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Long-lived particles
Particles having lifetimes such that they have 
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LLP searches

3

TRACKER

ELECTROMAGNETI
C CALORIMETER 

ECAL

HADRONIC
CALORIMETER 

HCAL

MUON 
SPECTROMETER

MS

Displaced Vertices Disappearing 
Track

MS clusters

Decay in 
Tracker

Trackless Energy 
Deposits

Decays outside 
Tracker

Decays inside 
MS

Non-Pointing 
Photons

arXiv:2403.15332

arXiv:2409.10806  arXiv:2201.02472

arXiv:2107.04838

arXiv:2402.01898

arXiv:1811.02542

arXiv:2209.01029



]!"[
10

log
1# 0 1 2 3 4 5

No
rm

al
is

ed

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14
ggF

 = 500 MeV$m
 = 5 GeV$m
 = 50 GeV$m

 = 14 TeVs

]!"[
10

log
1# 0 1 2 3 4 50

0.01

0.02

0.03

0.04

0.05

0.06

0.07
VBF

]!"[
10

log
1# 0 1 2 3 4 50

0.01

0.02

0.03

0.04

0.05

0.06
Vh

[d (m)]
10

log
4# 2# 0 2 4 6 8

No
rm

al
is

ed

0
0.02
0.04
0.06
0.08

0.1
0.12
0.14
0.16  = 500 MeV$m  = 5 GeV$m

 = 50 GeV$m %c

 = 0.1 m$%c  = 1000 m$%c

[d (m)]
10

log
4# 2# 0 2 4 6 80

0.02

0.04

0.06

0.08

0.1

[d (m)]
10

log
4# 2# 0 2 4 6 80

0.02

0.04

0.06

0.08

0.1

4

What about decays happening outside the 
collider detectors?

Distribution of decay length in 
the lab frame, d = ! "c#

after , ATLAS and CMS 
main detectors lose sensitivity

𝒪(10) mATLAS and CMS main 
detectors can probe

  Dedicated detectors   placed in the forward or transverse directions away from 
the interaction points provide sensitivity to these highly displaced decays.

Mostly important for light LLPs with longer lifetimes
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Looking towards sustainable future colliders

CEPC development towards a sustainable green Higgs factory

Jie Gao

Sustainability Studies for Future Linear Colliders

Benno List

Towards a sustainable design of future colliders

Caterina Vernieri

HALHF - A hybrid, asymmetric, linear Higgs factory based on plasma-
wakefield and radio-frequency acceleration


Richard D'Arcy

A number of interesting talks in this 
workshop!



How can we be sustainable in our efforts to probe 
the light and weakly coupled  regime?
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Optimisation of dedicated detectors for 
improved performance2

A shared detector concept for FCC-ee and 
FCC-hh 

Using a high pile-up environment to our 
advantage

Utilising existing facilities to the fullest to look 
for unusual signatures1

3
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Utilising existing facilities to the fullest 
to look for unusual signatures
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1

Located  meters from the IP - on both sides of the IP.


Detects neutral particles at pseudorapidity |! | > 8.3. 


Each ZDC consists of electromagnetic (19 radiation lengths and hadronic (5.6 

interaction lengths) sections, designed to measure forward neutral particles like 

neutrons and photons. 


Charged particles are typically deflected away by magnets before reaching the ZDCs.

±140

For example, let us look at the CMS Zero Degree Calorimeters (ZDC)



Utilising existing facilities to the fullest 
to look for unusual signatures
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1

ZDC for LLPs: our proposal for HL-LHC 

We have contacted and shared this proposal with 
the ZDC members to receive their feedback!

Possible backgrounds: SM neutral 
LLPs decaying to charged particles 

(e.g., , ,…)KL n

Biplob Bhattacherjee, Abhinav Kumar, Swagata Mukherjee, 
RS, Anand Sharma, e-Print: 2503.11760



Utilising existing facilities to the fullest 
to look for unusual signatures
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1

ZDC for LLPs: our proposal for HL-LHC 

Improvement in performance with respect to FASER 
- especially for heavy LLPs with low c#Biplob Bhattacherjee, Abhinav Kumar, Swagata Mukherjee, 

RS, Anand Sharma, e-Print: 2503.11760

ZDC B:

same decay 

volume as FASER



Optimisation of dedicated detectors 
for improved performance
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2

For LHC or HL-LHC, the dedicated 
detectors are accommodated in 
empty shafts or available halls 

around the main detectors

For example, see for CODEX-b

But this might not be optimal for the LLP models beyond the SM

The Future Colliders are in their 
conceptual design phase now

Optimise and integrate 
dedicated LLP detectors with 

the main detector design

EPJC 80, 1177 (2020)
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2 Optimisation of dedicated detectors 
for improved performance

(A) Transverse detector:

DELIGHT 

Detector for long-lived particles 

at high  energy of 100 T eV

(B) Forward detector:

