CMS

~— Picosecond timing and BSM B

—— o

searches for Long-Lived Particles

FAST-2023 - Elba
1 — Few ps timing (test-beam) :
Quartz pads/bars/fibers+MCP (sizes 3 -10cm)
Oy = 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

Aldo Penzo, 30 May 2023
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TRS consist of three quartz Cherenkov counters OF IOWA
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Apparatus: Quartz Bars and Block + MCP (KATOD)
- 2 (identical) Slant (45°) Bars (SBL-R)
- 1 Head-on Block (0°) Time Reference Counter (TRC)

Measuring simultaneously ToF between each pair of the 3 counters, in hypothesis
of independent measurements (no covariance):
S N P iifon 2 2 ; I I 2
0p° =(0°+0,°) ; 0337 =(0,"+657) ;  0,3° =(0,” + 057)
time resolution for each counter can be obtained.
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UFK-5G-2D
General

Input Window Material glass US-49

Photocathode Material (MazKSb)Cs

Effective Photocathode 18

Diameter, mm " ol 4

Housing Material Metal -

Connector Types P : N
anode output SMA-R I -
power supply SHV-R

Intensification System microchannel

MCP quantity 2

Diameter, mm 431

®
Length, mm T0 T E.-
Weight, g =100
A

Electrical Characteristics

Dimensional Outline

Spectral response range, nm 200-750
?::;n;:?&bﬂfc&hode sensitivity at =70
Gain 1-10¢
Dark Current at gain 1-10°, & <1-10%
Max anode current, nA 300
Supply Voltage, kW n :gg'l;ve
Divider Resistance, MOhm 26,5

KATOD UFK-5G-2D:

2-stage MCP 0.3 mm thick 6 um pores at 6°
Gain >10° and dark current < 1 nA
Window : 1.2mm thick glass US-49

Transit time spread (TTS =30 ps RMS)

Operational Conditions
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Quartz (Fused Silica) Radiators e
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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.

. e —— MOLEX-Polymicro fiber
Speciality Glass Products (USA) k-1 (Russian Standard) bundle (JTFLT—I600630950)
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.also longer (165-145-35 cm) HF Fibers’ Longevity

CMS preliminary
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Beam

180 GeV Pions

Intrinsic time resolutions
* Sigmal(TRC) =27.14 + 2.19 ps

SB2 * Sigma2(SB1) =19.44 + 0.80 ps
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Q- Fibers

—_ Time resolution vs MCP-PMT HV Time resolution vs angle
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CMS Forward Region

Forward Aperture CMS ExTension: FACET
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Quartz Fiber Calorimeters
in forward region (3< n <95)




Long Lived Particle (LLP) X --> a+b (--> jet)
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"Delayed" Jet Signature: il & =551

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]
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Small time differences help a lot!

CMS Preliminary 2017 13 TeV
ieta=40, iphi=47, depth=1, anode=1
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Particles hitting the
HF PMTs, produce
large pulses from
Cherenkov in PMT
windows
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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 patrticles directly
hitting the PMT. Hits from collision particles populate timing values of around 8 ns 11



Beware of afterpulses...

Afterpulses in R7525 and R7600 PMTs
8:22:2

Wtroy
III-III
BRY

R7525 (magenta) : bands of afterpulses;
R7600 (blue) : no special pattern....

.. and fiber length differences!

HF Fibers’ Length

Number of fibers

\ WT/W“T'MA-
20 20 240 250 20 270 280 290 300
Tower Fiber Length (cm)

Can be corrected tower-to-tower,
but not inside one tower!
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Figure- of- Merit for LLP search projects
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Some studies of channels accessible to FACET

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)
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Wei Liu, Yu Zhang; aXiv:2302.02081v3 [hep-ph]
13 Apr 2023: production of heavy neutral leptons.
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Backup
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Photodetectors : MCP-PMT (Hamamatsu, Photek, Photonis)
mainly KATOD

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

Quartz (fused silica) radiators : Specialty Glass Products; Russian
company Alpha-TM ; Quartz fibers produced by MOLEX- Polymicro (

Thanks : Teo.Tichindelean and Kevin O’ Connor
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. Our strongest option is to
'|| base our development on
| Quartz fibers:

== Radiation resistance
St __ Precise timing
W Flexibility of handling
, | High level production technology
o Large margins for improvement:

Visit of MOLEX-Polymicro representatives ¢ Hollow fibers,
to CERN (fall 2022) * Capillaries,

* Photonic band-gap fibers

More news soon....
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