SMEFT parameterisations for STXS

Ana Cueto and Matthew Knight

28" December 2022
19t Workshop of the LHC Higgs Working Group

Ana Cueto and Matthew Knight SMEFT parameterisations for STXS 28/11/2022



Introduction: Why SMEFT?

A General success of the SM, so far, at the LHC in the Higgs and other sectors
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Introduction: SMEFT formalism

A SMEFT extends the SMLagrangianwith higher-order operators keeping the same
symmetries and particle content as the SM

d=6 =8
Z C; d=6 z: ¢ d=8
QSMEFngSM-l_ F@ + F@ +...
I ]

— >
A Constraining an EFT coefficien¥ Constrain several UV >M1< !

- p? — M? —M?
theories
i
A SMEFT is a complete QFT theory allowing for NLO i BSM
calculations (in contrast tog-framework) SM
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SMEFT choices

TRUNCATION OF THE
EXPANSION
(dimension of the considered
operators)

DIM-6, 1/ ? or 1/ ¢
(Analytical calculations available for
ggY hY [T up to dim-8)

WARSAW
(RGE known)
mW INPUT SCHEME
(mW, mZ and G- fixed)

BASIS AND INPUT SCHEME

SEVERAL CHOICES
FLAVOUR SYMMETRY

U(3)s ¥
U(3) XU(3) XU(2) X(2) XU(2/3) 4
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SMEFT calculations

A SMEFT predictions in the Warsaw basis can be obtained through:
UNIVERSAL FEYNMAN OUTPUTS TO BE
ANALYTICAL CALCULATIONS INTERFACED WITH MC GENERATORS

Link arXiv.2008.11743

SM @ SMEFT@NLO

d Dim-6 operators at LO @ DIm-6 operators

%Zi‘;?fﬁgg:gz1+519@j§é,+504é}fg(é§)5—iéﬁf,‘?)+3.15x 10* (G192 + 504 G5, d 10 mOdels W|th d|fferent Compatlble Wlth NLO QCD
+1.58(C~‘$f}:736"}ﬁ))+362(:‘§§};71.59(’:‘&,712,6Re(:‘f,271.126055)77<70Rc(5'f,‘2 1og(iif‘) ﬂavourstructure and |nput Ca|CUIat|OnS
arxiv:2109.05595 parameter scheme d mW-input parameter
Can be direct 4 risat d Effective vertices foggh, SCheme
an be directly used irparametrisations bt andhz d U(3) xU(3) XU(2) X(2) X
- d Linearisedpropagator ~ Y(3)q flavour symmetry
No flexibility corrections

Very flexible, predictions can be obtained for a
large variety of processes
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https://arxiv.org/pdf/1807.11504.pdf
https://arxiv.org/abs/1906.06949
https://arxiv.org/pdf/2109.05595.pdf
https://smeftsim.github.io/
https://arxiv.org/pdf/2008.11743.pdf

SMEFT calculations

Brian Moser @ HIGGS2020

coefficients from simulation

SM/dim-6 interference : dim-6-squared .

“linear”] ~ 1/A2 +— [“quadratic”] ~ 1/A%

complete i

Agrr|? = |Asm[>+3 | Asm - A8V | + g2 |ASY )F incomplete

7 | Aswm - ‘”|+A2|A ALY 4

A Linear part is fully known, while quadratic part can help to assess the convergence of the

expansion
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https://indico.cern.ch/event/900384/contributions/4063544/attachments/2131095/3589029/BrianMoser_ATLASHiggsEFT.pdf

Parametrisations

A Simplified template cross sections provide a natural framework for SMEFT interpretations

%+ Maximizing experimental sensitivity =+ Minimizing the theoretical uncertainties
<4 Isolation of possible BSM effects <= Suitable for global combinations
== Not fully fiducial == No Higgs decay information
Stage 1.2 _
I ]
A Different productions modes P (0,200 pf 200l |,
are targeted separately in C C i 200
. . = 0-jet = 1-jet > 2-jet
different bins Pl | 300

=]

A Bins defined at high it LT o5 50, 450

10 m;;
momentum/invariant mass 350 650
with enhanced EFT effects e o0
. 1000 ng/pg
1500
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Parametrisations

