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Introduction



Super Tau-Charm Facility

 Electron-positron collider experiment

» High luminosity: beyond 0.5 x 103> cm=2¢ s=1 @ 4GeV

« Wide energy region: center-of-mass energy range of
2~7 GeV
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DTOF Geometry

DTOF: DIRC-like Time-Of-Flight Detector

2 discs, each with 4 sectors

15mm quartz radiator

Detection of Internally Reflected Cherenkov Light

Side coupled to MCP-PMT with Silicone Grease @&

Aluminum Honeycomb Panel Shield

16 MCP — PMTs 1400 mm
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Simulation
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The simulation models photon propagation, incorporating dispersion, radiator bulk loss,

interface losses, grease attenuation, and Photon detection efficiency of MCP-PMT. &



Digitization

B The digitization process encompasses — CE )
» MCP-PMT transit time spread (TTS). : _ '
» Time-walk effect . _ -
> Electronic dead time (200ns). SR, Syt
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reconstruction algorithm. v ot 1,

“C  TOA:TOT *"

¢ (aftercorrection) 0

MCP-PMT : R10754-07-M16 N B B R

TOT [ns]



https://www.hamamatsu.com.cn/cn/zh-cn/product/optical-sensors/pmt/pmt_tube-alone/mcp-pmt/R10754-07-M16.html
https://www.hamamatsu.com.cn/cn/zh-cn/product/optical-sensors/pmt/pmt_tube-alone/mcp-pmt/R10754-07-M16.html
https://www.hamamatsu.com.cn/cn/zh-cn/product/optical-sensors/pmt/pmt_tube-alone/mcp-pmt/R10754-07-M16.html
https://www.hamamatsu.com.cn/cn/zh-cn/product/optical-sensors/pmt/pmt_tube-alone/mcp-pmt/R10754-07-M16.html
https://www.hamamatsu.com.cn/cn/zh-cn/product/optical-sensors/pmt/pmt_tube-alone/mcp-pmt/R10754-07-M16.html
https://www.hamamatsu.com.cn/cn/zh-cn/product/optical-sensors/pmt/pmt_tube-alone/mcp-pmt/R10754-07-M16.html
https://www.hamamatsu.com.cn/cn/zh-cn/product/optical-sensors/pmt/pmt_tube-alone/mcp-pmt/R10754-07-M16.html

Reconstruction -- Timing Method (1D)

TOF reconstruction
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Reconstruction -- Imaging Method (2D)

Finite Element Computational Pattern
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Comparison of Timing & Imaging Method
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Polar Angle [Deg]

Performance -- Single-Track
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Multi-Track simulation

O 2 tracks hit the same sector;
Op = 2.0 GeV, both

O 6~Uniform, ¢~Uniform

e

O Fix Opening Angle a: 1°~ 35°

® Multi-track Processing Strategies
» Batch mode (Joint Hypothesis)
» Split mode (Independent Track-by-Track)

12



Performance -- Multi-Track

PI1D-efficiency or mis-ID rate PID-efficiency or mis-ID rate
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v Performance matches Single-track; <5° Degradation (Rec resolution)

v" Comparable performance, Split mode is better for Global PID
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Performance -- Physics Processes
Inclusive Hadronic D% Decay +/s =3.773 GeV
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v /K identification efficiency above 95% and K mis-ID rate < 2% for
p < 1GeV/c.
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Performance -- Physics Processes

Inclusive ete-—J/psi—Hadrons /s = 7GeV

PID-efficiency or mis-ID rate PID-efficiency or mis-ID rate

| E—— R e s e s ) | s s L T

0 S SN FSNSSRPIS: . LN 10 e e——

Track Selection:
Primary hit on DTOF

0.6

Efficiency

0.4l .
Track extrapolation to DTOF

0-2_ __________________________________________ ________________________ _______________________________________________________________________________________________________________________ 0_2_ ..........................................................................................................................................................................................

- | | ﬂf&ﬁ'&érﬁ% R ]

oL MWMW o - et e e e

I il o P NP O S e e e e T T T T

0 500 1000 1500 2000 2500 3000 3500 4000 088 089 09 091 092 093 094 095

Momentum [MeV/c] coso

v /K identification efficiency above 95% and K mis-ID rate < 5% for
p < 2GeV/c.
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Summary

B Evaluates the DTOF performance using the full-detector

simulation framework of the OSCAR.

O Hybrid single-track reconstruction :

v /K identification efficiency >97% at 2GeV/c (mis-ID rate =2%)

O Multi-Track PID Performance :

v' Performance is consistent with the single-track result

O Physics Processes :

v /K identification efficiency above 95% and K mis-ID rate<5% for
p < 2GeV/c.
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Digitization
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Reconstruction -- Timing Method (1D)
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Reconstruction -- Imaging Method (2D)

Finite Element Computational Pattern
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Hybrid mode

K PID Efficiency (mis-ID Rate = 2%)
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Timing Method -- Likelihood

3
hypo
LroF =N, eyp 2 wl-(p)Gaus(At; U;, ai(p)) + bkgped_TOF
i=1

1 3
withw; = r(p),w, = Er(p),wg =1- ET(P); a,(p) ~0(1/p)

r(p) = 0.65 — 6402./p / p;

Uy =0, o,(p) =006 + 5645 /p + 965.6 /p /p
U, = 0.135, o,=0.15

Uz = 0.05, o3 =0.33
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Efficiency
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Probability Density
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  𝜇


