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Some plots are repeated by Offline Software of Super Tau-Charm Facility (OSCAR).
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Super Tau-Charm Facility
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Linac Storage ring

Detector 
spectrometer

Parameters of STCF:
• Center-of-mass energy: 2 − 7GeV
• Peak luminosity: 0.5~1×10!"cm#$s#%

• Circumference: ~600m 
• Crossing angle: 2×30mrad 

For DTOF:
• 4σ 𝜋/𝐾 separation at p = 2 GeV/c

• Time resolution ~ 50 ps

Physical targets of STCF:
• Rich physics with c quark and 𝜏 leptons
• Non-perturbed strong interaction and hadron structure

• New physics searching
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DTOF Geometry Configuration
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18 MCP − PMTs

• Two identical endcap discs at ∼ ±1400 mm away from the collision point along the beam direction. 
• Each disc is made up of 4 quadrantal sectors, with 𝑅&'( = 560 mm , 𝑅&)* = 1050 mm.
• Covering in polar angles of ∼ 22° − 36°.

Yutong Feng

5.5×5.5 𝑚𝑚!4×4 anodes



Single Timing uncertainty
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OSCAR ～95.7 ps

𝜎: = 𝜎;! ⨁ 𝜎:"#$⨁ 𝜎;;< ⨁ 𝜎:%⨁ 𝜎:&⨁ 𝜎:'()(+,-)

𝝅 /ps

𝝈𝒕𝑴𝑪𝑺 9.8

𝝈𝒕𝝀 40.7

𝝈𝒕𝑫 14.36

𝝈𝒕𝒆𝒙𝒕 16.5

𝝈𝑻𝟎 40

𝝈𝑻𝑻𝑺 70

Distance = Δ𝑋$ + Δ𝑌$ = 63.5 cm ~ 83 ps

B. Qi et al 2021 JINST 16 P08021 
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⊕𝜎.+ ⊕𝜎/*0~ 94 ps

𝑎⨁𝑏 = 𝑎! + 𝑏!



Likelihood Method for PID

l Timing Method

Ø Likelihood construction
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𝑇𝑂𝐹"#$ = 𝑇 −
𝐿𝑂𝑃 3 𝑛%

𝑐 − 𝑇&

z

Detection point

Trk
𝑣⃗! = (𝑎, 𝑏, 𝑐)

Photon direction
In xoy (𝚫𝑿, 𝚫𝒀)

𝐿𝑂𝑃 = Δ𝑋! + Δ𝑌! + Δ𝑍!

Δ𝑍

𝑐𝑜𝑠𝜃$ =
1
𝑛𝛽 =

𝑣⃗' 3 𝑣⃗(
|𝑣⃗'| 3 |𝑣⃗(|

Ø TOF Reconstruction

A
𝑣⃗' = (𝑎, 𝑏, 𝑐)

𝑣⃗( = (Δ𝑋, Δ𝑌, Δ𝑍)

⟹

ℒ1 = ∏'23
48.:. 𝑓1 𝑇𝑂𝐹'

where 𝑇𝑂𝐹)*(+ =
,-.

$/!"#$

𝑓) 𝑡 = 𝐺𝑎𝑢𝑠 𝑇𝑂𝐹"#$| 𝑇𝑂𝐹)*(+ , 𝜎 + 0.05
signal bkg
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Likelihood Method for PID

• Timing Method
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ℒ; = ∏<=>
?!.#. 𝑓; 𝑇𝑂𝐹<

𝑓; 𝑡 = 𝐺𝑎𝑢𝑠 𝑇𝑂𝐹@AB| 𝑇𝑂𝐹;CDE, 𝜎 + 0.05FGH

• 𝜎'~95 𝑝𝑠 by single photon-electron under right hypothesis

• 𝜎'~45 − 50 𝑝𝑠 by multi-photon-electrons 

• 4.17𝜎 𝜋/𝐾 separation at 𝑝 = 2.0 GeV/c

JINST 16, P08021 (2021) 
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• Imaging Method
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ℒ; = 𝑝; 𝑁D.A. ∏<=>
?!.#. 𝑓; 𝑥<, 𝑡<

𝑝; 𝑁D.A. = @
I=>

?

