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Introduction

* Increasing number of 'Effective Field Theory (EFT) measurements and reinterpretations in
ATLAS and GMS which are complementing (or superseding) other interpretations.

* An EFT approach is a very powerful tool used in different fields of physics; allows one to combine
different types of measurements (Higgs, top, EW physics,...).

* Constrain EFT coethicients -> constrain large classes of UV theories.

* A popular EFT model is the -(standard for dim6 interpretations): complete QFT compatible

with higher-order calculations.

( top EW ﬂ
Wilson coefficients Cy
£ <N o
42 LHC Reach Cun Cowsn Cun O Ht
Ll " CHe Cﬁfl) ng) '
(3)
New = OO OB Cp Cna) || O
standard Model EFT Crn Coe
1 Physics C \ EWPO Y,
EFT effects on cross : -t C“H' ,
section (tails) could be E | e [ Ce G4 Cai Cou Coa
observable at LHC s : 1| Cen Cic'Cy Cp C}
: : ‘ LC'HD = (4] 5
1 i " : i =
.............. ' : mass | #C, Higgs

Di-Higgs <  Adaptedfrom J.Ellis et al JHEP 04 (2021) 279
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Global combinations:
Inputs +
parameterisation




* Focus on global combinations, public results + challenges & open points
e interesting talks on results by individual sectors (Higgs, Vector Bosons, Fermions )

* Focus on dimension6 results; interesting talk on dimension8 (Link).

ATL-PH S-’PME—:ZO:Z:Z 027 (SMEFTslML + SMEFT@NLO

O\

{ Observable 1} ' — _
Decay channel

Target Production Modes w" Process

! H—yy ooF, VBF, WH, ZH, tH, tH | IR
| H— 77" geF, VBF,WH, ZH,iiH(40) | = PP ¢ VE Y
( H— WW* ggF,VBE{l pp — vl
| H— 17 goF, VBF, WH, ZH, ttH(ThadThad) pp — (Tt
WH, ZH | "
_ { prr—oUCjj
H — bb VBFfl i 4

Type of measurement

ttH )j

Experlmental

" Observables used

ttX Direct EFT

SMeLHC2025 - 08/04/2025  Llevnora Resse

likelihood
H — vy Diff. cross sections STXS bins [41] v
Wy Fid. diff. cross sections pr x |¢¢] v
WWwW Fid. diff. cross sections My, v
Z = vy Fid. diff. cross sections p% v
tt Fid. diff. cross sections M X
EWPO Pseudo-observables r,, Uﬁa @ R, R, R, A%, x
A, ALy
FB/
Inclusivejet  Fid. diff. cross sections ]et X | yle"| X

Y1e1ds in regions of interest v

vvvvvvvvvvv


https://conference.ippp.dur.ac.uk/event/1429/contributions/8182/
https://conference.ippp.dur.ac.uk/event/1429/contributions/8184/
https://conference.ippp.dur.ac.uk/event/1429/contributions/8185/
https://conference.ippp.dur.ac.uk/event/1429/contributions/8183/
https://cds.cern.ch/record/2911229/files/SMP-24-003-pas.pdf
https://cds.cern.ch/record/2816369/files/ATL-PHYS-PUB-2022-037.pdf

A@)S ATILAS Global combination

EXPERIMENT

~ Decay channel Target Production Modes £ [fb™'] « ATLAS Higgs boson data (2021 combination)
H— yy ooF, VBF, WH, ZH,tiH,tH 139 * Higgs boson production and decay combined
H—ZZ" ggF, VBF, WH, ZH,ttH(4¢) 139 measurements in STXS bins
H— WW* ggF, VBF 139 , , ,
H— 711 ggF, VBF, WH, ZH, tTH (ThadThad) 139 Higgs Combination
WH,ZH 139
H — bb VBF 126

i ttH 139 /

WW,WZ,4l, Z +2]ets combination

Process Important phase space requirements Observable L [fb™!]
pp — e*vuTy  mee > 55GeV, X < 35GeV jead. fep. 36
pp — v~ mee € (81,101) GeV m%"z 36
pp = T mye > 180GeV mz» 139
pp o] mj; > 1000GeV, mee € (81,101) GeV  A¢j; 139
; ’ Id ‘\\
Observable Measurement Prediction Ratio Preclsion Electroweak Measurements
Iz [MeV] 24952 +2.3 24957 + 1 0.9998 + 0.0010 own the Z Resonance
Rg 20.767 + 0.025 20.758 + 0.008 1.0004 + 0.0013
RY 0.1721 £ 0.0030  0.17223 + 0.00003 0.999 + 0.017 ¢ Electroweak precision observables measured
0
Ry 0.21629 +0.00066 0.21586 +0.00003  1.0020 +0.0031 4 1 EP and SLC
Agia 0.0171 +£ 0.0010  0.01718 + 0.00037 0.995 + 0.062 _ o
Ay 0.0707 £0.0035 00758 +0.0012 09320048 © Eight pseudo observables describing the
AFif 0.0992 + 0.0016 0.1062 + 0.0016 0.935 +0.021 physics at the Z-pole are jnterpreted.
O'}?ad [pb] 41488 + 6 41489 + 5 0.99998 + 0.00019
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http://cds.cern.ch/record/2789544/files/ATLAS-CONF-2021-053.pdf
https://cds.cern.ch/record/2776648/files/ATL-PHYS-PUB-2021-022.pdf
https://arxiv.org/abs/hep-ex/0509008
https://arxiv.org/abs/hep-ex/0509008
https://cds.cern.ch/record/2816369/files/ATL-PHYS-PUB-2022-037.pdf

