
Picosecond timing and BSM 

searches for Long-Lived Particles

1 – Few ps timing (test-beam) :

Quartz pads/bars/fibers+MCP (sizes 3 -10cm)

st ≈ 10 ps/30 ps/25 ps (typical resolutions)
2 – R&D on fibers with hi-tech industry partners
3 – Search for BSM LLP in LHC forward regions
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Beam

Important contributions by V. Samoylenko (Protvino)

Essential contributions:  
• B. Kaynak
• S. Ozkorucuklu) 

2



Micro Channel Plate 
Photomultipliers

Hamamatsu         Photonis Photek

KATOD UFK-5G-2D: 
2-stage MCP 0.3 mm thick 6 µm pores at 6o

Gain >106 and dark current < 1 nA

Window : 1.2mm thick glass US-49
Transit time spread (TTS  ≈ 30 ps RMS)
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Quartz (Fused Silica) Radiators

Block is KU-1 (Russian Standard) used for TRC 
(UV transparency, high radiation hardness and absence of fluorescence) 
Bars produced by Specialty Glass Ptoducts (USA) used for SB counters.

MOLEX-Polymicro fiber
bundle (JTFLH600630950)
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…also longer (165-145-35 cm)

Reconditioning Pre-Production 
HF Prototype (HF-PPP) for tests 
with new PMT (HPK R7600-M4) 
and MCP-PMT 

HF Fibers’  Longevity

HF Signal
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TRC Beam
Counters

Fiber
bundle

TRS

Quartz Bars

Quartz Fiber Bundles

2.5 m 
Polymicro
Fibers
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CMS
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"Delayed" Jet Signature:

Jia Liu, Zhen Liu, Lian-Tao Wang, Long-lived particles at the LHC: 
catching them in time, Phys. Rev. Lett. 122, 131801 (2019)

[In CMS HCAL (barrel): C. Tully et al. , HCAL Trigger for LLPs] 10



Time as measured by TDC vs anode charge in a given HF channel (ieta=40, iphi=47, 

depth=1). The contribution with low time values of <5 ns originate from particles directly 

hitting the PMT. Hits from collision particles populate timing values of around 8 ns

Small time differences help a lot!

Particles hitting the 

HF PMTs, produce

large pulses from

Cherenkov in PMT 

windows
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Beware of afterpulses…    … and fiber length differences!

Can be corrected tower-to-tower, 
but not inside one tower!
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Large decay volume (radius 
50 cm, length = 18 m) in an
expanded section of LHC 
beampipe
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Figure- of- Merit for LLP search projects
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Wei Liu, Yu Zhang; aXiv:2302.02081v3  [hep-ph]  
13 Apr 2023: production of heavy neutral leptons.

Dark photon production model via dark fermion 
bremsstrahlung (arXiv:2111.15503, M. Du et al)
FACET has good reach and nice complementarity 
with CMS Phase-2 MIP Timing Detector(MTD) 

Some studies of channels accessible to FACET
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Backup
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Photodetectors :  MCP-PMT    (Hamamatsu, Photek, Photonis) 
mainly KATOD 

Quartz (fused silica) radiators :  Specialty Glass Products; Russian
company Alpha-TM ; Quartz fibers produced by MOLEX- Polymicro ( 
Thanks : Teo.Tichindelean and Kevin O’ Connor

MCP PM UFK-5G-2D produced by KATOD  (Thanks to D.Mpkrousov) 

(Support by M. Albrow, A. Mestvirishvili, Y. Onel, V. Samoylenko) 

(Essential contributions by  B. Kaynak and S. Ozkorucuklu) 
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Valuable encouragements by : M. Arneodo, J. Baechler, P. De Barbaro, 
A. Kaminskyi, P. Rumerio and  A. Skuja. 
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Our strongest option is to 
base our development on 
Quartz fibers:

Radiation resistance
Precise timing
Flexibility of handling 
High level production technology
Large margins for improvement:

• Hollow fibers, 
• Capillaries, 
• Photonic band-gap fibers

More news soon….  

Visit of MOLEX-Polymicro representatives
to CERN (fall 2022)


