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EFT at CMS during TOP2023

e SMEFT: symmetries of SM are valid
e Last year: direct EFT measurement of tt+X

processes
e Outlook given by Kelci: combination with

Higgs , Ewk Higgs and Electroweak sector
sector - —~ ] sector

Top sector Today, new CMS result:

e Combined EFT interpretation of Higgs, Top,
EWK and QCD measurements!
e CMS-PAS-SMP-24-003

A nigp of detector-level top EF} analyses'

Hopefully
to new
physics

| - inations discoveries!
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-24-003
https://indico.cern.ch/event/1233341/contributions/5528053/

Combined EFT interpretation of Higgs, top, EWK and QCD

e Global EFT fits allow to maximize sensitivity and pinpoint excesses to a single operator

e Fits combining

multiple measurements have been performed outside experimental collaborations

o Limited availability of full likelihoods
o Internal combination allows to modify the analyses
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{  Top+ Higgs + VV, Linear NLO EFT



https://doi.org/10.1007/JHEP11(2021)089

Combined EFT interpretation of Higgs, top, EWK and QCD

e Dimension 6 CP-even operators in the topU3I basis
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Combined EFT interpretation: Higgs and EWPO input

Measurement of Higgs production cross
section in the H—yy decay channel:

e Differential measurement in STXS
stage 1.2 binning
e Signal strength parameterized as

function of relevant operators

o SMEFTSim3 and SMEFT@NLO
for various production modes
o Analytically for Higgs decay

EWPO measurements from LEP and SLC:

e Analytic evaluation of SMEFT
operators on the observables
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https://doi.org/10.1007/JHEP07%282021%29027

Combined EFT interpretation: Wy, WW, Z

WW differential cross section ero 102, 092001 (2020))
e 2016 only
e Observable: m

Z —vv differential cross section Hep 05 (2021) 205)
e 2016 only
e Observable: p(2)

Wy double differential cross section (ero 105 (2022) 052003)
e FullRun?2
e Observable: p(y) x |¢/]

SMEFTSim3 simulation of EFT effects
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Combined EFT interpretation:

QCD Inclusive jets measurement uHep 02 (2022) 142)

e AKY-jets, double differential in p_, |y| used as
input
e New PDF set introduced leading to improved

agreement with data (CT18 replaces CT14)

tt differential cross section (pro 104 (2021) 092013)

e Single lepton + jets
e Includes boosted top quark reconstruction
e m(if) used in combination

Both are included with a simplified likelihood (X?)

QCD and tt
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Combined EFT interpretation: ttX multilepton ., e e, oo
e Only direct EFT search of all presented results: e 2
o Expected events in each bin is parameterized as function of WCs < '
o Preference over dedicated differential measurements of tiX
processes due to large overlap in signature onz ;Z
e 26 WCs considered in original analysis in 6 processes: 3¢ " +
o W, ttZ, tZq (including off-shell) T, \
o f{tH, tHq, titt
e Fit to distribution of max p.. of any combination of 2 leptons and/or 4t 2
jets . Cms postfit 138 fo (13 TeV)
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Combined EFT interpretation: ttX multilepton

et | 1eewta3Tey
e Only direct EFT search of all presented results: - - 3:2:3221323:32553 owe
o Expected events in each bin is parameterized as function of WCs i<(>)
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In the combination: S
e Additional operators have been added: i
o Adding operators is a possibility! 55 i e
o  Addition of 2-heavy-2-light and Qp “THED 12 (2023) 068
e Basis rotation: dim6top — SMEFTSim3 topU3| T e
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Combined EFT interpretation

e Dimension 6 CP-even operators using the topU3l basis

(@)

64 Wilson Coefficients considered

e EWPO combined with 6 CMS analyses in 4 sectors

General modifications to analyses:
e Normalization effect of theoretical uncertainties added to all results
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ts on individual WCs
In each fit, all WCs set to 0 except the one being profiled
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Principal component analysis of considered WCs

Not all WCs can be constrained simultaneously due to degeneracies

PCA allows to identify a basis of linear combinations of WCs
o Hessian matrix of the measurement parameterized in terms of the WCs: H;; = gzlgcf
o Can be diagonalized to obtain uncorrelated linear combinations of WCs (principal
components)
o Principal components with eigenvalue > 0.04 are kept, the other principal components are
setto 0
Final set of 42 linear combinations is used, others are removed
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Principal component analysis of considered WCs

CMS Preliminary Basis Rotation, including ttX
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Principal component analysis of considered WCs

CMS Preliminary Basis Rotation, including ttX
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Principal component analysis of considered WCs

CMS Preliminary Basis Rotation, including ttX
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fractional contribution f

