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I. Introduction

« STCF, DIRC concept, DIRC-like TOF
II. R&D of DTOF

« Design and simulation

« Prototype and test

 Electronics and MCP-PMT progress

I, Summary
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Super Tau Charm Facility (STCF) S —°-:',=, e Lot

A factory producing massive tau lepton and hadrons, to unravel the mystery Q!”ar

of how quarks form matter and the symmetrres of fundamental mteractrons HEE
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Ecm— 2 7GeV, L£>0. 5x1035 cm2 s
Potential for upgrade to increase luminosity and realize polarized beam
Site: 1 km?, Hefei’s suburban "Future Big Science City"
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ST = BRIREE
STCF detector =X gi e Ll

PC
Jfoke iron « Inner tracker (ITK, two options)
— MPGD: cylindrical MPGD
uD AliB — Silicon: CMOS MAPS
« Central tracker (MDC)

— Main drift chamber
Particle identification (Cherenkov)
— DTOF (DIRC-like TOF)
— RICH (C4F4, + CsI-MPGD)
— ASHIPH (Aerogel + Shifter + SiPM)
. « Electromagnetic calorimeter (EMC)
— pure Csl + APD
« Muon detector (MUD)
— RPC + scintillator strips
« Magnet
— Super-conducting solenoid, 1T

« PID requirement: 40 /K @ 2 GeV/c
« Barrel: DTOF, endcap: DTOF/RICH/ASHIPH
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DIRC concept STCF EREEES
» Detection of Internally Reflected Cherenkov Light el supoor

» Used for the first time in BABAR as primary hadronic PID system
« primary goal: /K ID to 4 GeV/c

» Charged particle traversing solid radiator, refractive index n

Tube

Bucking
Coll

BABAR DIRC

Detector
Surface

- Bar or plate radiator, made from Synthetic Fused Silica (Quartz) srong [ sanor
» For >1/n tracks, some Cherenkov photons are totally internally reflected e A
» Quartz bar/plate are both radiator and light guide Particle .
- Cherenkov angle conserved during many internal reflections  pogse: o g;iiimg
> A 3-D_ c_levice, measuring_x, y, and time of Cherenkov photons I[f \\ =
to defining 6., ¢, t, =» Ultimate PID performance o

» Defining time of flight (TOF) = DIRC-like TOF detector

Cherenkov Photon
Trajectories

» DIRCs requires momentum and position of particle measured by tracking system
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DTOF detector STog) BREEES
DIRC-like Time Of Flight detector
» DTOF: DIRC technique to measure Time Of Flight Photon Sensor
- Large area, ease of operation and maintenance Time of Propagatio Cherenkoy
Photons

« Compact structure, thickness = 1~2 cm
» High counting rate capability, ~10 MHz/cm? for MCP-PMT  Y¢{**

« High radiation tolerance, TID > 5000 Gy Time of Fight \
« Excellent time resolution, ogpe~100 ps | Charged
Radiator particle

» The o, requirement for 4o 11/K separation at p = 2 GeV/c,

assumes length of flight = 1.5 m : i
« Only TOF, o, requirement = 35 ps 2 e
«  TOF+TOP, g, requirement = 50 ps p

> Some examples of DTOF or similar detectors DlLl=ism o
- TORCH (Time Of internally Reflected CHerenkov light) for LHCb upgrade ' ™™

I
0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

« DTOF for both barrel and endcap of STCF (Super Tau Charm Facility) omentum (GeV/c)
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0 u t I i n e S C l uper Tau-Charm Facility
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II. R&D of DTOF
« Design and simulation
« Prototype and test
 Electronics and MCP-PMT progress
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DTO F d e S I g n =1 L\\’; Super Tau-iharm Facility

DTOF (endcap) Barrel-DTOF (BTOF)
Thickness = 15 mm et
‘o = gle . MCR-PMTx15
@ A -
4x4 pixels MCP-PMT oo; ““""‘\“ 0, = 32
H _ Pann .1.490mm ..............
o 2 o 2 o 2
2 2 2 elec TTS det
Otot™0trk + OT. |1 + +
O STCF PID detector ’ { - I 0] <\/Np.e.> ( Np.e.> Np.e.
O Polar angle coverage 20°-160° ~40 ps
O Large area of fused silica ® To achieve 40 n/K separation at p <2 GeV/c
O Multi-anode MCP-PMT =» Total time resolution o;,; < 50 ps |

=» DTOF intrinsic time resolution opror < 30 ps
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TOF reconstruction

Geometry-based Algorithm

Reconstruct light path

How to get Az?

