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Before I start …

I would like to take this opportunity to thank STFC PPD and the NExT Institute for making my 
visit memorable.

This visit has been an incredible experience for me. I got the unique opportunity of discussing 
a lot of physics with many experimentalists from the CMS, ATLAS, LHCb, DarkSide, LZ, and 
MIGDAL collaborations.

Many thanks to the department for making me feel at home, and for involving me with the 
Harwell Open Week. Thanks for the free t-shirt!
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What is this talk about?

1. Why EFTs? Are they the end of 
the story? 

2. Why precision?

3. Why include electroweak corrections?

4. What do we learn from unconventional signatures?
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The Standard Model of Particle Physics

Elementary particles in the Standard Model of particle physics 
Image: Daniel Dominguez/CERN

Simplified way of expressing interactions 
between the Standard Model particles 
CERN coffee mug
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Why beyond the Standard Model?

Image: Mario De Leo

Orbital speeds of visible 
stars/gas versus radial distance 
from galaxy’s centre

Existence of dark matter?

Whose nature we know more or less

Neutrinos change 
flavour while 
traversing distances; 
hence massive! What 
are their masses?

Baryon 
asymmetry!

LHCb
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Precision physics
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Particle physics discoveries at colliders: the main types
Discovery through 
resonance (the 
tested paradigm)

We are in the phase of no BSM resonance 
discoveries since 2012. What to do then?

New 
paradigm!

%-level precision

Discovery through precision

Possible new physics 
at high energies

Possible to see hints of new physics through difference in heights, angular 
structure and tails of distributions without seeing the actual resonance.

Image: Francesco Riva
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Importance of precision: the premise

Ratios of the Higgs boson’s measured interactions 
to other particles to its Standard Model 
expectations. If Standard Model predictions are 
exact, these numbers would eventually be 1.

From 
current 
data

Future 
projections 
from LHC, 
CERN
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Types of uncertainties in particle physics

● Systematic (experimental): instrumental uncertainties, uncertainties due to calibration of 
energy scales and resolution of detectors, uncertainties on detector efficiencies, etc.

● Statistical (experimental): stems from finite number of events recorded

● Modelling of signal and backgrounds (theoretical): PDF, scale, more …

● Luminosity: uncertainty on precise determination of the rate of 
collisions

● Monte Carlo Simulation Theory precision         Experimental precision
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Model theistic versus Model agnostic (Effective Field Theory approaches)

Image: Tim Tait

No direct hints towards new physics explaining the various observations 
which require physics beyond the Standard Model.

No consensus. Every model comes with additional baggage which needs to 
be discovered.

Is new physics hiding somewhere that we are obviously missing? 

Is the reach just above the present experimental reach? 

Are the interactions with Standard Model particles extremely feeble? 

Are the theoretical and experimental precisions not good enough?

Imprints of new physics could show up as tiny deviations in 
standard measurements         Hint towards new physics?

Theory precision is thus crucial to minimise uncertainties.

Image: Admir Greljo 10



Standard Model Effective Field Theory: the types

Bottom-Up approach

1. Exact nature of new physics need not be 
known

2. Wilson Coefficients are free parameters 
without origin

Top-Down approach

1. Wilson Coefficients determined in terms 
of new physics parameters

2. UV-complete Lagrangian must be known

Courtesy: Supratim Das Bakshi
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Vh production at pp colliders

SB, Gupta, Reiness, Seth, 
Spannowsky, 2020 [JHEP 09 
(2020) 170]
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https://arxiv.org/abs/1912.07628
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Vh production at pp colliders

SB, Gupta, Reiness, Seth, 
Spannowsky, 2020 [JHEP 09 
(2020) 170]
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Many angular 
distributions 
testable at the 
LHC

https://arxiv.org/abs/1912.07628
https://arxiv.org/abs/1912.07628
https://arxiv.org/abs/1912.07628


Zh and Wh production at the LHC

Deformations written in broken phase after symmetry breaking

SM scaling 
κ-framework

Contact interaction; no 
propagator; Energy growth

CP-even new Lorentz structure 
(angular deformation)CP-odd new 

Lorentz 
structure 
(angular 
deformation)

14

Diagram not 
in the SM



High-energy primaries

1. The four channels, viz., Zh, W±h, W+W- and W±Z can be expressed (at high energies)  
respectively as G0h, G±h, G+G- and G±G0 and the Higgs field can be written as

