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D I RC conce pt Detection of Internally Reflected Cherenkov Light

Central

Used for the first time in BABAR as primary hadronic PID system Support

Support
Gusset

« primary goal: /K ID to 4 GeV/c Sy
Bar ii.\_»;: 7
Charged particle traversing solid radiator, refractive index n Bex
 Bar or plate radiator, made from Synthetic Fused Silica (Quartz) o o«
Strong o
Support . Standoff
For 3>1/n tracks, some Cherenkov photons are totally internally reflected Tube Bex
BABAR DIRC
Quartz bar/plate are both radiator and light guide o
article
« Cherenkov angle conserved during many internal reflections ;4 Track  Focusing

Optics
Detector
Surface

Radiator
A 3-D device, measuring x, y, and time of Cherenkov photons 4 \\
to defining 6., @, t,opagation 2 Ultimate PID performance lE

>
Mirror

. (Defining time of flight (TOF) = DIRC-like TOF detectorj Cherenkov Photon

Trajectories
DIRCs requires momentum and position of particle measured by tracking system

Review of DIRC Detectors by Schwiening
2024/7/19 ICHEP 2024 | PRAGUE 2



https://indico.pnp.ustc.edu.cn/event/91/contributions/6373/

DTO F d etector DIRC-like Time Of Flight detector

Photon Sensor

» DTOF: DIRC technique to measure Time Of Flight Time of Propagati

Cherenkov
« Large area, ease of operation and maintenance Photons
« Compact structure, thickness = 1~2 cm Ve;tex
« High counting rate capability, ~10 MHz/cm? for MCP-PMT Time of Fight \

« High radiation tolerance, TID > 5000 Gy ) Cha:_gcled
adlator particie
* Excellent time resolution, o5pe~100 ps T ~ :

» The o, requirement for 40 /K separation at p = 2 GeV/c,

assumes length of flight = 1.5 m

« Conventional TOF (Only TOF), o, requirement = 35 ps _

* DIRC-like TOF (TOF+TOP), o, requirement = 50 ps %ol carsm
> Some examples of DTOF or similar detectors e
«  FTOF (DIRC-like Forward Time-Of-Flight detector) for SuperB (Canceled) L e
« TORCH (Time Of internally Reflected CHerenkov light) for LHCb upgrade

« DTOF for STCF (Super Tau Charm Facility, a future high-luminosity e*-e- collider proposed in China)
STCF CDR (Volume 1): Physics & detector, 2024

3
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https://doi.org/10.1007/s11467-023-1333-z

DTOF detector for STCF

Lateral Top&button Front&back

4x4 pixels MCP-PMT
20
570mm
15mm 1040mm

Scintillator

= e U N S I ATt o ]+ ( Uelec> . ( Orrs )2 +< Odet )2
g 5 & £ 3 tot trk T,
l : \ Np.e. Np.e. Np.e.
O STCF endcap PID detector 40 ps
O Polar angle coverage 200'3_60 » To achieve 40 n/K separation at p<2GeV/c
O Large area fused silica radiator e Total time resolution Oror < 50 PS
O Multi-anode MCP-PMT « DTOF intrinsic time resolution optor < 30 ps
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Detector simulation

Geant4 simulation setups

TOF+TOP [ns]

Roughness ~1 nm, Reflection coefficient ~99%
4x4 anodes MCP-PMT, 5.5x5.5 mm? pixel
Quantum efficiency ~25% @400 nm
Take into considered material budget before DTOF
oes ) 2500
14 p.e. hit map -
13— 2000— Entries 20000
12 5T B Mean 31.91
1 g o 1500 StdDev  9.314
10} 3 B
o ® 1000 Number of p.e.
B
; 500 Np.e.~30
55 20 40 60 80 100 120 140 160 180 200 00— 10 20 30 40 50 60 70 8 90 100

X channel ID number of photon
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4 x 54(X) x 4(Y) = 864 channel

Channel Y ID

Track (8,9)

Vertex(0,0,0)

Time resolution@2GeV/c

0-total or 0-det (pS)

0 (degree)