Use average n with different
particle hypothesis

222 1 sample - m hypothesis
=== 1 sample - K hypothesis
SR K sample - K hypothesis
“222 K sample - 7 hypothesis
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6 6.5

TOF(ns)

SPE time resolution ~100 ps

(Ax, Ay, Az) - (ty, ty, t;)

= cos(6,)
JAx? + Ay? + Az2 ’

LOP = /Ax2 + Ay? + Az2

LOP
ng-cC

Time = T, — TOP

—°’——' —+ B IEREE

/ Super Tau-Charm Facility

Photon detector

Photon detector Ax /
! Ly,
~Track
e
Quartz plate

L.
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Pattern reconstruction STog) EREEES

I Absorb th d sid
« What does pattern look like? sorber on the end side

A

— Photons propagate like “water wave” D —
« Reconstruction concept \

Photon h[t point
PMT

Cherenkov \/ /

propagation Hit pomt

™

Radiator

— Calculate the photon propagation vector
using hit point and the channel information

l

Incident particle

2-D hit maps (time vs channel)

Side view Main view

Cherenkov ring propagation in radiator

time [ns]

0 10 20 30 40 50
8
4
4 |
2
7 g-ﬂ | Jm
0 10 20 30 40 50
0 100 200 300 400 500 600 700 800

channel

- Likelihood function: £y = pp(Nye.) [pies fu(chi, t)
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Polar angle (degree)

A full simulation within OSCAR (The Offline Software of Super Tau-Charm Facility )
Reconstructed track information was used for DTOF reconstruction
1/K separation power was estimated using single particles with different 8 and p

Expected performance '

DTOF can achieved >4c /K separation at p<2 GeV/c.
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Super Tau-Charm Facility

DTOF (/ba‘rrel)
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DTOF prototype ) BREEER

Heraeus synthetic fused silica radiator

.. —.Full size DTOF (endcap) for cosmic-ray test

(Suprasil 312) T g SN
— Thickness = 15 mm for endcap and 20 s =N =B

mm for barrel
— Surface roughness < Tnm — RPply matting-paint-ta

igesortherac

— Lateral surface roughness > 5nm (need —
improved)

MCP-PMTs: Hamamatsu R10754

—  27.5mm*27.5mm, 4*4 channel

— TTS < 30 ps

— 14/42 for endcap and 10 for barrel
Coupled PMT with radiator by EJ550
silicon grease

— ~ 300 nm cutoff
Electronics

— Time precision < 10 ps

— Record TOA and TOT

— Dead time < 10 ns
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Cosmic-ray test

€ Platform for detectors under test
— Test different areas

€ Trigger counters
— Plastic scintillator + PMT, 220 x 220 mm?
— Coincidence of two trigger counters

& Trackers
— 4 x MicroMegas, 150%150 mm?
— Efficiency ~90%, 0, < 200 pm

Triger
1]

2xTrackers

€ Reference time detector (TO)
— 180%180x%10 mm?3 fused silica
— 4 x MCP-PMT, ® =10 mm

, — Oo=20 ps
.......... SRS ¢ 5cm lead absorber
. — Remove soft muons (p < 200 MeV/c)
2xTrackers L DATA x/ndf 108.6/84
\ soor po 549.1+8.5
730 WA AR E p1 -1.85+ 0.41 ]
. 500~ p2 29.3+0.4 Test areas Central area Peripheral area
Lead brick i p3 50.76 £3.35
F 4 . DATA 20.6 17.8
400~ P 43672290 Number of photon electrons
i 2 ps 85.98 = 2.21 P MC 203 17.6
Trigger 2 0=29ps ' :
k " Single track Single photon 59 ps 60 ps
5 DATA | .
200 Time resolution of Single track 21 ps 22 ps
1ooF- the DTOF prototype ve Single photon 54 ps 57 ps
F Central Single track 18 ps 22 ps
3

W WY R
00 -400 -300 -200

T
-100 0

i P PR A
100 200 300 400 500

Time for multiple photoelectron [ps]
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Super Tau-Charm Facility

Beam test

Estimated maximum flux in positive beam

- CERN PS T9 and T10, 2-5 GeV/c m/p I A g

* 4GeV/cm/ P 2> 2 GeV/c /K g . / : 2[m:TOF béi:/veen TOs EE; 25%5“%%

« 2 TO detectors (each ~ 60 ps) g | ’ T J,r" 5 e
- 4 MM @2024 and 6 MM @2025 5 R TR A RO