CMS Global combination

Analysis Type of measurement Observables used
H — vy Diff. cross sections STXS bins [41] JHEP 0F (2021) 027
Analysis Type of measurement Observables used
- o . . 0%
Wo Fid. diff. cross sections pr X | ¢yl
WW Fid. diff. cross sections My,
. . . Z
Z — vy Fid. diff. cross sections pT
Inclusivejet  Fid. diff. cross sections Pr X |y
| Analysis Type of measurement Observables used . 1Ty, JHEP 12 (2023) 068
ttX Direct EFT Yields in regions of interest . ;; =), Ys. Rev. D 104 (2021) 092013
tt Fid. diff. cross sections M;
Observable Measurement Prediction Ratio
[z [MeV] 24952 +23 2495.7 + 1 0.9998 + 0.0010 .
RY 207670025 207580008 10004 +00013  Precistow Electroweak Measurements
R 0.1721 +£0.0030  0.17223 +0.00003  0.999 + 0.017 o the Z, RLSONANGCE
Ry 0.21629 + 0.00066 0.21586 % 0.00003  1.0020 + 0.0031 £l . iom ob . 4
Agif 0.0171 £0.0010  0.01718 + 0.00037  0.995 + 0.062 ectroweax precision observables measured at
A% 0.0707 + 0.0035  0.0758 = 0.0012 0.932 + 0.048 LEP and SLC o _
AbD 0.0992 £0.0016  0.1062+0.0016  0935+0021 ° Lightpseudo observables describing the physics at the Z-

o0 | [pb] 41488 + 6 41489 + 5 0.99998 +0.00019  pole are interpreted. J
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https://link.springer.com/article/10.1007/JHEP07(2021)027
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.052003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.092001
https://link.springer.com/article/10.1007/JHEP05(2021)205
https://link.springer.com/article/10.1007/JHEP02(2022)142
https://arxiv.org/abs/hep-ex/0509008
https://arxiv.org/abs/hep-ex/0509008
https://cds.cern.ch/record/2911229/files/SMP-24-003-pas.pdf
https://link.springer.com/article/10.1007/JHEP12(2023)068
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.092013

)

EXPERIMENT

Atd Going “Global”: parameterisation

STXS SM SM / dim-6 interference
&g- ¢ “linear”: (vIN)?, (E//\)2

‘2

e  The Warsaw basis, which provides a complete set of independent operators allowed by the

SM gauge symmetries, 1s used; a value of A =1 TeV is assumed.

e  Only dim-6 operators are considered (dim-5 and dim-7 violate Lepton and Baryon number).

*  Input parameter scheme: (my, m,, Gp).

e  TopU3l flavour scheme used:
rjﬂ)q x U(2)u x U(2)gx[U(3); x U(3)

. Relax leptons
_—

First two quark  All lepton
generations generations
treated similarly ~ treated similarly

e  SMEFT dependence parameterised as polynomials in Wilson coetlicients: SMEFT effects on

the SM predictions can be factored out 1n a linear and quadratic component.

HSMEFT = 1+ ZAici + Z Blc Z Cl]czc
I

SMeLHC2025 - 08/04/2025  Llevnora R 7&K
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Going “Global”: parameterisation

* Impact of Wilson coefficients can be visualised (linear here)-> Value of ¢; scaled appropriately

for plotting.
 Large class of operators can be constrained by different sectors: H — yy from CMS shown.
CMS Preliminary qgH WH/ZH tH/AtH ggH 138 fb" (13 TeV)
2 ryro et -+t -t >t T T TPt
= 15¢ ———o— ]
% 1—o—+ | : - wl* | 4 | —+—4’_’_ — SM
LT A AR e
O o5¢F L —— +
EERE s  EEEE BEEEENE BS IEEEEEEE
-2 S T T T T T A | o EGke -
AN SRS N IS TR SO SO U SO S N S S S S | I | | | | | | | L | ECu /A =1
o N I IS | B Ciw /A” =5
< g A T S S S SR S S S S S S S S SR SN S SR A B (™Y S
(¢ r + r + ¢ ¢ ¢ ¢ ¢ ¢ .+ |/ ;| |/ l | | | | | | l | [ |
2 | | | | | | | | | | | | | | | | | | | | | | | | | | | l | | ] -CbH/A2=O-5
F 1 3 ; . . { ECw/A® =10
: e TENTNT TTITNNNNNNNT Iaci:
3 - | L B 1 { Bl Cw /A =1
o3 S T N T I I I NN T (N N N TN N N T B 0y AEECe/a-f

