gt 1 g 1 3 X
Matchi A2 7680m2m?2 256072 m2 3272 m32’
atching ————— o ar BB M 2 M 2 "
. Cto _ _ Ao (yé‘)):&:s B gaye 1 " e /\(29 4 (4 (?/2?‘\1) =10 (L’/iSM) ) Ao (yc‘)):s:s
1< A ~ min{mUV} A2 m(i 3840m2 m? 1672 m3 6472 m?
‘ o oSM (y2)2 Mg (Y2):
- SM S SMV2 . SM 2) Yt (Uo)sg 3 ¢ \Yp)33
(12)\”; ) — 1) 642 m3 12872 mZ
C
An = (guv, myv)
Less parameters

Stronger correlations

Model dependent o(c)———a(guv)

Sharper interpretation Slide from A. Rossia at

SMEFT-tools 2025
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https://indico.mitp.uni-mainz.de/event/395/contributions/5414/attachments/3839/5037/Rossia_SMEFTools_Jan25.pdf

RG effects in UV models

RGE effects are crucial to harness the
power of the FCC-ee to constrain
extensions of the SM

Z pole run provides the dominant
sensitivity [2311.00020]

Reduction of theory uncertainties on
EWPOQO is essential for the FCC-ee

Jaco ter Hoeve

M [TeV]

Mantani, Rojo, Rossia, Vryonidou, JtH

1-loop matched models

arXiv: 2502.20453

20t

15¢

Input: LEP/SLD & HL-LHC+
] Nothing
B FCC-ee 91
 FCC-ee 91 + 161

FCC-ee 240
W FCC-ee 91 + 161 + 240
 FCC-ee 91 + 161 + 240 + 365

Theory Settings
B RGE effects, no Th. Err.
2\ No RGE effects, no Th. Err.
+ RGE effects with Th. Err.
« No RGE, with Th. Err
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Open source

= ¥ )

5 MEFIT =
Q search (e How to run the code

Here we provide some instructions on how to use the code for the various running modes and on how to

-9
(g

- Everything is fully
public, including

Theory:

analyse its results.
Standard Model Effective Field

Theory

> O U r E FT t h e O ry Fitting assumptions
p re d i Cti O n S Nested Sampling

Runcard specifications

Analytic solution First of all, the basic object required to run the code is the runcard. In this section we document the settings

that need to be specified here. Example runcards are available from the separate repository smefit_database.

The Monte Carlo replica method ) ) ) o ) ) . i
This repository also contains the theory predictions and experimental data files used in the latest smefit

> D a t as et Data and theory tables: publications.
Experimental data format Clone the smefit_database repository, and run
implementation
Construction of the fit covariance python update_runcards_path.py -d /path/to/runcard/destination/ runcards/A_LHC_NLO_LIN_GLOB.
matrix

Basis rotation This will create a smefit runcardin /path/to/runcard/destination/ ready to be used, pointing to the
> CO d e Projections experimental data and theory tables in the repository smefit_database . The user can change this manually
if other datasets are desired.

Fitting code:

Code structure

Input and output path

How to run the code
SMEFIT Tutorial The folder where the results will be saved can be set using result_path . The file containing the posterior of

SmM eflt. scilence the fitted Wilson coefficient will be saved in resulth_path/result_ID .If result_ID is not provided, it will
Reports: be automatically set to the name of the runcard (and any already existing result will be overwritten).

Report functions

result_ID:
Produce a report result path:

Jaco ter Hoeve 24
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Summary and conclusion

The SMEFT provides a convenient tool to search for new physics in a model
agnostic way

The impact of RGE effects on the SMEFT parameter space is essential to include in
order to connect disparate energy scales

RG effects drastically change the game for UV models, improving indirect bounds
by several TeV

Jaco ter Hoeve 25



Summary and conclusion

The SMEFT provides a convenient tool to search for new physics in a model
agnostic way

The impact of RGE effects on the SMEFT parameter space is essential to include in
order to connect disparate energy scales

RG effects drastically change the game for UV models, improving indirect bounds
by several TeV

Contact: jaco.ter.hoeve@ed.ac.uk Thanks for your attention!
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Dataset upgrade

We extended SMEFiT2.0 with recent Run Il datasets from top, diboson and Higgs

production
Ndat
Category Processes EEEEEEEEESN
SMEF1T2.0 SMEFIT3.0
tt+ X 94 115
ttZ, ttW 14 21
tty - 2
Top quark production single top (inclusive) 27 28
tZ,tW 9 13
tttt, ttbb 6 12
Total 150 189
||
Run I signal strengths 22 22
nggs production Run II Signal Strengths 40 40
and decay Run II, differential distributions & STXS 35 71
Total 97 133
I
LEP-2 40 40
Diboson production LHC 30 41
Total 70 81
||
Z-pole EWPOs LEP-2 i i 14 .
Baseline dataset Total 317 g 449 3
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SM predictions

Jaco ter Hoeve

Category Process SM Code/Ref SMEFT
) MG5_aMC NLO
tt (incl) NNLO QCD NLO QCD
+ NNLO K-fact
_ LO QCD
tt+V NLO QCD MG5_aMC NLO
+ NLO SM K-fact
Top quark MG5_aMC NLO
single-¢ (incl) NNLO QCD NLO QCD
production + NNLO K-fact
LO QCD
t+V NLO QCD MG5_aMC NLO
+ NLO SM K-fact
e = LO QCD
tttt, thtb NLO QCD MG5_aMC NLO
+ NLO SM K-fact
NNLO QCD +
g9 — h HXSWG NLO QCD
NLO EW
NNLO QCD +
VBF HXSWG LO QCD
NLO EW
Higgs production NNLO QCD +
h+V HXSWG NLO QCD
and decay NLO EW
) NNLO QCD +
htt HXSWG NLO QCD
NLO EW
NNLO QCD + NLO QCD (X = bb)
h— X HXSWG B
NLO EW LO QCD (X # bb)
NNLO QCD +
ete” > Wtw- LEP EWWG LO QCD
NLO EW
Diboson
production pp — VV' NNLO QCD MATRIX NLO QCD
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