A For STXS interpretations, the likelihoods are reparametrized in terms of the Wilson

coefficients _ . ( rH-X  pHoX \
0-1 0-I 1 + rH—)X + l-'H—)X
(O-xB)isH—)X — (O-XB)I’H_)X 1 + int,(N)LO n BSM,(N)LO
B SM,(N(N))NLO ot ot rH ré‘IS "
SM,(N)LO SM,(N)LO \ 1 + F?It + H

A Several choices in th@arametrisations

i
i pQCD order of the calculations O-_int _ Z A% ¢; BSM Z B iy
Merging of bins/partial widths according to L - J

~

SM
best known crosssections or SM results of the
. FH—)X rH—)X

EFT calculations int AI—-H—»X BSM rH—)X
i Inclusion of linear propagator corrections rH-X Z J €j rH—>X Z Cick
< . , SM Jj
| How to treat ratios: Taylor expansions vs full

ratios .|n the likelihood I B AFH | FBSM B BFH
T Inclusion of acceptance effects due to TH i € rH ik CjCks

requirements in the reconstructed objects in J SM jk

different analyses
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Constrained parameters

A Higgs STXS measurements are sensitiveadarge number ofoperators

1 Not enough constraining power even in combined measurements

A The goal is to not set to the SM value a priory to any parameter andnstead make a simultaneous
fit to take into accountcorrelations among parameters

1
only parametrisation

1 Keep all operators but remove flat directions

§ Sensitive direction
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Perform a PCA starting from the inverse of the covariance matrix of the measurement and propagating the linear
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2019042
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https://cds.cern.ch/record/2694284/files/ATL-PHYS-PUB-2019-042.pdf

Experimental

Interpretations




SMEFT STXS interpretations in ATLAS

A Common trend to include SMEFT interpretations in single channel analysis

1 Less constraining power than STXS combinations
1 But useful when additional studies or other ways of presenting the results are checked
304-_'"'|‘"\""|H"\"H|"""‘_- »«é4.5_ ----------------------- ] ém—""l""l“"\"" R RRRRE
_‘E ) ATLA?Simulation —_sM . :‘E 4;ATLAS :linear(no_spnt) ﬁ N. 95 e :4111;1_{:3,139%1; oy _
€ 0.35— H—ZZ" -4l - Cyp=-3.0 — 1 [ Vs=13TeV. 139 fo! linear (split) ] - ] ]
> C Vs=13TeV o™_ 08 S | ' 2 lin. + quad. (no split) 8 my, = 125.09 GeV, |y, |<2.5; SMEFT =
2 35 g2 o Cppy=0.8 R 2 3.5p Boosted VH, H 5 bb lin. + quad. (split) ] 7k Linear (obs)
§ . - v Gy =3.0 ] 3:_ A =1TeV, Asimov fit _ ] Linear + prop {obe)
‘T 0.250] 3 g i 61
E . 25 ;
=z O.2j§ - . E
L1 ] 2r e N N AR e
015 i__ . i g 95% CL
0'1?% E 1 i3
008 " s E 0.5F \ ) _ | N AN E
% 70 b AL ] B30z o o0
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m,, [GeV]
Acceptance effects irH->4 Impact of splitting high pTV Effects of linear propagator
bins in H->bb corrections InHY ['[

An the following, we will focus oninterpretations of combined measurements
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-28/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-52/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2020-16/

SMEFT STXS interpretations in ATLAS

A Combined Higgs results based on likelihood level ATLAS-CONF2021053
combination
1 Product of individual analyses likelihood Decay channel Target Production Modes £ [fb™"]
1 Negligible overlap between them H — vy geF, VBF, WH, ZH, ttH,tH 139
I Coherent treatment of signal modelling uncertainties H— 27" gsl’, VBE, Wi, ZH, “Hgg 1%% .
across analyses : :
\ ggF, VBF 139
Lyl HH  36.1
ggF, VBF, WH, ZH, tt_H(ThadThad) 139
Mt ttH  36.1
: WH,ZH 139
ANot all input analyses used for STXS H — bb VBF 126
: : ttH 139
measurements (and thus SMEFT interpretation) . " T R
I SMEFTsim3.0 with U(3P symmetry andmW-input H— Zy goF, VBF, VH, ttH 139
scheme for tree level processes H — inv VBE 139
SMEFT@NLO for loopnduced processes

. = Not included in STXS
Analytical calculations forHY [ [ at NLO EW measurements

Detector acceptance corrections forH4l and HY I I
Only CP-even coefficients

_( =—C = =
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-053/
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.095005

SMEFT STXS interpretations in ATLAS

ATLAS Preliminary Toial Stat Syst
Vs =13 TeV, 139 fb” B,y/B mE=— 109 105 (1 s0m) ATLAS-CONF2021-053
my, =125.09 GeV, |y, | <2.5 8,58z e 078 '3 (102 4018
+014 (4011 +009
Py = 92% Buw/Bzz- Pt 106 o35 (g0 008 )
—— Tota stat. Br/Bar r— 086 01 (7030, ‘oos)
=== Syst. 1 SM 0 (13 1 15 B

Total Stat. Syst.