1 iCHq/A =10
|:]CHq/A =0.1
BC, /A% =1
Bl Cio /A =1
] I Cuu /A% =1

| I Co/A? = 1
[1Cw /A°=0.5
Bl C.o /A% =1
1 BC /A% =1

Q
S U W, W, 4, < By o« /; & Sy gy PG Gl LS
70909 095, , % PRIy Y op ™ 60" 102y gt P00 s g Lo oy T e ¥ Z
V/)ZIA 60 0 %‘A %-A 7‘v> VDbfA/ 7‘?6\ T &0 0 rN D 0 0 7 7 T6\ TD,Y <
yTIGSO > Y 0~ 0 J T S0 o 'O"v v'or& T'Or/’ % vks’0 T"S ¢ ¢ o -
2 “O’AMT)OJT)O O,'O/\,Y 0,,0;/ 78, AN T"?Oo 0 0 4 -
%7 05 2 05 ~20, ~ 20, S0 O Sap
veoo’\vébo'.o%“ ,0;‘4/" 2" Y&y
> O p’v/ves =3
I
vay 42 CMS PAS SMP-24-003=
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https://cds.cern.ch/record/2911229/files/SMP-24-003-pas.pdf

EXPERIMENT

ANfd  Going “Global”: parameterisation

* Additional sensitivity coming from EW measurements and EWPO, e.g. ¢W that cannot be disentangled
using just H — yy decay -> ATLAS parameterisation shown

Wz Zi WW 77
S o4 F ATLAS Preliminary
S [
> : 4 ) c G=0.01
D oa4f ¢ 2.0
e 3 c' =02
W 0.2f : ¢! =0.2
< E 113 P 11

- = w w u ]

G: | I | | I L c H_20
-0.2F e
—0.4F

D N Sy gogogo e, O o R, T g«f e
,€,050566 2, INEENCN oS 209 % 2 5% %; 0,272,880 5%0% %) % %0 % % o EINT R ERAN
%0, %, ‘9@)@\,\0%%/@ % 52620.2, 2 9% 9YY o/z/eoo 5% %, VOS5 0 % e g,

7/ 6) 0’(9')6\/ Y 6) &)
54 D
m_ [GeV] g Ay /' 10 m_._ [GeV]
T i p_ [GeV] z2
EWPO ggH VBF VH ttH,tH BR

g 1 o 1 | T : BRZZ | T | v

Seb o | B ZER7 R R R/ IER7Ean7 0 )

10°F 0.5 vy B — 77T T_

1051 L 777, 7

10°F — A ]

—
s : % 1F 4 ) c, =0.1
g = c |"'01
T L 05F c =0.2
% [ L N chu=1.0
<ol SN . Hd
[ cH rw=0-02
—05F chd,=1.0
F c =10
b pa! T R_.R R o % %o Yo oy oy R R R R Y, B R R R VR NN, Y, by, Yy, Y K K <K SK 2 é’o 909006’00"3 '3’ 6' '3’ ’5’ '5’ A
reledFe z 0T haj 12@:’0;2@;6‘0;&@0@(3&,&(6‘0:‘(@:{Ai/y\}ﬁ‘;e;f’gv\:‘f"o 1@//6’5»/@/@@0; ()0:, ,’0;& /o,/o{ % Ov}}"\ov‘%‘o\\ 700:@;;6‘%9"‘0;0)37 & %o, %0, %0, %o, 2 g o %,};— eé
(Z Y%, 7Y, 08 G, R 0 B D 5 Ve v, v, ORI, R 0.0, 0. D 4 0 Y “90 “@0 “eo %,
VY 2 R %, 2,2 2 T %, “a S, "%,
T 0 0 ERSCICACSNE i

1 oy ey % "0, 24 ‘; 22
@perators atfecting HVV,fo) 7% R
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https://cds.cern.ch/record/2816369/files/ATL-PHYS-PUB-2022-037.pdf

Going “Global”: sensitivity

* While SMEFT parameters define a complete basis, measurable subset is small: CMS PAS SMP-24-003
* not sensitive to all the Wilson coetticients (~180 in TopU3l scheme); need to identify sensitive directions that
can be reasonably Constramed (non sensmve ones Wlll be ﬁxed)

