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The lifetime frontier ...
Sixth workshop of the LHC LLP Community

- Large majority of current collider The overwhelming majority

: h d Ivsi of the work of LHC
experlment searches and analysis / experimentalists
strategies assume the new particle ;
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2
.
. oo . € v e canoe e <
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range and long lifetimes can be hiding here S
generically appear in the BSM =
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« Dedicated searches for long-lived of detector

BSM particles are necessary.

Long-Lived Particle



https://indico.cern.ch/event/849129/timetable/

Sixth workshop of the LHC LLP Community

What is a long-lived particle?

Object (neutral or charged) decaying a macroscopic and reconstructible distance from IP

Signal signature of a long-lived particle:

Neutral LLP decays are a spectacular signature, and the burst of energy appearing out of nowhere
sets it apart from the collision point.
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Phys. Rev. Lett. 122, 131801 — 2019.04.03


https://indico.cern.ch/event/849129/timetable/

LLP Searches at Lepton Colliders

Without ISR With ISR
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Energy: 240 GeV

Mass of SS1: 0.1-50 GeV

Mass of SS2: 0.1-50 GeV

SS1, SS2's lifetime 7 = R,y /c = 6m/c = 20 ns



Basic Setup
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Full simulation with CEPC official software




Signal range: LLPs decay within 0~6 meters

9|dI1ied paAI1-buoT

ML based Analysis



Deep Residual Network, ResNet
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Configuration

Mapping the raw detector information to a 2D image

Input Format: image with resolution of (R, ¢) = 200x200 and 1 to 3 channel(s)

« R; = ixXAR;, R starts from O m to 8 m.

« ¢ starts from —nton

« Energy is the sum of both Tracker hits and Calorimeter hits.
« Time is the maximum AT (E > 0.1 GeV) within (R, ¢) pixel

Model: ResNet18 (Classification), ResNet50 (Vertex Finding)
Binary Cross Entropy Loss: loss(x;, v;) = —w;[y; log(x;) + (1 — y)log(1 — x;)]
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Signal: ete™ » Zh - qq + <551 + $52) - qq(qqvv)

Hits from Z-boson
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Hits from LLP Signal
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Preselection
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ResNet18 (2 channel: E, AT)
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ML-based and Cut-based comparison (Z — VYY)

# of Events in 5.6 ab™! 2.5x108 1.0x10° 2.01x108
# of Events simulated ~ 1.0x10° (~ 0.99x107)" ~ 1.37%x10° ~ 2.87%x10°
Emissing > 190 GelV g
&& 88,077 290 3,361 3,651 =
nrec < 8 _Il_
<
ML score > 0.95 87,050 0 0 0 S
-
Efficiency (ML-based) 98.83% — — — 3
(@)
&& 66,325 0 0 0
min(AT;,, AT;,) > 3 ns
Efficiency (Cut-based) 73.89%

* Due to the limited computing power, ~10” events were simulated so far



Expected Limits

| Sl | Totl Background | Expected Limis

ete” - Zh - (Z:qq)qqvv 373308 0.02 (CR) 2.4%x107°

ete” > Zh - (Z:wW)qqvv 87,050 0.02 (CR) 9.8x107°>

Combined limit: 1.9x10°°
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« Limits are the minimal branching ratio of Higgs decaying to LLPs (the smaller the better).

« Cosmic Ray(CR) veto efficiency is calculated by the filter that the time difference of two clusters
on the outermost cell must be less than 2.4 meters. ( signal inefficiency~ 2.1%)

« Signal Yield: ng = Lxo(ete™ » Zh)xo(Z - qq, V) XegigX€ecr
g g



Sensitivity

Image Based LLPs Search Limit (2-jet)
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Best branching ratio exclusion limit at decay length around a
few meters: BR(h —» XX) > ~107° for most LLP masses

« Good sensitivity for low LLP mass (as low as 0.1 GeV)
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https://indico.cern.ch/event/875077/contributions/4489238/attachments/2298366/3908927/Demiragli_SUSY21.pdf

Preliminary Study: Vertex Finding With ML

2021/11/8
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SmoothlL1 Loss: Vertex Finding 10
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Smooth L1 Loss: loss(x,y) = - Y7, 0.5%(y; = ()", if ly; = fFGx)l < 1
" ly; — f(x;)| — 0.5, otherwise



Preliminary Study: Vertex Finding Results
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Summary

Long-Lived Particle (h —» qgvv) study done with future lepton collider

« current results based on CEPC v4 geometry setup

For background-free channel (both for ML-based and cut-based), ZH — vv + $S; + S5,
ML can increase signal efficiency from 73.9% to 98.8%.

Working on exploring other possibilities with ML: e.g., vertex finding
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First attempt to apply Al image recognition techniques to raw detector hits

- Very good sensitivity reached (~ 107°) with (expected) 10° Higgs statistics compared to
current LHC limits (~ 107%).
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