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Topics 
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- Design of the mTPC 

- Acceptance study using GEMC/Geant4 

- Proton rates in the detector 

- Method 1: cross sections 

- Method 2: “scaled” EPC code 

- Momentum resolution 



mTPC conceptual design 

4.5 Tesla field 

40 cm D2 target @ 77K 1atm 

5x HV 10x Readout 

ϕ10 cm 

ϕ30 cm 
chamber (x10) 

Target cell: Al straw with 10μm wall 
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(thanks to Bogdan and Thia) 



mTPC conceptual design 

4 

𝒗𝒆 𝒗𝒆 

HV Readout Readout 

10 cm 

(readout thickness not to scale, 
thick here for better visualization) 

Inner cylinder: 
R=5cm 

Outter cylinder: 
R=15cm 

5mm x 5mm 

(Nathan Baillie) 



mTPC acceptance 
GEMC (Geant4 based) simulation 

- Target straw of 400mm (10 um thick Aluminum) 
- Target D2 with 638 g/m3 (density at 77K) 
- Active gas made of He at 0.1 atm 
- 2 um kapton foil (?) defining inner cylinder of the cells 

Protons generated with uniform distribution in: 

- Theta (from 0 to π) 
- Phi (from 0 to 2π) 
- Momentum (from 50 to 1000 GeV/c) 

Proton Momentum: 

Proton Angle: 

Cut at 55 MeV/c 

5 



Event rates (protons) from D2 

- Processes that contribute: 

1A - D2 photodisintegration 

• Real photons – highest rates from this process 

1B - Quasi-elastic scattering 

• Upped limit can be estimated by elastic cross section off the proton 

1C - D2 electrodisintegration 

• Overlap with the processes above 

1D - DIS – here is what we want to measure! 

• Small… 

Method 1 – Evaluate the different  process that contribute to produce protons in mTPC 

1A Rates from 1B + 



Event rates from D2 photodisintegration 

Rate = 𝑡𝐷2 ∙ Ι𝑒 ∙  𝑑𝜔 Γ𝜐 ∙ 𝜎(𝜔) ∙ 𝐴(𝑝)  

Schiavilla et al., PRC 72, 034001 (2005) 

Deuteron photodisintegration cross section 

ℒ = 𝑡𝐷2 ∙ Ι𝑒  ~ 2.9 ∙ 10
36 cm-2/s (from PR12-15-006: Ι𝑒=60μA and 400mm D2 target at 77K/1atm) 

𝜎 𝜔 :  Γ𝜐  − 𝑝ℎ𝑜𝑡𝑜𝑛 𝑓𝑙𝑢𝑥 

(using Weizsacker-Williams method) 
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1A 



D2 photodisintegration 

Cut at 55 MeV/c 

Naïve approximation: 

- Photon energy converted to 
p/n momentum 

KE𝑝 =
𝐸𝛾 − 2.2MeV

2
 Nucleon 

binding 
energy 

Rate = 314 MHz 

Rate = 𝑡𝐷2 ∙ Ι𝑒 ∙  𝑑𝜔 Γ𝜐 ∙ 𝜎(𝜔) ∙ 𝐴(𝑝)  

Cut at 5.4 MeV 

Convolving all together 

2.9 x 1036 cm-2/s x 0.0130 fm2 
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1A 

(photodisintegration only) 

P momentum Photon energy 



Quasi-elastic scattering 
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Elastic cross section as an upper limit of quasi-elastic scattering  

Approximation: 

Rate = 𝑡𝐷2 ∙ Ι𝑒 ∙  𝑑Ω ∙
𝑑𝜎

𝑑Ω
∙ 𝐴(𝑝)  

𝑑𝜎

𝑑Ω
=

𝛼2

4 (𝐸𝑒)2𝑠𝑖𝑛4
𝜃𝑒

2
 

𝑐𝑜𝑠2
𝜃𝑒

2  

Rate ≈ 𝑡𝐷2 ∙ Ι𝑒 ∙  2𝜋 𝑠𝑖𝑛𝜃 𝑑𝜃 ∙
𝑑𝜎

𝑑Ω

𝜃𝑚𝑎𝑥

𝜃𝑚𝑖𝑛
 

Mott (non-relativistic): 

0.27o to produce proton with 55 MeV/c 

1B 

Rate ≈ 2.9 1036
1

𝑐𝑚2.𝑠
∙ 0.85 10−28 𝑐𝑚2 = 246𝑀𝐻𝑧 

Rate ≈ 𝑡𝐷2 ∙ Ι𝑒 ∙
4 𝜋 𝛼2

(𝐸𝑒)
2 𝜃𝑚𝑖𝑛

2
 



Event rates (protons) from D2 

- Processes that contribute: 

1A - D2 photodisintegration 

• Real photons – highest rates from this process 

1B - Quasi-elastic scattering 

• Upped limit can be estimated by elastic cross section off the proton 

Method 1 – Evaluate the different  process that contribute to produce protons in mTPC 

1A Rates from 1B + = 320 MHz + 246 MHz 

Rate = 560 MHz / 10 chambers 
         = 56 MHz / chamber 



Event rates (protons) from D2 
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Method 2 – Use the “scaled” EPC code, by Lightdoby and O’Connell 1988 

- Produced protons parametrized in function of angle and Kinetic Energy: 

Weighing events in GEMC simulation: 

Rate = 𝑡𝐷2 ∙ Ι𝑒 ∙  𝑑Ω ∙ 𝑑𝑇 ∙
𝑑𝜎

𝑑𝑇 𝑑Ω
∙ 𝐴(𝑝)  

Rate = 𝑡𝐷2 ∙ Ι𝑒 ∙  
𝑑𝜎

𝑑𝑇 𝑑Ω 𝑖
𝑠𝑖𝑛𝜃𝑖𝑖 ∙

∆𝑇 ∆𝜃 ∆𝜙

𝑁
 

Rate = 980 MHz / 10 chambers 
         = 98 MHz / chamber 

Following the track of 
the proton in the gas 

Rate of protons reaching 
the inner cylinder 

[Thanks to Maurizio Ungaro!] 



