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Physics Requirements for STCF Detector

<+ Highly efficient and precise reconstruction of exclusive
final states produced in 2-7 GeV e*e- collisions

» Precise measurement of low-p (~>1GeV/c) particles
: Electromagnetic .
=3 | — low mass tracking and PID detectors

Solenoid Magnet
» Excellent PID: /K and p/n separation up to 2 GeV and beyond

[ Muon Detector ]

_ Optimized )
Process Physics Interest Requirements
Subdetector
. T K.nv,, CPV in the T sector, acceptance: 93% of 4; trk. effi.:
Jy — AA, CPV in the hyperon sector, ITK+MDC > 99% at pr > 0.3 GeV/c; > 90% at pr = 0.1 GeV/c
D, tag Charm physics op/p =0.5%, 0yy = 130 um at 1 GeV/c
ete” - KK+ X, Fragmentation function, PID /K and K/n misidentification rate < 2%
D, decays CKM matrix, LQCD etc. PID efficiency of hadrons > 97% at p < 2 GeV/c
PID (BTOF/RICH, DTOF)] T = [, T — YU, cLFV decay of 7, PID+MUD u/m suppression power over 30 at p < 2 GeV/c,
Dy — uv CKM matrix, LQCD etc.  efficiency over 95% at p = 1 GeV/c
Chamber T — YU, cLFV decay of T, EMC op/E~25%atE =1GeV
~7m ¥(3686) — yn(2S) Charmonium transition Opos ® Smmat E = 1 GeV
ete” — nn, Nucleon structure EMC+MUD op= —2W o
Dy — Kyt Unity of CKM triangle VrGevd)




Detector Design and Key Technologies
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Major Performance Requirements
Acceptance: 94% X 4n
Momentum res.: o,/p ~ 0.5% @ 1 GeV
Energy res. : og/E ~ 2.5% @ 1 GeV
Hadron ID: /K ~40 @ 2 GeV
Muon ID: eff. >95%, mis-rate <3% @1 GeV

Inner Tracker
— MPGD: cylindrical uRGroove, o, ~100 um
— Silicon: low-mass MAPS, <0.3%X,/layer

Central Tracker (0,/p~0.5% @ 1GeV)

— Drift chamber with super-small cells, o, <130 um

PID System (z/K ~40 @ 2GeV)

— Endcap: DIRC-like TOF - DTOF (0,~30 ps)

— Barrel: RICH (<4mrad) or DTOF (0,~30 ps)

EMC

— pCsl + APD: (og/E~2.5%, 0,~5 mm, 0,~300 ps @ 1GeV)
Solenoid : 1T

Muon Detector (eff. >95%, mis-rate <3% @1GeV)

— inner layers : glass RPC, > 300 Hz/cm?
— outer layers : scintillator strip + SiPM, ~ 2.4 m

Trigger, DAQ, Clock and Data Transmission

Beam background at the inner most layer
~1 Mrad/y, ~1Xx10!! 1MeV n-eq/cm?/y, ~1 MHz/cm?

(&k



Expanding Detector R&D Team

Hefei Institutes of Physical Science

University of Science and Technolog ‘\.,_? 3
Anhui University of Science ang )

a U.

ty of Chinese Academy of Science
ersity of Science and Technology Beijing
Institute of Modern Physics, C
Institute of Chemical Ph
Lanzhou U.

Dalian Institute of Chemical Physics, CAS

Shandong U.

s ; Shanghai Advanced Research Institute, CAS
................ _ i/ Fudan U.

Xi'an Institute of Optics and Pre ) ‘
Northwestern Polytechnical U. _ : fenssrnsanaaes Zhejiang U.

Zhen gzhaa"u_' """""""""""""""""" (BARESY ... ... Huazhong _Unlversﬁy of Science and Technology
Central China Normal U.
Henan Normal U. . ) )
L — Hunan University of Science and Technology
University of South China

Guangxi Normal U.

