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CTH(Cylindrical Trigger Hodoscope)

•Trigger system in CyDet(Cylindrical 
Detector System), which is a main 
detector in COMET Phase-I 

•CTH consists of plastic scintillator, 
cherenkov counter, light guide, PMT  

•CTH is placed at the upstream and down 
stream ends of the CDC 

•  48 channels at each side

V CYDET: THE CYLINDRICAL DETECTOR SYSTEM

FIG. 39: Schematic layout of the trigger hodoscope modules for
both upstream and downstream, showing one segment each of
scintillator and Cherenkov radiator.

FIG. 40: Detailed layout of the hodoscope rings. Counters are
tilted and located shifting half width so that four-fold coinci-
dence with the neighbouring counters can be required, in order
to reduce accidental coincidence.

the electrons. The acrylic plastic and the plastic scintillator are separately wrapped and connected
via a light guide to a Hamamatsu H8409-70 [58] PMT. This PMT has a small transit time spread
of 0.35 ns and a high gain of ⇠ 107 and can operate in 1 T magnetic field, although the gain is
somewhat reduced. To compensate for this, the signals are subsequently amplified.

The fiducial region is defined by tracks entering the CDC between the up- and downstream
trigger hodoscopes and subsequently triggering on subsequent single or multiple turns and so the
length of the CTH counters has been optimized to maximize the acceptance. The study concludes
that the optimal length for the CTH is 30 cm.

The support structure of the trigger hodoscopes must both support the modules and also isolate
them from the helium gas that surrounds the muon stopping target as helium causes degradation
of PMTs due to increased after-pulsing.

3. Prototype tests

A beam test using 155 MeV/c electrons was carried out to evaluate detector performance without
a magnetic field. Fig. 41 shows typical waveforms measured in the beam test. The scintillator
modules produce more light than the Cherenkov modules and higher. light yields are recorded for
the upstream modules, which have shorter light guides. For all four modules types, the readout
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2.2 Cherenkov Trigger Hodoscope (CTH)

