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Motivation for searches for new physics
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§ Strong indications that the Standard Model (SM) is not the 
complete description of  nature

§ No clear evidence of  new physics (NP) at the LHC

§ What if  new particles are too heavy to be produced on-
shell at the LHC? 
• Indirect search strategies might be useful

§ Effective Field Theory (EFT) is an indirect search probe, 
that allows a relatively model-independent way of  
exploring mass scales higher than what LHC is capable of  
achieving
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If  NP is hiding
in this regime,
EFT might be 
useful to probe

its effects
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Standard Model Effective Field Theory (SMEFT)
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§  In SMEFT, the SM is treated as the lowest order term and is extended by a set of  higher dimensional 
operators that encode the effects of  new heavy particles. These operators characterize the physics at 
energy scale Λ 
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Wilson Coefficients (strength of  NP interaction)
Setting all WCs = 0 gives us SM lagrangian back

Energy scale of  new physics 𝜦	 ≫ 𝜦𝑳𝑯𝑪

EFT operators made of  SM fields 
and their derivatives. The 
numbers indicate mass dimension 
of  the operators
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We consider only dim-6 top EFT
operators since they are the 
lowest non-LFV terms that 

contribute
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Overview of  the analysis
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§ Probes NP using global fitting approach by 
simultaneous fitting of  the WCs to data

§ Unique aspects of  the analysis:
• Models EFT effects directly at the detector 

level (see Kelci’s talk for more details)
 
• Studies 6 relatively rare signal processes: 
𝑡 ̅𝑡𝐻, 𝑡 ̅𝑡𝑙𝜈, 𝑡 ̅𝑡𝑙 ̅𝑙, 𝑡𝑙 ̅𝑙𝑞, 𝑡𝐻𝑞, 𝑡 ̅𝑡𝑡 ̅𝑡

• Considers all dim-6 EFT operators 
involving top quarks that strongly impact 
the signal processes ➜ 26 operators

4 to 7+ jets

2 to 5+ jets

2 to 4+ jets

43 event
categories

https://indico.cern.ch/event/1233341/contributions/5528053/
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Going differential
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2j 3j 4j 5j+

§ Uses differential 
kinematic variables for 
fitting leading to 178 
analysis bins:
• 𝒑𝑻 𝒁 : 𝑝+ 	of  on-shell 

Z boson for most 3ℓ 
on-shell categories

• 𝒑𝑻(ℓ𝒋)𝒎𝒂𝒙: 𝑝+ of  
leading pair of  leptons 
and/or jets for all 
other categories

§ Up to a factor of  ~2 
improvement in 
sensitivity through 
kinematic variable 
binning

Kinematic bins integrated out

All 2lss 
categories

4j
5j
6j

7j+

3l on-Z 1b

2j
3j
4j

5j+

3l on-Z 2b

2j
3j
4j

5j+

All 3l off-Z 
categories

2j
3j
4j
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EFT operators
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Only 𝒕𝒕̅𝒕𝒕̅ 

𝒕𝒕̅𝒍𝒍̅,𝒕𝒍𝒍̅𝒒 and 𝒕𝒕̅𝒍𝝂

more or less all
signal processes

All signal processes 𝒕𝒕̅ + 𝑿, 𝒕𝒕̅𝒕𝒕̅ 

A 2hq2lq operator
impacting 𝑡 ̅𝑡𝐻 process

A 2hqV operator
impacting 𝑡 ̅𝑡𝐻 process

A 2hq2l operator
impacting 𝑡 ̅𝑡𝑙 ̅𝑙 process

A 4hq operator
impacting 𝑡 ̅𝑡𝑡 ̅𝑡 process
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Parametrization of  EFT effects
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§ We incorporate EFT effects directly at detector level.

§ At amplitude level: ℳ&' + ∑( 𝑐(ℳ(

§ Cross-section: σ(𝑐!) ∝ |ℳ"# + ∑! 𝑐!ℳ!|2	= 𝑆$! + ∑% 𝑆&!%𝑐% + ∑% 𝑆'!% 𝑐%' + ∑%() 𝑆*!%)𝑐%𝑐)

= 𝑓(𝑐&,𝑐', 𝑐*, ……… . ) 	= ∑!𝓌! =	

The predicted event yield
in a given bin is a function of  

the WCs

More details in 
Kelci’s talk

+ + + ….