' I ................... Sun Yat-sen U.
Shenzhen Technology U.
S I Institute of Advanced Light Source Facility, Shenzhen
I Ve
T e

25 universities/institutes: ~240 faculty/staff members and ~300 graduates



Detector R&D Breakdown and Organization
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System name
Inner Tracker - MPGD
Inner Tracker - MAPS

Main Drift Chamber
Barrel PID Detector
Endcap PID Detector
EM Calorimeter
Muon Detector
Clock and Data Trans.
Trigger System
DAQ system
Forward System
Detector Magnet
Mechanical System
Detector Control System

Code
ITKW
ITKM
MDCH
PIDB
PIDE
ECAL
MUON
CLDT
TRIG
DACQ
FWDR
DSSM
MECH
DCSS

Leaders
Y. Zhou, Y. Qian
L. Xu, J. Qin
L. Duan, Z. Cao
Q. Liu, J. Li

M. Shao, Y. Wang, P. Chen

Y. Zhang, Z. Shen

K. Liu, Y. Liu, Y. Sun, F. Li

J. Wang, D. Guo
Z. Fang, C. Feng
J. Yang, K. Chen
H. Chen, M. Liu
X. Zhang, C. He, Z. Zhu
G. Shen, S. Fei, L. Kang
D. Hu, M. Li

Participating Institutes

USTC, IMP

USTC, SDU, CCNU, NPU

IMP, USTC, SZTU
UCAS, USTC
USTC, XIOPM

USTC

LZU, ZZU, SDU, USTC
USTC, CNNU, HUST

USTC, HUST, SDU
USTC, CNNU

ZJU, GXU, USTC, LNU, NJU, DZU
SIEMENS SZ, IASF SZ, USTC

AUST, IHEP
USTC, IMP



* Weekly or bi-weekly meetings for sub-working groups and detector group plenary
meetings on a monthly basis. Mini-workshops on dedicated R&D topics.

January 2024

Jan23 Detector Division Technical Discussion Meeting

November 2023

Nov 30 Detector Division Technical Discussion Meeting

October 2023

0ct 27 Detector Division Progress Review Meeting

September 2023

Sep27 Detector Division Technical Discussion Meeting

Sep 08 Detector Division Progress Review Meeting

MAPS-ITK Working Group

MPGD-ITK & MDC Working Group

PID Working Group

EMC Working Group

MUD Working Group

Trigger & DAQ Working Group

Clock and Data Transmission Working Group
Detector Control System Working Group
Mechanical Working Group

Forward Region Working Group

Magnet Working Group
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R&D Status Overview

B A complete R&D program covering every aspect of the STCF detector is in place and being

vigorously implemented. Many systems are on track to achieve the primary R&D goals by the
end of this year or early next year. Some systems have reached the large-scale prototype level.

Inner tracker — MPGD : a cylindrical MPGD prototype, readout ASIC prototype with full function

Inner tracker — MAPS : MAPS designed with different CMOS processes, chips with TJ180 returned

Main Drift Chamber : a full-length drift chamber prototype with super-small cells under construction

Barrel PID : a 32x32cm? RICH prototype, 3 iterations in readout ASIC design already.

Endcap PID : a full-size DTOF prototype, readout ASIC prototypes

EM Calorimeter : a 5x5 pCsl calorimeter prototype, pileup real-time removal algorithm and implementation
Muon Detector : large-size glass RPC and scintillator units, readout ASIC prototypes

Clock and Data Transmission : key ASIC modules for clock management and high-speed link

Trigger : L1 and HLT trigger algorithms, firmware programing and hardware development

DAQ : architecture design, software and hardware development almost finished

Detector Magnet : conceptual design optimized, moved to technical design

Detector Mechanical Design : engineering design for each sub-system, designs for detector assembly and installation
MDI and Forward detectors : luminosity detectors ad zero-degree detectors, beam background

Detector Control System : system design and technical demonstrators

Combined beam test : first such a test performed of EMC + DTOF + DAQ at CERN PS



Detector Mechanical Design

B Detector conceptual design has been transferred into engineering drawings
B Engineering design available for each sub-detector or system
B Design studies on detector assembly and installation

MDC ~ RICH DTOF

1/442304E 4.57 kg
/AR %4T 18.6 kg

ITK-MAPS

S BT 2.07x10" kg

ATHER (BRAHRER)
- 184 kg
14 LSRR (RAERENR) 164kg




Installation
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Beam Background and Forward Detectors

s Keeping up with accelerator design evolution for beam background estimation. Working closely
with MDI people to optimize the detector geometry and radiation shielding design in MDI region.