e H, covariance matrix of the input
measurements

® P matrix that gives the parametrisation

- Fit basis- >H1gher Correlatlon easier to 1nterpret

COSTT TV T SCETTTUSU

CMS Preliminary Basis Rotation
EVi (A" =0.001) [ 0.1 0.3 0.3 08 01 0301
Ev2 ("% = 0.002) [ §lo2-0504 -0.1
EV3 (" = 0.003) -0.1-0.105004 -01 03
EV4 ("°=0.006) | -04-0.1%80:3 0.1-0.1 0.1 0.1
EV5 (A "?=0.007) | -01 -010.1 -0.1-0.103-0.405 -0.1 -0.5-0.4
EVe (A '*=0011) | 03010105 08 050302 0.1
Ev7 (\"?=0.016) [ -01 0.1/0.50.10.4-0.30.2 0.1-0.10.10.6-0.2]
Eve (" =0.016) | 01 ol60s 01  0.10105-0.1
EVo (A "2=0032) | o1 03 -0.1-0.1:0.2-0.40.4 0.1
EV10 (}{”2 =0.048) j.z 01 0.1 . 04 -0.10.1-0.1 -0.1
EV11 (A% = 0.048) 0.1 -0.40.3-0.2-0.406 0502010102 03 -0.1 -0.1 —1 0.5
Eviz(x™=o011) [ 0.1 0.1 o1
EVI3 (A "?=0.13) | -0 10 0.1 0.1 0.1 0.1 0.10.1 0.1
EV14 (X"Z =0.14) 5 -0.1 0.10.1-0.1 0.1 0.1-0.1 -0.1
EV15 (A'”z =0.16) -0.1 -03 0.30.20.2-0.1020.30.1  0.1-0.1
Evie (A '%=017) p2_ 02 o1 0101 01 0303-02-0.105 -0.20105-03 -0.1
EVI7(A"%=024) [ 0301 08 01  -0.1-0.+0.4-0.2-0.3-0.1-0.1 -0.2-0.4 -0.4
EV18 (A "* = 0.28) 01 01 02 02  -0.1-04 02 [0801 o1 01
EVio (A =035 [ 086 01  0.6-0.2-0.10.1-0.1-0.4-0.2 0.1 0.1
EV20 (A "*=0.45) | 0.1-0.1 -0.10.1-0.1 -0.40.402 0.2-0.10.305-0.401-02 -04
Evai (A "?=047) | 0.1-0.1 0.1 -0.10.1 01 0103-0.103:0802 -01 -02
EV22 (A'%=0.61) | -0202 -02 0201 0.1-0. 0.2 019801 — 0
Ev23 ("*=0.66) [ 02  0.4:0.40.2-0.1:0.4-01-0.1-0.20.2 08/ 0.1
Ev24 (A "“=0.69) | 02 -0.2:0.206-0.10.5-0.30.1-0.3 0.1-0.2 0.1
EV25 (A "*=0.74) [ 0.1 8 o101010101 02
EV26 (A" = 0.84) -0.1 0.1 01 -0.408-06 -0.10.1-0.1 0.1 0.20.1
Eve7 (=095 | 028 o1 0.1 0.2 0.2 02 0102
Eva8 (A "“=1.4) | 02  0501-02010107-01 -030.2-0.2
Ev29 (. "*=16) | 03 0.1 03  -0.10.1-0.1 0.2-0.20.10.1 0.1-0.20.10.4 0.1  02-0.3-0.10.2 0.1  -0.30.10.3 0.1 .
EV30 (2 "*=1.8) | 0.1 0.2-0.20.10.1 01 02 0305-0307 -02 02 0.
Evat W% =20) [ -0.2 -0.10.1 -0202-0.10.102-0.402 07|01 0103 -0.1-01 01  -01-0.1
EV32 (x“m =22) | ___ -0.1 0.4-0.50.3 0.2 01  -0.2-0202 0.101 0.5-0.10.2-0.1 —1 0.5
Eva3 ("*=23) [ 01 -0 0.1 06-03-0303 08
EVa4 (A %=25) | -0.1-0.10.1 0.2 0.1 -0.1 B8 os 0.1 0.1
Evas (A *=26) [ o 05 0.1 08 -0.1-0101 -0.1 02 01010101 01-010102 -01 -02 02 02 010104
Evae (A "“=28) | 03 01 02 01 040305 06|
Eva7 (" =3.1) [ 01-0.1 -0.4 01 0.20.1-0.1 0.1 0.2-0.20.10.1 0103 0.2 0.1-0.3-:06 0.1 -0.30.1-0.1 0.1 .
EVa8 (A" =34) | o1 020105 02 0.1 0301 0402 0.2 04 01  0.101-0.1-0.101-030303 0.1
Evao (A =3.4) [ o 02 04 01 0.1 0201 03-0.1 -0.1 02 01 -0.1-0.10.1 0.1-0.20.4 0.5 0.4 0.1-0.1
Evdo ("% =35) | 0.1-02-02 0801 -0 0.1 0.1-0.1 -0 -0.1-0.1-01-0.1-0.10.10.4-0.1 01  0.10.10.1
Eval (W =a4) [ 0.1 -0.10.4 0.5-0.20/6-0.20.1 0.1 0102
Eva2(A™=49) [ 1 1 ( { | tostoq joa) | o4y fo2 | | | | b 4 04 f 0} f b}ttt 0| b2otjes totoa | fosooao20s) | 1 4 o+ 0 f || L L
FEEESIEEEEEEE 36 FITTVE S GETTTS TGS JEPS Gfd SUE UV TSP IT T HEFITI Y
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https://cds.cern.ch/record/2911229/files/SMP-24-003-pas.pdf