FOREHUNT 

For ward Experiment 

for Hun dred T eV

Our proposals for FCC-hh

Biplob Bhattacherjee, Shigeki Matsumoto, RS, 
e-Print: 2111.02437, PRD 2022

Biplob Bhattacherjee, Herbi Dreiner, 
Nivedita Ghosh, Shigeki Matsumoto, RS, 

Prabhat Solanki, e-Print: 2306.11803, 
PRD 2024

Their performance for FCC-ee is also studied

Biplob Bhattacherjee, Camellia Bose, Herbi Dreiner, Nivedita Ghosh, 
Shigeki Matsumoto, RS, e-Print: 2306.11803, PRD 2024
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FASER in 
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Performance? 
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FCC-ee 
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Optimisation of dedicated detectors 
for best performance
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2

core-DELIGHT

DELIGHT optimisation: 

Gdet
T =

1
9 !

benchmarks

&det

&IDEA

Benchmarks:

(  GeV,  m), (  GeV,  m), (  GeV,  m), 


(  GeV,  m), (  GeV,  m), (  GeV,  m), 

(  GeV,  m), (  GeV,  m), (  GeV,  m)

6 10 6 103 6 105

20 10 20 103 20 105

60 100 60 103 60 105

Biplob Bhattacherjee, Camellia Bose, Herbi Dreiner, 
Nivedita Ghosh, Shigeki Matsumoto, Swagata Mukherjee, 

RS, Anand Sharma, e-Print: 2503.08780What is the minimal design to 
have at least the same efficiency 

as the IDEA main detector?



A shared detector concept for FCC-ee 
and FCC-hh
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3

Biplob Bhattacherjee, Camellia Bose, Herbi Dreiner, 
Nivedita Ghosh, Shigeki Matsumoto, Swagata Mukherjee, 

RS, Anand Sharma, e-Print: 2503.08780

Can we use the transverse detector 
DELIGHT at both FCC-ee and FCC-hh?

The opportunity to reuse an entire dedicated detector at FCC!

Maximises resource utilisation and promotes sustainability in HEP.



A shared detector concept for FCC-ee 
and FCC-hh
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3

Biplob Bhattacherjee, Camellia Bose, Herbi Dreiner, 
Nivedita Ghosh, Shigeki Matsumoto, Swagata Mukherjee, 

RS, Anand Sharma, e-Print: 2503.08780

Can we use the transverse detector 
DELIGHT at both FCC-ee and FCC-hh?

The opportunity to reuse an entire dedicated detector at FCC!

Maximises resource utilisation and promotes sustainability in HEP.

These are simple detectors with 
RPCs and scintillators


Use of eco-friendly RPCs

Talk by A. Pastore



A shared detector concept for FCC-ee 
and FCC-hh
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3

Improvement in performance from both FCC-ee and FCC-hh

Increased sensitivity to light and displaced new physics!

Biplob Bhattacherjee, Camellia Bose, Herbi Dreiner, 
Nivedita Ghosh, Shigeki Matsumoto, Swagata Mukherjee, 

RS, Anand Sharma, e-Print: 2503.08780



Using a high pile-up environment to 
our advantage
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4

Future hadron colliders are high luminosity machines

High instantaneous luminosity = high pile-up environment

to increase luminosity, 
number of protons per 

bunch increased

Issue of pile-up (PU)

busy environment to 
dig out interesting 

new physics

Adversely impacts resolutions of experimentally 
measured observables used to distinguish BSM signals

Effect even more for light new physics!



Using a high pile-up environment to 
our advantage
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4

Collider
    !

[TeV]

Number 
of pile-up 
vertices

Number of B hadrons 
produced per bunch-

crossing in pileup

Number of D hadrons 
produced per bunch-

crossing in pileup

HL-LHC 14 200 2-4 ~40

FCC-hh 100 500 ~40 ~200

s

Increases the production of LLPs from  
and  meson decays per bunch-crossing

B
D

What about light new particles coming from meson decays?

Biplob Bhattacherjee, Abhinav Kumar, Swagata Mukherjee, 
RS, Anand Sharma, e-Print: 2503.11760

If we carefully include this in our studies, we might 
discover hints of light new physics sooner than expected…

Thereby, increasing the efficiency of detecting 
LLPs in various detectors per bunch-crossing



Summary

In our endeavours to look for hints of new physics, achieving sustainability 
without compromising our physics needs is essential.


We discuss a few sustainable approaches for probing the light weakly 
coupled regime, which leads to displaced signatures at future colliders:


Utilising existing facilities, for example, the CMS ZDCs for LLP searches

Optimising the designs of dedicated LLP detectors for future colliders, in 
order to find the minimal detector parameters that still provides a gain in 
physics

The shared transverse detector, DELIGHT, proposal for both FCC-ee 
and FCC-hh

Identifying the silver lining of high pile-up environments at future hadron 
colliders

Thank you for your attention



BACK UP



Optimisation of FOREHUNT

Gain estimated with respect to the FASER detector @ LHC