s Simulation studies on luminosity detectors (radiative Bhabha) and zero-degree detectors (ISR,
two-photon process). Preliminary determination of the sites of these detectors at STCF from these

Background count rate distribution in RZ plane Hz S Q F l e + / < ;..;:.i_- Q F3
10 :
0.5m
A Hi t t ol 10°
NIEL damage  Total count verage ighest coun | ! hJ
Detecto TID value (1 MeV cate count rate  rate | | 107
Ere T
(Gyyh ncutron-cm-y71) (Hz) (Hz/channel) | 10 e | .
(Hz/channel) . ; ; S D 1
P L ‘oﬁ
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ITKW-2 25 8.3x10° 38x108  1.1x10° 1.4x10% z o | T r ) l
* 0 * * E b & 2.1m 6.7m 3.2m 1.2m
ITEW-3 9.0 0.5%10° 24x108  47x104  7.3x10% o~ E # I
| 1
ITKM-1 4700 3.4x100 20%10°  18x100  2.0x10! . . jIie ” 4.1m
ITKM-2 47 7.9x10° 37x107 052 0.57 E L L
ITKM-3 18 1.1x1010 33x107 018 0.22 505§ i
MDC 0.17 3.6x10% 33x108  29=10*  18x10° 0§|||1|1| .
PID-Barrel () 50 100 150 200 250 300 350 400 10 g
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: i &
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ECAL-Endcap 0.69 1.7=10 3.5=10 1.9x10 5.8x10 ITKW-2 11 6.3 % 10° 240 380
MUD-Barrel- ITKW-3 517 1.0x 1010 390 850
RPC 0013 1.8x10° 1.0x107 8.1x10? 3.7=10° ITKM-1 1200 4.5 % 1010 220 310
ITKM-2 28 73%10° 320 660
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Tracking System : ITK + MDC

ITK Gaseous option : MPGD

uRWELL foil
\  Cathode & supporter
\ \

R

out

=16cm —

3 layers of cylindrical uRWELL inner tracker

(with sensitive length of 33, 61, 88 cm respectively)