2. These four final states are intrinsically connected by gauge symmetry even though 
they are very different from a collider physics point of view

3. With the Goldstone boson equivalence theorem, it is possible to compute 
amplitudes for  various components of the Higgs in the unbroken phase

4. Full SU(2) theory is manifest [Franceschini, Panico,Pomarol, Riva, Wulzer, 2017]
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https://arxiv.org/abs/1712.01310


High-energy primaries: the EFT operators at play
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Dimension-6 operators contributing to the 

high energy diboson production channels 

[Franceschini, Panico,Pomarol, Riva, Wulzer, 

2017]

Relating the high-energy primaries with 
the Warsaw basis operators

We are dealing with four channels and 
there are only four independent couplings 
at play at high energies - coincidence!



Differential in energy: constraining the contact terms

LEP exclusion 
region
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Accidental 
cancellation of 
interference terms

Exclusion from WZ [Franceschini et al, 2017]

Exclusion from Zh [SB, Englert, Gupta, Spannowsky, 
2018] [Phys.Rev.D 98 (2018) 9, 095012]]

Zh + WZ combined

WBF analysis in diphoton channel [Araz, SB, 
Gupta, Spannowsky, 2020 [JHEP 04 (2021) 125]]

σ
Zh

SM/σ
Zbb

 without cuts  ~ 4.6/165

With regular cut-based analysis ~ 0.26

With BDT optimisation ~ 0.50

A common parameter 
space in triple-gauge 
couplings for multiple 
channels - correlated at 
high energies

https://arxiv.org/abs/1807.01796
https://arxiv.org/abs/1807.01796
https://arxiv.org/abs/2011.03555
https://arxiv.org/abs/2011.03555


Differential in energy: constraining the contact terms
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[SB, Englert, Gupta, Spannowsky, 
2018, 2019]

Directions from VBF, Zh, Wh, and WZ

[Araz, SB, Gupta, Spannowsky, 2020]

Single parameter fits 
from Zh

What about the W+W- direction?

https://arxiv.org/abs/2011.03555


Zh and Wh production at the LHC

Deformations written in broken phase after symmetry breaking

SM scaling 
κ-framework

Contact interaction; no 
propagator; Energy growth

CP-even new Lorentz structure 
(angular deformation)CP-odd new 

Lorentz 
structure 
(angular 
deformation)
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Diagram not 
in the SM



Differential in angles: constraining the angular terms

CP-odd 
couplings!

Assuming Λ = 1 Te  V,                        at 68% C.L. at   
HL-LHC!

We consider all operators simultaneously! 
ATLAS considers one at a time

SB, Gupta, Reiness, 
Seth, Spannowsky, 
2020 [JHEP 09 (2020) 
170]
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https://arxiv.org/abs/1912.07628
https://arxiv.org/abs/1912.07628
https://arxiv.org/abs/1912.07628
https://arxiv.org/abs/1912.07628


The W+W- channel
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Electroweak corrections in W+W-
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Leading order

Real  
bremsstrahlung 
diagrams

[Bierweiler et al, 2012]



Electroweak corrections in W+W-
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  [Bierweiler et al, 2012]

Large (negative) 
electroweak 
corrections!



Event generation
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Signal: SMEFT+SM interference; Backgrounds: 

[SB, Reichelt, Spannowsky, arXiv:2406.15640, submitted to PRD]

https://arxiv.org/abs/2406.15640v1


𝝌2 analysis

25

6 sub-categories:
`0' and `1' refer to the jet multiplicity 

Theo. calculated at either SM@NLO-QCD+approximate-NLO-EW + SMEFT@LO or 
SM@NLO-QCD + SMEFT@LO

Exp. calculated at SM@NLO-QCD+approximate-NLO-EW

Our signal is the interference between SM and SMEFT

EFT coupling



Results (95% C.L. bounds) - 1 and 2 parameter fits
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[SB, Reichelt, Spannowsky, arXiv:2406.15640, submitted to PRD]

Big difference 
between red and 
blue regions!

https://arxiv.org/abs/2406.15640v1


Unconventional signatures
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Long-Lived Particles: Search topologies

Roeck, 2019

Many models give rise to such 
signatures; example: RPV SUSY, 
AMSB SUSY, gauge-mediated SUSY, 
split SUSY, Hidden Valley models, 
dark QED, ALPs, and more.

