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Super Tau-Charm Facility
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Parameters of STCF:
• Center-of-mass energy: 2 − 7GeV
• Peak luminosity: 0.5~1×10!"cm#$s#%
• Circumference: ~600m 
• Crossing angle: 2×30mrad 

Linac Storage ring

Detector 
spectrometer



DTOF Geometry Configuration
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• Two identical endcap discs, ∼ ±1400 mm away from the collision point along the beam direction. 

• Each disc: 4 sectors, 𝑅!"# = 570 mm , 𝑅!$% = 1050 mm.

• Covering polar angles 𝜃 ∈ (22° − 36°) .

5.5×5.5 𝑚𝑚$
4×4 anodes

18 MCP − PMTs



DTOF Simulation
Optical Parameters
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• Optical parameters used in DTOF simulation.



DTOF Simulation
Photon Yield
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DTOF Reconstruction
Single Timing Uncertainties
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B. Qi et al 2021 JINST 16 P08021 
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• Single photon timing uncertainty:

𝝅 𝝈𝑻𝟎 𝝈𝒕𝑴𝑪𝑺 𝝈𝒕𝒆𝒙𝒕 𝝈𝒕𝝀 𝝈𝒕𝑫 𝝈𝑻𝑻𝑺 Total

/ps 40 9.8 16.5 40.7 14.4 30 68.8

@2GeV Overall 𝜎& ~50 ps



DTOF Reconstruction
Likelihood Method for PID – Timing Method
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• Likelihood construction

𝑇𝑂𝐹/*0 = 𝑇 −
𝐿𝑂𝑃 F 𝑛1

𝑐 − 𝑇2

z

Detection point

Trk
𝑣⃗! = (𝑎, 𝑏, 𝑐)

Photon direction
In xoy (𝚫𝑿, 𝚫𝒀)

Δ𝑍

• TOF Reconstruction

𝐿𝑂𝑃 = Δ𝑋$ + Δ𝑌$ + Δ𝑍$ ⟹

ℒ! = ∏"#$
%3.4.𝑁!𝑆! 𝑇𝑂𝐹&'(| 𝑇𝑂𝐹!)*+ + 0.05

where 𝑇𝑂𝐹'()* =
+,-

./-./0

signal bkg
𝑐𝑜𝑠𝜃0 =

1
𝑛𝛽

=
𝑣⃗& F 𝑣⃗(

|𝑣⃗&| F |𝑣⃗(|
U

𝑣⃗& = (𝑎, 𝑏, 𝑐)
𝑣⃗( = (Δ𝑋, Δ𝑌, Δ𝑍)



DTOF Reconstruction
Likelihood Method for PID – Timing Method
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• 𝜎&~ 69 𝑝𝑠 by single photon-electron

• 𝜎&~ 50 𝑝𝑠 by multi-photon-electrons 

• 𝜋 ef>iciency ~ 98% at 𝑝 = 2.0 GeV/c

• Performance

(𝐾 mis − ID = 2%)

ℒ' = ∏"01
2/.2.𝑁'𝑆' 𝑇𝑂𝐹34.| 𝑇𝑂𝐹'()* + 0.05

(𝐾 mis − ID = 2%)
𝜋 efficiency after mixing BKG in different 𝑝⃗ , 𝜃 :



z

DTOF Reconstruction
Likelihood Method for PID – Imaging Method

Yutong Feng STCF 2024 WorkShop, LZU 9

9

ℒ3 =.
456

7!.#.
𝑓3 𝑐ℎ4, 𝑡4 =.

456

7!.#.
4𝑁3𝑆3 𝑐ℎ4, 𝑡4 + 𝐵

9
83$,9$

4𝑁3𝑆3(𝑐ℎ4, 𝑡4) = 4𝑁3

𝑐𝑜𝑠𝜃8 =
1
𝑛𝛽

=
𝑣⃗9 ? 𝑣⃗:

|𝑣⃗9| ? |𝑣⃗:|
A
𝑣⃗9 = 𝑎, 𝑏, 𝑐
𝑣⃗: = (𝑥; − 𝑥<, 𝑦; − 𝑦<, 𝑧; − 𝑧<)

𝑧: = 𝑧; + 2𝑚𝑇

𝒙𝒔, 𝒚𝒔 ⟹ 𝒛𝒆, 𝝓𝒄 ⟹ 𝑻𝑶𝑨 = 𝑻𝑶𝑭 +
𝚫𝐋𝐎𝐅𝐞
𝜷𝒄

+ 𝑻𝑶𝑷

• Photon TOA v.s. (𝒙𝒔, 𝒚𝒔) Reconstruction • Likelihood construction



DTOF Reconstruction
Likelihood Method for PID – Imaging Method
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• 𝜋 ef>iciency ~ 99%, at 𝑝 = 2.0 GeV/c (𝐾 mis − ID = 2%)
• Imaging method performed better at 𝑝 > 2 GeV/c

• Performance

𝜋 efficiency after mixing BKG in different 𝑝⃗ , 𝜃 :
(𝐾 mis − ID = 2%)

ℒ' =W
"01

2/.2.
𝑓' 𝑐ℎ", 𝑡" =W

"01

2/.2.
\𝑁'𝑆' 𝑐ℎ", 𝑡" + 𝐵
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Simulation
ü Geometry simulation has been constructed.

Reconstruction
ü Both two Algorithm can satisfy 97% 𝜋 efficiency at p ≤ 2.0 GeV/c

Timing method
• 𝜋 ef1iciency ~ 98%, at p = 2.0 GeV/c.
• Overall reconstructed TOF time resolution ~ 50 ps.
Imaging method
• 𝜋 ef1iciency ~ 99%, at 𝑝 = 2.0 GeV/c.

Improve the efficiency of Global PID. θ ∈ 22°, 36° , p ∈ 0.2, 2.4 GeV/c.
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Summary

Thank you!

The Simulation & Reconstruction software of DTOF has been established based on OSCAR:



BackUp
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BackUp

𝜋 efficiency after mixing BKG in different 𝑝⃗ , 𝜃 :

TOF method: shorter reconstruct time
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K efficiency (𝜋 mis − ID = 2%)
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BackUp

TOF Method TvsP Method



BackUp
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@ 𝜃 = 41°, 𝑝 = 0.2 GeV, 𝜋 Sample

Delete the Rich, 
Skim the barrier of MDC
(both endcap & barrel)

Delete the Rich, 
Skim the barrier of MDC
(only barrel)

Delete the Rich With whole Geometry


