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- Introduction to TORCH

- TORCH principle

- Beam test analysis

- Current time resolution and photon yield performance
- TORCH simulation and LHCb physics studies

- Summary
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T®RCH Whatis TORCH? W e

TORCH: Time of Internally Reflected CHerenkov light

0, = 0.45rad

- \,\\\\'\\\,\0
at low momentum (P~2-10GeV/c for m/K)

9. = 0.85rad

Prompt Cherenkov light emitted by charged
hadrons is collected via total internal

250 cm

reflection in a highly polished quartz plate

Photon arrival time and pattern allows the
track species to be determined

A Eadron ﬂit pah of~1 m results ina time—of—ﬂigh dfrnc ETOI;(K) ~ 35ps

- |
- Aim to achieve 10-15ps time resolution per track ]t
!

t - This corresponds to a single photon resolution of 70ps for ~30 photons per track “

_ _
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T®RCH TORCH inLHCD
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Phase-11 Upgrade

- The TORCH detector would provide complementary PID information to the RICH
detectors in the LHCb experiment

- TORCH constitutes 18 quartz modules spanning an area of 5x6 m?2

- TORCH is proposed to be installed in LS3 (Run 4 onwards)

LHCDb Phase-Il Upgrade EOI
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https://cds.cern.ch/record/2244311

TORCH Prototypes

- TORCH prototypes have been tested in beam tests

- Mini-TORCH is a small scale module with a 12cm x 35¢m x o

1cm quartz plate instrumented with one MCP NIMA (2018) ¥ I

- Proto-TORCH is a half-height, full-width module currently
instrumented with 2 MCPs

- Beam tests have been performed in CERN PS 8 GeV p/m beam

MCPs

Photon == N
ti ' - y
PR |Proto-TORCH

66cm x 125cm x 1cm
Hadron track __..c.ceeememm=q==mni77" Quartz plate

5 Tom Hadavizadeh


https://doi.org/10.1016/j.nima.2018.12.007

T®ORCH TORCH MCP-PMTs

- The Cherenkov radiation is focused onto Micro-Channel Plate PMTs

- These have been developed by industrial partner Photek UK\ omcnenns

53 x 53 mm?

VUGN 22 pixet= JHRNHMI

60 mm

- Each detector has a granularity of 64x64 pixels over 53x53mm2 active area

- Charge sharing and channel grouping is used to achieve an effective granularity of
128x8 pixels

- The MCPs are designed to withstand an integrated charge of 5 C/cm2 (ALD coating)

- Readout electronics consists of NINO and HPTDC chipsets developed for ALICE
collaboration’s TOF detector JINST 11 (2016)
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https://doi.org/10.1088/1748-0221/11/04/C04012

T@®RCH Preliminary analysis  # oxiorn
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- The hitmap show various bands corresponding to light sl x o Tuben
reflecting off the module sides 150

-%- Tube B

- The two MCPs have different quantum efficiencies

Quantum Efficiency (%)
~
w

- Time reference signals are injected in the middle of the
MCPs

w
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- The number of dead pixels improved from MCP AtoBasa ze o o sto  ehorbo i
result of improvements in NINO wire bonding procedure
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Hitmap Time projection (for 1 MCP column)
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- This analysis concentrates on MCP B with the higher
quantum efficiency

- By projecting the hits in the time-of-arrival axis we can
separate the different orders of side reflection

- The overlaid lines represent reconstructed predictions

- The spread in times for each order of reflection is measured
to determine the single photon time resolution
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- As aresult of charge sharing in the MCP, single photons result
in hits on multiple pixels

- The time resolution is measured for different sizes of clusters
of hits

- Asimultaneous fit determines the spread in the time of arrival
at each pixel
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Ny, Per cluster
- The time resolution is approaching or achieving the design goal of 70 ps
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- The time resolution is parameterised into different contributions