46
20.5

24 46.7 46.7 46.8 465 46.5
22 21.9 22.2 21.4 21.5

0 5 10 15 20 25 30 35 40 45 50
0 (degree)

Ototat <O0 PS, Opror <30 pS




TOF reconstruction

Az
Ax .. . .
Photon detector ==~ // } » LOP precision ~3.3 mm >» SPE time resolution ~92 ps
| \ Photon detector -
50000(— ¥/ ndf 2279/ 66 C — 7 sample - © hypothesis
Ay . : ;Z:fam' 4 sﬁa&g?; z%‘;gzu; 70000 j_ 7 sample - K hypothesis
40000f Sigma S2504 2002 60000/ Ez::zz:::;::::
50000—
Ay o 30000~ W E
g L 5 40000~ N
v ¢ " b .
oc 20000~ 30000— J LNl o= 92 pS
Track e g | I
Y N -~ Track i = 3.3 mm 20000 | for SPE
- 10000 E
Quartz plate " Quartz plate C 10000
L e S TR 95 6 65
X Z ALOP(mm)
Geometry-based Algorithm o1

| m/K separation = 4.08c
7~ m sample

1. Reconstruct light path, including the length of

) : 7 : 0.08 K sampl )
propagation along different direction, i.e. Ax, z “ > 1r/K separation power
Ay and Az g 006 \ — TOF-based algorithm,
. . 1 T 7 = L . . :
~  Solving equation, cos 8 =2 =V; & g 004~ >4g/11/K separation including TOP differences
- v, = (Ax,Ay,Az) & — TOF,ypo =T —TOPhypo — To

:, ow
2. Length of propagation LOP = \/Ax? + Ay? + Az? oz~ PO

Time of flight TOF = T — =2-4

B. Qi et al 2021 JINST 16 P08021
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https://doi.org/10.1088/1748-0221/16/08/P08021

time [ns]

Expected PID performance

/K separation power

Likelihood methods
« 2-D hit maps, channel ID , photon arrival
time and number of photons N,

* Ly = Ilnits Npefn(chy, t;) = 0 = V2 [erfe(2nny;s) - erfe(22,)]

4.51

4.29

445 4.92

443 469 507 566 584

425 484 501 568 603 595 593 58 575 581 581 581 588 584 560 554 525 493 443 396 351

428 48 506 558 578 584 59 567 561 574 564 557 551 545 53 521 505 485 459 433 4 368

417 472 508 557 582 59 575 555 557 571 565 556 543 544 524 525 511 487 463 432 414 378

418 473 482 554 581 576 575 566 55 549 552 545 542 541 533 523 516 496 478 449 4.19 396

409 461 48 54 568 571 553 543 533 543 538 536 532 524 518 503 491 481 47 457 439 412

398 463 473 55 566 569 56 548 544 541 541 533 528 519 507 494 486 475 46 443 428 411

1369 454 467 533 561 564 544 529 522 54 538 531 526 516 504 4.98 495 479 467 457 437 413

-4.54 469 532 551 559 548 534 527 534 531 523 511 502 496 483 469 465 451 439 428 4.12
452 465 513 548 55 54 522 518 536 53 527 518 513 499 495 488 473 465 453 437 4.2
451 465 521 544 547 538 529 525 533 527 52 513 503 492 482 471 456 447 435 426 4.1
464 463 509 536 545 533 521 51 518 523 515 509 506 4.97 487 475 469 458 447 434 4.16

_l | S l ,4.;8,5.99,5.}5&.}8,5.;7,5.?2,5.?1,5.?4,5.?6|5.]1, 5[‘ Id‘?’l"?sI“WI"”I"”I"“|“F1Iml‘"‘

0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4

momentum [GeV/c]

35

12

polar angle [deg]

30

-
o

25

Illlll[lllllllll|llllll

o

DTOF can achieved >4¢ n/K separation at
p<2 GeV/c.
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DTOF prototype

® Cherenkov radiator ® Electronics
— Heraeus Suprasil 312 synthetic fused silica — 672 channels
— Thickness = 15 mm, area = 0.56 m? — Timing precision < 10 ps
— Roughness < 1 nm ® Auxiliary systems
® Photon readout — Dark box, MCP-PMT installation, cooling.
— Hamamatsu R10754 MCP-PMT x42 mechanical...