* While SMEFT parameters define a complete basis, measurable subset 1s small
* not sensitive to all the Wilson coetticients (~180 in TopU3l scheme); need to identify sensitive directions that
can be reasonably Constramed (non sensmve ones Wlll be ﬁxed

e H,: covariance matrix of the input
measurements

® P:matrix that gives the parametrisation

ATLAS Preliminary /s=13TeV, 36.1-139 fo~"

01487 o |l !
0.0525 cuy . 0.9
1.4962 Coy 08
0.0118 cug
0.4007 c@ 0.7
3.3245 cp 06
1.4800  Cupt api pio o.oe
0.0325 CEIZ, ~0.37 021 -0.11-0.13 0.04 0.03 05
0.3783 cézq]g, 0.44 .. 0.01 034 —0.1 0.01 0.4
1.1017 chlg, 0.15 . 0.51 0.34 —0.36 0.12 -0.06 03
4.5588 cggz, 0.04 -0.28 0.27 .—0.16 —0.22 -0.39
0.9762 cp}, .0.44 044 028 016 0.2 0.12 004 003 0.02 002 -0.01 02
0.0601 CE‘; 70.2 0.22 0.141 0.1
4.8986 C[Z] 027 70.23 02 —02 —0.4 —0.08-0.03 -0.02 —0.02 0.01 0.01
0.0010 Cm/v Vit .70.45 0.02 001 —0.23 03 001 0.02 —0.02-0.04-0.06 0.01 —0.06 0
0.0044 CH/V,V” 70.01—0.47 027 ~0.01 0.01 —0.01 004 0.02 —-0.1
0.0068 C/[-gra/v,wr 029 -02 009 0.5 003 .—o.ss 0.35 ~0.05 0.05 0.11 012 -0.02 0.12 02
0.0099 Cm/v,w 0.23.0.24 047 o.os.o.n 021 ~0.05-0.01 001 003 002 003 001 0.01
0.0162 CE},V’W —0.02 ~0.02 —0.06 —0.09 0.01 70,03. 0.24 ~0.17-0.03 0.03 0.05 —0.54 0.09 —0.54 —03
0.0252 CELV,Vf/ -0.32-0.24 017 0.32 0.04 001 -0.13 03 . 0.01 ~0.14 0.04 —0.14 0.01 ~04
0.0447 cm/v,wf —0.11 -0.13 —0.08 —0.08 0.09 —0.1 ..70.04 0.09 —0.16 —0.15 0.39 —0.06 0.39
0.1078 Cmv,wf ~0.01 -0.01 0.01 -0.03 0.03 0.07 —0.03 70.0270.31 0.05 0.05 0.01 08
0.2410 Cmv,vr/ 0.06 0.2 ~0.06 -0.08 0.06 ~0.14-0.03 021 0.05 -0.18 0.26 0.4 012 01 -0.03-001 —0.6
0.3362 CE,BIVVV,, ~0.2 04 003 043 .70.01 ~0.06 ~0.1 ~0.41 -0.05 0.02 0.4 —0.01-0.05-0.01 -0.02 07
0.3679 C/[-!V]V Vit 017 034 —0.38 —0.29.—0.01 ~0.05-0.02 0.33 0.06 —0.03-0.15-0.05 0.03 —0.05 ~0.02 -0.01
0.6538 CE,S]V Vit ~0.01-0.03 0.03 0.06 001 -0.05 ~0.05-0.05/0.34 ~0.02 ~0.05 0.06 006 0.05 0.01 -08
1.1302 cﬂﬁl‘/’w 011 023 0.14 024 001 -047 70.01. 0.04 0.1 -0.05 ~0.3 ~0.05 0.1 —0.9
2.1139 C[:lyv,vrf ~0.15-0.29 —0.16 —0.28 70,01. —0.05 0.02 . 011 023 ~0.14 —0.02 0.08  0.04
=1
o o o o of o o o o o oF o O o o W 0 od o&\ 00\006\0& \00““\ °‘§oo&\00°\ 0‘\005\0&\0&\0&\00&\\ o o o 08 o o o8 o o o o o o W® o G o o O o o (8 o S o o o
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https://cds.cern.ch/record/2816369/files/ATL-PHYS-PUB-2022-037.pdf

Global combinations:
results




HIGGS+

Most stringent
constraints

* Principal component analysis to

Constrained by
both diboson and

VH measurements

identity sensitive directions-> a
modified basis of linear
combinations of WCs 1s defined.
Constraining 7 individual and 17

linear combinations of WCs

* Linear and linear+quadratic
fit directions->
quadratic

results.