+ 1/3 DTOF and full-sized BTOF prototype & oy NN

1006 ' : ' . ' ; ; — 25400 - 25600 zjngDF::gEm 26200 26400 26600

T9 Beam Momentum [GeV/c]

= e = e e
—— = =~ J
T | (S (T |

L& A A
Jlcle 1.
Wil N B

Rotation |
— platform-—
‘P’&*}: —

Sa

Beam test @2024 with a 1/3 DTOF prototype = Beam test @2025 with a full-sized BTOF prototype
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Beam test result of endcap DTOF @2024 =)

« Electronics channel malfunction

« Poor optical coupling

« Poor lateral surface roughness

« Improved performance is
expected once these issues are

Beam setup

MM Z = -3947 MM Z=2007

Time/ps

TOZ=-4382 MM Z=-4147 DTOFZ=0 MM Z=2147 T01 Z=3297 rESOI\Ied
0 20 40 60 80 100 120 140 160 180 200 220 ¢
Channel
Timing performance Tt/p separation power @4GeV/c . P——
Beam choices
x10~ x10° power
- o |- i
25 ':‘fh N =z sor 3 GeV/c t/p, normal incidence 36.0 4960
: FRTR. :
20t T : t - 60~ 4 GeV/c it/p, normal incidence 36.6 440
.2 15 R T o | i
8 F ;O ¥Y % o~T762ps 54 5 GeV/c t/p, normal incidence 37.2 2.530
10f ;PoF : :
C ;oYY § 20+ 4 GeV/cmt/p, 6, = 30° 25.9 3.850
5 FIF I ER ¢ i
E FF NN T RN e S, 4 GeV/c 1t/p, 6, = 22°, Ay=+66 mm 29.4 3.950
0"35746 47 48 295 5152 53 54 O, U
: : : : ’ : : : : ALog(likelihood)
Time/ns
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Beam setup

tracker :

1]

198.5cm 298.9cm
390.3cm

P 537 7cm 656.8cm
774.1cm

« Lateral surface roughness is poor and
requires improvement.

« Average NPE varies with angle as predicted
by the model.

A data-driven PDF is employed to estimate
PID performance.

* Fine alignment is necessary to enhance
performance.

» Further analysis is still needed.

5-,—:— BRI

Super Tau-Charm Facility

Surface roughness test

Entries 6.290258e+07
Mean x 83.31
Mean y -5704
Std Dev x 4752
Std Dev y 1166

—130000

photon hit map

25000
20000
15000
10000

5000

0

80 100 120 140 160
channel

hNpePi

] Entries 6525
00— Mean 62.67
Std Dev 8.704

=

counts
"

.« TU/p separation at 4GeV/c

=
=3

Probability density
s g
®
T TTT T

|

o  Number of p.e.

4
it
AL

002}

- T
0S5 A0 30 S0 010 030 40 30

—
62.6 53.3 36.5

Sep/o 4.2 3.6 2.5

Npe-sim 75.4 62.7 43.7

Preliminary results
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DTOF electronics ) BREZED

« Discrete component circuit =& ASICs s T | To DA
« FET ASIC: signal amplification and discrimination e 'LH e | p{ e | =/ L |TDC chip|=p| 6BTx —=>
« TDC ASIC: edge timing measurement I"?h;sioﬁs'et‘f"' §

« FET ASIC: signal amplification and discrimination
— Based on ASIC NINO structure, CMOS 130nm
— 8-16 channels per chip
— Timing precision: ~ 3-10ps
— Power consumption: 18mW/ch

Current Bias |

« DSTA-TDC : Double Slope Time-Amplifier TDC
— 8-16 TDC channels
— Timing precision: ~12 ps
— Dead Time: ~60 ns
— Power consumption: ~25 mW/ch

« MCV-TDC : Multiphase clock 2D-Vernier TDC
— 2 TDC channels
— Timing precision: ~15 ps
— Dead Time: ~20 ns S
— Power consumption: ~30 mW/ch | W
The 1st Annual Conference on Electron-lon Collider Physics in China, Qingdao 17
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528, FES 030

« maMCP-PMT: a critical component of the DTOF technology

« Intensive R&D on techniques (ALD and electron scrubbing) to
produce long-life MCP-PMT (target Q > 10 C/cm?).

