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Introduction and context

o Searches and measurements performed in many different channels
o Different strategies:

o direct searches for new physics: new resonances or couplings

o measurements: probe SM cross sections and couplings
o Both can focus on specific model or be more generic

o concrete models: optimise sensitivity, but can not probe all models
o generic measurements: less sensitive (in some channels at least) but
can be interpreted very widely

o Some common, rather general benchmark models used in different
fields

o EFT fits should allow “maximally generic” interpretation for BSM
physics at high scales:

o just starting really: many things to still improve, will improve with
larger statistics

o ideally could use EFT to match any specific model: not as trivial,
would need some feedback and discussions!
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Example: Higgs cross section measurements

Cross section measurements with varying granularity: ATLAS-CONF-2020-027
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-027/

EFT example: Higgs STXS interpretation

ATLAS-CONF-2020-053
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-053/

More specific EFT interpretation examples

Differential cross sections in p’}’, N;,  Pseudo-observable fit on m1> versus
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More specific EFT interpretation examples
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EFT Lagrangian with strength d .

o Optimal observable built from S
matrix element ratio of EFT
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Benchmark models MSSM

MSSM benchmark models defined by MSSM subgroup of LHC cross
section working group:
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Other benchmark models

2HDM models: exotic searches; also

some 2HDM models probed from
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/EXOTICS/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/EXOTICS/

Summary and outlook

o Many analyses performing EFT interpretations: either specifically
targetting certain operators or general

o Cross section measurements also allow interpretations in many other
benchmark models

o Comparison of measurements and results from direct searches in the
benchmark models
o Would like to be able to use the EFT interpretations to:
o compare search and measurement limits: there might be a BSM scale
issue
o re-interpret into any possible concrete model that fulfills EFT
conditions: theoretically not very well defined and sensitivity not
expected to be very large
o We had some exchange with theorists on that topic in the past and
found that it was difficult to realise; but it is a very interesting
discussion that should be continued!
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Backup
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Full eigenvector decomposition

No. Eigenvalue Eigenvector

1 299310

2 121830

3 1960

4 38

5 19

6 10

7 59

8 1.1

9 0.30

10 0.16

11 0.036

12 0.023
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Overview of the procedure

Combined
STXS x BR o|  EFT ,| Roated | Fitresults
workspace workspace workspace On sensitive
directions

Parametrisation:
« STXSxBR in terms of c,
* Computed from SMEFTsIim

and SMEFTatNLO

Cross check:
Likelihood scans of
insensitive direction

Sensitivity study:
* Find correlations
» Determine sensitive parameters
» Potential rotations of parameters

Y
STXS x BR ul EFT T
Covariance u
matrix T Covariance
matrix B Eigenvector
decomposition
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General EFT settings / choices

o SMEFT with Warsaw basis, dim-6 operators with U(3)° flavour
symmetry, mz, my, Gr input scheme, CP-even, A = 1TeV

o MG5+Pythia8, interfaced with STXS rivet routine (modified for
contact interactions)

o Generator level cuts (currently no common agreement)

o object cuts to match STXS definitions, dr cuts to avoid divergencies

o very inclusive: can be quite different from experimental acceptance

Parameter Value Default Comment
lhaid 90400 263000 sets s to the default
PDF4LHC15 nlo_30_pdfas NNPDF30_lo_as_0130 value assumed in the PDF
fit (s = 0.118 for 90400)
drll, drjj, 0.05 0.4 Avoid bias in the
drbb, drjb selection, minimum value
of 0.05 chosen to avoid
divergences.
ptj, ptb 20 GeV 20 GeV Chosen to match jet
selection of the Rivet
routine.
ptl 0 GeV 10 GeV Cut applied only to
charged leptons.
etal 10 2.5 Cut applied only to
charged leptons.
ktdurham 30 GeV X Merging scale for
CKKW-L scheme.
Saskia Falke EFT versus direct searches 08/02/2021
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Process definitions

ggF+bbH generate p p > h QED=1
add process p p > h j QED=1
add process p p > h j j QED=1
add process p p > h b b"QED=1

o Process definition rather well VBF+VHhad _generate p p > hj j QCD=0
. ZHlep generate pp > h I+ |-
deflned add process p p > h ta+ ta-

add process p p > h vl vI”
add process p p > h vt vt”

o Exist few (probably not very

WHlep generate p p > h I+ vl
1 1fi 1 H add process p p > h |- vI”
significant) diagrams which are o o pp
not straight forward (at least for b generate pp > htb]
; i i add processpp > ht'bj
us experimentalists) to classify tHW define p = p b b~
. . generate p p > h t w-
in terms of STXS production add process p p > h t"w+
H — 4¢ generate h > |4 |- |4 |-
mOdeS H — bb generate h > b b”
H— vy generate h > a a

-+ Additional channels (2-&3-body decays) entering total width
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EFT parametrisation

o EFT parametrisation is multiplicative correction to best-knowledge
STXS and BR predictions in each bin

o assume / hope that higher order effects cancel in ratio EFT / SM
o no additional uncertainties, except full SM uncertainty at SM-MC order
taken into account

o Parametrisation of each process at its leading order:
o ggF, ggZ(— t¢)H, H — gg: NLO QCD with SMEFTatNLO
o H — vy: NLO QED from this paper
o rest: LO with SMEFTsim
o Factorisation of production and decay (+ Higgs decays simulated at
rest)
o In this step, consider all operators in each bin with interference term
impact > 0.1%:
o does not reject operators, but avoid contributions from stat.
fluctuations in some bins
o 0.1% is far below uncertainty on measurement in each bin within
validity regime of EFT
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http://feynrules.irmp.ucl.ac.be/wiki/SMEFTatNLO
https://arxiv.org/pdf/1807.11504.pdf
https://feynrules.irmp.ucl.ac.be/wiki/SMEFT