0et, plf < 10 Gev - 089 0B ( 5.
O-jet, 10 < p'f < 200 GeV 114 1O (=002 100
- Z | A37 kinematic bins measured across 5 production
- +0.28 025 +013
1-jet. 80 < p¥ < 120 GeV ri-u 106 “o57( “paasloiz) u u
. 1:et, 120 < ¥ < 200 GeV — 066 oas( Thae.7517)
— . .
aq 'z = 2-jet, mﬂ.:SSGGeV‘pfr‘%SOGeV [ — 0.47 A:.gg( +0.98 ‘Anu)

| H +044 ( +038 +023
= 2-jet, m; <350 GeV, 120 < P <200 GeV 054 oo ( _g_gg 4_g§2
+1.101 0+ +

g 0.39
= 2-jet, m; < 350 GeV, 60 < p*r" <120 GeV  y—immmm—t | 0.25 +053( +0.46,:026) I I l O d e S

)
= 24et, 350 < m, < 700 GeV, p!! < 200 GeV ——y 276 TIIL( 199 tpezy o . . .
i +1 +
ot e RCIR ) I Crosssections of the bin span over 4 orders of magnitude
o0 s o ol e 1
o2 450 GeV b nes TI( 11803
""""""" o Tt P gy
= 2-jet, m; < 350 GeV, VH veto ey 2.98 j:g( fl:gg,ig;g)
2 2-jet, m; < 350 GeV, VH topo ———— 1.00 73223( jj; 73;2;

+049 , +044 +022
> 2-jet, 350 < my, < 700 GeV, p!! < 200 GeV ...__.I 033 ol ( Todtoos)

. . .
) +071 ( +062 +035
B o i = =0 AlLarger reach in transverse momentum or invariant
# | 2 24et, 1000 < my, < 1500 GeV, p? < 200 GeV/ ——— 138 057 ( +050 <029
= 2-jet, m; = 1500 GeV, p’;‘-: 200 GeV ._'-_. 145 039, +035 +018
,'.-.. +031 ¢ +027 +0.15

............. e e T UED) mass thanks to the combination of analyses

v +1.17 +1.15 +022
pY <75 GeV [———— 247 i ( Iz 0%2)
—

e | = o e [ gqY Hgg access to highemjj values thanks to HWW
_ o R y . .

""""""" _:, | BoostedVHbb has an increased reach ipTV wrt.
150 < p¥ < 250 GeV e, 130 +983( s 0%

o5, | F0< < = o R Resolved analysis
pY 2400 GeV —— 0.39 )
ttHbb gives access to higlpTH tail in ttH

—_

Py <60 GeV —— 075 5% ( Tom. o5

60 < p't < 120 GeV ——— 069 053 +049 -020,

120 < P v +0.55 +050 +023

LASTISR Pls oo —_— v TEB( 18R
T " -0.52 -048 '-020

300  pl! < 450 GeV v— 0.28 t073( r088 045,

p:zﬂrSOGeV |—_-I-—| 0.16 7:33( t;;:.,lsg)

tH % By - 290 T35 ( 35 05)
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Parameter normalised to SM value
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-053/

SMEFT STXS interpretations in ATLAS
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-053/

