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Requirements for STCF Detector

<+ Highly efficient and precise reconstruction of exclusive final states produced in

2-7 GeV ete- collisions

» High tracking efficiency ( >90% @ 0.1 GeV/c ) and high momentum resolution for low-p
(<1GeV/c) charged particles, precise measurement of low-energy (<1GeV ) photons.

— |low mass tracking and PID detectors

» Excellent PID: /K and p/rn separation in full momentum range (up to 3.5 GeV )

Solenoid ' Optimized -
[ T r—p— ] - y Process Physics Interest N Requirements
5 “ - K,nv,, CPV in the T sector, acceptance: 93% of 4r; trk. effi.:
fﬁ;‘am Jiw — AA CPV in the hyperon sector, ITK+MDC > 99% at pr > 0.3 GeV/c; > 90% at pr = 0.1 GeV/c
, ) T ; T
Ny n Dy tag Charm physics op/p =0.5%, oy = 130 ypm at 1 GeV/c
. ’ = ete” = KK+ X, Fragmentation function, /K and K/m misidentification rate < 2%
~6m Dy, decays CKM matrix, LQCD etc. FID PID efficiency of hadrons > 97% at p < 2 GeV/c
T = [, T = YU, cLFV decay of 7, PIDAMUD j/m suppression power over 30 at p < 2 GeV/c,
Dy — pyv CKM matrix, LQCD etc. p efficiency over 95% at p = 1 GeV/c
T Yy, cLFV decay of 7, EMC op/Ex25%atE =1GeV
1(3686) — yn(2S) Charmonium transition Ops ® Smm at E = 1 GeV
ete > nn, Nucleon structure EMC+MUD op= —20_ o
Dy = Kyn'n~ Unity of CKM triangle VrGev)

~7m

Beam background at the inner most layer : ~1 Mrad/y, ~1X10" 1MeV n-eq/cm?/y, ~1 MHz/cm?



Updated Detector Design

Iron Yoke R
Scintillator e Inner Tracker (4 layers)
— — MPGD: cylindrical uRGroove, o, ~100 um
it — Silicon: low-mass MAPS, <0.3%X,/layer
* Main Drift Chamber (o,/p~0.5% @ 1GeV)
ES— — Small cells with helium-based gas, o, <130 um
i e D * PID System (n/K ~40 @ 2GeV, <0.3X,)
PD__ [ LB = — Barrel: DIRC-like TOF - BTOF (0,~30 ps)
DG / 2| *L ,,,,, T — Endcap: RICH (<4mrad) or ASHIPH
e PSS T * EMC
T g
== : A MP - — pCsl + APD + waveform readout: (og/E~2.5%,
Main Performance requirements o,~5> mm @ 1GeV & ~1 MHz/crystal )
Tracking: eff>90%@0.1GeV, 0,/p~0.5%@1GeV [|* Solenoid : 1T
Energy meas. : 251\/IEeV-§-gOC/}eV | Gev * Muon Detector (eff. >95%, mis-rate <3.3% @1GeV)
Had D /KOEL{ @N 2.G OV@ 3 E@ 3 Gev — inner 5 layers : glass RPC, > 300 Hz/cm?
acqron 1T o . €V, 70 © — outer 10 layers : scintillator strip + SiPM, ~ 2.4 m
Muon ID: eff. >95%, mis-rate <3.3% @1 GeV )




Tracking System : ITK + MDC

ITK Gaseous option : MPGD

uRWELL foil
Cathode & supporter

Drift cathode

R, =16cm —

Drift region

“uRWELL fin [ .' [ : .. .

Readout node e ]
B b o & >

[

\\\\1‘ !