* (Complementary information.

large; validity of
the constraints -

neglected higher

" ATLAS Preliminary

® Best Fit

contributions are

—_ 68 % CL
_ _ -1
Vs=13TeV, 36.1-139 fb~* 95 % CL EW
SMEFT A =1 TeV — linear
linear+quad.
C[1] - — e — -
HB,HW ,HWB,HD,tW tB
CHa T =
| | | [ | | | |
-0.04 -0.02 0 0.02 0.04
[1] L 1 T T T T 1] UL L
Cogoy » |
! s - -
4q
CW I _JI*__ -~ |
CHg® = g
CbH E
Ca| ~— 7 o

o2
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HIGGS+ W+EWPO

e  (onstraining 6+22 directions - linear
only results.
e  Several constraints driven by both

ATLAS and LEP/SLD.

e  (Complementary information.

e Linear fits agree with the SM
expectation for most fitted parameters,
except for:

[4] ' _
o Ciyyyy > EXCESS driven by a well

. . 0.b
known discrepancy in A2’ from the
SM expectation.
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CMS Global combination

All inear combinations of WCs are varied simultaneously: 42 eigenvector directions.

The 95% confidence intervals on the 42 eigenvector directions are in the range 10 to £0.002.

The p-value for the compatibility with the SM (all Wilson coethicients equal to 0) 1s 1.7%.

The deviation from the SM 1s mostly driven by the inclusive jet measurement; when excluding 1t

from the combination, the p-value 1s found to be 26%.
CMS Preliminary Hybrid fit 36.3-138 fb™' (13 TeV)

2 - — 68% CL — 95% CL e Bestfit
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CMS Global combination

CMS Preliminary Hybrid fit, 1-by-1 scans 36.3-138 fb™ (13 TeV)

— 68% CL — 95% CL ® Best fit —— Linear —— Linear+Quadratic

e Constraints on 64 individual WCs,
obtained when fixing all other WCis :
to 0. |

p
]
—

1 T 1

* The 95% confidence interval on the

= BHoyy
S 08 wy
. . . . 2 ww
individual WCs ¢j/A? ranges from % °¢ B
(] tt
[ 0.4 BEWPO
around iQO to £0.003. 2 0.2 Mincl jet
g 0,,”“, Pitix
crlﬁsl Plrell”nlln?ryl L L L L L L U D A A U A N N B B B B B B 13613'[1 318 Ib-: (} 3 lTelv—)

* By setting ¢ to specific values, obtaned — poo..... By Wlo=1  Elgron N
constraints on WGCs are translated into = ..~ B
95% CL lower limits on the scale of © i\ 11111 i
new physics A. : ‘

ew physics S [ (ffffff |
| i
0° | 3
B 38 T VT FIU0 SY ST VI I FISTE S 3 S B S VBTGV S FS IS $§J IS SEES G FS
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Open points and challenges

e Many potential challenges and open points (that will not be fully addressed by the short-term
future EFT combinations, but should be taken into account for Run3 interpretations).

e Challenges at the level of combinations

* overlap between mput analyses;

* harmonisation of systematics & phase-space across groups;

* harmonisation of SMEFT assumptions/tools.
* Challenges at conceptual level (more for future combinations)

| meararn

» parameterisation of background: e.g. #f signal = Higgs background-> coherent modelling of #7 in
Higgs?

* inclusion of dimension8 contributions - interplay between linear and quadratic;
» matching to UV models (ATLAS Higgs combination has done it for the first time);

* moving towards higher and higher p'T’ bins-> unitarity violation at sufficiently high energy.

top EWj
Cw
. . o . . (Cus Crws Osn Gy \) O
Interaction with theory community is really important (LHCEFTWG) e LCHG ol o CJ Cun
bH C,(,ac)? C.s
ou o e Ciy CY) Cu Cua o
* reproducibility of the results. o | \S—weo =)
G| § (@, o o3 a2, o,
Cua CoiCt Cu Ci,
KC’HD tt )

Higgs

Di-Higgs Adapted from J. Ellis et al JHEP 04 (2021) 279
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Interplay between linear
and quadratic results




Linear vs linear +quadratic

CMS PAS SMP-24-003

Constraints on the WCs when using linear contributions (x A~2) vs quadratic order (< A™%).

WCs with the loosest constraints: BSM contributions dominate.

* WGs more tightly constrained: SM-BSM interference terms dominate the sensitivity.

 For now treating difference between A~2 and A~* as magnitude indicator of effect missing SM-
Dima8 interference.
CMS Preliminary Hybrid fit, 1-by-1 scans 36.3-138 fb™' (13 TeV)
i — 68% CL — 95% CL ® Best fit —— Linear ~— Linear+Quadratic ]
* Next steps: 11 .
< | L] :
1. Gollect & implement & | in | iy ¢ BTSN
o . . N< R X # | $d ¢V e | * i
available dim-8 calculations 3 {* by { ]
=incomplete but growing set). - 1
( p g g set) b ) |
2. Develop a more sophisticated % BHo
o 2 0.8 wy
strategy to quote truncation £ o6 -
uncertainty using partial & o4 .
g JEwPO
. (o] . .
calculations. g 02 Mot
T O g BT R B SIS IS S TS § SUS S SUSBIGTV RS F TSI G ST TS SO
X RS AR EIS IR XX IX XX LS SEAEIEIaIiiiiiiiciE
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Matching to UV models




)