Weight of  each simulated 
event passing selection criteria  

Event yield in each bin is quadratically 
dependent on the WCs. 26d quadratic for 

this analysis

=

Bin’s 
parametrization

Event 1 Event 2 Event 3

New Physics Component

pure SM

Interference
with SM

pure NP

Interference between NP terms

https://indico.cern.ch/event/1233341/contributions/5528053/
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Event categorization and binning overview
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§ 43 event categories binned using kinematic variables ➜ 178 analysis bins 
§ Signal yields in each of  the bins parametrized as 26d quadratics
§ Perform likelihood fit with the WCs as Parameters of  Interests (POIs) to extract 
    the CIs for the WCs
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Results 
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§ Extracted 95% CIs for the WCs under two scenarios:
• Scanning 1 WC while freezing other 25 to SM value of  0
• Scanning 1 WC while profiling other 25 WCs

§ Also scanned pairs of  WCs

In SM scenario, 
all WCs = 0

ctW and ctZ scanned 
while other 24 profiled

cQt1 scanned No significant
deviation from

the SM

2𝜎

1𝜎

Double minima broadens NLL curve
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Interpretation of  sensitivity
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§ Studied the relative contribution of  bins (or group of  bins) to the sensitivity to each WC
§ Important to emphasize that the sensitivity to a WC comes from a diverse combination of  bins from 

several categories
§ Interference and correlations among WCs are also important factors in driving yields for a given bin
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Summary and outlook
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§ SMEFT is a relatively model-independent and systematic framework to characterize NP effects
§ We search for NP impacting associated top production in multilepton final states using SMEFT 

framework
• Modeled EFT effects at detector level and performed global fitting of  26 EFT operators that strongly impact 6 

relatively rare signal processes 
• Results consistent with the SM
• For more details: arXiv:2307.15761 (Submitted to JHEP)

§ Many improvements in progress for the analysis:
• More statistics
• Optimizations of  event categorizations and kinematic variables used for fitting
• Including more signal processes and other final states
• Combinations with other Top EFT analyses (paving path towards combination between different CMS EFT 

groups like Higgs and Electroweak sectors)

Exciting times ahead!

https://arxiv.org/abs/2307.15761
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Thank you!
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BACKUP
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Sensitivity to EFT effects
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Ratio of  ttZ cross-section in SMEFT scenario vs. SM scenario as a function of  ctZ and Z-boson pT. 
Taken from Fig. 2a) PhysRevD.108.032008

http://dx.doi.org/10.1103/PhysRevD.108.032008
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Event selection overview
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Experimental signatures
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Challenges faced
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§ Even though multilepton signatures are relatively cleaner, thus providing several advantages, 
there are also many challenges: 
• Multiple signal processes and WCs can contribute to the same final states 
• Analysis needs dedicated private EFT samples generation

o Computationally expensive
• No reinterpretation in terms of  cross section measurement possible
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EFT parametrization details
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§ Matrix Element (ℳ) is a function of  WCs:

ℳ =ℳ%& +'
'
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§ Cross-section 𝜎 ∝ ℳ( ⟹ 𝜎 ∝ 𝑐'( and event weights depend on 𝜎:
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The yield N 
is the sum 
of the per-

event 
weights, and 
hence also a 

quadratic 
function of 
the WCs

Adjust the 
WCs
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EFT parametrization details (II)
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§ Number of  structure constants (K) required to describe an N-dimensional quadratic is: 

K = TUV . TUV X(TUV)Y + (𝑁 + 1)
§ Example: N = 1➜ K = 3: 

 𝜎 ∝ 𝑠Z + 𝑠V𝑐V + 𝑠Y𝑐VY

§ For N = 26, K = 378
§ In theory, we could extract these 378 structure constants if  we knew the xsec at 378 points in the 26d 

WC space. 
• Requires generating 378 unique simulated samples. Not feasible

§ Instead use MG reweighting technique. 
• Generate event under a certain theoretical scenario corresponding to a particular point in 26d WC space. Call it “starting 

point”
• Compute event weights at alternative points in the WC space. We need event weights at least 378 such points
• Extract 378 structure constants. We know full parametrization of  the event weight in terms of  the WCs!

Pure SM

Interference with SM
Pure EFT
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Background estimation details
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§ Background contribution dominated by diboson production (WZ and ZZ)
• Subleading contribution from triboson and tWZ processes
• Estimated using simulations

§ Nonprompt leptons (e.g., from b hadrons decay) also another important background
• Estimated using data-driven methods

§ Other sources of  background:
• charge flips 
• photon conversion
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Systematic uncertainties
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Observed 2𝜎 CIs
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Selected 1D Scans
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Selected 2D scans (others profiled)
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Selected 2D scans (others frozen to SM)
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