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Detector Overview-STCF PID requirement

The momenta of STCF final state particles
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Endcap PID detector requirements

» >40 n/K separation power at ps2 GeV/c

« Equivalent to 2% misidentification while over
97% corresponding identification for
particles(Pi/K)

« Compact structure, thickness<20 cm
« Low material budget (<0.5 X;)

» A TOF detector based on detection
of internal reflected Cherenkov light
technology (DIRC-like TOF) can meet
these requirements.
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Detector overview

Particle
Solid Track Focusing
Radiator Optics _
N \\ | [S)li‘f:::" - Radiator as light guide
I[,, N\ S « Very smooth surface to keep the light direction
Mirror « Use Cherenkov angle and hit time information
to separate particles

Cherenkov Photon
Trajectories

Good direction property
=> need a VERY smooth light guide
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4x4 pixels MCP-PMT
570mm
15mm

-l
1040mm |

Side View Front View
AR = Kz Toa £ 0_ {0 +O' + C)'elec O-TTS 2 4 Odet 2
i3 i 3 E tot trk T,
ko) \/Np.e. INpe
O STCF endcap PID detector

~4o
O Polar angle coverage 21°-36° PS

O Large area fused silica radiator
O Multi-anode MCP-PMT

® 40 n/K separation power at p<2 GeV/c
=» Total time resolution o;,; < 50 ps
= DTOF intrinsic time resolution oy < 30 ps
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Detector overview

Channel Y 1D

Previous work
« Simulation work

* Time & Separation performance
* Full size prototype

* Production

« Cosmic ray test (and simulation)

Test areas Central area Peripheral area
DATA 20.6 17.8
Number of photon electrons
MC 20.3 17.6
| ingl 9
DATA | Slr?g e photon 59 ps 60 ps
Time resolution of | Single track 21ps 22 ps
the DTOF prototype Single photon 54 ps 57 ps
| Single track | 18 ps 22 ps

Tlme performance consistent well W|th simulation!
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4 x 54(X) x 4(Y) = 864 channel

s
! Imaging method, calculation PDF

40 N, = V2 [erfc(20,,) - erfc(26,)]
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DTOF prototype for Beam Test
| tOp _

A trapezoid Heraeus Suprasil 312
synthetic fused silica
* Thickness = 15 mm
 Roughness < 1 nm for front & back
surfaces
* Top & bottom surfaces blackened
« Lateral roughness not so good
14 MCP-PMTs :Hamamatsu R10754
* 4*4 channels
e 27.5mm*27.5mm
« 33 ps time resolution
PMT-silica coupled by EJ550 silicon
grease
A rotatable designed mechanical

structure

bottom
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[ 22 ¢ ndf 6.451/4 |
Constant 17241266
Mean  4.393¢+04 08

| Sigma 32891045 |

o0 =33 ps

Recoiling electrons

time {ps)



TO for Beam Test

- 2modules &
e Each module
« 2 pieces of 10cm*20cm EJ200

scintillators X
« Rise time ~0.9ns Decay time )
~2.1ns ) 200mm . . 100mm .

+  2*3 MCP-PMT - ¢ 5mm -o 5mm
« Coupling by EJ550 silicon grease _

 Thin black Kapton tape for light
shield and low material budget
* Good time resolution ~ 60ps/module,
45ps for TO(~STCF TO 40ps)
« Also serves as TOF for hadron PID o
up to 5 GeV/c (flight length ~8 m) ) 200mm 00

380 400 420 440 460 480 500
WAVELENGTH (nm)

- EJ-200 EMISSION SPECTRUM
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Electronics system for DTOF & TO

PXle Crate

MCP-PMT X 14

Data collect board X 2

CIock&Trlgger

' ' distribute boardx1
Front-end readout board X (7+8)

Flexible adapter board X (7 for DTOF+8 for T0) 10ps time precision !