SMEFT STXS interpretations in ATLAS

R. Balasubramanian ATLAS-CONF2021-053
ATLAS Preliminary s=13TeV, 1391}

4 Cig > WH, ZH production :
CdH > Hbb: b yukawa Bos
CeH > Hzr: 7 yukawa | 0.6
cE}i.]‘HE ~0.62 HZZ : Higgs-EW-leptons 04

Cht 083 08| Fermi constant modifier

[1] _ | [ 1102

Eit czzz:::: : _00.9 > ZH : Higgs-EW-quarks 1 g

AIrections |, . e oomm e R <=

—0.2

2
Ch,HB,HWB,HOD W B W ‘O'HH_“‘M —0:05.—0.02 ~0.0¢ 00 > Hyy, VBF, VH : Higgs-EW

c[:j] 043 017 0.13  0.03 0.07 0.0 _04
HW, HB,HWB,HDD,uW uB, W 43 o 13 003 0.07 o

A 00t —06
HG uG uH .
[2]~ — > ggH : Higgs-gluon, top yukawa
CHG,uG uH 0.04 | -1 009 08
Ctl'lolp ttH, tH : top operators < 0.2 —0.05 —0.02 —0.38 —0.08|~0.78 —0.01 —0.23 —0.05 —0.02 —0.37 .
. o & \ B o i ¢ G ¢ & = & = B @
Sy A e B e o e G,ﬁ o %\?1 (,\*"‘l% (,\"00 P & o Ry S & e S S Sw S S o &y

Warsaw basis coefficients

A PCA analysis after grouping operators according to their impacts in physics processes
1 13 parameters can be proven with uncertaintidg 2 and manageable correlations
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-053/
https://indico.cern.ch/event/1076709/contributions/4596391/subcontributions/357014/attachments/2350536/4009131/20211117_atlas_lhceftwg.pdf

SMEFT STXS interpretations in ATLAS

ATLAS-CONF2021-053

A Resu!ts provide_d _considering only the linear dependence ATLAS Frelminary oy
on Wilson coefficients = 12508 G, 1] < 25 ~e Best Fi

SMEFT A =1 TeV

AIn agreement with SM (¢ = 0) 1 (<10 ——

) SO PP L _
Ciw 18,1wB,HoD.uw.uB,w (%10)

A Sensitivity improvement from previous rounds of these al ——
interpretations ~015 —01 —005 0 005 0.1 0.15
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-053/

SMEFT STXS interpretations in ATLAS

ATL-PHYSPUB-2022037

A Interpretations of combined measurements from Higgs
(same dataset as in the previous analysig)ibosonand
EWPO from LEP

0.25

© e B T —
S 7F ATLAS Preliminary | —sMm
Y i i = L : —Chw =3
| Focus on the Impact of Higgs measurements 5 0.2 My = 12GeV —Cyy=-1
Q : Cryy = 1
. . . . b5 - Cyyw =3
A Main changes in the parametrisation: 2 0450 F B
. . 4] ’ L
i Move from U(3) to U(3) xU(3) XU(2) X(2) XU(2)4 (in light of more global £ S T s
combinations including top data) 2 o
1 Inclusion of linear propagator corrections in the parametrisation '
1 Acceptance corrections revaluated for the analysis including linear propagator
corrections. 0.05 ! .
A The Lorentzian functions are Tayloexpanded to keep only terms up to 102 or up to 1/ O ; ]
once they are added to the production and decay side parametrisation O Ll 1T ]
0 70
m,, [GeV]

A Parametrisation of EW pole observables only in the linear
approximations
1 Two different fit setups: Higgs+dibosonand Higgs+diboson+EWPO
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-037/

SMEFT STXS interpretations in ATLAS

ATL-PHYSPUB-2022037 A Parametrisation in terms of few
wz 2| ww 27 Wilson coefficients

S .4 F ATLAS Preliminary - . . .
c 04r
5ol —— . - N o I cW has an impact indibosonand
i, L HY [T measurement
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-037/

SMEFT STXS interpretations in ATLAS
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CuH dH,HO
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ATLAS Preliminary e Best Fit
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o - ——
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Parameter Value
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0 02 04 06 08 1

expected fractional

ATL-PHYSPUB-2022037

A Trying to use as many single operators as possible in
the fit basis

A SeparatecHG, ctG and cuH group (less correlations
than in single Higgs analyses)

A Several POIs constrained solely by Higgs results but
also nice interplay withdibosondata in some others

SMEFT parameterisations for STXS

28/11/2022


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-037/

SMEFT STXS interpretations in ATLAS

ATLAS Preliminary

Vs =13TeV, 36.1-139 fo"
SMEFT A=1TeV
Linear parame! terisation

o Best Fit
— 68 % CL
....... 95 % CL

I Higgs
B EWPO
EwW

15 —10 -5

0

5 10 15

Parameter value

0 02 04 06 08

expected fractional
contribution
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ATL-PHYSPUB-2022037