Material budget ~ 0.3%X,/layer

Drift region

~~~yRWELL film .

Readout anode

3 layers at 6cm, 11cm and 16 cm

Drift cathode

]

ITK Silicon option: CMOS MAPS

diode !

NWELL PMOS NMOS

Spacing DIODE Spacing TRANSISTOR, TRANSISTOR
> —>

Depletion._
region™.

J p substrate
Particle hit

3 layers at

3.6cm, 9.8cm and 16 cm

Total material budget ~ 4%X,
(inner and outer walls included )

oo 00w
oo00H 00
oH 000G
coo0400
od o0 oD

~400 kHz/ch ~30 kHz/ch

Inner-outer separate designs to accommodate different levels of radiation background 1;



: BA: EORE, HAE. HIER
MPGD ITK : uRGroove gt himniggn e

WELL detector

Gap=5mm
,r", Kapton layer Pitch=200um

Vwell
Charge collection pads
(Metal 2) mi

Width=70/50pm

Metal 1 layer

Read-out strips
(Metal 2 layer)

K Insulating support (300p)

MRGroove provides larger signals and easier production compared to pnRWELL.

\_

¥~ 187nm
18.6nm —> o
10.3nm —> 15.5nm
= 105nm
10.3nm —»
* 15.5nm
¥ 50um
—_— APICAL 7 cr | Cr & Cu Co-Deposition Layer
S EEm o, B g copepositionlayer

Fabriacating the low-mass c-4RGroove prototype: material budget ~ 0.23%X0/layer



MPGD ITK : uTPC mode

o
. 1200
Real incident track :>/ —o— classic yTPC mode

——C.C.
1 - .
ooo —— pTPC mode with correction

s Position reconstruction with yTPC is the ..o
key to maintaining good position

Reconstructed 800 4

points and track
by unTPC mode

Bias on reconstructed

resolution in magnet field or for inclined position

400

Electron drift region

Rec. position bias (ym)
%]
8

tracks. The uyTPC method was B ] P/ B
thoroughly studied for systematic bias el film X s O it S S i

. . Readout strips -400 ! |
and its correction. . ol

Track incident angle (deg)

Sector2 \

280

tests

260

240
220 - T
200 -
180 - i
160 -

140

spatial resolution(pm)

120 4

100 4

80

T M T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16
Theta(deg) /

Beam test @ CERN, Position resolution better than 100um for vertical tracks and ~120pm for inclined tracks




MPGD ITK : Electronics (ASIC / APV25)

« ASIC is required for readout. Very challenging performance requirements (event rate much
higher than VMM). Designed and produced a 32-channel prototype ASIC chip with full function.

REGHEB%HE BE ASIC Specs Demands 0 Time Resolution Counting rate
B 1 ] ' ' ' ' ‘ ‘ ‘ 10
] ] ——0pF —
=~ ——8pF 2
i a8 Charge Range 40 fC Z s R
3 P ——24 pF
n 5 £ —mer | g
EE )N 24 .. = 6 1 ﬂE
g | Charge precision ~ 1fC RMS o —43pF | 2
] B 2 g 7
L L o =
= = 6
Time precision < 10 ns RMS E =5
T —— ORI OSRGOS
255 10 15 20 25 30 35 40 U .
Max. event rate 4 MHz Charge (C) FUEE AR (kHz)

Baseline Spectrum

A hBaseline
5 jo00— Entries 30000
3 L Mean 676.8

Std Dev 11.57

 Designed and built a 1024-channel
readout system based on APV25 for
the purpose of testing and
characterizing detector prototypes.

- ¥ I ndf 9789/ 71
800— Constant 1020 £ 6.9
‘ Mean 677.1+0.1

Sigma 11.37 +0.04

Noise<0.23fC

600—
400—

200f—

14



. 1 ¥o: imREE., NESWHERS
MAPS ITK : MAPS De5|gns Pkik: MAPSIZ. RINEE. ENZE a

Use larger pixel size to reduce the power consumption density

Aiming for a low-power _ :IIIII .
chip design (required for a N R
low-mass system) with ] 'Fq' +HHHHHT |"I
timing and charge Iiiiii ——
measurement capability —
A: 1X1 B: 6X1 C: 3X2 D: 6X6 E:Strip™ 30x180 F:Strip®! 60x90 G:StripZ 180x180
OR P P2 P "[>11"[>"|2"[>“"[>—"V5]'{>‘f">—">-'{>|9 IOI'V-"D-O_
Combining non-adjacent plilll N NN NN
pixels and designing a super- Pos___ /.
pixel design that can provide ~ P%P¢ (i3 -) winin\i °{> i °{> el =
both high position and high 7 Il el S R e S A S NS EER S
time resolutions for low power o o> o> o> o> o> oD oD |oD>- |oD>- |op>- |oD>- |op>-
consumption. Combinin_g) :—djTaIcent pixels Ve ) 1 ) 1, 1) W 10 e ) R
Ol 10SS
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MAPS ITK : MAPS Fabricating

« Various CMOS processes being explored TowerJazz 180nm
_ Chips received,
« Mature technology: TowerJazz 180nm (HR epi) testing underway