𝑃𝑜𝑖𝑠𝑠𝑜𝑛;(𝑛, 𝑁A)×𝐹FGH(𝑁 − 𝑛)

𝑓; 𝑥, 𝑡 = 𝑆;(𝑥, 𝑡) + 𝑐𝑜𝑛𝑠𝑡FGH

Likelihood Method for PID

𝑐𝑜𝑠𝜃B =
1
𝑛𝛽

=
𝑣⃗J O 𝑣⃗D

|𝑣⃗J| O |𝑣⃗D|
P
𝑣⃗J = 𝑎, 𝑏, 𝑐
𝑣⃗D = (𝑥K − 𝑥>, 𝑦K − 𝑦>, 𝑧K − 𝑧>)

𝑧K = 𝑧! + 2𝑚𝑇

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

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

𝑆$(𝑥, 𝑡) is the signal P.D.F. 
with a weight of 𝑁%.&.
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• Imaging Method

𝐾 − 𝜋𝜇 − 𝜋𝑒 − 𝜋
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Likelihood Method for PID

Yutong Feng

Improve 𝛑/𝐊 separation ~𝟒. 𝟕𝛔, 𝐚𝐭 𝐩 = 𝟐. 𝟎 𝐆𝐞𝐕/𝐜

ℒ; = 𝑝; 𝑁D.A. ∏<=>
?!.#. 𝑓; 𝑥<, 𝑡<

𝑝; 𝑁D.A. = @
I=>

?

𝑃𝑜𝑖𝑠𝑠𝑜𝑛;(𝑛, 𝑁A)×𝐹FGH(𝑁 − 𝑛)

𝑓; 𝑥, 𝑡 = 𝑆;(𝑥, 𝑡) + 𝑐𝑜𝑛𝑠𝑡FGH

Nucl. Instrum. Meth. A 1049, 168090 (2023) Nucl. Instrum. Meth. A 1049, 168090 (2023) 
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Summary

For STCF, it will improve the PID efficiency in 𝜽 ∈ 𝟐𝟐°, 𝟑𝟔° , 𝒑 ∈ 𝟎. 𝟐, 𝟐. 𝟒 𝐆𝐞𝐕/𝐜.

Yutong Feng
Thank you !

• Timing method
Using transmission characteristic of Cherenkov photon to calculate its arrival time.
Construct the probability density function of TOF & realize the identification of particles.

• Overall reconstructed TOF time resolution ~45 − 50 ps

• 𝜋/𝐾 separation ~4.17𝜎, at 𝑝 = 2.0 GeV/c

• Imaging method
Using emission & transmission characteristic of Cherenkov photon to evaluate its arrival (𝒓, 𝒕).
Construct a multidimensional likelihood function of hit-position and hit-time of photon ℒ𝒉(𝒓, 𝒕)
& realize the PID.

• 𝜋/𝐾 separation ~5𝜎, at 𝑝 = 2.0 GeV/c
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Separation
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S

𝑃 𝑥 =
1
2
erf

𝑥
2𝜎

= 1 − 𝑺

Separation = 𝑥𝜎



5

10

15

20

25

9.0 5.8 4.1 6.4 9.7 11.8 13.4 14.8 14.8 15.4 16.6 17.0 17.1 16.7 16.7 16.9 17.1 17.2 17.7 18.1 18.1 18.2

7.3 5.8 4.2 6.9 10.3 12.5 13.8 15.0 16.2 16.3 16.4 16.8 17.5 18.0 18.3 18.5 18.6 18.6 18.6 18.4 18.3 18.2

7.9 6.0 4.5 7.4 11.0 13.1 14.8 15.5 16.6 17.6 18.0 17.9 17.9 17.9 18.4 18.9 19.6 19.5 20.0 20.1 20.0 20.2

7.7 5.6 4.8 8.1 11.5 13.7 15.3 16.7 16.9 17.2 18.4 19.2 19.6 19.5 19.4 19.4 19.3 18.8 19.2 19.4 19.4 19.4

8.5 6.9 4.8 8.7 12.3 14.4 15.9 17.4 18.9 19.2 18.8 18.8 19.3 20.3 20.9 21.1 21.5 21.8 22.1 22.3 22.0 21.6

8.6 6.3 4.9 9.6 13.1 15.5 17.0 17.4 18.2 18.9 20.8 21.0 21.4 20.8 20.8 20.4 20.8 20.8 20.6 20.7 21.2 20.9

7.9 6.9 5.4 10.0 14.0 15.4 17.7 19.8 20.2 19.9 19.9 20.3 21.3 21.7 22.6 23.2 23.3 23.8 23.4 23.8 24.6 24.9

9.2 6.4 5.7 10.9 14.5 17.1 17.5 18.4 19.6 21.6 22.7 23.5 23.2 23.0 23.4 23.2 22.3 22.9 23.3 22.6 22.2 22.0

8.9 6.7 5.7 11.7 14.8 17.3 19.9 21.4 22.1 21.4 21.4 21.4 21.4 22.5 22.3 23.7 24.3 24.5 25.3 25.6 25.4 25.6

9.0 6.7 6.2 12.3 16.5 17.6 18.6 19.4 20.6 22.2 23.5 25.5 26.0 26.6 26.0 26.7 27.3 26.5 26.4 27.6 28.2 27.4