ATLAS EFT to 2ZHDM

* Premise of EFT 1s that measurements can be mapped a posterior: to put constraints on UV-complete models

* SMEFT constraints can be rotated into 2HDM models using inputs from the theory community

Pap_er

* Relevant Wilson coefhicients (free parameters of SMEFT Lagrangian) can be expressed in terms of 2HDM

parameters: g _ g Nasg ;. >
SMEFT — <ZSM * Z A2 P Wilson coefficients
l
SMEFT parameters Type I Type 11 Lepton-specific Flipped
P yp yp P P 1YY
"ZA# ~Y;cp_qo/tan ~Yicpg_qo/tan B ~Yicp_qo/tan ~Yicp_qo/tan B
VZX# ~Ypcp_qo/tan Ypcp_qotan ~Ypcp_qo/tan B Ypcp_qotan B
2
L ~Yucp-of/tanB Y, cp_otanp Yucp-atanf  —Y,cp_q/tanf
V7 CeH 33 Y.
2
vAczH cf;_aMfl/v2 C%;-QM,%/VZ c%_aMf‘/v2 cfi,_aMfl/v2

with A the SMEFT energy scale , v the VEV, ¥, the Yukawa-couplings (Y; = \/2m;/v ), M, is the common mass of
the heavy decoupled scalars.

Angles a (mixing angle between the two neutral CP-even Higgs state) and f (tanp = ﬁ)
g

e Formulas valid in the limit of cos(ff — a) — 0 (alignment limit), in agreement with EFT" assumptions.
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in 2023 ATLAS
Higgs combination (STXS, seven

e Results obtained

decay channels) for all types of

models.
10°

* Relevant coethicients parametrised as

function of the 2HDM parameters.

* self-coupling role studied separately
for type I: adds a vertical constraint in
the 2D space of cos( — a) — tan f3

(negligible for other types)

 Mapping is affected by missing
SMEFT dimension-8 operators:
from SMEFT

parameters weaker than from k-

10°

e constraints

ATLAS Preliminary
Vs =13TeV, 139 fb~!
mp, =125.09 GeV

= EFT Obs. 95% CL
——- EFT Exp. 95% CL
EFT Obs. 95% CL (with cy)
—=—= EFT Exp. 95% CL (with cy)
=== SM-like coupling

1

2HDM Type-l, My = 1 TeV

~
S~
~o
~.
~
Ss \
~
~,
~
S
~.
~

J
0.0

-0.4 -0.2 0.2 0.4

cos(B —a)

ATLAS Preliminary
Vs =13TeV, 36.1 - 139 b~
my, = 125.09 GeV

@ EFT Obs. 95% CL
--- EFT Exp. 95% CL
---SM-like coupling

2HDM Type Lepton-Specific

ATLAS Preliminary

Vs =13 TeV, 36.1 - 139 fb~!
mp, =125.09 GeV

2HDM Type-II

[ EFT Obs. 95% CL
--— EFT Exp. 95% CL
--- SM-like coupling

10!

tanp

100

1
-1
10 -0.4 -0.2 0.0 0.2 0.4

cos(B —a)

ATLAS Preliminary

Vs =13TeV, 36.1 - 139 fb~!
my = 125.09 GeV

2HDM Type Flipped

[ EFT Obs. 95% CL
--- EFT Exp. 95% CL
-=--SM-like coupling

10!

tanp

100

parameters
e —0.2 00 0.2 0.4 ] —0.2 0.0 0.2 0.4
cos(ﬁ—a))Hm1(2024)Q97 cos(B —a)
SMel HC2025 - 08/04/2025 Elevnora Revsi 23

EYPER aENT


https://link.springer.com/article/10.1007/JHEP11(2024)097

Reproducibility of the

results




& Simplified likelihood

Complexity of the model makes the fitting long and CPU expensive: a quick way of studying it is
with simplified likelihood fits

MultiVariate Gaussian model (MVG) constructed as:

where /i are the POlIs best fit results obtained over the full statistical model and C, 1s the covariance

matrix at the best fit values, encoding information on statistical and systematic uncertainty

Simplified likelithood model:

e format to deliver results for re-interpretation;

* make available digitally all information needed to reproduce Gaussian version of measurement and
SMEFT interpretation

* signal strength modifier + correlation matrix + parameterisation.
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& Simplified likelihood

————— Results from the full likelihood fit compared to those using a simplified

ATLAS‘P‘reIimiﬁéry | e Best Fit

aTeV.deisem  — B8%CL o : . : .
e A et Y likelihood following a multi-variate Gaussian approach:
Linear parameterisation —— Simplified likelihood

 minimal differences between the two methods;
* the simplified model 1s nuisance parameter free, as the effect of all

uncertainties 1s encoded 1n the covariance matrix-> computationally

Inexpensive.

CMS Preliminary Fit without ttX, 1-by-1 scans 36.3-138 fb™ (13 TeV)

— 68% CL — 95% CL ® Best fit —— Simplified — Hybrid

HVV, Vff
8

CbH

¢/ A® (TeV?)

c[va, vif
Cic
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top
CuH,dH,Ho

(4]
Coger
2]
4q

13]
c[va, vif .