Summary of proton rates 
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Method 2 – Use the “scaled” EPC code, by Lightdoby and O’Connell 1988 

Rate = 980 MHz / 10 chambers 
         = 98 MHz / chamber 

Rate = 560 MHz / 10 chambers 
         = 56 MHz / chamber 

Method 1 – Evaluate the different  process that contribute to produce protons in mTPC 

If we cut off protons below 70 MeV/c (instead of 55 MeV/c), e.g. by increasing 
thickness of target straw or from higher magnetic field, rates goes down to 

706 MHz (70 MHz per chamber) 

* Rates of protons reaching the inner cylinder of the mTPC 



Multiplicity 
Rate = 70 MHz / chamber 

PAD occupancy Chamber multiplicity 

Rate of protons in a chamber within time Rate of hits in a specific readout channel 

ℳ𝑐 = 𝜏𝑚 ∙ 𝑓ℎ𝑖𝑡 

ℳ𝑐 = 1 𝜇𝑠 ∙ 70 MHz 

70 tracks in a chamber within a time window 

- “Mean” path length: 10 cm 
- Pad time resolution: 250 ns 
- Pad spacing: 5 mm 

𝑁 ≈
𝐴𝑑𝑖𝑠𝑘
𝐴𝑝𝑎𝑑

=
𝜋(1502 − 502)

5 ∙ 5
 

ℳ𝑐 = 70 ∙
20

2500
∙
250 𝑛𝑠

1𝜇𝑠
= 0.14 

- Readout plane – number of channels: 

- Number of triggered channels per track: 

𝑁𝑐ℎ ≈
10

0.5
= 20 

- Readout occupancy: 

Total: 2500 channels 
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5mm x 5mm 

- Amount of pads (data) to read: 

𝑁𝑟𝑒𝑎𝑑 ≈ 70
10

0.5
= 1400 channels per chamber 



Deuteron rates 
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Elastic cross section as an upper limit of quasi-elastic scattering  

Approximation: 

Rate = 𝑡𝐷2 ∙ Ι𝑒 ∙  𝑑Ω ∙
𝑑𝜎

𝑑Ω
∙ 𝐴(𝑝)  

𝑑𝜎

𝑑Ω
=

𝛼2

4 (𝐸𝑒)2𝑠𝑖𝑛4
𝜃𝑒

2
 

𝑐𝑜𝑠2
𝜃𝑒

2
  

Rate ≈ 𝑡𝐷2 ∙ Ι𝑒 ∙  2𝜋 𝑠𝑖𝑛𝜃 𝑑𝜃 ∙
𝑑𝜎

𝑑Ω

𝜃𝑚𝑎𝑥

𝜃𝑚𝑖𝑛
 

Mott cross section: 

0.43o to produce deuterons with 84 MeV/c 

Rate ≈ 2.9 1036
1

𝑐𝑚2.𝑠
∙ 0.36 10−28 𝑐𝑚2  

Rate = 105 MHz / 10 chambers 
         = 10 MHz / chamber 

(not considered in the previous 
multiplicity estimation yet) 

Cut at 84 MeV/c 

Simulated momentum acceptance 

deuteron momentum 



Path length inside mTPC and 
momentum reconstruction 

Track below this limits could not be reconstructed 
with momentum resolution better than 10%  

𝑑𝑝⊥
𝑝⊥

~
𝑑𝑅

𝑅
≅

1

𝑁
∙
4 𝜎 𝑅

(𝐿 2) 2 

𝑝⊥ = 0.3 ∙ 𝐵 ∙ 𝑅 

𝜎~
𝐷𝑝𝑎𝑑
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𝑚𝑚 

𝐿 = path length inside gas 

𝑁 = 𝐿/𝐷𝑝𝑎𝑑.n 

Example: 250 MeV/c protons 
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𝐷𝑝𝑎𝑑 = 5𝑚𝑚 

Size of pad: 

Spatial resolution: 

Number of triggered pads: 

Perpendicular momentum: 

Length of particles in chamber Momentum resolution 

𝑑𝑝⊥

𝑝⊥
 < 10% 



Fraction of protons with momentum 
reconstructed to better than 10% 
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Relatively short length of chamber (5 cm) reduces the detection efficiency 
This length is required though to accommodate high rates of protons 

Short track 
(particle entered too close to readout) 



BACKUP 
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Path length inside mTPC and 
momentum reconstruction 
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70 MeV/c 

100 MeV/c 

Path length Momentum resolution 



Luminosity 

ℒ = 𝑡𝐷2 ∙ Ι𝑒 =
6.02∗1023

2.014
∗ 180

𝑔

𝑚3@0 𝑜𝐶 ∗
273

77
∗ 400𝑚𝑚 ∗ (

60∗10−6

1.6∗10−19
) ~ 2.9 ∙ 1036 cm-2/s 
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