The 2024 Workshop on Super Tau Charm Facilities

IRC-like Time-of-flight Detector (DTOF)
under the Offline Software of Super Tau-Charm Facility

Yutong Feng!™-?], Binbin Qil*2], Zekun Jial*?!, Cong Geng!3l, Wenhui TianB3!

[1] University of Science and Technology of China
[2] State Key Laboratory of Particle Detection and Electronics
[3] Sun Yat-sen University

On behalf of the STCF DTOF-software working group
Jul, 2024, Lanzhou

Yutong Feng fengyutong@mail.ustc.edu.cn STCF 2024 WorkShop, LZU



uper Tau-Charm Facility

Storage ring

Parameters of STCF:
* Center-of-mass energy: 2 — 7GeV N T . : e ect‘r
« Peak luminosity: 0.5~1x103°cm™2s~1 T a ec.t et or
e Circumference: ~600m <P xN

e Crossing angle: 2X30mrad

Scintillator

291 cm >

MUD
* wWr suppression power >30 at p< 2
GeMlg Iron York/MUD

=\ (@
» Energy range: 25 MeV - 3.5 GeV

» oddE~25%atE =1 GeV e
PID f
/K (and K/p) efficiency >97% with

mis-ID <2% up to 2 GeV/c

MDC
* Opos= 130 pm
s dE/dx ~ 6%, o-plp=

- Efficiency> 9

ITK
» ~0.25% Xy/layer
* Opos= 100 um for single hit
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DTOF Geometry Configuration

 Two identical endcap discs, ~ £1400 mm away from the collision point along the beam direction.
* Eachdisc: 4 sectors, Ry,i; =570 mm, Ry,q = 1050 mm.
* Covering polar angles 8§ € (22° — 36°) .

4xX4 anodes

5.5%5.5 mm?
"91,)‘

4x4 pixels MCP-PMT

570mm |
1040mm

Front View
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DTOF Simulation

Optical Parameters

e Optical parameters used in DTOF simulation.
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DTOF Simulation

Photon Yield
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DTOF Reconstruction

Single Timing Uncertainties

Single photon timing uncertainty:
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DTOF Reconstruction

e TOF Reconstruction * Likelihood construction
1 Uy - {}p B, = (a,b,0) signal bkg
6. = = — - . _ iVpe.
OV T8 T 1l - 15| {vp — (AX,AY, A7) Ly =177 NpSp(TOFec| TOFyyp,) + 0.05
LOF
LOP - 7= where TOFy, = —
LOP = AXZ + AY2 + AZ2 =5 TOFp, =T — — 9 _T, YPO ™ cBhypo
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DTOF Reconstruction

* Performance

Np.e,
Ly =125 NpSp(TOFyec| TOFpyp,) + 0.05

 efficiency after mixing BKG in different (|p|, 0) :
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DTOF Reconstruction

* Photon TOA v.s. (x,, ¥5) Reconstruction

1 vy v = (a, b, c)
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DTOF Reconstruction

e Performance

Aﬁme. Aﬁme.__
Ly=1| 1| ) fulchpt) =1 | ) NypSp(ch;, t;) + B
l= 1=

» 1 efficiency ~ 99%, atp = 2.0 GeV/c (K mis — ID = 2%)
* Imaging method performed betteratp > 2 GeV/c
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Summary

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

v' Geometry simulation has been constructed.

Reconstruction

v Both two Algorithm can satisfy 97% m efficiency at p < 2.0 GeV/c
Timing method
* 1 efficiency ~ 98%,atp = 2.0 GeV/c.
* Overall reconstructed TOF time resolution ~ 50 ps.

Imaging method Thank you I
* 1 efficiency ~99%, atp = 2.0 GeV/c.

Improve the efficiency of Global PID. 6 € (22°36°), p € (0.2,2.4) GeV/c.
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BackUp
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BackUp

m efficiency

after mixing BKG in different (|p|, 8) :

€TvsP — €TOF TOF method: shorter reconstruct time
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BackUp

K efficiency (7t mis — ID = 2%

TOF Method
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TvsP Method
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;5.—20 99.40 99.60 99.90 99.90 99.90 99.90 99.90 99.90 99.90 99.80 99.80 99.80 99.80 99.80 99.70 99.60 99.50 99.30 99.10 98.60 97
;640 99.40 99.50 99.90 99.90 99.90 99.90 99.90 99.80 99.90 99.80 99.80 99.80 99.80 99.70 99.70 99.60 99.50 99.30 99.00 98.50 97.
[ 99.30 99.60 99.90 99.90 99.90 99.90 99.80 99.80 99.90 99.80 99.80 99.80 99.80 99.70 99.60 99.60 99.50 99.30 98.90 98.70 97

| ]99]40 i 99190I 99i90 I99|90 I99i90 |99|90 I99.|80 |99190 IQQIBOI 99|8O : 99.[80I 99180 ! 99.I70|99|60 I99.|50 I99130 I99100 I98160 I98i2(] i 97|
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BackUp

@ 6 = 41°p = 0.2 GeV, T Sample

te00r Ewes 100z| s 1917
oo Delete the Rich, Mean 1904 e[ Delete the Rich, o e 6o
1a00f- Skim the barrier of MDC 100~ Skim the barrier of MDC
1200 (both endcap & barrel) 100f- (Only barrel)
‘0003— 1000?—
soog— 800%— 291 cm
500; soof—
4005— 400?—
200; 2003—
000 T e o T8 200 050 20 0 760 780 200 185 cm
149 cm
1800 Erriee 1065 1800 B - gea7| 105cm
1e0f- Delete the Rich sabev 137z 10— With whole Geometry SeDov 1561 85em
1400— 1400;
‘200; 12003—
‘000; 10002—
snof— soof— 3 cm
C C 3,6cm
600 600[—
4005— 4003—
200; 200?—
000 505 000 200

Yutong Feng
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Scintillator

-

40cm

~"'200