Principal component analysis: results

e Lessreliant on a single measurement for each fit parameter
e Mix of sensitivity to each linear combination highlights proper treatment of correlations
between measurements is needed

CMS Preliminary Hybrid fit including ttX 36.3-138 fb’

|||||||||||||||||||||||||||||||||||||||||||

|||||||||||||||||||||||||||||||||||||||||

J
—h
T

BHoyy
Awy
ww
Bz-wy
Bt
BEWPO
Hincl. jet
WX

- - - - - = T

x EV23
x EV24
x EV25
x EV26
x EV27
x EV28
x EV29
1x EV34
.1x EV35
.1x EV36
1x EV37
.1x EV38
1x EV39
.1x EV40

—
>
w

X
o
o
=

T G e T Gl Vi G i (e e ST g e g e g §E e G Y G

x EV41
.01x EV42

0
0.
0.
0.
0.
0.
0.
0.
0.
0.

0
0.
0
0
0
0
0
0
0
0
0

0.0



3

fractional contribution f

Principal component analysis: results

e Lessreliant on a single measurement for each fit parameter
e Mix of sensitivity to each linear combination highlights proper treatment of correlations
between measurements is needed

CMS Preliminary Hybrid fit including ttX 36.3-138 fb’
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Combined EFT interpretation: what is next?

e There is a full new run of data available!

e I|dentify analyses to provide sensitivity to the 22 linear 4\%
combinations that can’t be constrained yet! %
e How to improve? There are top inputs not (yet) included:

o Processes with orthogonal signature:

m ity

m single top (+ X) with forward jets
o  With modelling advances: tt + HF, tW/Z, triple tops
o Machine learning to increase EFT sensitivity

Data
Pre

SM

SM+EFT

10°

10?

10¢

138 fb' (13 TeV)

CMS 'ZUnc. { Data Ith
srRtz tix |wz Bvvy) fxy

wz iz

NPL 3

JHEP 12 (2021) 083

bttt L1 1041111 Rk 11444 N+/ ///-///H-,}///#////-/////-// / /-/-f/{/-/-/h

F G2 /A2 [TeV?]
[ =1.5 —3 —ttZ --Total prediction

5

6

NN-C3,tZ output
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https://doi.org/10.1007/JHEP12%282021%29083

Conclusions

New CMS result probing 4 sectors of the SM with EFT: CMS-PAS-SMP-24-003

Limits on 64 WCs individually (CP-even, topU3I basis)

and 42 linear combinations of WCs
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More details in YSF talk Friday

Search for lepton flavor violation [ } CMS-PAS-TOP-22-011

LFUV talk Wednesday

e Predicted by many BSM models, EFT used to w(e) e
perform a model-independent search

e New analysis focuses on CLFV with a top quark,
muon and tau lepton!

e Simulation with SmeftFR, events reweighed to

138 fb” (13 Tev)

. . . o 14 T T T T T T L
match SMEFTSim predictions < "Iems gLFIV 68% exp. Obs. |
. . . L. . o [ Preliminary calar - eeeeees —_
e Signal extraction with a DNN split in 3 categories: & 12 Vecior (NN =
. . . < . % C imi
Signal Single top, signal ttbar, background =~ b 90% CL upper imits
E

e Limits for a Scalar, Vector and Tensor boson
mediator

0.2 225 93
tumjA (TeV™)
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https://cds.cern.ch/record/2906333?ln=en

Search for violation of Lorentz invariance

PLB 857 (2024) 138979

CMS simulation

13 TeV

e Motivated by String theory or Loop Quantum Gravity sems — F 2676
e Only second result testing Lorentz-invariance with =t 1

top quarks

e All Lorentz-violating operators added to the SM

Lagrangian:

1 g v v v =
ESMEzillp('Y o e ey ’Y5’Yy)gv>ll)_mtl/’¢

e Differential cross section of tf as a function of

sidereal time

Uncertainties and corrections need to be derived

as a function of sidereal time!

e Integrated luminosity and pileup show large

dependence on sidereal time
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https://doi.org/10.1016/j.physletb.2024.138979

Search for violation of Lorentz invariance

e Motivated by String theory or Loop Quantum Gravity

e Only second result testing Lorentz-invariance with
top quarks

e All Lorentz-violating operators added to the SM
Lagrangian:

1 g v v v =
ESME:§1¢(7 o e ey ’Y5’Yy)gv>ll’_mtl/’¢’

e Differential cross section of tf as a function of
sidereal time

Uncertainties and corrections need to be derived
as a function of sidereal time!
e Integrated luminosity and pileup show large
dependence on sidereal time
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PLB 857 (2024) 138979
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https://doi.org/10.1016/j.physletb.2024.138979