« Designed and produced 1-inch maMCP-PMT prototypes with
16 annodes each.

« Carried out various tests of the MCP-maPMT prototypes

] o528

ERAEFANRE i_," LHEARNR

MCP#R ALD-MCP, ALDBEE: D2
« TTS<40 ps, QE>20%, G>10° zncgfm Y rxi s e
. . MCPERFB ) 75 uah/cm? 0.67 uAh/cm? 0.75 uAh/cm? 0.87 uAh/cm?
« Aging : <10% gain drop when Q>11C/cm? e
: : : : : 3 14 — :
218Hz || 17Hz || 512 39Hz o ::miq;f :m%:;;% S 0 Aging test 1
1.3nA || 0.22nA]| 0.07nA|| 0.22nA 60 | o Ere, Bamamns o
. R4 BFEEITT% 5 10k —e
26Hz [|3Hz || 0.4Hz || 5Hz - R\ S Rt s
0.18nAl| 0.07nA|[ 0.02nA|| 0.1nA E 40 3 08 I\ iaMCP-PMT-CH7: 56%@20.4 Clom?
= ) . 0 2
0| £ 0.6 |MaMCP-PMT-CH1: 53% @15.7 Clcm
17Hz |[ 3Hz || 1Hz || 1Hz & . 3
Ho ; SaMCP-PMT: 54%@13 C/cm?
0.38nAl| 0.2nA |[ 0.13nA| 0.11nA e S o4l oa
o = @ —— 5aMCP-PMT(25-240521)
- . . = = e MaMCP-PMT(25-240628 Channel 1
275512 376Hi\ (1)18ng 12Hz . Quantum efficiency 3. £ 02r —M:MCP-PMTEZS-?AOGZSCh:nn:I7;
2N .on . n 053nA i ; . .: . | o i 1 A L 1
400 500 600 700 800 900 z 003 1 10 100 1000 10000
dark count rates and dark currents _y
BRI (nm) Integrated anode output charge (mC/cm?)
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s J [ WY Super Tau-Charm Facility
e