A The inclusion of EWPO LEP observables induces large
correlations favoring the grouping of large number of
parameters

1 6 Wilson coefficients measured alone

A Measurementsre in agreemenwith SM expectations

I Except forcHVV,Vffl4l whose excess comes from the tension in
the Az measurements from LEP

A Results from the full likelihood fit compared to those
using a simplified NLL following a multivariate
Gaussian approach

1 Minimal differences between both methods
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SMEFT STXS interpretations in CMS

A Combination of production modes
and decay rates of the Higgs
couplings

A Interpretation done using the HEL
Lagrangian

A Interference and quadratic terms
considered

A Considering coefficients not tightly
constrained by other measurements

A No acceptance corrections for
detector effects applied

Y4

Ww

'L

bb

HIG-19-005
35.9-137 fb'' (13 TeV)
CM_S, —— Observed +1c | i combined +1c
Preliminary P, = 90%
L | 1 | -
; . o L
R T . SR S :
— L | i
2.452% | | i
| —:.— - —:ID—
0178 [0 2] | |
0 05 1 15 2 25 0 1 2 3 0 1 2 3 4 5 0 1 2 3 4 5 05005115225
ggH VBF WH ZH ttH
u!
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-005/index.html

SMEFT STXS interpretations in CMS

HIG-19-005
A Results prOVided In two different HEL Parameters  Definition Others profiled  Fix others to SM

. . 2 _1'03+1.53 —0.78+1'11
scenarios: axi0t = e i
I Profiling other parameters 2 1 43;§,j§8 0 27;}:‘1)é
I Fixing other parameters to the SM value ¢ < 10° cc =" ver T
—2.74 —-1.01
0 68+0.82 0 43-!—0.69
) : L <10 L= —p2du ~0.83 ~0.69

A The first one provides looser . TR (19%) +0es)
constraints, buttakes into account 0 Y 0.59*103 —0.017931

correlations - e (*1%) %)
. . __2f —0.574573 —0.7520¢s

A Results consistent with the SM ce x 10 Cr= U (02) (13%)
eX eCtatlon m 1 454—4:72 0.77+O:84

; w0 o= Gl 5 (i
—3.27 —1.38
12 2 2 16+2.84 0.62+1'06

(cww —cp) x 10° ey = ?ij\v—gv, cp = zgfw% ;222) (+%:§§)
—5.00 —1.23
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-005/index.html

Future CMS STXS Interpretation

A Combination of full Run2 STXS measurements is ongoing
1 Better statistics will lead to tighter and more directions of constraint

A Major changes and improvements to parameterisation

-_C =

A4
I
N~
I
A d
I
A d
I
A d
I

Moving to Warsaw basis

Aligning with LHC EFT WG conventionsfor EFT combination between experiments

A Input parameter scheme:"Oh i

A Flavourscheme™(¢) i "Y0) ; (topU3l in SMEFTsim

Quadratic parameterization considerirgl CP-even and CPodd operator’
Using mainly SMEFTsinwith SMEFT@NtdDloop-induced processes@Q@nd "Q"Qw) O

Analytical derivations for( © [ Tand( © :[ including oneloop electroweak SMEFT corrections
Acceptance corrections folO© 1 @and0° a ' a’
Taking inspiration from dedicated EFT analyses whenecessary

A PCA and rotation of Wilson Coefficients

*except where SMEFT@NLO is used

Ana Cueto and Matthew Knight
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https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCEFTExpCombinationConventions
https://arxiv.org/abs/1807.11504
https://arxiv.org/abs/1801.01136

Theoretical

Interpretations




Global fits from theory community

[Anisha et al.
(2111.05876)]

[Brod et al. (Gambit) (2203.03736)]
[Almeida et al. \

(2108.04828)]
[Dawson et al.
(

2007.01296)] EDMs

[Ethier et al. (2105.000006)]
[Ellis et al. (2012.02779)]

[Greljo et al [Aebischer et al.
(2104.02723)j (2102.08954)] J
] [Ethier et al. (2101.03180)]
DY [Bellan et al. (2108.03199)]
+
PDFs
[de Blas et al. (2007.01296)]

Adapted from Ken Mimasu

Slide taken fromAnkeB i e k o dalktatd HC ET WG 4" General Meeting ay 2022)
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https://indico.cern.ch/event/1136803/#5-theory-recent-eft-results-20

Global fits from theory community

Ties
-
*

Today " s nghgey3l- o [Brod et al. (Gambit) (2203.03736)]
[

Almeida et al. \
(2108.04828)]
[Dawson et al.
(

2007.01296)] EDMs

[Ethier et al. (2105.00006)] Higgs
[Ellis et al. (2012.02779)]

[Aebischer et al.