- These various sources are under study in laboratory tests
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Further improvements from calibrations expected Ideal values from simulation
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TORCH Photon ylelds

- In simulation, various sources of inefficiencies are accounted for, including

- Surface roughness, MCP quantum efficiency and collection efficiency

- Discrepancies as a function of vertical —e— =Data [l =Simulation
position still being studied o gu_ mi T O
EO:M Ejozi_ 0
- The current prototype only has 2 out of %, (I
11 MCPs ’ T ]
1 1 ' Og ..... :_H:_:—I‘LI—S—LA—- U
- Photon yields would be ~5.5 times e e
larger than shown here
03f 0.3:— o O

- Final module expected to have
improved quantum efficiency
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- TORCH has been simulated in the framework of the
Upgraded LHCb detector

- Optical processes are simulated in GEANT4 and sources
of inefficiency from TORCH are accounted for

- The PID performance of TORCH is determined for Upgrade
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TORCH

Physics studies
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- The simulated PID performance is used to quantify the benefits of TORCH to the

LHCb experiment in various physics channels

- As expected, modes with low-momentum kaons and protons benefit the most

o - | BY— K~ u'y,

- In particular TORCH could provide: y g
% 5 0.9F Prehmmary H%%
| 'S 08

| - Increased signal efficiencies 5 07 %é#¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢WWHPW% ft

% RINL ISRy
s ATa A ¢44444444444 4
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- Reduced particle misidentification backgrounds 0:4— Simulation Frag, by
03F A LHCh PID W
_ : 02F
- Reduced dependence of PID efficiencies on ouf ° TORCHPID
S T R TR

momentum
_ i Best g [GeV?/c?]

- TORCH also brings benefit to flavour tagging algorithms

- Potential to impact a range of analyses
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Summary

The TORCH project is progressing well, with a successful series of beam tests
The time resolution of the prototype is approaching the design goals
Further lab tests and electronics calibrations are ongoing

The device has been simulated in the LHCb experiment and studies indicate
significant improvements to the LHCb physics potential

Future

Future tests will use a fully instrumented (11 MCP) half-height TORCH module
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A—X Ch ov counters and borosilicat
s time of flight and particle species
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- The species of the tracks in the CERN PS beam are determined using two Cherenkov
counters

- Data has also been taken with 3 GeV/c and 5 GeV/c beams
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- Readout electronics consists of NINO and HPTDC
chipsets developed for ALICE collaboration’s TOF

detector JINST 11 (2016) C04012

- The NINO provides time-over-threshold information

Detector Signals \ /

Threshold
NINO Output__‘rvi
Channel 16

o R

- Calibrations are performed iz
to correct for time bin non- £, _;;;jz;gm
linearities, and pulse-shape 100/
dependent responses - e

.
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https://doi.org/10.1088/1748-0221/11/04/C04012

T®RCH  Prototypes

- Previous TORCH prototype was called mini-Torch
- Instrumented with two MCPs
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TORCH Prototypes B oy

- Proto-TORCH is a half-height, full-width prototype
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- Time of flight also requires initial time Example from PV of same event
- Could come from timing information of accelerator, ™[ o meenerems
200 B Photonsfrom p
but need to account for length of bunches s
- It would be possible to calculate to from other tracks in =~ =}
event f
- Reverse reconstruction logic, assuming all are pions s
(remove outliers) S e
- Could achieve few ps resolution After removing outliers
o | o(ts) =49 ps
V534 S e 5
o gty e
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T®RCH PID algorithm W e

log L, = Z log P(Zhit, thit, )

hits

Compare particle hypothesis using a likelihood calculation

Performed globally for all tracks in an event
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T®RCH PID performance 2 5XFORD

The PID performance has been simulated for Upgrade Il conditions
L=2x10"*cm ?%s™!

Multiple events are combined to achieve the required luminosity

Performance degrades slightly but still has significant separation power

Further studies ongoing
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