 Domestic foundries: NexChip BCIS 90nm (LR epi) , GSMC 130nm (HR substrate), IRAY 180nm (HR epi)

. IRAY 180nm
NexChip BCIS 90nm GSMC 130nm Supporting quadruple-well with possibility of
Submitted in Jan. 2025 Chips to be received

N-blanket implant and N-gap. In the submission process




MAPS ITK : MAPS Testing

s Characterized the TJ chips for threshold, noise, fake hit rate and capacitance. Tested the chips
with laser and radioactive sources (Fe55 and Sr90) for detection efficiency, charge collection

efficiency and time resolution.
Background trigger

WM | Threshold/ B35 1
- I

268.2 7.15 16.1 g 01
-3 234.7 2.75 15.3 477 9.2 £ oo
1]
RRERRR -4 212.2 0.82 15.4 417 7.06 o 0001
-5 178.1 532 11.3 348 5.92
0.0001
-6 182.1 7.11 1241 292 5.88 threshold/e

—8— Fake-hit unmasked(/pixel/s) —®—Fake-hit masked(/pixel/s)

FIREBE@EERIZR)

FIRFEEG S +HRIPF) Efficiency
£ ' ‘£ Time resolution
£ o & Ime resolutio Feb55 energy
o
70 v
. £ SPECtrum ;e g
E Kalpha: 4.84mV 5.4%
o7 2 50 M 8001~ Kbeta: 5.32mV 5.0%
06 % 40 400:—
0.5 ,{ES 30 300__
0.4 E 20
200t
s 10 |
0 100 d
- 0.2 300 350 400 450 500 550 600 e
159/~ 0.1 e/ e S — 2L'ng: e S T e )
I Output Voltage(mV)
o N I AT A i AN e
15.3715.3815.39 154 15.4115.42154315.44  © —e—pixel-basedE R —e—strip-basedE R

x{mm)
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MAPS ITK : Stave Design

* Launched detector module (stave) mechanical design effort

P 180.75mm E—— The inner most layer: integrated
30mm . 30mm structure of support frame and

wwsT'9T

| 1 | B

180.75mm

|

| 30mm ' 30mm S .'3=771'57°F£ /  all
w35 _san PR e v | savek
AE 36mm 16 200.75mm
g FiaE  98mm 12 592.25mm
SNE 160mm 20 954.55mm

CF support frame ‘

+ Cold plate

1 Flex PCB
& chips
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<+ Endplate structure optimized to simplify the assembly process
< Intensive ongoing R&D effort on feedthrough for super-small cells (~5 mm)
< A full-length super-small cell drift chamber prototype is under construction.

STCF feed hrough v4
ignal connection

STCF feedthrough V3

dddddddd

STCF feedthrough V5

llllllllllllll
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Main Drift Chamber : Electronics

<+ A major challenge in MDC electronics: discriminating overlapping signal pulses (as a result

of high counting rate ) that are irregular in shape.

<+ Waveform digitizing electronics is used to allow online waveform discriminating
algorithms that run on PFGA. Developed the electronics with discrete components (TIA +

shaper + ADC) and tested with detector prototypes.

< ASIC design is underway. First version of the analogue part has been taped out. The chip

prototype has been produced and is being tested.

0 o 100 ]
o8
-0.5r |
~ <
S -1t : : : : % b ASicHhisgEs
~ S Z 50
o I Il | 2 a . S L —
e © —e— ideal distinguishable probability
2 -5 ! I ! v 8 waveform distinction results
hat I o I © —v— .
= - a o based on the evaluation board
= 2 1 i I e ol
£ | [ | 2 T T
<-25F | Lo I °
| [ | P 0000 000-00000000 00
-3t [ I ‘ ] & 1
0 500 1000 1500 0 : -
Ti (ns) 200 400 600 800 1000
tmeins Time interval (ns)

ASICRHSNEIRRE 50 Pin SANTECHED

v HJ

FRE

Data

acquisition
board
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PID System

* PID system: thickness < 20cm, material budget < 0.3X,, ©/K ~40 @ 2GeV
“* Barrel PID: A RICH detector using MPGD with Csl for photon detection, o5 ~ 4 mrad

THGEM + " Doublé-MM/DMM
MM
* Endcap PID: A DIRC-like TOF detector, DTOF, quartz plate + MCP-maPMT , o, ~ 30ps

ax=1050mm

Rmax=1040mm -

Track (8,9)
33mm

4 5mm

Rmin=
570mm

X
Vertex(0,0,0)
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PID Barrel : RIC ey ﬁgzﬁiﬁ%ﬁ}jﬂ“%aﬁwﬁw\ ST

Cosmic-ray test of a 32x32 cm? RICH prototype .y  Moved to DMM option : DMM-RICH
with THGEM + MM « Compact structure

R LA R B * High gain & good time resolution
* High electron collection efficiency & low
lon backflow

Illll]llllllllllllllllllIllllll