Beam test - Introduction

« CERNPST9

« 4GeV Pi/P~2GeV Pi/K

« 2 TO modules

« 2 group of trackers(each 2 Micromegas)
« Atrapezoid DTOF prototype

ParticleType/L=1450mm TOF/DeltaTOF:ps

Pi@2GeV 4839.6 0.9975
K@2GeV 4967.9 0.9709
TOF Difference Pi/K@2GeV 128.3
Pi@4GeV 4848.4 0.9994
P@4GeV 49814 0.9736
TOF Difference Pi/P@4GeV 133.0

Pi/P@4GeV are equivalent to PIIK@2GeV!
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Estimated maximum flux in positive beam

100000

:

Fluxisplll [Open collimators)

Rl T T T T 1
o 2 4 [ 8 10
T8 Beam Momentum [GeV/c]

Fig. 5. Beam composition of the positive beam at the T9
beam line. Flux/spill describes the number of particles per
burst. As for the positive beam, there are no muons present
right &fter the target, but they sppear when pions or kaons
decay”




Beam test Introduction

Hit point:

TOF = reference time + 1450mm/(fSc)

Reference point:
1450mm to DTOF

Time/ps
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Time reconstruction algorithm

Y
l_.%x (Ax, Ay, Az) - (ty, ty, t;)

t = (tx, t Photon detector \/sz + Ayz _|_ AZZ
’ -TV 1

LOP = /Ax2 + Ay? + Az2

Quartz plate 1
i
X ]Z_. X v Ay LOP

= cos(6,)

TOP =
| ;X\ - ng-c

—l Photon detector 1

Track Note: Typically reflection times ~20

Time = T, — TOP

Quartz plate
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Beam test result - time reconstruction

PiData

Time/ps

B s
IR TR I ot 06 2 O St
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channel

Hit Map
A 200 ps time
window cut for

reconstructed data
set
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Beam test result - time reconstruction

* For Pi/P, use Pi/P assumption separately
Single track time distribution

x P
2200 = n_time
2000 - S P_time
1800 —
1600 —
1400 -
oo b5t
800
ool
400%} i
200k . 9
R S A Tlm eséé e T
L=1450mm | Exp/ps Cal/ps
Pi 4839.2 4839.6
P 4967.1 4967.8
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Considering the time o;~45ps,the intrinsic opror~23

pS

3P i
meT PP, Tw |
| ' | P e {
0.02
D.015 " P 7T
T_P - 5~74ps R
0.01 , '
0.005
o ‘ ] : ~ 1
4400 4600 4800 5000 5200 5400
Time/ps

Single photon time distribution result
for different particle with each assumption

Npe_Pi
Npe_Pi

% Entries 55578
50003' Mean 18.52

[ | Std Dev 4.006
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O 10 20 30 a0 50 60 70 &0 80 100
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Beam test result - time reconstruction

 For each event: calculate the likelihood

N
ot = | [ facrory
i=0

2024/11/20
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0.015
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0.005
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N 7 Wie L
e D e s . TN S o)

100 50 0 50 100
LikelihooodPi-LikelihoodP

Likelihood Pi/P distribution
Separation power~3.250
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Simulation result

- < channel_T_Pi ) Npe_Pi
" : x10°
X 1 . E N _Mem
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2D likelihood algorithm-Imaging algorithm

Time algorithm cannot meet the requirement~3.30 e 5
Use the channel information //O% t, = sin 6 cos ¢
But Geant4 need over 10° s to form a hit template 5, | £={t,=sinbsing,
i \\S t, =cosf
Project channel vertexs to 2 dimension coordinate N
(phiC , Zemit) E
Pad area and hit time for each pad=>2D channel-
Time map
phiC_Thick o
£ pixel
N (a)
e ) Cherenkov photons are uniformly distributed
ST e T in phiC and transportation dimension!
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2D likelihood algorithm-Imaging algorithm

hChT_0
a [ 5 ~0.001
E’ 14000 14000 f—
W =0.1 :
0.0008
12000 12000 [FEINY]
—0.08
; 0.0006
10000 10000
0.06 3
8000 - 8000 0.0004
8009 0.02 ’ o 0.0002
40005720 40 60 80 100 120 140 160 180 2?10 22|0 0 0 20 a0 60 80 100 120 140 160 180 200 220  ©
Algorithm pattern Geant4 simulation pattern
« Compare with Geant4 Simulation for fixed hit point Can reduce the
(Omm,0mm) and perpendicular to the DTOF prototype process time (o
« Patterns are consistent well 2s/event!
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2D likelihood result-Imaging likelthood
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~3.5/4.0 o separation (at 99.9%/98.4%
efficiency)
Slightly worse than simulation,
Possible reasons
 PMT crosstalk
» Tracker calibration
« Alignment
« Average flight distance for Pi/K in
STCF is 1650mm, which is set to
1450mm in beam test (in order to
accord with the z-dimension distance)
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Summary

€ We proposed the 1/3 DIRC-like TOF (DTOF) detector for beam test
@CERN

€ The expected performance of the DTOF detector was simulated, and
compared with the beam test result, the result agreed with each other.