10.7 6.2 6.7 12.4 16.4 19.2 21.6 23.1 24.4 24.4 24.1 24.6 23.9 24.6 24.8 23.1 24.3 26.1 25.6 24.3 24.2 25.3

10.4 7.2 6.6 13.6 17.2 18.7 19.4 20.7 21.2 20.9 22.1 21.3 24.8 23.7 24.5 26.5 26.6 26.7 28.2 28.5 28.7 28.4

12.2 7.7 6.0 10.4 14.5 17.7 18.5 19.4 21.4 24.6 25.3 26.9 28.1 28.2 27.4 28.9 28.8 27.1 26.9 28.2 29.3 28.6

8.2 6.2 4.7 7.7 11.5 14.9 18.1 18.3 19.7 20.1 18.1 16.5 15.0 15.0 13.5 13.5 13.8 13.0 12.5 12.6 12.5 12.3

Npe-K

0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4

Momentum [GeV/c]

22

24

26

28

30

32

34

36

Po
la

r A
ng

le
 [d

eg
]

Npe-K

14

16

18

20

22

24

26

28

30

12.1 14.2 15.2 16.3 17.2 17.7 18.0 18.3 18.2 18.3 18.3 18.5 18.6 18.5 18.6 18.8 18.9 19.0 19.2 19.4 19.3 19.3

13.0 15.3 16.2 16.7 17.1 17.5 17.8 18.0 18.1 18.1 18.1 18.2 18.3 18.7 18.6 18.7 18.5 18.7 18.6 18.8 18.8 18.9

14.0 15.9 17.0 18.1 18.5 19.1 19.3 19.6 19.9 20.0 20.1 20.2 20.2 20.2 20.0 20.2 20.4 20.1 20.2 20.3 20.3 20.3

14.7 16.7 17.2 17.7 18.3 18.6 19.1 19.0 19.2 19.2 19.3 19.7 19.9 20.2 20.4 20.7 20.7 20.7 20.6 20.9 21.0 21.0

15.3 17.3 18.7 19.5 20.1 20.5 21.0 21.8 21.9 22.2 22.4 21.9 21.9 21.8 21.9 21.6 21.7 22.1 21.8 21.6 21.7 21.9

16.0 18.1 18.8 19.1 19.3 19.9 20.3 20.3 20.5 21.0 21.2 21.4 21.6 21.7 22.0 22.0 22.0 22.1 22.3 22.5 22.5 22.3

16.5 19.0 20.7 21.3 22.2 22.9 23.2 23.7 24.0 24.0 24.1 24.2 24.4 24.2 24.1 24.6 24.3 24.2 24.6 24.6 24.1 23.8

17.4 20.2 20.5 20.6 21.1 21.6 22.2 22.8 22.9 22.9 22.7 23.1 22.3 23.0 22.6 22.5 23.7 23.4 22.8 23.2 24.1 24.2

18.4 20.1 22.6 23.6 24.0 24.2 24.2 24.2 24.4 24.7 25.4 25.5 26.3 25.7 26.8 26.4 26.2 27.2 28.0 27.3 27.0 27.2

19.3 22.3 24.3 25.3 25.3 25.5 26.1 26.6 26.9 26.9 26.9 26.6 26.9 27.1 27.0 27.0 26.7 26.3 26.5 27.3 27.4 27.2

21.1 21.8 23.2 24.4 24.3 24.0 24.4 24.9 24.9 25.3 24.9 24.8 24.8 25.4 25.4 25.3 25.5 25.8 25.7 26.1 26.6 26.3

19.4 21.1 26.1 27.2 27.1 25.6 24.8 24.8 25.1 25.9 26.3 26.6 26.9 28.3 28.9 28.3 28.7 30.1 30.6 30.1 30.0 30.1

23.7 25.4 25.5 25.3 27.0 28.8 27.7 26.9 27.4 28.5 30.3 29.1 31.6 30.2 29.7 31.0 30.1 28.5 28.5 29.6 29.9 29.0

13.6 15.2 12.6 14.1 17.2 20.1 22.9 22.6 22.3 23.1 20.1 18.2 16.4 15.7 14.5 14.4 14.3 13.4 12.7 12.4 12.8 12.7

Npe-pi

0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4

Momentum [GeV/c]

22

24

26

28

30

32

34

36

Po
la

r A
ng

le
 [d

eg
]

Npe-pi

Photoelectron Yield

13

𝜋 sample
𝑝 = 2.0GeV 𝜃 = 24°
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𝜎J by single p.e. ~95 ps ~95 ps

𝜎J by multi p.e. ~45-50 ps ~50 ps
𝜋/𝐾 separation
(𝑝 = 2.0 GeV/c) 4.17𝜎 3.95𝜎