14] Pt
fewro
Iincl. jet

c[H Vv, Vif
CeH

CiH

fractional contribution f
© o o o
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11 e

BH-yy
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IZ—)vv

xxxxx
xxxxxxxx
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What'’s next?




g %] Current and future plans

Several channels/data samples not yet included in current ATLAS +CMS EFT combinations

* Higgs
e Rare processes H — cc, VBF — Hy

e Off=shell regions of H>WW and H—ZZ

* Angular observables sensitive to CGP-odd operators (in both production & decay)

e full STXS results for both ATLAS and CMS

* Run3 developments (like new STXS scheme) will offer nice opportunities to further improve our
limits

*  Higgs pair production

. increasini number of SMEFT interpretation: preparing for future combinations
o

* dibosons, Drell-Yan, top-quarks

® [Efforts are on-going to pave the road for future combinations (e.g. shared STXS parameterisation)

Several open points we can try to address while working on Run3, e.g.:

* experimental side: background parameterisation
Stag tuned!!!

e theoretical side: dimension8 contributions

SMeLHC2025 - 08/04/2025  Llevnora Repsé 28 &K

vvvvvvvvvvv



Thanks a lot!!
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Going “Global”: parameterisation

* Impact of Wilson coefficients can be visualised (linear here)-> Value of ¢; scaled appropriately
for plotting.

 Large class of operators can be constrained by different sectors: H — yy from CMS shown.

CMS Preliminary Wy Z—vv ww 36.3-138 fb™' (13 TeV)
2 T T 1 T 1T 17T T T T TT7I T T T T 1 1T T 1T T T 1 T T T T 1
s ] 4 |
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* Impact of Wilson coefficients can be visualised (linear here)-> Value of ¢; scaled appropriately

Going “Global”: parameterisation

for plotting.

 Large class of operators can be constrained by different sectors: H — yy from CMS shown.
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ANfd  Going “Global”: parameterisation

EXPERIMENT

* Additional sensitivity coming from EW measurements and EWPO, e.g. ¢W that cannot be disentangled
using just H — yy decay -> ATLAS parameterisation shown
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Simplified likelihood: reinterpretation

ArXLV:22B02.06660

(1]
Ctop

e The open source SMEFiT has been used to reproduce
the ATLAS EFT interpretation of LHC and LEP data.

Celd 7

e The SM and linear EFT cross-sections from the ATLAS
measurement are taken and parse into the SMEFIT dibvs]

. . s —
format adopting the same flavour assumptions for the s
14+ 1 chvvyss]
fitting basis. e
CHVVVSf

[10] J
Cuvviss

e Good agreement is obtained both in terms of central Svvwir]
i8]

values and of the uncertainties of the fitted Wilson i

7

coefficients. o i
CHvvVsf ——

e Furthermore, similar agreement is obtained for the &

) 4
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Statistical model

1. Poisson distributions multiplied with constraint terms f for each nuisance parameters

Higgs

N N, bins S)’S !

L(x pu,0) = H HPOlsson(Z NE + Z,NO), 1 e]H[ (f(6) )

2. The likelihood L (x

|, ©) for an individual measurement is modelled as a multivariate Gaussian

L (x|c,0) =

Stat-only covariance

e (28 0 e | Jae
P i

Common nuisance parameters (0) are correlated (later in more details)

Include impact of NP of expt. and theory unc

3. No nuisance parameters and both theoretical and experimental uncertainties are included

1n the covariance matrix. LEP

1
L) = exp(—(u = ) C = )

Total covariance

Gaussian
constraint
terms
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EFT to 2HDM

e Type I: one Higgs doublet couples to vector bosons, the other to fermions.

e Type II: one Higgs doublet couples to up-type quarks, the other to down-type quarks + charged

leptons.

e Lepton-specific: coupling to quarks as in as in Type I, coupling to charged leptons as in Type 11

e Flipped: coupling to quarks as in as in Type II, coupling to charged leptons as in Type I

Coupling scale factor Type I Type I
Ky SB-a
Ky Sg—a +Cp-o/tan B Sg-a +Cp-q/tan B
Kd Sg-a +Cg—qoltan B Sg-e-tanfB cg_q
K] Sg—a tCp_oltan Sg-a-tanf cg_q
Coupling scale factor Lepton-specific Flipped
Ky SB-a
Ky Sg-a tCp-oltanf  sg_o +cp-o/tanp
Kd Sg—a tCp-o/tan B Sg-o-tanf cg_q
K] Sg-a-tanf cg_q Sg-a +Cp-oltan B
The Higgs self-coupling can also be re-parametrised as ~ =aper
ey ye————yas WIN- LU
i m? m2 § = Spep = MAtAsy

alignment limit: 72 close to m,->

m=m, =1TeV
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https://arxiv.org/pdf/2005.10576.pdf
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10! 2HDM Type-I, Ma = 1 TeV -==- SM-like coupling
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2HDM Type-II
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