Expected PID performance of EicC DIRC

Fused silica | Fused silica
prism bar T of
,/ g 75 e/mt @1.4GeV/c
& ' /K @6GeV/c
ol % E T &5 !
Yy 7 3 sF F
- ,//& 4E§§ L o ¢ §" I,.QQQtVi
~~~~~~~~ ,,06\ gfquYY‘Y§gii §'3§;?YY
~ - ,/ @Q \ y 35_ 5 : : ;
. R,,=750mm 0.4 2F
% R,=700mm \ =
. Photon sensor - / P HH \\\\ 3
Focusing lens T s s
polar angle [deg]
Baseline design of the hpDIRC for EIC Concept design of barrel DIRC for EicC

« DIRC for EIC and EicC barrel — provides 3o i/K/p separation at 6 GeV/c
« Commonalities between EicC DIRC & STCF DTOF — radiator manufacturing, electronics, MCP-PMT
« Lessons from STCF DTOF - can be leveraged for EicC DIRC
— Time vs. angle measurement — time is more robust due to MCS; track precision becomes critical
for DIRC at high momenta;
— Radiator fabrication challenge — polish a narrow surface is much harder than a wide one
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o= BRIRRE

Summary S 1 LT supartoscham racity
« STCF DTOF detector
— used for both barrel and endcap regions
* Performance estimation
— evaluated within the OSCAR framework
— achieves 40 /K separation at 2 GeV/c

« Prototype development & tests

— Full-size endcap DTOF — cosmic-ray test: o,~ 22 ps
— 1/3 endcap DTOF — beam test: 40 t/p separation at 4 GeV/c
— Full-size barrel DTOF — analysis ongoing

- Key technology developments

— DTOF ASIC chips (FET ASIC, TDC ASIC)
— Long-lifetime maMCP-PMT: >10 C/cm?

Ln
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STCF final state particles 5__'\:.* LSRN

« Charged particles (e, p. . K, p)
- Most particles have momentum < 2 GeV/c, with an upper limit of 3.5 GeV/c
« Neutral particles (y. K. n)
- Energy of gamma from 25 MeV to 3.5 GeV, momenta of K, and n up to 1.6 GeV/c

Charged particles Photons K. #lneutron
104 STCF CDR pine'e = pplly @ 6.0 GeV 10° 4 STCF CDR ——— v in continuum @ 7.0 GeV 10* 4 STCFCDR —— K, in D’ decay @ 3.773 GeV
E 2 inJiy—AR @3.097 GeV ——— yinAc decay @ 4.7 GeV K} in D" — K{nm at 3.773 GeV
Kin KK ‘L',\, @7.0GeV , — vintdecay @ 4.26 GeV n in Ac decay @ 4.7 GeV
mint —K"tv @ 4.26 GeV . g s -
ninJy—AR @ 3.097 GeV 10 4 y in D" decay @ 3.773 GeV nin e'e =y hn @ 3.773 GeV
% y in J/y decay @ 3.097 GeV 10° 5 ninJy—AA @ 3.097 GeV

pin Tyu @ 4.26 GeV

Hint— 3u @ 4.26 GeV

win D— muv @ 3.77 GeV
4 in e —mmy (3686) @ 4.66 GeV 10° A

yin t—yu @ 4.26 GeV

yin D, —y D, at 4.18 GeV
y in y(2S)—y 1, (2S) at 3.686 GeV

P [GeV/c]
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DTOF Geometry Optimization S J Seper Tau-Cham Faciity

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 = a right
thickness is better

2. lLarge area radiator reduces the number of
lateral reflections, causing less hit map’ s

Geometry ID 0 n overlaps and better /K separation power
12 24 4 4 4 4

Sector number 4 3. Adding mirror on the top surface will
Radiator thickness 15mm|15mm 15mm 10 mm 20 mm 10 mm 10 mm increase Np.e., but cause more overlaps on

e A A A A A M 45°M the photon hit maps. As results, no obvious
BUtton Surface A A A A A A A performance improvement and great
attenuation of MCP-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
pion 21.8 21.4 16.3 15.5 25.5 327 37.2

Number of p.e.
(w/o BKG) kaon 176 | 178 143 132 221 276 337

Anode accumulated charge (C/cm?)| 10.8 10.5 9.6 8.8 11.8 17.0 25.6

/K separation power (N,) 4.17 4.08 3.66 3.99 4.27 426 4.19
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BTOF design and optimization STCE) BARFEE

 Bonding radiator

 Radiator size (thickness10-20 cm)

« MCP-PMT anode segmentation (1x16 vs 4x4)
« Optical grease (cut wavelength)

« Expandvolume ...

150~ 1 E

1000 \LL 3 ]

— - ]
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20 30 B 40 G0 0 S0 60 60 I
Lambda
P dor 0 408 0 O« Jog 0 o P! P doa 0 d¢ doa dron ds P!
[07510.4930.d67 09620 a6 0965 0,980 0 be 0.das 0B 0Bs 0.de10d010.ds8 0,986 0983 0.9770d67 0,954 09320 Jo1 0866 0.4220. 78 0,705 1 . 0 [pdosods4 0dse 0s20.da4 0 Jas 0 das o do7 0 do7 983 091090 0 a1 odorodsaodzz 0 a10Fa1
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Comparison of pion efficiency with 2% kaon mis-identification before and after optimization.
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> 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

107 30:10'3
sof -
asf — Signal =F — Signal
2of- — Crosstalk 20f- — Crosstalk
o Before optimization | After optimizatipn
5|
Hamamatsu R10754 MCP-PMT I
e T N S R ST BRI SR
« Sensitive area, 23x23 mm? PN TN
Y : > Laser (width=60 ps) test, applying TOT and temperature
« Segmentation, 4x4 pixels correction
i PiXel Size, 5.5)(5.5 mm2 - %2/ ndf 6.451 /4 70_ without correction
1600} Constant 1724£26.6 65* After TOT correction
« spectral response range, 200-850 nm ool Mean 42990104 208 o
« Quantum efficiency, ~25%@A=400 b T o W i
nm 3 o=33ps 1o A i
« Gain: >108, uniformity~14% (o o . 5 O AR % U e S S
T it time d: y28 oM ok Recoiling electrons 30:#"' TS e P S
« Transit time spread: ~28 ps ,A [ o I/H ) TTS ?Isqrt(éétal—lqszys)jZS ps
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electronics system
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/ , Super Tau-Charm Facility
e

PXle Crate

e . Clock&Trigger
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distribute boardx1
MCP-PMT X 42

-

Average Timing precision of
672 channels : 6.19ps

b
el 3 100 -
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board X 2

Flexible adapter
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board X21
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Timing precision (ps)

v’ timing precision <10 ps
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