ਤ 2.8: CyDet Δ͚͓ʹߏػग़ݕ CTH ໛ࣜਤɻ੺͍ύωϧ͕ϓϥενοΫγϯνϨʔλʔɻγ

ϯνϨʔλʔͷԼͷ྘ͷύωϧ͕νΣϨϯίϑΧ΢ϯλʔɻ

CyDet ͷτϦΨʔϗυείʔϓ (CTH) ͸ਤ 2.9ʹࣔ͢Α͏ʹɺ্෦ʹϓϥενοΫγϯνϨʔ

λʔɺԼ෦ʹΞΫϦϧͷνΣϨϯίϑΧ΢ϯλʔΛ഑ஔͨ͠ೋ૚Ͱߏ੒͞ΕΔɻਤ 2.8͸ CyDet

ʹ͓͚Δ CTH Λಛ௃తʹඳ͍ͨ໛ࣜਤͰ͋Δɻਤͷ্ํ͕ϏʔϜͷ্ྲྀଆͰɺԼํ͕ϏʔϜͷ

ԼྲྀଆͰ͋Δɻਤͷத৺ʹҐஔ͢Δփ৭Ͱԁ౵ܕΛͨ͠΋ͷ͕ɺΞϧϛχ΢ϜඪతͰ͋Δɻͦ͠

ͯɺ੺ͷύωϧͱͦͷԼͷ྘ͷύωϧʹΑͬͯߏ੒͞Εɺ্ྲྀଆͱԼྲྀଆෳ਺ݸઃஔ͞Ε͍ͯΔ

΋ͷ͕ CTH Ͱ͋Δɻ͜͜Ͱ͸ɺ੺ͷύωϧ͕ϓϥενοΫγϯνϨʔλʔͰ͋ΓɺԼͷ྘ͷύ

ωϧ͕νΣϨϯίϑΧ΢ϯλʔͰ͋Δɻ·ͨɺͦΕΒʹ઀ଓ͞Ε͍ͯΔਫ৭ͷύωϧ͕ϥΠτΨ

ΠυͰɺͦͷઌͷ྘৭Ͱԁ౵ܕΛͨ͠΋ͷ͕ PMT Ͱ͋ΔɻΞϧϛχ΢Ϝඪత͔Βੜͨ͡ϛϡʔ

Φϯిࢠస׵༝དྷͷిࢠ͸ɺਤͷΑ͏ʹཐટيಓΛඳ͖ɺCTH ʹώοτΛ͢࢒ɻ

CTH ͸ϑΝʔετϨϕϧτϦΨʔΛൃ͢ߦΔͨΊʹɺCDC ͷ্ྲྀଆͱԼྲྀଆʹͦΕͧΕ 64

ઃஔ͞ΕΔɻ·ͨɺCTHͭͣݸ ʹ͸ݕग़ର৅Ͱ͋ΔిࢠʹΑΔࣄ৅ͱɺͦͷଞͷ MNC ༝དྷͷ

ཅࢠ΍Ӊ஦ઢϛϡʔΦϯͱཻ͍ͬͨࢠͷࣄ৅Λࣝผ͢Δ͍ߴબผೳྗ͕ٻΊΒΕΔɻͦͷͨΊਤ

2.10ʹࣔ͢Α͏ʹɺͦΕͧΕͷ CTH Λগ͚ͭͭ͠܏ɺ͔ͭॏͳΔΑ͏ʹઃஔ͢Δ͜ͱͰՄೳʹ
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Purpose
We should improve the CTH design 
<Example> 
• Channel number 48 is enough? 
• Light fiber can be used instead of light guide? 
• Cherenkov counter is necessary? 
• Background rate is no problem? 

→Purpose is to consider some improvements with simulation



Problem of The Simulation
•Software : ICEDUST (Integrated Comet Experimental Data User 
Software Toolkit)

From COMET CM29 Matthias’ slide

We can’t simulate all the data of COMET Phase-I using Monte Carlo simulation

Current Monte Carlo Simulation File Phase-I All Simulation
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Machine Learning
• Speed up the simulation using machine learning 
(We use machine learning to make much fake data using real samples 
from Geant4)

From COMET CM29 Matthias’ slide

(from Geant4)(from machine learning)



Machine Learning
• After training the two networks together using real samples from 

Geant4, the generator can produce large amounts of fake data very 
quickly 

• Typically, the sampling rate is many orders of magnitude faster 
than a full Geant4 simulation

•Imperial College group (in UK) is working on this study of CDC

•So I went to UK, and I worked with them



CTH Hit Simulation(from MC4o file)
• As a first step, I simulated the CTH hits using MC4o RooTracker file(only 
Monte Carlo simulation) 

• This RooTracker file includes particles which insert to transport solenoid 
• I simulated 50/210 bunch of POT(Protons On Target) = 1,904,000 protons 

<Result> 
• Types : number 
◦ electron : 14 
◦ γ : 22 
◦ proton : 69 
◦ (total : 105) 

• This result is only from 50/210 bunch, but I can get about 536,256 hits 
using all MC4o file (1214 bunches) 

• This number is enough to make fake data with machine learning 
• However, it takes about 6 hours to simulate 50/210 bunch, and too much 
time for all MC4o file…

Detector Part
Pion Production Part

Muon Transport Solenoid



Events of Hit Simulation
<Event Example>
These are hits which are detected as electron hits, they seem to be generated 
from gamma. 



Future
•MC4o file has a problem(2/5 data doesn’t include 
inserting particles) 

•So I should simulate CTH hits with MC4r file 

•I will make fake data of CTH hits using real 
samples from Geant4 

•This process will be done with Imperial group 
which is working on the same process of the CDC.



Summary
•CTH(Cylindrical Trigger Hodoscope) is a rigger system in 
CyDet(Cylindrical Detector System), which is a main detector in 
COMET. 

•We should consider some improvements of the CTH design with 
simulation improve. 

•However, simulation has a problem. We can’t simulate all the data 
of COMET Phase-I using Monte Carlo simulation. 

•Using machine learning, we can solve the problem. 

•As a first step, I simulated CTH hits with MC4o file. 

• I will start making fake data of CTH hits.