— EJ-550 grease, ~300 nm cutoff
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Cherenkov radiator

Heraeus Suprasil 312 synthetic fused silica
— High purity, transparency>99% @200 nm

— High radiation tolerance

— Thickness=15 mm, area = 0.56 m?

» Processed by Beijing Glass Research Institute (BGRI)
« Front & back surfaces, RMS <1 nm (0.75 nm, @)

- Lateral surfaces, RMS< 5 nm (not qualified &) =»absorber)

« Top & button surfageés, absorber
* Thickness=15£0.1 mm, T _.-T, < 25 pm

Keep Cerenkov photon

angle during propagation Reduce the misidentification

of photon paths

79148

280 7

05.00°

'1\50. 00

150.00°

533

1456 18

47002

N

Unit: mm
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MCP-PMT

Hamamatsu R10754 MCP-PMT %42

« Sensitive area, 23x23 mm?

« Segmentation, 4x4 pixels

« Pixel size, 5.5x5.5 mm?

» spectral response range, 200-850 nm

* Quantum efficiency, ~25%@A=400 nm
« Gain: >108, uniformity~14% (o/u)

« Transit time spread: ~28 ps

2024/7/19

counts

F %2/ ndf 6.451/4 E ——— without correction
1600 - Constant 1724 £26.6 85 After TOT cormedti

E Mean  4.393e+04 %06 soF er 10T correction
14001— Sigma 32.89 +0.45 E ——— After TOT and

C 550 ; temperature correction
1200{— = = .

E = 50
1000[— s L

F 2 a5

|- _— o -y

8001 — 0 - 3 3 pS 3 e
= L)
C E

Readout optimization to reduce crosstalk and ringing
« Optimize PCB routing and ground plane to ensure signal integrity and
reduce distributed capacitance
« Separate high-voltage power supply and signal readout
» The decoupling capacitors are distributed around the MCP

10 duxm‘*
310; g .
2] — Signal “t — Signal
2f- — Crosstalk 2of — Crosstalk

Before optimization °F After optimizatior]

45. .4'3.-.50- |5-2|II5L..||56 43|II48 "ﬂ]"'sz"'s.‘"'%

Laser (width=60 ps) test, applying TOT and temperature correction

40

0

600

400 Recoiling electrons o

/ 25

T AN R L
0 43600 43800 44000 447200 44400 44600 44800 45000 200
time {ps) channel
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672-channel electronics system

PXle Crate

"'.u :

Clock&Trigger
distribute boardx1

\\

Average Timing precision of
672 channels : 6.19ps

......

Data collect
board X 2

4 6 8 10
Timing precision (ps)
v’ timing precision <10 ps
(more details in backup slides)
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Cosmic-ray test

[=d - @ Trigger counters € Platform for detectors under test

- — Plastic scintillator + PMT, 220 x 220 mm? — Test different areas
Trigger

I — Coincidence of two trigger counters
" & Trackers

2xTrackers |

— 4 x MicroMegas, 150150 mm?
— Efficiency ~90%, 0,5 < 200 pm

€ Reference time detector (TO)
— 180x180x10 mm? fused silica
— 4 x MCP-PMT, ® =10 mm

/ , — 0= 20 ps
ARNS ¢ 5cm lead absorber

_ — Remove soft muons (p <200 MeV/ic) e |

......