[Greljo et al. -
(2104.02723)] (2102.08954)] J

] [Ethier et al. (2101.03180)]
[Bellan et al. (2108.03199)]

DY + Top e
PDFs

EW

\——/ [de Blas et al. (2007.01296)]

Slide taken fromAnkeB i e k o dalktatd HC E&=T WG 4" General Meeting (May)

Adapted from Ken Mimasu
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SMEFIT Global Fit

Combined SMEFT interpretation of Higgsgiboson and top quark o
data from the LHC [2105.0000% § MEFIT

ADatasets: i s
. i . ramework aesigne
I LHC: Higgs, top, anddiboson(VV) production to searvc\:lh indirelcgzly for
I LEP: Electroweak precision observables (EWPO) + VV production new physics using
: : : : : broadest possible
A Constrains 36 independent directions in EFT space dataset P

1 Marginalised constraintsvithout PCA

AExtensiveSMEFT@NI®age in Higgs
T All but VBF and '0° & (& «w have NLO corrections

ANo acceptance corrections in STXS parameterisation
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https://arxiv.org/abs/2105.00006

Top and EW Inputs

ook (inclusive) 94
\ ‘ﬂlv‘ \E 14
. S|ng|e top (inc'usive) 27 Mixture of Runl and (mOStIy)
Top quark production — — partial Run2 results from CMS and
0t 9 ATLAS (seebackup
0s Ve T0e Al 6
Total 150
LEP-2 40 — o production differential inA T ©
Dibosonproduction LHC 30 —— wwandw w from Run2 2016 o ¢fb1)
Total 70 (backup

EWPO from LEP not included as a dataset
Instead introduced by setting certain linear ~ > Unlike ATLAS interpretation

: : o and, for example2012.02779
combinations ofo to zero (see later) (global fit by J. Ellis et al)
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https://arxiv.org/abs/2012.02779

A Consider inclusive and differential (incl. STXS) signal strengths

~

Choose differential where there is an overlap of events

0O 6 6 T Incl. * ATLAS+CMS 1606.02266
8 20 O o dit Fho i Incl. 2 ATLAS 1507.04548
13 80 006 6 i BIR Incl. ¢ 16 ATLAS 1909.02845 o
13 36.9 [OSNMNUATATAT L AR Incl. * 24 CMS 1809.10733 —> ‘?F,),“t oo Qnto
_ w Qand w Q
13 35.9 QIO 6 o T 0 O 9 CMS 1812.06504
O GdF AN
13 39.1 QI 6 1D IO Q JN 9 ATLAS 1805.10197
P O® T a
13 79.8 6 "B B0 G Q TN 5 ATLAS 1903.04618 |
13 79.8 RO 0 O SINAYA Lon 6 ATLAS 1909.02845 L STXS
13 77.4 "QONO | T . 6 CMS 2103.06956

I

A Better constraints possible in future by including full Run2 results now published by CMS and ATLAS

Ana Cueto and Matthew Knight
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https://arxiv.org/abs/1606.02266
https://arxiv.org/abs/1507.04548
https://arxiv.org/abs/1909.02845
https://arxiv.org/abs/1809.10733
https://arxiv.org/abs/1812.06504
https://arxiv.org/abs/1805.10197
https://arxiv.org/abs/1903.04618
https://arxiv.org/abs/1909.02845
https://arxiv.org/abs/2103.06956

Operator basis

AWarsaw basis andd hx RO input —
parameter scheme

Nyof Independent DOFs

Gor Bo> B
AFlavour scheme™c) ™M) o) four-quark B i <l
(aligned with SMEFT@NLO
1 Slightly different to SMEFTsintopU3lI :
™M) ™M) ™M) where third