All of these searches require 
dedicated algorithms, detector 
modifications/additions, etc.
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https://royalsocietypublishing.org/doi/10.1098/rsta.2019.0047


Long-Lived Particles: What’s special?

1. Much reduced phase-space resulting from small mass splitting between LLP and one of its decay 
products.

2. Suppressed coupling controlling the dominant decay.

3. Traditional ways of reconstructing particles are inefficient.

4. Not trivial to perform fast detector simulation.

5. Necessity for dedicated triggers: Novel triggers can include Displaced vertex triggers, MET 
triggers, Delayed Decay triggers (example: utilising timing information), Unusual topology 
triggers (examples: multiple displaced vertices, asymmetric energy distributions, non-pointing 
photons), Customised trigger algorithms (information from multiple detector subsystems, such 
as tracking, calorimetry, timing), Offline trigger rejection 

29

Disclaimer: I am not an 
expert on triggers by any 
means!



Long-Lived Particles: Search topologies

What’s missing?

All of the LLP daughters move in 
the forward direction.

Are we exploring the full 
topology?

30



Long-Lived Particles: backward moving objects

1. We consider pair production of LLP, X

2. Daughters considered: light quark, q, or invisible particle, DM (may or may not satisfy dark 
matter properties)

3. We consider the following four possibilities
                                                                                                                            (2-body massless final state)

Quark initiated Drell-Yan process. Scalar mother particle: no spin correlation!
                                                                                                                        
                                                                                                                            (3-body massless final state) 

Quark initiated. Effects of spin correlation may not be negligible!        

                                                                                                                                     (2-body final state) 
Gluon initiated.
                                                                                                                    
                                                                                                                            (3-body final state) 
Gluon initiated. 31



Long-Lived Particles: backward moving objects

1. Signatures seen: multi-jets or multi-jets + MET

2. To exploit the full power of spin correlations, we consider X as a fermion for the 3-body decays

3. Any bias introduced by choice of prototype simulation on dynamics of the model?

Compare results of full simulation with those assuming no dynamics in production (                      )

Helps in realising if results are mostly kinematics driven or not.

For this reason, we choose three distinct values of MX, and for each MX, two MDM

All simulations performed at parton level for 14 TeV LHC

4. β(= p/E) = 0 refers to the scenario when particle comes to a standstill after traversing a distance; 
example stopped R-hadron 32



Long-Lived Particles: angular separation (mother, daughter)

33

Angle θ between the direction of 
X and the massless daughter (one 
of the quarks, q) or the massive 
daughter



Long-Lived Particles: angular separation (mother, daughter)

34

Angle θ between the direction of 
X and the massless daughter (one 
of the quarks, q) or the massive 
daughter



Long-Lived Particles: angular separation (effect of spin correlation)
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Angle θ between the direction of 
X and the massless daughter (one 
of the quarks, q) or the massive 
daughter

Spin-correlations preserved using 
MG5_aMC@NLO simulations

Spin averaging is a fairly good 
approximation!



Long-Lived Particles: backward moving objects

Usual displaced jets 
signatures!

Picture courtesy: Swagata Mukherjee 36



Long-Lived Particles: backward moving objects

Picture courtesy: Swagata Mukherjee

Decay products no longer collimated;                                                                  can be big 

Fraction of events with backward moving objects increases with decreasing β
37



Long-Lived Particles: non-pointing and backward moving objects

Picture courtesy: Swagata Mukherjee
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How often at least one daughter non-pointing/backward moving?

1 TeV 0.76, 0.15 99% 84% 33% 7%

2 TeV 0.62, 0.15 100% 98% 52% 12%

Major fraction non-pointing Non-negligible fraction 
backward moving

Parton-level simulation with Pythia at 14 TeV! 39



How often at least one daughter non-pointing/backward moving?