2xTrackers
| ‘/ “\\V

Lead brick

Trigger

WIGPsPMT * &
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Prototype performances

b - DATA 12/ ndf 1083/ 141 - 2 ndf 959.9/86
8000 }DATA —— Before selection 16000 - ) g(\a\‘a po 1.254e+04 £ 6.072e+01 16000 - DATA p0 1.565€+04 + 4.835¢+01
F —— After selection 14000 — 5 P “esis =029t 14000 — Pl 2451+ 0.184
J000E . p2 60.34 + 0.31 C p2 6243 £ 017
F N p3 4699 +40.5 C p3 749.5 + 30.7
E [ 12000 — 12000 —
= . n pa 141.4£13 C p4 486415
S000F | Prlmary Npe=383 C p5 1441 1.0 C o5 1465519
g 50005 [ 210000 po 90142152 , 10000
S F Eff=99.8% (Npe>5) - o7 2097 28 € [ 0=62ps
SaooF- ¢ S 80001~ P8 505.5 + 5.1 § 8000~
E C \‘00""05_ N - Single photon
30001 | ted Npe=20.6 8000 . e\czF’Q‘\o\o 0 6000~ (after selection)
o C Y & L
o 4000 — SRR\ SR 4000
200 | Eff=99.4% (Npe>5) - Single photbn Q,\@@\\eg;\koo g
1000 — 2000 : N (o) 2000—
-/ Central fbefore selecfion +* Central - Central
1 1111 1111 1111 + 1111 1111 11 Il St C 1 1 L A 11 I 1 1 11 B L - L J L L L 1 1 1 1 1 ‘ 1 I 1 1 1 1
0= F0~"20"""50""40 5080 F0 80 80 00 oo 000 0 1000 _ 2000 3000 4000 fooo ~500 0 500 1000
Number of photoelectrons Time for single photoelectron [ps] Time for single photoelectron [ps]
- PO 549.1+8.5
- p1 ~1.85 + 0.41
Central area R o
C p3 50.76 £ 3.35
etection efficiency = 99.4% A T 5 ssensea
2 2 S 9% Single track
. - Single trac
> Single phot =v622 —202=59p :
Ingle photon, Ogpg 24— 2 S
» Single track =292 — 20%= 21 :
Ing e trac y GDTOF - - ~ pS 100[—
C Central
C TR i o = PO PRI IO

[ IR R AT S
—%OO -400 -300 -200 -100 O 100 200 300 400 500
Time for multiple photoelectron [ps]
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Prototype performances

7000 DATA —— Before selection

6000 — After selection

5000 Primary Npe=33.6
£ 4000 ff=99.6% (Npe>5)
? 3000

Selected Npe=17.8

l.l[llllll[[lll}ll[[IIIWIII[IIIWII[

2000
8.5% (Npe=5)
1000
_ Peripheral
0 I\IIHII‘I\I\'\I\LLI"luL_I_II{II\III\II I‘I\I\
0 10 20 30 40 50 60 70 80 90 100

Number of photoelectrons

Counts

10000

8000

6000

4000

2000

Hooo~
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DATA %21 ndf 1049 /141
@ [P0 8622 +49.6
\Q p1 0.1405 + 0.3692
/ p2 61.84 +0.38
2P 3276 +32.8
O pp4 1539 +1.7
q§7 p5 1457 £1.2
>/ [v6 617.5+12.3
o) p7 2455+3.8
S 7
N . N
9 o
Q()) \SOQ (\%
oY)
NI
o QQ‘(\ -
E ; 6. .\(\ 0'\6
- Single photon 3t &
[(before selection) ® (\cp _
A . 1 , @ Peripheral

-1000 0 1000 2000 ¢
Time for single photoelectron [ps]

3000 4000

Peripheral area
» Detection efficiency = 98.5%

> Single photon, o¢pe = V632 — 202 = 60 ps

> Single track, o510 = V302 — 202= 22 ps

2024/7/19
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Counts

Counts

1000

K DATA #2/ ndf 787.7/ 84
L po 1.052e+04 + 4.000e+01
10000 N p1 4.854 + 0.236
L p2 63.39 + 0.21
L p3 652 + 26.0
8000 N p4 59.74 + 1.68
B ps 1423 £1.7
6000 0=63 ps
. Single photon
4000/ (after selection)
2000|—
i 1 | Peripheral
fooo 500 0 500
Time for single photoelectron [ps]
500k DATA x? / ndf 110.8/84
L p0 416.7+7.3
C p1 1.181+0.479
400(— p2 30+05
L p3 40.33 +2.86
C p4 48.81+3.35
300[— 5 92.99 + 2.83
- 0=30ps P
a0l Single track
100/
- Peripheral
L bawnalaand TS ETET Lo i o)
2602400 300 200 -100 0 100 200 300 400 500