. JHEP 05 (2022) 091 S 198037
A reminder on EFT T ey | o
JHEP 03 (2020) 056 Cy i
T B CMS 138 fb-! iz & tZq e
o * pEamn | o
e Most often, we look at SMEFT, where o seusyE | &
. . . T dcl?ggt;g%ﬁ;(::ms resull)/ Zé{j:
symmetries of the SM are still valid | e
S e —— eosmare | e s
) o e
E ﬁ C (d) _ CMS 77.5 b fiz cex 5
SMEFT — SM + Z JHEP 03 (2020) 056 a2 &
Ad 4 \ —_ CMS 137 ! fly (t+jets) cos| L
CtZ JHEP 12 (20217) 180 e m -~
. T fn?ﬁﬁtgfiﬁ?;ﬁfsresuu)/ :; i) o
e Butthisisno strlct requirement! Operators U ST civlickiad I IS
_ 95% CL interval [(AVTeV)] o |5
can be introduced that lead to: s
: . o |0
o  CP violation =
Caq > (@))
Lepton flavour universality violation e
-6 -4 4 6

O
o Baryon number conservation violation
O

Violation of Lorentz-invariance e

cL XY’ CL YX

CL XZ_CL ZX

CL ‘(Z_CL oz

New CMS result since last year: Crorenr
e Combined EFT interpretation of 4 sectors
(CMS-PAS-SMP-24-003) s
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https://doi.org/10.1016/j.physletb.2024.138979
https://doi.org/10.1007/JHEP05%282022%29091

Definition of 64 WC’s (1)

x3
QG ZfabCG;’,VGSPGf,F QW _ e"ka}"}/W,ﬂPWL‘"
HAD?
OQun = (H'H)O(H'H) Qup = (D"HfH)(H+D}lH)

X2H?

Qnc = H'HG;, G
Quws= H'HW:., B

uv

QHW =H+HW' WIHv

uv

Qup = H'HB,, B
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O = (H'H)(QHt) O = (H'H)(QHD)
W2 XH
Qtw - (Co-’ll,t)al'l:lw;ll’ QtB — (Gallvt)HByv QtG — (CU‘“UTat)HG;I‘V
$?H?D
le) =(H+i%4H)(7p')’"lr) le) =(H+ilzle)(ipo'i'yi‘lr) D =(H*ilin)(Ep'Y"er)
Qtig = (H'iD,H)(37"q) Q) = (H'iDiH)(Go'y"q) Quu = (H'iD,H)(wy"u)
Qua = (H'iD, H)(@x*d) Oy = (H'iD,H)(Qr"Q) Q) = (H'iD!,H)(Qo'v*Q)
Ot :(HfiDyH)(?’)'"t) b _(H+iD;lH)(E’Y"b)



Definition of 64 WC’s (2)

yp*, (LL)(LL)

Q) = @) @) ij) = (Io'y,1,) @' v"q) 9y = 1,7,1,)(@1Q)
of) =(1,0',1,)@QrvQ) = (@71,Q(@1"Q) O = @ d)AAM)
Quq”) = @) @r"q) Q(IS) (@T%7,9) (GT*vq) fof]l = (q0'7,9) @' v"q)
o%Y = (@' T"v,9) G0 T yq) Q“” (Q7,Q)@7"q) QLY = (@QT"7,Q)(FT"+*q)
QS& = (Qo'7,Q)(Go'v"q) 9(38) (Qo'T*,Q) (G Ty q)
¢*, (RR)(RR)
O = (E,7,e,)(Er"D) Q= (b (Er™t) W = (@y,u) @y u)
QW = (WTy,u)(@T*y u) & = (Frt) Ern) ® = T, @)
Ol = (dv,d)(dy"d) QY = (@T"y,d)@Ty"d) oY) = (wy,u)(dyd)
QF) = (@T"y,u)(dT"y"d) QY = (Fr,t)(@r"d) Q= (iT"y,H)(@T"y"d)
y*, (CL)(RR)
Q= (y1,l,) @yt u) Q= Ivd) (Er') Q% = @)@ u)
O = @Tr,q)@T*y'u) Q“ = (Q7,Q) (@y"u) 0S) = (QT",Q)(@T*yu)
QY = @) (Fr) = (qT%,q) (FT*t) Qb = (Qr,Q) (1)
Q) = (@T*1,Q)(Fr*y*1) ?1 = (Fr,9)(@r"d) Q) = @T",q)@T*yd)
oLy = (@7,Q)(@r"d) ?8 = (QT*7,Q)(@T*d)
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