1 TeV 0.72, 0.15 99% 83% 28% 6%

2 TeV 0.60, 0.14 100% 97% 40% 8%

Major fraction non-pointing Non-negligible fraction 
backward moving

Parton-level simulation with Pythia at 14 TeV! 40



Non-pointing photons

•Non-pointing photons in ECAL already used in searches.
•Distinctive shower-shape for photon.                                              arXiv:1212.1838
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https://arxiv.org/abs/1212.1838


Non-pointing jets

•Z decaying to jets: no displacement (first)
•Z decaying to jets: transverse displacement of 200-220 cm (second)         
Bhattacherjee, Mukherjee, Sengupta, 2019

Standard particle contained in single η tower
Non-prompt particle shared between multiple η towers
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https://arxiv.org/abs/1904.04811
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Depending on 
lifetime of LLP, 
signature can be 
very different.

4 very different 
possible decay 
signatures!



Decay outside 
ECAL

● Prompt EM objects from the 
collision enter the face of the 
crystal (since crystals face the 
interaction points)

● However these BMOs enter 
the ECAL crystals at an angle 
and hence difference in 
shower shapes

● Longitudinal segmentation of 
HGCAL in HL-LHC will help

arXiv: 1212.1838

Prompt photons

Delayed photons 44

https://arxiv.org/pdf/1212.1838.pdf


Summary

45

1. EFTs are important tools to understand the possible nature and type of new physics when 
resonance searches are not yielding results.

2. Zh, Wh, WW and WZ are important channels to disentangle various directions in the EFT space. 
They are intrinsically correlated.

3. Multiple dimensions come about from the various correlated EFT coefficients. Blind directions 
need to be broken.

4. Inclusion of electroweak corrections to the backgrounds can change the bounds on the SMEFT 
couplings considerably as what we may perceive to be a change owing to SMEFT deformations 
might be owing to higher-order corrections.

5. Backward moving objects give rise to a plethora of possible search strategies.



Thank you!!!
Please consider joining the LHC EFT Working Group to 

stay connected with the latest discussions between 
experimentalists and theorists on EFTs.
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67
High 
score

HOW 2024 volunteering for PPD

Van de Graaff generator at ISIS 

DarkSide cryogenic detector test 
setup at R115 cleanroom.

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCEFT


Backup slides
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Backup slides

LLPs from qq initiated initial states have larger ꞵ
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High-energy primaries

Dimension-6 operators contributing to the high energy longitudinal diboson production channels in the SILH 

and Warsaw bases [Franceschini, Panico,Pomarol, Riva, Wulzer, 2017]

49

Relating the high-energy 
primaries with the 
Warsaw basis operators



High-energy primaries

Vh and VV channels are entwined by symmetry and they constrain the same set  of observables at High 
energies but may have different directions [Franceschini, Panico,Pomarol, Riva, Wulzer, 2017, SB, Gupta, 
Seth, Reiness, Spannowsky, 2020]
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High-energy primaries

Vh and VV channels are entwined by symmetry and they constrain the same set  of observables at High 
energies but may have different directions [Franceschini, Panico,Pomarol, Riva, Wulzer, 2017, SB, Gupta, 
Reiness, Seth, Spannowsky, 2020]
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Zh production (Helicity amplitude)

SB, Englert, Gupta, 
Spannowsky, 2018
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https://arxiv.org/abs/1807.01796
https://arxiv.org/abs/1807.01796


Vh production (Helicity amplitude)

SB, Englert, Gupta, 
Spannowsky, 2018
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https://arxiv.org/abs/1807.01796
https://arxiv.org/abs/1807.01796


Four directions in the EFT space (Warsaw Basis)
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Four directions in the EFT space (SILH Basis)
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Four directions in the EFT space (Higgs primaries)
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Four directions in the EFT space (Universal model)
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EFT space directions
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EFT Validity
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         Angular observables: Zh and Wh production at the LHC (example)

Diagram not there 
in SM

CP-odd 
operators 

Possible to probe multiple 
angular observables

60

Can be made more 
differential!



Mapping on to the Warsaw basis

VH: Relations to the Warsaw Basis

Banerjee, Gupta, Reiness, Seth, 
Spannowsky, 2020
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https://arxiv.org/abs/1912.07628
https://arxiv.org/abs/1912.07628


Angular observables: Zh and Wh production at the LHC (example)

CP-odd 
moments 62



Angular observables: Zh and Wh production at the LHC (example)

Suppressed moments 63



          Angular observables: Zh and Wh production at the LHC (example)

SB, Gupta, Reiness, Seth, Spannowsky, 2020

Monte Carlo samples: showering, 
hadronisation, passing all selection cuts

Angular moments                        after 
weighting each event by the sign of  