Time for multiple photoelectron [ps]
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Results of cosmic-ray test

Test areas Central area Peripheral area
Number of photon DATA 20.6 17.8
electrons MC 20.3 17.6
Single photon 59 ps 60 ps
Time resolution of | PATA :

Single track 21 ps 22 ps

the DTOF :
prototype MG Single photon 54 ps 57 ps
Single track 18 ps 22 ps

Due to the signal
selection algorithm to
eliminate timing tails,

there is a little
correlation between

each p.e. hit, r = 0.1

N /

» A Geant4-based simulation was been done to check the experimental results.

» The experimental DATA are consistent with the MC results.

» The time resolution of the DTOF prototype is ~22 ps =» great potential for

amplification in future collider experiments.

2024/7/19
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Summary

» The DIRC-like Time-of-flight (DTOF) detector was proposed
for Particle Identification.

» The expected performance of the DTOF detector was studied
In simulation, achieved a >4o /K separation power at 2GeV/c
for STCF.

» Afull-size DTOF prototype was developed and tested using
cosmic-ray. The results are consistent with MC.

« Single track time resolution is approximately 22 ps .

2024/7/19 ICHEP 2024 | PRAGUE 16



Outlook

€ ASIC R&D, to replace the electronics
based on the discrete components.

ASIC TDCv1

& Life-extended multi-anode MCP-PMT
is under developing by Xi'an Institute
of Optics and Precision Mechanics,
CAS.

€ DTOF for PID in the barrel of STCF,

and more (radiator, integration etc.) Beijing Glass Research Institute

had processed fused silica plate of
1050mm*1050mm and

1250mm*400mm. Larger plate can
be handled (e.g. 2500mm*700mm).

€ The beam test for DTOF prototype
will take place at the end of this
month at CERN PS T9 beam line.

2024/7/19 ICHEP 2024 | PRAGUE 17
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Geometry Optimization

O Radiator thickness (10, 15, 20 mm) O Absorber or mirror

O Radiator shape (4, 12, 24 sectors)
» Thick radiator increases material, and thin
radiator degreases performance.
* A right thickness is better
» Large area radiator reduces the number of

P— 0 n lateral reflections, causing less hit map’s
12 24 4 4 4 4

overlaps and better /K separation power
Sector number 4

Radiator thickness I5mm|15mm 15mm 10 mm 20 mm 10 mm 10 mm > Adding mirrors on the tOp Surface will

Top surface A R increase Np.e., but cause more overlaps on
the photon hit maps.
Button surface A A A A A A A . .
* No obvious performance improvement,
Lateral surf M M M M M M M : ,
bl but great attenuation of MCP-PMT’s
Number of p.e. pion 21.8 | 214 163 155 255 327 372 lifetime

(wfo BKG) kaon 176 | 178 143 132 221 276 337 « Reducing the misidentification of
Anode accumulated charge (C/cm?)| 10.8 | 105 9.6 88 11.8 17.0 256 photon paths is more important than

/K separation power (N,) 417 | 408 366 3.99 427 426 419 increasing the number of photons

2024/7/19 ICHEP 2024 | PRAGUE 19



Components of electronics system

2024/7/19

» Flexible adapter board: provide high voltage for
MCP-PMT and output signals to the front-end
readout board.

» Front-end readout board (FEB): receive 32-
channel signals from 2 MCP-PMTs, and then
process them with amplification, discrimination and
digitization.

» Data collect board (DCB): collect data and
distribute system clock to a maximum of 12 FEBs.

» Clock&Trigger distribute board: distribute high
precision clock and trigger to DCBs.