IIIIIIIIIIIIIIIIIIIIIIIIIlIIIII

|
—206 - I—IO(') - 0 - ‘100‘ — 200 |
L Anode x/mm  Opgojng test of a DMM-RICH prototype
[ : : i !

Ongoing efforts to bring up the pho yield
g 12 N - @F g 20F :2‘"’-,
S LIf T puted S8}
g 0; R o g 15f
Z 03 d
E 0.7 / 10:

o i :

S

- - 3 3 ?50155]6.01651701751801851901952002052]0215 230
. ) ) WaveLength/nm . . Wave length / nm
Enhancing radiator transparency by puritying Cgkyy Improving QE: Csl coating and QE measurement
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RICH Readout ASIC

B A large number of readout channels in high density: ~500 k, 55 mm? granularity , requiring ASIC

Design specs: o, < 1ns @20fC&20pF, Test results

event rate ~ 30 kHz, 32-64 channels 0.25 ' . Oriine caiculation
] 1 . é 1.5 Offline calculation
—_ g with filter
E 0.2 =
I Bias | [Coarse counterl ; _§
i = o.as —— CHI1 &
i1 ) ——— CH10 @
T AAA— ! CH20 §
! ! 0.1 ——CH32
I I 1 -
: : 0 20 40 15 20 25 30 35 40 48
I I Serial data : i i Input Capacitance (pF) Input charge (fC)
Input I !'}| Pole-zero 1 output : p rocessin g -
| | llati Shaper SCA |—| ADC | - i i = 15
[T esa | |cance ation | | circuit =
— Digital data 10 -
ASIC | Clock circuits | processing
| Calibraion circuits I {2 s -

1
1 5 10 15
Input rate per channel (kHz)

Measured rate per channel (

RICH ASIC design evolution =————————

i i : Third version icro USBITAG
First version Second version D /) = _mwsn

{
:aa

DDR3 x e |

32 channels/chip Sgi%éc?ﬁggezl_gehai%% board 64 channels/chip 1024-channel readout

board being developegl3



PID Endcap: DTOF pisificl . e

B A full-size DTOF prototype (a quadrant of STCF DTOF at one endcap) was built and tested with

cosmic-rays to demonstrate the DTOF concept and technology on the full scale.
Gspe=59 PS, Gtrack=21 PS

Dtof-SpeT Dtof-meanT
Dtof-SpeT “ Dtof-meanT
E r Eniries 73003 £ oo 0 Eniries 3430
3 s000— Mean ~1.562 3 | Mean 2.392
£ Std Dev 86.49 180 l i Std Dev 54.84
C ¥Z / ndf 484.7 1 70 ¥ ndf 74.71/76
E po 5096 + 26.2 160 p0 183.5 £ 5.0
4000 —
C pt 1.745 + 0.281 o pl -31£07
p2 63.3+ 0.3 b (. p2 28.14+0.75
C p3 1311+ 14.8 120 p3 16.11£2.34
3000 pa 121464 ‘ P4 33.48£5.12
pS 173.2+ 7.0 100 p5 84.24£5.15
80 |
§0
i
40 fl \
i
20 i y
L & i
Toulbt e Lo apehe] T
Hoda ~500 ) 500 7600 R T 0 100 200 300
Time for single photoelectron [ps] Time for multiple photoelectron [ps]

B A smaller DTOF prototype a third the size of the quadrant was built and tested with particle

beams at CERN to demonstrate the PID capability of the DTOF detector
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MCP-maPMT and Readout ASICs

MCP-maPMT: a critical component of the DTOF
technology

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

B Designed and produced 1-inch MCP-maPMT prototypes — sswsss L+ s

Sl
-}t s0.30
o

mf‘!,—

with 16 annodes each. e o
B Carried out various tests of the MCP-maPMT prototypes
* TTS<40 ps, QE>20%, G>106, o e I S
- Aging : <10% gain drop when Q>11C/cm? : <l HERERDR | i
B Two ASICs designed for MCP-maPMT readout. EE ]
Prototype chips produced and tested I EE e b o ] R === |

S (nm) Integrated anode charge (mC/cm?)

B FET: target ~ 15 ps, measured ~15 ps

: FEE Chip : i To DAQ

MCP-PMT '&F’ AMP '_‘ CMP I—I_L TDC chip :‘i"> GBTx ?:>

RMS (ps)

Threshold Set
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BTOF : DTOF in Barrel

« Design of a barrel PID detector based on the DTOF technology is available ( BTOF )
— 12 sectors with 2 modules placed longitudinally in each sector, 24 quartz plates in total
— Quartz plate parameters : R = 875mm H =20mm L = 1350mm D = 450mm
— Inner side of a quartz plate is coated with light absorbing layer while the outer side is
equipped with 15 SiPMs for readout
« Performance with full simulation mostly meets PID requirements. Ongoing effort

to optimize the design by scanning a variety of key parameters
« A full-length BTOF prototype is under construction and will undergo a beam test