€ Time reconstruction method was used to separated Pi/P@4GeV. A 3.30
separation was achieved.

€ Imaging reconstruction achieved 40 separation power for Pi/P@4GeV,
with an efficiency of 98.4%.

€ More detailed study and calibration ongoing...

2024/11/20 FTCF 2024 19
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System calibration

x10°

e For each channel, use
reconstruction
channel_T_Pi
100007 -
sooo:—
8000_—
7000 ;—
6000|-
5000?
400035 ‘40’”58‘ 80 100 120 T):o 160 180 200 220
Beam test data
2024/11/20

“direct

FTCF 2024

path”

direct path

Right
oosj{— “ —— sim
I —— data

0.01-

|
N R

Time/ps

Channel 126 (as example)

oo ol o nasdst AP 1 B L sl BRSSP ._xt Tl d s
3500 4000 4500 5000 5500 6000 6500 7000 7500 8000
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Beam test Simulation

 4GeV PI/P from z = —1450mm
« Wavelength:280-600nm
« A 8mm thickness shell
« Surface roughness SigmaAlpha ~ 0.1deg
« Track hit point ~2D Gaus(mean=0,sigma=14mm)
« PMT time response function:
* 67%*Gaus(t,0ps,28ps)+33%*Gaus(t,135ps,135ps)

DTOFPhotonWL DTOFPhatonWL

Time/ps

2 A Rt £ iy I T PTA |
140 Er‘:" 45;,;:‘5‘1 : am {{‘,‘,‘,‘ (f;?l
S31 D 76.35 o —& 4 0ev 1014
120 L84
X -EY
100 20es
20 v I T,
%0 ) % s
20 © X ae
20 1008
» = |
¢ 20 30 a0 ) RSy :'mu'oﬂm Z e et 0 ] owm! = w0 B0 I 3
ot o OT0FP —— 4000520 40 80 EO 100 120 140 160 180 200 220
- - - - L] 3 - - . - d‘a l
Wavelength distribution@sim Hit X-y@sim PMT response Time distribution "
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Hit map@sim
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2024/11/20

6000

400

~2000 i

Muon Channel T

Entries 1824598

Mean x 116.2
Mean y ~2749

Std Dev x 57.55

Std Dev y 1823

FTCF 2024

,  explime

T T I
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NT0090, 1923V, G=0.99x10°, RMS=4.18% NT0098, 2123V, G=1.00x10°, RMS=27.64%

x108

147 146 "
129 1.42

05

®
Gain Uniformity for MCP-PMT
(1:10°)
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3
laser irradiated channel

signal/cross talk amplification ratio
FTCF 2024
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Refractive index of fused silica

— Phase refractive index
—— Group refractive index
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Beam test 2D likelihood algorithm

nuni_aig_patern_v 2 channels malfunctional

hChT _alg_pattern Pi

2000 Weog - Py ‘ — 0.1

7500

0.06
7000

0.04

6500
0.02

6000
140 150 160 170 180 190 200 210 220

B 80 100 10 140 180 18 20 2 hChT_alg_pattern_Pi

01

Red dot : Pi
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0.08
0.06
0.04

0.02
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Beam test 2D likelihood algorithm

hChT_alg_pattern_P
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Beam test Sim and Data comparason
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Signal selection
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» After selection

Before selection
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Two parameters, At and w
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DTOF detector

L,=14m

& fused silicaradiator and MCP-PMT

P Hnuu‘

< -+

Incident particles

€ 40 /K separation at p = 2 GeV/c (o3¢ =40 ps)

* Only TOF, time resolution ~35 ps
« TOF+TOP, time resolution ~50 ps

2024/11/20
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Large area

ease of operation and maintenance
Compact structure, T=1-2 cm
Excellent time resolution, ospe~100 ps
High counting rate capability, ~10
MHz/cm? for MCP-PMT

High radiation tolerance, TID>5000 Gy
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TOF reconstruction

