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Motivation for new physics

The standard model of particle physics (SM) is a very precise theory,
but only accounts for 5% of the energy content of the universe

The LHC has been running for 10 years with
no clear signs of new physics

& ., » . >
m /{0 M Ordinary Matter
7
(.\/‘ Dark Matter

« Dark Energy

What if ANew physics > ALHC?

A\ 4
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Introduction to SM effective field theory (SMEFT)

New physics at scales beyond what the LHC can directly probe can be approximated by
expanding terms of higher dimensional (d) operators O consisting of SM fields

Operators are suppressed by powers of the energy scale A, and the strength is controlled
by the Wilson coefficients (WCs) c;
d)

(
Ci d
Lsmerr = Lsm + Z A;“L Oi( )
ai
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Analyses presented

CMS PAS TOP-22-006 (CDS)
* Probing EFT using top quarks with additional final-state leptons

CMS PAS TOP-22-005 (CDS)
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Probing EFT using top quarks with
additional final-state leptons

CMS PAS TOP-22-006
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Analysis overview

Dimension-six is the lowest order non-LFV SMEFT term

Global fit for 26 dimension-six WCs using data collected
iIn 2016-2018 (138 fb~1)

Probe EFT effects in multilepton final states

Fitting kinematic variables (178 bins)
» pr of Z-boson for most 3¢ on-shell Z production (pr(Z))
« pr of the leading pair of leptons and/or jets (p1(£j0))

No assumptions made to the underlying correlations

Production modes: ttlv, ttll, tllg, ttH, tHq, and tttt
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Operator category WCs

EFT param etri Z at| ON Twoheavy quarks Cegr Cpr Cpr Cotr Cotr CoWs Cezs Cows C1G

Two heavy quarks two leptons cgf), céég), cgg, ct(g), cg?, cts ®, c? ®)

- 31 .38 11 18 1 8
Two light quarks two heavy quarks ¢4, ¢0yqs €Qq- €Qq- Ctqr Ciq

Matrix element is a function of WCs  Four heavy quarks Char Cor Cow Clt

C.
E:J
M =Msu+ ) SM;
j

Events are weighted depending on simulated cross section (o< M ?)

¢ ¢ ¢/ Cj C
Wilaz) TS LS wina T 2, S pa T 2 Sk e
/ J J \ Jk
SMterm Pure EFT term \

SM interference term EFT interference
term
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Observable yield

Observable bin

9th May 2023

Event 2
S >

Event 1

Yield N is
the sum
of the

Sum the
guadratics

Observable yield

weights,

so also »
quadratic Adjust
function the WCs

of the
WCs

Observable bin

2

Cj C; C; C ¢
j j j Ck
= Soi T XS1ij 73 T XS2ij 52 T X S3ijk iz g N (_2) =) (_
j A i A ik A A ;
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Predicted
yield
changes
as the

WCs are /
adjusted

Observable yield

Observable bin
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Uniqgue challenges overcome

Simulation samples generated at non-SM point to form more complete phase space
 Optimized statistical power g2, = z wi (6)
J

Y

u

Extra partons are added when possible in matrix element

Generated enough simulations to over constrain
structure constants in quadratic parameterization

Parameterization used to simultaneously fit all 26 WCs

o
Y
ey

Largest background (non-prompt lepton) is data driven
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Misidentified lepton background

R Signal region

<

_|_
B

Non-prompt ’ Prompt leptons

7 leptons | |

)

&)

o

o

(@)
Yo Non-prompt

T background estimate
= Data-driven

>
p=

v

Lepton production

Probability of a non-prompt lepton passing prompt cuts is measured in a multijet enriched region
Data-driven
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Visualizing parameterization

Kinematic variables integrated out

All WCs set to —20 DCharge misid. DMisid. leptons .Diboson DTriboson |:|Conv. .tWZ .tTH
B i B [ tiig HltHqg Wit 7 Total unc. - Obs.
CMS  Preliminary -20 138 fb™' (13 TeV)
gGOO

e
7500

—
o
o

o

—_k

Obs. / pred.
o
oL oM

| L L L | L L |
| | |
|37 0ff-Z 2b(-)| 3¢0n-Z1b | 370nz2b | 47

| ! I I
| 3¢ off-Z 1b(-) | 3¢ off-Z 2b(+)

9th May 2023 Pheno 2023 11



@ THE OHIO STATE UNIVERSITY

Visualizing parameterization

Kinematic variables integrated out

All WCs set to —1a DCharge misid. DMisid. leptons .Diboson DTriboson |:|Conv. .tWZ .tTH
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Visualizing parameterization

Kinematic variables integrated out

A” WCs set to best DCharge misid. DMisid. leptons .Diboson DTriboson |:|Conv. .tWZ .tTH
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Visualizing parameterization

Kinematic variables integrated out

All WCs set to 10 DCharge misid. DMisid. leptons .Diboson DTriboson |:|Conv. .tWZ .tTH
B i B [ tiig HltHqg Wit 7 Total unc. - Obs.
CMS  Preliminary 10 138 fb™' (13 TeV)
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Visualizing parameterization