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Electro-Magnetic Calorimeter 43 *ﬁfﬁf;%’fﬁﬁiiﬁgiﬁﬁmg

B A crystal calorimeter using pCsl ( short decay time of 30ns ) to tackle the high
background rate (~1 MHz/crystal )
« Crystal size: 28cm (15X;), 5x5cm?
« Defocused layout: 6732 crystals in barrel, 1938 crystals in endcaps
* 4 large area APDs to address low light yield: 4x(1x1cm?)

A very low light yield of 3.6% for pCsl — a major
R&D task : enhance the light yield of a pCsl unit

=

pCsl with WLS

nts /(30)

Eve -
02885833388

|

3
| .60
/ ESO .
: 540 2
b Lo 4 7
P 10
i
500 2500 3 3500 40¢ 4 7
1500 ADCUCDZUMS 30 3500 ABC Counts 000 5000 00 7000 8000
; —
Light yield : 50 p.e./MeV — 300 p.e./MeV “ >

W

27



B Significant pileup in EMC in the presence of beam background (~1 MHz/ch). A dead-time

free pileup correction algorithm involving waveform fitting based on pipelined optimal
filtering has been developed and implemented in FPGA
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B Development of waveform digitization electronics (CSA + shaper + ADC)
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5%X5 pCsl EMC Prototype

EMC prototype in the making
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A REmuonFlH s F £ 5
Muon Detector T

B A hybrid design with RPC and scintillator strips for optimal overall muon and
neutral hadron identification performance
« RPC for inner 3 layers : not sensitive to background
 Scintillator for outer 7 layers: sensitive to hadrons

MUD Endcap-2 (a)

MUD Barrel

/

Plastic scintillator

MUD Endcap-1 Parameter Baseline design

R;, [cm] 185
Neutron Row [cm] 291
shielding layer R, [cm] 85
LBarreI [cm] 480
. . Endcap Yoke Tendean [€m] 107
Bakelite-RPC  Iron yoke component Segm é’nmﬁnn in g 2
7 layers of Number of detector layers 10
plastic scintillators 2400 mm_1100 mm Iron yoke thickness [cm]|  4/4/4.5/4.5/6/6/6/8/8 cm
3layersof _| | A Neutron (A=16.77 cm) Total: 51 cm, 3.04A4
Bakelite-RPC 2910 mm I shiclding Solid angle 79.2%x4m in barrel
1850 mm - ] 14 . 8% x4 in E:ndcap
Endcap 94% x4 in total
o Yoke Total area [m?] Barrel ~717
component E‘l’ldﬂﬂp ~520
Total ~1237
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MUD R&D

Scintillator strip + WLS + SiPM

- Design and fabrication of the
scintillator unit : reflector, fiber
groove, optical coupling, surface
processing.

 Fabricated 2.4 long scintillator units
(efficiency>95%) and a 50x50 cm?
scintillator strip array

&
5
]
£
g

Glass RPC

- Developed glass RPC fabrication
techniques and built a 40x40
cm? glass prototype.

« Focusing on low-resistivity glass
RPC for high count rate
capabilities. Built some small
prototypes.

Readout Electronics

« Developed front-end amplifiers
and readout boards. Tested with
detector prototypes.

« Designed front-end ASICs for
different input capacitance and
gains. Prototype chips being
tested

2024,

®_ -
@ ®30035_AMP_-HU @
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“*System architecture based on Data-Matrix: flow
processing, hetero-computing, standard interfaces
and protocols, global pipeline

“*Software and firmware development

“*Development of core electronics boards: CROB-PXI,

CROB-PCle, FMCP optical interface board

“+*System testing and performance evaluation using
simulation data
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STCF trigger scheme : L1 ( MDC, ECAL and global trigger) + HLT

L1-MDC trigger algorithms: 2D track reconstruction (track finding and parameters (pt, 6, ¢, t) estimation) using
pattern matching , 2D short-track reconstruction incorporating stereo layers using NN, Z impact parameter
estimation using NN

L1-ECAL trigger algorithms : overlapping events resolving, cluster reconstruction and splitting (E, 6, ¢, t)

L1 global trigger : track and cluster matching, event TO estimation, trigger menus for charged and neutral
channels