64

Assuming on-shell W!

https://arxiv.org/abs/1912.07628


Method of Moments
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Method of Moments
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Angular observables: Vh → 2lbb and ggF (h → ZZ* → 4l)

SB, Englert, Gupta, 
Spannowsky, 2018

SB, Gupta, 
Ochoa-Valeriano, 
Spannowsky, Venturini, 
2020
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https://arxiv.org/abs/1807.01796
https://arxiv.org/abs/1807.01796
https://arxiv.org/abs/2012.11631
https://arxiv.org/abs/2012.11631
https://arxiv.org/abs/2012.11631
https://arxiv.org/abs/2012.11631


Angular observables: Gluon fusion in golden channel (example)

SB, Gupta, 
Ochoa-Valeriano, 
Spannowsky, Venturini, 
2020
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https://arxiv.org/abs/2012.11631
https://arxiv.org/abs/2012.11631
https://arxiv.org/abs/2012.11631
https://arxiv.org/abs/2012.11631


Theory uncertainties in EFT analyses 

1. Ambiguities in operator coefficients                 uncertainties in coefficients of remaining operators

2. Validity of perturbative expansion (Rick might cover this, time permitting)

3. Renormalisation Group Evolution (RGE) effects alter behaviour of theory under RGE          
describes how EFT couplings vary with energy scales                  uncertainties in predicted energy 
dependence of observables (If time permitting)

4. Can lead to inconsistencies while matching to a model
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Theory uncertainties in EFT analyses: operator truncation 

Example showing the 
importance of truncation 
of operators to match 
specific models for a 
top-down approach! 

Dawson et al, 2022

In parameter space of 
interest linear term 
dominates the 
squared term!

SB, Englert, Gupta, 
Spannowsky, 2018

See Joydeep’s 
presentation for a 
detailed look on 
top-down versus 
bottom-up 
approaches!
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https://arxiv.org/abs/2205.01561
https://arxiv.org/abs/1807.01796
https://arxiv.org/abs/1807.01796


Theory uncertainties in EFT analyses: TGCs 

1. EFT operators contributing to anomalous charged triple gauge couplings (cTGCs) and anomalous 
neutral triple gauge couplings (nTGCs)                    treated separately!

2. For cTGCs, D8 operators are usually not considered

3. For nTGCs, D8 operators are usually the first ones to show effects. Some such operators also 
contribute to cTGCs

4. Necessary to consider TGCs through a holistic approach!
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Theory uncertainties in EFT analyses: TGCs 

1. Relevant operators for TGCs at dimension-6 (D6)

2. Relevant operators for TGCs at dimension-8 (D8)

3. These classes of operators contribute to TGCs and it is crucial to consider them in conjunction

Alonso et al, 2013

Das Bakshi et al, 2022
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https://arxiv.org/abs/1312.2014
https://arxiv.org/abs/2205.03301


Theory uncertainties in EFT analyses: NLO effects (QCD)

Greljo et al, 2017

Automated in 
MG5_aMC@N
LO through 
NLOCT!
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https://arxiv.org/abs/1710.04143


Theory uncertainties in EFT analyses: NLO effects (EW)

Corrections to W+W- production 
for 14 TeV LHC in SM. 

Electroweak corrections are quite 
large! 

In the era of precision physics 
when SM backgrounds will 
considered at NNLO QCD + NLO 
EW, the BSM signal sample needs 
to compete!

Forthcoming work with Reichelt 
and Spannowsky

At energies surpassing the electroweak scale, quasi-massless electroweak 
bosons lead to                                              corrections. 

                                 For large transverse momenta, the EW and QCD corrections are 
comparable!

Bierweiler et al, 2012
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https://arxiv.org/abs/1208.3147


Theory uncertainties in EFT analyses: RGE effects

Anisha et al, 2021

75

Usually, the running of the SMEFT 
operators ignored which emerge at Λ. But, 
observables at EW scale

At LO

For 2HDM, 51 
operators 
generated of 
which 14 are from 
RGE!

Leading log approximation

Parameter space relaxed 
after considering RGE!