Kinematic variables integrated out

All WCs set to 2o DCharge misid. DMisid. leptons .Diboson DTriboson |:|Conv. .tWZ .tTH
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Search for charged lepton flavor violation
using top quarks Iin trilepton final states

CMS PAS TOP-22-005
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Analysis overview

Require et u™ + e/u from t quark leptonic decay (r — e/u included)

One or more jets and at most one b-jet

BDT to separate signal and background
Data-driven non-prompt estimation

Data collected in 2016-2018 (138 fb™1)

Assuming LFV includes e/u, t, and u/c at tree level

Signal-free regions: eee/puuu

9th May 2023 Pheno 2023
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Eve nt C a.te g O rl Z a.tl O n Table 2: Summary of the selection criteria used to define different event regions.

Channel Region OnZ OffZ phiss >20GeV #ijets >1 #bjets <1

- - /Ml Wz CR v - % % /
Signal region (SR) = — = > >
. 1 : eul VR v - - - -
m(ep) < 150GeV top decay enriched wrer v y y y
« m(en) > 150GeV top production enriched
SR m(epn) > 150 GeV VR epf
o _ _ BDT score Nijets
Va||dat|0n reg|0n (VR) fOI‘ CheCk|ng - CMSpreﬁmmary 138 fb! (13 Tev) cms w )
_ I o 450 T Data @VV(Y) = R Prehfrlunary 138 b 13 Tev
non-prompt background subtraction 3 oF S e > 0oy Dm0 Do 1 5 F e, fou Eﬁﬁnmmm ;
5 _ CLFV(p""’ =0.05) - Lﬂﬁ mwz 7/ Stat. ® syst. .

Control region (CR) for on-shell
Z — ee/up decays

50
0

Diboson CR (Njets Inclusive, 1 + b-jets) T

® 1%#%?%{/////4”//»{% /W // / ,é : . . .
Q o5 0 1 2 3

0 01 02 03 04 05 06 07 08 08 '_1 Number of jets
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Results

CLFV coupling Lorentz structure

Ceptq/ N (TeV™?)

@ THE OHIO STATE UNIVERSITY

B(t — euq) x 10°°

exp (—o, +0) obs exp (—o, +0) obs
tensor 0.019 (0.015, 0.023) |0.020 | 0.019 (0.013, 0.029) | 0.023
eytu vector 0.037 (0.031, 0.046) | 0.041 | 0.013 (0.009, 0.020) | 0.016
Binned likelihood scalar 0.077 (0.064, 0.095) | 0.084 | 0.007 (0.005, 0.011) | 0.009
tensor 0.061 (0.050, 0.074) |0.068 | 0.209 (0.143,0.311) | 0.258
eutc vector 0.130 (0.108, 0.159) | 0.144 | 0.163 (0.111, 0.243) | 0.199
scalar 0.269 (0.223, 0.330) | 0.295| 0.087 (0.060, 0.130) | 0.105
95% upper limit for each WC (setting others to zero) %'
ocLrv(C/A%) 2 _
2\ — 212 = /L.
,LL(C/A ) o UCLFV(l Tev—Z) x (C/A ) C/A Ha . CMS Preliminary 138 fb' (13 TeV)
= 0.3-— CLFV  Exp:ic Obs
CMS Preliminary 138 fb' (13 TeV) X . i
& O T TR wr— 9 02ef oo o
B gash Tensor T 95% CL upper limits
Sa: e — & oof
5;3 0_3:— _____________ BS%ZL upper limits E

0.1

B assuming my = 172.5 GeV [1]

[1]https://journals.aps.org/prd/abstract/10.1103 o0.05-
/PhysRevD.78.094008 - :

’ ..U.Itlzl ’ EJ{;25; = I'D_:'.IB
. . , B(t—euu)x 10°
B BT O 0E S 05 0 0d C0E 6007 008 60801 Dheno 2023 20
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% . 0015
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TOP-22-006

EFT in t quark + additional lepton final states

95% confidence intervals extracted for 26 WCs
Consistent with SM

TOP-22-005

LFV in t quark trilepton final states

95% CL upper limits on WCs 0(0.01 — 0.1)

95% CL upper limits on B(t = euu) 0(1078), B(t = euc) 0(1077)
Consistent with SM

Summary
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Backup
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Dim6TopEFT Model

EFT simulations are generated by MADGRAPH_aMC@NLO using the dim6TopEFT[1] model
« Warsaw basis of dimension six operators

A=1TeV
CKM matrix is assumed to be a unit matrix

u,d,s, c, e, umasses all setto zero

The unitary gauge is used and Goldstone bosons are removed

Baryon and lepton number violating operators are not included

Only tree-level simulation is possible

[1] https://arxiv.org/abs/1802.07237
9th May 2023 Pheno 2023
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