Power in A2

OEFT
-1 A:c B:ic::

2 fit scenarios considered:

o “Linear”: Taylor expansion, truncation at %

(0% BR)grt = (0 X BR)sw- (1 +Y AT+ (AP - Al c,->
i i
o “Linear + quadratic”: full parametrisation, including pure BSM terms
and mixed terms with higher orders

H—X H—X H—X
Fom™™ +line ™ + Tesu

re, +TH 4+ Ty

int

O_I[-I—>X

=0 BRHo-x = (05 + Ofne + UIIBSM)'

Only dimension 6 operators are considered!
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Sensitivity study

o Fit with all Wilson coefficients does not converge and correlations are
making results somewhat arbitrary

o Study sensitivity from covariance matrix: set only parameters to 0 to
which there is no sensitivity

o Build full EFT covariance matrix fron STXSxBR covariance matrix,
propagate linear EFT parametrisation:

-1 T ~—1
CEFT =P CSTXSP

o Eigenvector decomposition gives hints on sensitive directions: large
eigenvalues <> good sensitivity

o Do not use full eigenvector decomposition: difficult to interpret
intuitively and validate results
o group only operators with similar impact on specific physics processes
o no aim to reduce “experimental” correlations (e.g. between ggF and

H = ~v)
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Parameter rotations

OggH Over Oyn Oy BR

ATLAS Preliminary
(=13 Tev 139 16",

stat.unc.

A(OXB)(C)ISM

L
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o
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o

!
S
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Saskia Falke EFT versus direct searches 08/02/2021 17/8



Parameter rotations

Group parameter with similar
impact in specific processes

Eigenvector of sub-covariance

matrix with these operators .

Keep the ones with “large”
eigenvalue, set the others to 0

Will be validated later on!

Set operators impacting overall ..

normalisation to zero; in future: =
would compute impact on fitted

directions
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Parameter rotations

OggH Over VH Oy BR

ATLAS Preliminary
5=13 Tev 139 1

stat.unc.
cooo
e oRG

A(oxB)(c)/SM
°
&

)

1
1)
o

|
-

"

A(@xB)(C)/SM
o
-

0 .
TOUTT ¥, =5
-0.5
-1
iy

A(0*B)(c)ISM

A(0*B)(c)ISM

3 R T, PP
g S By, e e g e de BB ittt Tty ML,
% 05 2625 252555 %2 2% 5%
R 0,2, % Yy Tranlo a0 08y 5 Y e, ey %%,
© 0 D L 05 0 D 7% % % 000@ 2% %, %
AT 2%, CACN AN D) %, R

Saskia Falke EFT versus direct searches 08/02/2021 17/8



Choice of fitted directions

ATLAS Preliminary s =13TeV, 139t

@) 1
“Ha .

) 084 027 047 005 -0.02 08
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CHW,HB, HWB,HDD WV .uB OO 2 |0 04

13

CHYHE, HWB,HDD W B 05 008 006 003 0.07 02
) :

CHuHa 026 -087 042

i o[ 0
w . —0.2
B - "
! .
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2]
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-0.8
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o 10 directions fitted simultaneously

o Used for both fit scenarios (choice of sensitive directions not
re-optimised including quadratic terms)
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EFT parametrisation of acceptance

No definition of decay-side binning in STXS:
@ Experimental requirements on my and mss4 to target H — ZZ* decay
@ Wilson coefficients might cause diff. kinematics or contact terms with Higgs, Z
and leptons

E Obs wo. Acceptance: G, =03

SM=1.0 . ] 10E

1.8 T T T T =
S o FTTTT T T £ F : ) = FrT T
4 045 ATLAS Simulation w ] 16 ATLAS Simulation E =4 16;ATLAS —— Obs 1
£ o Ca=30 b HoZZ -4l —CP-even ] o EH-Zz -4 1
So. - Ca=-3 — r ] En- - Obs w.o. Acceptance]
2 =08 1.4F Vs=13Tev | 14 \5=13Tev, 139 10" 3
S st [ B E Accoptance CP-odd ] 3
o 0. 30 3 P! C
- Cray=34 of E 12F obs: &, =05 !
0. 1
£
5
z

Normalised to SM acceptance
5

70

m,, [Gev]

Use acceptance parametrisation from Eur.Phys.J C80(2020) 957:
ad-hoc parametrisation with 3D Lorenzian

includes cyw, cHB, CHwa: neglect other operators
multiplicative factor: non-linear component in the fit, even for

“linear” model
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Fit results
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About correlations (linear model)
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H — 4/ and correlated with operators
e oo included in acceptance correction (this is
not a fundamental problem and can be
fixed for next round)

08/02/2021

Only valid in linear model; more difficult
to handle including quadratic terms!
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Neglected directions

o Setting parameters to SM (zero) can be strong model assumption

o To keep generality of results, show that impact on fitted directions is
negligible within EFT validity range

Saskia Falke
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Impact of quadratic terms
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Non-negligible impact from quadratic terms; should study dim-8 terms...
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ATLAS Preliminary
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