  𝜇


  16   MCP − PMTs  


  12   MCP − PMTs  


  𝜽 ∈ ( 𝟐 𝟎 ° − 𝟑 𝟒 ° )


  𝜽 ∈ ( 𝟐 𝟎 ° − 𝟐 𝟖 ° )


   𝛽 h


   𝜃 c


  P o s i t i o n ,   M o m e n t u m


  𝑻 𝑶 𝑷


    𝑻 𝑶 𝑭  𝒓 𝒆 𝒄


  C h a n n e l , T O A


  Δ Z


   𝜃 c


     v → t


     v → 𝛾 = ( Δ X ,   Δ Y ,   Δ Z )


   L h =  e  −  N h  ∏  i = 1   N  p . e .   [   N h f  (  𝛥  t i ;  p h ) + b k g ]


   N h :


  e x p e c t e d


   N  p . e .


  Δ  t i


    T O F  r e c −   T O F  h y p o


  m ,  𝛽 h , T O F


  𝑻 𝑶 𝑨


  𝑵 𝒑 𝒆


   f h  (    c h i ,  t i )


  C h a n n e l , T O A


  P o s i t i o n ,   M o m e n t u m


   𝓛 𝒉 =  𝒆  −    𝑵 - 𝒉  ∏  𝒊 = 𝟏   𝑵  𝒑 . 𝒆 .  [    𝑵 - 𝒉  𝑺 𝒉  (    𝒄 𝒉 𝒊 ,  𝒕 𝒊 ) + 𝑩 ] 


  𝜋 / K  


  p = 2 . 0   GeV


  𝜃


  𝜑 ~ Uniform


  𝜽


       𝒔 = 𝟕 𝑮 𝒆 𝑽


   𝒔 = 𝟑 . 𝟕 𝟕 𝟑   𝑮 𝒆 𝑽


  𝜋 / K


  𝜽


   𝒔 = 𝟕 𝑮 𝒆 𝑽


  𝜋 / K


  𝜋 / K


    𝜋 / K


   f  TTS  ( t ) =    A 1    2 𝜋  𝜎 1   exp ⁡   (  −      (  t −  𝜇 1 ) 2  2  𝜎 1 2 ) +    A 2      2 𝜋 𝜎 2   exp ⁡   (  −      (  t −  𝜇 2 ) 2  2  𝜎 2 2 )


   f  TOT  ( t ) =    A 1    2 𝜋  𝜎 1   exp ⁡   (  −      (  t −  𝜇 1 ) 2  2  𝜎 1 2 ) +    A 2      2 𝜋 𝜎 2   exp ⁡   (  −      (  t −  𝜇 2 ) 2  2  𝜎 2 2 ) +    A 3      2 𝜋 𝜎 3   exp ⁡   (  −      (  t −  𝜇 3 ) 2  2  𝜎 3 2 )


            A 1 = 0 . 67 ,     𝜇 1 = 0 ,  𝜎 1 = 28


      A 2   = 0 . 33 ,    𝜇 2 = 135 ,     𝜎 2 = 135


            A 1 = 700 ,     𝜇 1 = 780 ,  𝜎 1 = 40


   A 2   = 450 ,    𝜇 2 = 730 ,     𝜎 2 = 80


      A 3   = 200 ,    𝜇 2 = 700 ,     𝜎 2 = 220


  Δ Z


   𝛽 h


   𝜃 c


     v → t


     v → 𝛾


  𝑳 𝑶 𝑷   & 𝑻 𝑶 𝑷


    𝑻 𝑶 𝑭  𝒓 𝒆 𝒄


  c o s  𝜃 c =  1  n  𝛽 h


  c o s  𝜃 c =      v → t ∙    v → 𝛾  |    v → t |   ∙ |    v → 𝛾 |


  L O P =   Δ  X 2 + Δ  Y 2 + Δ  Z 2


    T O F  r e c = T − T O P −  T 0


  T O P = L O P ∙    n g - / c


   𝜃 c


     v → t


     v → 𝛾 = ( Δ X ,   Δ Y ,   Δ Z )


   L h =  e  −  N h  ∏  i = 1   N  p . e .   [   N h f  (  𝛥  t i ;  p h ) + b k g ]


  m ,  𝛽 h , T O F


  P o s , M o m


   𝜃 c


  𝑻 𝑶 𝑷


  𝑻 𝑶 𝑨


  𝑵 𝒑 𝒆


  𝚫


   f h  (    c h i ,  t i )


  C h a n n e l , T O A


   𝓛 𝒉 =  𝒆  −    𝑵 - 𝒉  ∏  𝒊 = 𝟏   𝑵  𝒑 . 𝒆 .  [    𝑵 - 𝒉  𝑺 𝒉  (    𝒄 𝒉 𝒊 ,  𝒕 𝒊 ) + 𝑩 ] 


   ℒ  


  r  ( p )


  =   0 . 65   −   6402 .   /   p   /   p ;


   𝜇 1 = 0


                              𝜎 1  ( p ) = 0 . 06   +   5 . 645   /   p   +   965 . 6   /   p   /   p


   𝜇 2 = 0 . 135


          𝜎 2 = 0 . 15


   𝜇 3 = 0 . 05


   𝜎 3 = 0 . 33


  with   w 1 = r  ( p ) ,  w 2 =  1 2 r  ( p ) ,  w 3 = 1 −  3 2 r  ( p ) ;  𝜎 1  ( p ) ∼ 𝒪  (  1 / p )