DoF in EWPOs

14 8 1 8

Cius Crus COms
(two-light-two-heavy) tur “tur “Qu

1 s 1
CQus Cia> Crds

Q> €
four-quark C%QQ’ CSQQ, Cbp
generation is treated completely independently (four-heavy) ° & ch
1 Universal symmetry in the lepton sector: four-lepton 1 o
(!Kp) !Kp) ) Ct(P’ GG, Cb‘P’ Cg(ale)ﬂ C(E03£)1’ 0;122
- . @3 1 3
A Initially consider 50DoF bwo-fermion Copr Cron COVs Gty Gty Gty
(+ bosonic fields) # 12, Cog Coq Cipes Copy Cors
. . osonic neids
A After applying EWPO constraints 36 ), o,
iIndependentDoFsremain Cout Codi
Purely bosonic 7 ol CoBs CoW> “eWB: CoD

Cods CWWW
50 (36 independent) 34

Total 16 (2 independent)
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Operator dependence

Class DoF t vV t tV HQQ b (uf, h(uf, | h(STXS, | VvV Class DoF t tEV t tv HOQ b (ud, h(uf, | h(STXS, | VvV
k2 T 1 T
Run-T) Run-IT) Run-1II) Run-I) Run-II) Run-1II)
o v v v v v v Cte v v v
A e v v v v v v
CQ.q ("/) (‘/) v (‘/) (‘/) (‘() Ch v v v (b)
cgﬁ v v (v) (v) v v v v Ceg v v
3.1 c v v
¢ v (v v v v v v v e
gq () ) (v) ) (v) o , y p p p
&, v v v v v v o p / Py Py
Ctq V) | v v ) ) ) B 7 (b) v v v (b) v (b) v (b)
e, v v v v v v () p , , , .
_ i [
Zheavy- | 1 «) | ) y (V) (V) (V) Fformion | ‘e Py P Py P
Tlight | 8 v v v v v v e
) v v
hu V) | ) v ) (v) (v) ;’;;
&, v v v v v v Col; v v v v v v
. v v v
Cta ) () v (v) () (v) Cp
8 v v v v v v ide v v
Qd Cor v v
Cha «“ | © |l v | W ) e PR R I , p p ,
1
‘QQ g & v v v v v v
8
°QQ f Cou v v v v v v
4-heavy ety v Cod v v v v v v
g y A I
Ctlt v CoB
Llopton | o 7 7 7 v 7 v burely Cow j j i
P - - Czpd
bosonic | ¢ v v v v v v v
CoW B v v v v v v v
cwww v

A Many operators depend on multiple sectors
A Helps to break degeneracies and constrain
more directions simultaneously
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Treatment of EWPO

A Electroweak precision variables place constraints on:
0 B MW MW B B B D pphd
A For example3 is dependent orn)

I LEP measurements oo BRs will well constrain this

T No need to constrain with Higgs ph
direction

A Two approaches: 0 %o D %o o«

1. Include EWPO as an additional dataset and parameterise the observables
(as in ATLAS combination)

2. Set directions in SMEFT space to zero (approach used here)

(N ()
. . . .. . . . v 9061' \ tw 4tW
A Set 14 directions to zero angarameteriseéwo remaining directions withc (1) 0 1
and @ Cot; i
C _ _ —> | Cee/u/T (1) 7
An principle, LHC can compete with LEP EWPQlibosonchannels c%g)) | o o (%WB)
1 1
OCOapproach 1 is optimal ™ bstep appr oac| Ttw _41t—2w oD
: : ! . Cou 0 =
A Approach 2 to be included in updated version SMEFiIT Cod 0 _3%
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Parameterisation

A Linear and linear + quadratic parameterisationderived
with SMEFT@NLO

A Higgs scaling equations rexpanded to appropriat@rder

~

~ ~

D, 0 30k GO —s 1tor2Mdorde

A Extensive use of NLO SMEFT predictions

A Comparing to ATLAS Higgs parameterisation, NLO is
now also included for:

\%4
\%4
~

A 1P ¢ Qonly Q'@ ¢ @ ATLAS)
(0s (0]

00 G

A No acceptance corrections applied in STXS

A Parton-level calculations only

\%4

Interpretations from ATLAS and CMS tend to use Pythia for
parton shower and hadronisation