ICHEP 2024 | PRAGUE 20



High precision timing technique

€ Timing circuit
« Leading-edge discrimination and TOT
correction
« Bandwidth: ~2 GHz
« Gain: 24dB
¢ TDC
 FPGA-based Tapped Delay Line TDC
* Average bin width: ~ 6.5 ps
* Timing precision < 10 ps
« Dead time: 3 ns (two cycles)

4 Clock distribute
FPGA SerDes based clock distribution
* Main clock: 160 MHz
« Compensate transmission delay with
phase interpolator(Pl)
» Clock synchronization accuracy <10 ps

N

L

MCP- | ..
PMT AMP Discriminator

JL

To DAQ

Master board

Timing circuit structure

TDC }——

Slave board

Clock
source

FPGA 5 FPGA
. ms
Main clock J Eo J O/E Recovered
v 1310 nm clock l l
Phase Phase )
Lock SFP SFP Lock Si15344
osm
) O/E |« ~ E/O |« I
Recovered 1310 nm Main clock
clock
»  oscilloscope [«
Distribute the clock via fibers




Summary of electronics system

_vale

Channel number
Electronics timing precision
Single-photon time resolution

Signal timing method

Dead time
Data transmission bandwidth

Power consumption

2024/7/19

200

150 ' Average Timing precision of |
672 channels : 6.19ps

50 |
672 /

0 _
<10 PS Timing precision (ps)

~30 ps (including MCP-PMT TTS contribution)

Leading-edge discrimination + FPGA-based TDC
(correct leading-edge error by TOT)

3 ns
~ 6 GB/s

600 mW/channel (estimate based on the total power
consumption of front-end board)
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672-channel electronics system of DTO
By ~ F F

)
/".’/.'.f//mu

S
- W

"!!?!K"zafgs
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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

PMT pressing plate

profile PMT backboard
LT R HEEEERLFEFT AL MCEGERFTET T PMT pressing plate

j Dark box top plate

,» EVA Cushion gasket

Kapton shading screen

radiator MCP-PMT
Nylon column
Dark box button plate
« Electronics module « Cooling
Front-end readout hg ‘ readout board
‘ Air baffle plate
air outlet
Cooling fans
SHYV connector
2024/7/19 ICHEP 2024 | PRAGUE 24



DTOF installation and system integration

® Clean radiator and apply matting paint ® [nstallation

J

SUBNEERE HEBGERR

EATRMERRE s E D FE FURRETE

HRMLF B
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Cosmic ray test data acquisition system

Track DATA
Trigger .- . .
E— Discriminator ata acquisition and
control instruction delivery
> AGET DAQ <
Tracker module ﬁ > AGET FEE
\ Control
N T0 EEE < DTOF Data collect |
i = board R
Trigger and
TDC DATA event ID
DTOF FEE B
e OFFEEs ' DTOF Clock &
A
y Trigger
Tracker module ﬁ < AGET FEE
Coincidence

A
Trigger ﬁ—» Discriminator
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Signal selection

« Before selection

15000*DATA xzfndf 1083/ 141
C p0 1.254e+04 £ 6.072e+01
C pi 2513 +0.204
14000 :— p2 60.34 +0.31
L p3 4699 £ 40.5
12000 — p4 1414 £13
C p5 1441+ 1.0
m10000 — p6 901.4 +15.2
£ : p7 200.7 +2.8
S 8000~ p8 505.5 + 5.1
6000 ; 5 o\ \(0\'\5‘
F - O~ nos
4000~ BKC: e NOO T A\
2000~ and 69
B L L 1 L L | L L 1 L

. —9000 -100 0 I1000 2006 3000 4000
. After S el ect| on Time for single photoelectron [ps]
= v A
i ¥ /nd 959.9/86
16000 - DATA PO 1.5656+04 + 4.8356+01
B { 2451+0.184
140001 p2 62.43 +0.17
B p3 749.5 + 30.7
12000 — p4 486+ 15
- p5 1455+1.9
10000}
S I 0=62ps AT =200 ps
3 8000[-
- w =13
6000[
4000
2000
- L P P Ly
79000 =500 500 1000