Increase in mass 
scale relaxes the 
parameter 
bounds!

https://arxiv.org/abs/2111.05876


Theory uncertainties in EFT analyses: RGE effects

Anisha et al, 
2021
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Usually, the running of the SMEFT 
operators ignored which emerge at Λ. 
But, observables at EW scale

At LO

For 2HDM, 51 
operators 
generated of 
which 14 are from 
RGE!

https://arxiv.org/abs/2111.05876
https://arxiv.org/abs/2111.05876


Theory uncertainties in EFT analyses: RGE effects

Anisha et al, 
2021

77

Usually, the running of the SMEFT 
operators ignored which emerge at Λ. 
But, observables at EW scale

For 2HDM, 51 operators generated 
(top-down matching) of which 14 are 
from RGE! Examples (all suppressed 
by 16ⲡ2):

https://arxiv.org/abs/2111.05876
https://arxiv.org/abs/2111.05876


Electroweak corrections

78

We include approximate electroweak (EW) corrections in Sherpa which includes infrared 
subtracted EW 1-loop corrections as additional weights to the respective Born cross sections. 
In those the event weight is calculated based on the expression

B = Born contribution also entering the uncorrected QCD cross Section

VEW = electroweak virtual corrections at 1-loop accuracy

IEW = generalised Catani-Seymour insertion operator for EW NLO calculations. 

Latter subtracts all infrared singularities of the virtual corrections. This fundamentally 
arbitrary procedure should provide a good approximation if electroweak Sudakov logarithms 
are dominant.



Catani-Seymour

The Catani-Seymour subtraction method, including the use of the insertion operator \( \mathbf{I}(\epsilon) \), was originally developed for handling infrared (IR) 
divergences in Quantum Chromodynamics (QCD) calculations. However, the principles behind the subtraction method can be extended and applied to other gauge 
theories, including electroweak (EW) theory, for next-to-leading-order (NLO) calculations.

### Application to Electroweak Calculations

When dealing with NLO corrections in electroweak (EW) theory, similar challenges arise due to IR divergences from soft and collinear photons (and sometimes Z 
bosons in specific processes). The Catani-Seymour subtraction method can be adapted to manage these divergences as follows:

1. **Photon Emission**: Just as gluons can be soft or collinear in QCD, photons can be emitted in a soft or collinear manner, leading to IR divergences. The subtraction 
terms in the Catani-Seymour method can be modified to account for the specific kinematics and coupling structures of photon emissions.
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Catani Seymour

2. **Universal Structures**: The structure of IR divergences has universal properties that apply across different gauge theories. The key idea of 
constructing counterterms that locally approximate the behavior of the matrix elements in singular regions remains valid.

3. **Insertion Operators**: In the EW context, the insertion operator \( \mathbf{I}(\epsilon) \) must be redefined to include the contributions from 
the EW interactions. This involves recalculating the kinematic factors \( \mathcal{V}_{ij}(\epsilon) \) to reflect the dynamics of photons (and 
possibly other weak bosons).

4. **Mixed QCD-EW Corrections**: In processes involving both QCD and EW corrections, a combined subtraction scheme can be employed. 
This involves constructing subtraction terms that handle both QCD and EW singularities simultaneously, ensuring a consistent treatment of all 
IR divergences.
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Decay outside the detector
● If muons are the Backward moving objects (BMOs):

○ In such a scenario, we gain by using backward moving objects (BMOs) since 

they are the only ones that can be detected

○ Huge background from cosmic muons

○ Can focus on the lower half of the barrel? 

○ Since cosmic muon traverses the full detector, we will have mip timing layer 

with a timing precision of 20 ps. So we can require

■ Time
mip_lower

 < Time
mip_upper

 since the BMO is traveling from lower half to 

the upper half

■ In addition, we can require the timing difference between different 

RPC layers to tag muons traveling from lower half towards the center 

of the CMS detector  (timing resolution of RPCs ~ 3 ns)

● If hadrons are the BMOs:
○ It looks like an inverted shower in the muon chambers → easy to tag?

Jet Muon
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Decay outside 
HCAL
● Again inverted jets like before

● Require the Energy in outer 

layer < Energy in the inner 

layer?
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Additional handles 
to decay outside 
ECAL
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Decays outside 
the tracker
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Decays outside 
the tracker
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Decays outside 
the tracker

● Large impact parameter of such 

non-pointing tracks
○ In case of quark that hadronised → 

expect to see cluster of tracks 

originating from a common point 

with large impact parameter

● After normal tracking is done, use the 

left hits for inward moving tracks? 
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