Category Process SM Code/Ref SMEFT
_ MG5_aMC NLO
tt (incl) NNLO QCD NLO QCD
+ NNLO K-fact
_ LO QCD
t+V NLO QCD MG5_aMC NLO
+ NLO SM K-fact
MG5_aMC NLO
Top quark single-t (incl) NNLO QCD NLO QCD
+ NNLO K-fact
production
LO QCD
t+V NLO QCD MG5_aMC NLO
+ NLO SM K-fact
. LO QCD
titt, tbtb NLO QCD MG5_aMC NLO
+ NLO SM K-fact
NNLO QCD +
gg — h HXSWG NLO QCD
NLO EW
NNLO QCD +
VBF HXSWG LO QCD
NLO EW
NNLO QCD +
Higgs production h+V HXSWG NLO QCD
NLO EW
and decay
_ NNLO QCD +
htt HXSWG NLO QCD
NLO EW
NNLO QCD + NLO QCD (X = bb)
h—X HXSWG -
NLO EW LO QCD (X # bb)
NNLO QCD +
ete” - WHW~— LEP EWWG LO QCD
NLO EW
Diboson
production pp — VV/ NNLO QCD MATRIX NLO QCD

28/11/2022
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Principle component analysis (PCA)

A Use PCA to illustratec dependency on each

dataset

1 Constraining power tends to stay within a sectoe.g.
four-quark operators best constrained by top physics

Four-quark -

Two-fermion
and bosonic

cooi

cQQs8
cQt1
cQt8
ctt1
c81qq
cl1qgq
¢83qq
¢13qq
c8qt
cligt
c8ut
clut
c8qu
clqu
c8dt
cldt
c8qd
cigd
ctp
ctG
cbp 1
cep |
ctap
ctW -
ctZ 4
c3pQ3 1
cpQM
cpt 1
cpG 1
cpB -
cpW
cpd 1
cWWW -
cpWB

cpD 1

Linear + quadartic

100

50

10

oNeA IOUSI] POZI[eulIoN

Ana Cueto and Matthew Knight

SMEFT parameterisations for STXS

28/11/2022



Principle component analysis (PCA)

A Use PCA to illustratec dependency on each
dataset oa

1 Constraining power tends to stay within a sectoe.g. CEQE?IZ

four-quark operators best constrained by top physics i

Some crosover between Higgs and top: SO

? 13) ™ n 1\ N\ V‘ \ T 13
A & affects 000 and  oAOORIAD O e
cligt

A & affects @ Qand oo ® c8ut

clut

x ~ LT Ny YS! ’ c8aqu
Aw hw affect ®Q and 6OD W e1qu
c8dt

cidt

c8qd

cigd

G ctp

W —— G

cbp 1

cCp 1

ctap -

ctW -

Linear + quadartic

T
g
P 100

—_

50

oNeA IOUSI] POZI[eulIoN

ctZ 4

¥ T ol c3pQ3 -
w hw hw onOM |
cpt -

cpG 1

cpB -

cpW

cpd 1

cWWW

cpWB

cpD 1

10
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Principle component analysis (PCA)

A Use PCA to illustratec dependency on each
dataset

1 Constraining power tends to stay within a sectoe.g.
four-quark operators best constrained by top physics

I Some crosver between Higgs and top:
“Q“Q“O and \ \E\ \EI"\ \Gl’?)'
@ "Qand okd ©
Ad R affect ©Q and okm o

A Quadratic PCA evaluated at besfit values from
global fit

T @ andw become dominated by Higgs measurements

A @& affects
A & affects

A After eigenvector decomposition:
1 3 flat directions found in linear parameterisation
1 no flat directions found in quadratic parameterisation
O choose not to perform a rotation

cooi

cQQs8
cQt1
cQt8
ctt1
c81qq
cl1qgq
¢83qq
¢13qq
c8qt
cligt
c8ut
clut
c8qu
clqu
c8dt
cldt
c8qd
cigd
ctp
ctG
cbp 1
ccp 1
ctap
ctW -

ctZ 4
c3pQ3 1
cpQM

cpt 1

cpG -
cpB -
cpW

cpd 1

cWWW -
cpWB

cpD 1

Linear +

v
B

v
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uadartic

100

50

oNeA IOUSI] POZI[eulIoN
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Results’ linear vs quadratic parametrisation

Log-scale

Constrain 36
(independent) + 14
(from EWPO) operators

Marginalised bounds

All consistent with the SM
at 95% CL for linear
parameterisation

For the quadratic, all
exceptw are consistent

}

Traced back to CMS
G Fw distributions

Ana Cueto and Matthew Knight

\_Y_)

Three flat directions® degeneracyn
o o B ho whichis resolved in
qguadratic fit © far tighter constraints

SMEFT parameterisations for STXS

Still order of magnitude differences,
mainly in four-fermion (top dominated)w
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