AZ . . - - . —
ohoton detector - AX v | ® LOP precision ~3.3 mm ® SPE time resolution ~92 ps
o Photon detector S o ' ot
: T ’ o byl sample - K rypodhesis
: Ay/ .l[l)f)c: ,| \ Sagrr 3.256 « 0.002 GOZIUCS ::—::: ::::2:;:
i : ' | 80000}
// Ay g 3-:-:»001 ;1 L E: 4-:-:Jacj }
// ~ 20000/ " \‘1 30000 ( & o=92 ps
) ///-/rraCk Y //\>9C/Tr/ack mo!lﬂ; (I?-LOE) - 33 mm ZZ:: | \\fr SPE
Quartz plate /*/Q:Jartz plate "5:0 T '36'"{6" 0 1\0\,—2{.;0 o 50 i J ‘ ,“ s s
X Z |
1 . 0.1
Algorithm ® /K separation power at 2 GeV/c oo S
Reconstruct light path, including the length of — TOF-based algorithm, including = 008 ﬂ i
light transmission along different direction, i.e. TOP differences g 006 /)
Ax, A)’l and Az . — TOFyype =T = TOPyypo — To 3 oo I
~ Soling equaton. cos B =5 p = Py = TOFiun + TOPuwutn = TOPuypo = ooz | |
- v, = (Ax, Ay, Az) j', ¥
) e D 2
Length of propagation LOP = \/sz + Ay? + Az? %5040 -30 20-10 0 102030 40 50
. . . . LOPng . : »
Time of flight TOF =T To >40 /K separation power
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Optimization

O Radiator thickness (10, 15, 20 mm) O Absorber or mirror Some conclusions
O Radiator shape (4’ 12, 24 sectors) 1. Thick radiator increases material, and thin

radiator degreases performance =2 a right
thickness is better
2. Large area radiator reduces the number of
lateral reflections, causing less hit map’s
overlaps and better /K separation power
Geometry ID 0 “ 3. Adding mirror on the top surface will increase
12 24 4 4 4 4

Sector number 4 Np.e., but cause more overlaps on the photon

Radiator thickness I5mm|15mm 15mm 10mm 20 mm 10 mm 10 mm hit maps. As results, no obvious pel‘fOI’mance
Top surface A A A A A M 45°M improvement and great attenuation of MCP-
Button surface A A A A A A A PMT’s lifetime = Reducing the misidentification

of photon paths is more important than

increasing the number of photons

Lateral surface M M M M M M M
m 21.8 21.4 16.3 15.5 255 32.7 37.2

Number of p.e.

(w/o BKG) K 176 | 178 143 132 221 276 337

Optimal design: Large area (4 sectors), 15
Anode accumulated charge (C/cm?)| 10.8 | 10.5 9.6 8.8 118 17.0 256 mm radiator, with absorber on top and
/K separation power (N,) 417 | 408 366 399 427 426 419 |button surfaces
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672-channel electronics systemof DTOF
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DTOF prototype Auxiliary systems

« Dark box e MCP-PMT installation

MCP-PMT installation hole _ MCP-PMT module

explosion pattern

PMT backboard

' _\‘\ L 5 0 ,-" )7,
< SR
77?*

,(‘ﬂ

PMT pressing plate

profile PMT backboard
PMT pressing plate

EVA Cushion gasket

Kapton shading screen

radiator o S "Sealing rubber ring Dark box top plate
' radiator MCP-PMT
Nylon column
Dark box button plate
« Electronics module « Cooling
Front-end readout bg end re;d%utﬁllaoaid
ir baffle plate
air outlet
Cooling fans
2024/11/20 FTCF 2024 38



DTOF installation and system integration

® Clean radiator and apply matting paint ® [nstallation

RUEBNEERE

WiZ 5530 EATREELRRE sEahL A  RNBRERE
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Cosmic ray test data acquisition system

Trigger

Track DATA

Discriminator

\ 4

Tracker module

l

\ 4

AGET FEE

A 4

Control

<

AGET DAQ

Data acquisition and
control instruction delivery

TO FEE

DTOF Data

TDC DATA

A

DTOF FEEs

\ 4

Tracker module

\ 4

collect board

A

Trigger and
event ID

DTOF Clock &

AGET FEE

Trigger

Trigger board

A

Trigger

Coincidence

A

Discriminator
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