0
Time for single photoelectron [ps]
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tj (ps)

Correlation check

Correlation_Npe10

Correlation_Npe6

500 4
4(");‘AT =200 pPsS 35
3001
E 3
200}
100F- 25
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‘100? . 1.5
~200—
E & 1
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-400[— ’ 9:
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Correlation_Npe30

500

400

300

200

100

0

-100

-200

-300

-400

T TT T[T [ TTT T IT T [TIT T ITT T[T [ TTTT 77T

500,

ti (ps)

00 —4

P AT | | .
100 200 300 400

| T | I
00 -300 -200 -100 O

« Time resolution, 64-4ck = OspE

« Correlation coefficient, r =

1+(Npe—1)r
Cov(t;, t]')

a.ti'o-t]'

2024/7/19
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Time resolution (ps)
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MCP-PMT development

Lifetime extended MCP-PMT
development at XIOPM

<“— Window

MCP1
MCP2

400

300

ALD [EE: D2

Testing is ongoing 250

300
200

Anodes ALDJEE : D1

200 150 |

—25-230727
e 25-230825
e 25-231025
—25-231109
e 25-231127

100 |
—— i

100 sof 25231109
—25-231127

Anode output charge in a single pulse (pC)
Anode output charge in a single pulse (pC)

0 1 1 1 1 1
0 1 1 1 1 1 1
0 1000 2000 3000 4000 5000 6000 0 2000 4000 6000 8000 10000 12000
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€ Multi-anode MCP-PMT using ALD-MCP
€ Use mass spectrometer to monitor gas composition
during tube manufacturing process

& optimize the ALD-MCP cleaning process (including O ALD-MCP has better performance

electron scouring dose and high temperature baking than conventional MCP, met the DTOF
time) to improve the vacuum level in the tube requirement (>1O C/cmZ).

€ Monitor the after pulse of MCP-PMT (time measurement)
to evaluate the neutral gas/ion composition in the tube
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ASIC development

Design Front-end timing
ASIC and TDC ASIC

Total timing precision of the
circuit < 30 ps

Power <150 mW/ch

TDC ASIC layout
(unfinished)

2024/7/19

MCP-[

PMT LI

Input
chi~n / D

Vi[>

High bandwidth cascade amplifier + comparator
Design target: timing precision < 15 ps
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Delay lock ring (DLL) + two stage interpolation
Design target: timing precision < 20 ps
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Barrel DTOF study

il

1350 mm x 400 mm x 20 mm MCP-PMT 20fce
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>0 A preliminary simulation results

indicate that its performance
meets the STCF PID requirements.
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Super Tau Charm Facility (STCF)

.......

........

Deliver a massive amount of
tau-leptons and composed
- e O e y- . . of charm quarks, to study
A future e*-e- collider in China the composition of particles,
E. =2-7GeV, £>05x10% cm2s1 the deep structure of matter,
as well as the basic
interaction forces

n

Potential for upgrade to increase luminosity and realize polarized beam

2021-2026: Conceptual design and R&D of Key technologies, 0.42 B CNY
°* 2026-2031: Construction, 4.5 B CNY
* Operating for 15 years (may undergo upgrade).

STCF CDR (Volume 1): Physics & detector, 2024



https://doi.org/10.1007/s11467-023-1333-z

STCF PID requirement

The momenta of STCF final state particles _
11—  Endcap PID detector requirements

STCE CDR pine’e— p_ﬁJ/\y @ 6.0 GeV
in J/y—>AA @ 3.097 GeV .
Kin K+X @ 7.0 GeV  >40 /K separation power at p<2 GeV/c

tint— Kv @ 4.26 GeV

nin Jy—>AR @ 3.097 GeV « Compact structure, thickness<20 cm

wint—=yu @ 4.26 GeV
pint— 3u @ 4.26 GeV

2/';3;2“—\) (fnz(gzg;;v@ 4.66 Ge * LOW materlal bUdget (<05 XO)
 High counting rate capability (~150 kHz/cm?)
 High radiation tolerance

» A DIRC-like TOF detector was proposed

W S TN | I (. (W ,1,,, ) )
00 05 10 185 20 25 30 35 for these requirements.

P (GeV/c)
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