HLT : currently focusing on MDC HLT aiming to remove noise hits and reduce event size
1 Background trigger rate < 50 kHz
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ete -> T Jpsi; Jpsi-> ete” 4.26GeV 99.7%
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Trigger : Hardware Development

* Design of trigger hardware architecture. Development of various core trigger hardware components
(CROB-ST, CROB-LTU, CROB-MGT/EGT, CTM, FMC ---) . FPGA implementation of L1 trigger algorithms.

* A prototype L1 trigger system has been designed and is being built to demonstrate the trigger system
design and its performance. An event simulator has been developed to generate pseudo data for the
prototype trigger system.

* The prototype system will participate in the upcoming combined beam test.

x15 x8
CROB-ST CROB-LTU

DT:ZFEE i CROB-LTUR 1B Z AL AR FMC R [E7F TR E (L SGbps' T: 10Gbps)

tl menm 1| J—. I
s lﬁﬁ‘ﬂqﬁaﬂg WELE T saERn i wEEEE L) |
'
-|

CROB-ST CROB-LTU CROB-MGT
CTM1RPCBE]

MDC-FEE

ARG e L4 EET -

T mEME
PETE tl i’ | o R f I |mocze
e g 1 lsﬁuﬁ‘ﬂsﬂﬁ R e

WELE — HEER WwRERE- L

MDC-FEE

35



Data Rates Estimation

s Peak trigger rate : 400 kHz (physics @J/psi) + 50 kHz (background) = 450 kHz
* Raw event size : 18 kB/event (based on the updated beam background estimation)

* HLT data compression ratio was estimated based on preliminary HLT studies or experience
from other experiments (e.g. BELLE?2) .

* Final data rate to disk : 4 GB/s assuming HLT is in place.

Sub-detector | Raw data | L1 data rate HLT data HLT data rate
(GB/s) (GB/s) compression ratio (GB/s)

ITK-MAPS 2.57 0.96 0.25 0.24
MDC (SSC) 4.34 1.40 0.45 0.63
BTOF 4.31 1.18 0.95 1.12
DTOF 2.78 0.72 0.95 0.68
ECAL 7.37 1.4 0.7 0.98
MUON 1.48 0.48 0.8 0.38
TOTAL 22.85 6.14 4.03

Redundant information e.g. data package head and tail is excluded from the estimation of L1 and HLT data rates
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Clock and Data Transmission

« Clock distribution system providing precise and stable clock signals with jitter < 5ps RMS
- High-speed serial data transmission: a GBTx-like ASIC, ADTC, uplink ~5Gbps
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e Completed the design and test of clock distribution ® Designed SerDes and clock managing
modules in a “master-slave” architecture modules in ADTC, and optical modules.

e Clock jitter tested ~1ps RMS Taped out the designs and received chips.

e Ready to join the upcoming combined beam test e Chips being packaged

37



Super-conducting Solenoid Magnet

* Optimized the physics design of the magnet by performing FEA of magnet field and unbalanced
forces.

» Studied impact of non-uniformity of the magnetic field on tracking performance and solutions to
iImprove magnetic field homogeneity.

* Designing the magnet support structure using carbon fiber. Investigating heat leakage issue.
Studying cryogenic forced circulation and thermosiphon schemes with FEA.

*
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Detector Control System

* Finished conceptual design of the STCF detector control system.
* Designed and developed a control software framework.
s Developed a gas supplying and monitoring system in the framework as a technology demonstrator
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Summary

4

*

* Intense R&D activities are underway on the baseline detector concept

L)

targeting key technologies of all sub detectors. Significant progress has
been made and several R&D projects have reached milestones.

4

L)

«* 14 systems have been established and is going full steam ahead.

** Building on the completion of the Conceptual Design Report (CDR) in
previous years, we have now shifted our focus to preparing the Technical
Design Report (TDR).

4

L)

* Expanding our collaboration network is more critical than ever. We

®

warmly welcome more institutions to join the STCF project!
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