3 layers of cylindrical uRWELL inner tracker

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

Material budget ~ 0.3%X,/layer
ITK Silicon option: CMOS MAPS

NWELL PMOS NMOS
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Total material budget ~ 4%X,
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included )
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Inner tracker

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




Tracking System Layout Optimization

Layout :
Options Beam Pipe ITK MDC
CDR , , 3 layers, 36~168 mm 48-layers, 20~80 cm
high material : .
1 budget 3 layers, 36~168 mm inner chamber with super small cells + 42
regular layers, 20~83 cm
5 3 layers, 36~168mm inner chamber with super small cells + 42
regular layers, 20~83 cm
low material inner chamber with super small cells + 42
3 budget 4 layers, 36~168 mm regular layers, 20~83 cm
N 42 regular layers without inner chamber,
4 4 layers, 36~210 mm starting with stereo layers, 25~83 cm

< All the above detector geometries were implemented in OSCAR

< Full simulation and track reconstruction with Hough +GenFit were performed
for benchmark physics processes to assess tracking performance



Tracking Performance with Different Layouts
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<+ Same tracking efficiency for different layouts when pt >100 MeV/c

<+ Important to have axial layers in the MDC inner part to maintain tracking efficiency
for pt < 100 MeV/c with the baseline track reconstruction algorithm

< The optimized tracker layout : 4 ITK layers + 42 MDC layers started with 10 axial
layers. Detailed performance studies are underway.

< Further optimization of drift cell shape is underway (by BINP)
e



Evolution of PID Detector Options

<+ Barrel : baseline changed from RICH to BTOF

RICH

ASHIPH




BTOF : DTOF in Barrel (new baseline for barrel PID)

Design of a barrel PID detector based on the DTOF technology ( BTOF ) has been

developed
— 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

— Quartz side plane is equipped with MCP-PMT for readout
Performance assessed with full simulation, fulfilling PID requirements.

Ongoing effort to optimize the design: bonding of BTOF modules, radiator thickness,
optical filter (wavelength cut-off range), optical expanding volume ...

A lot of synergy
with LHCb-TORCH

is being explored
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Muon Detector Optimization

« A hybrid design with RPC (not sensitive to background) and scintillator strips (sensitive
to hadrons ) for optimal overall muon and neutral hadron identification performance.

« Muon detector design has been optimized by scaning key design parameter: number of
layers, iron absorb layer thickness, detector option combination

- Optimized desi

%

R design

g( ,/ Design paramters
v scanning

——FullRPC _15Det ——myBranch, _Origin_usedigiff{E4%5%  ——myBranch _Origin_FullRPC . usedigiff{EER

Optimized design : 15 detector layers ( 5 RPC layers + 10 scintillators layers ) with
14 layers of iron yoke ( 2, 2, 2, 2, 2, 2.5, 3, 3, 3.5, 4,4, 5, 6, 10 cm in thickness)




Detector R&D Breakdown and Organization

System name Code Participating Institutes
1 Inner Tracker - MPGD ITKW USTC, IMP
2 Inner Tracker - MAPS ITKM USTC, SDU, CCNU, NPU
3 Main Drift Chamber MDCH IMP, SDU, USTC, SZTU, BINP
4 Endcap PID Detector PIDE UCAS, USTC, GXU, BINP
5 Barrel PID Detector PIDB USTC, XIOPM
6 EM Calorimeter ECAL USTC, UCAS, SJTU
7 Muon Detector MUON LZU, ZZU, SDU, USTC
8 Clock and Data Trans. CLDT USTC, CNNU, HUST
9 Trigger System TRIG USTC, HUST, SDU
10 DAQ system DACQ USTC, CNNU
11 Forward System FWDR ZJU, GXNU, USTC, LNU, NJU, DZU, Academia Sinica
12 Detector Magnet DSSM SIEMENS SZ, IASF SZ, USTC
13 Mechanical System MECH AUST
14 Detector Control System DCSS USTC, IMP



Working Groups Meetings and Topical Workshops

 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 +210PM  Introduetion O1m B - %%fg%%ﬁi kﬁﬁi&g{m%ﬁl%ﬂ'mildﬁéé‘
- . ‘Speakers: Jianbel Liu of . ‘ , Qian Liu
Jan23 Detector Division Technical Discussion Meeting hinese f e5), Yi Qian (1 ine X
Lei Zhao (Univ of and Dongdong Hu
November 2023 TrT EF2023 %2
AAE ALY SEENSELTF
Nov30 Detector Division Technical Discussion Meeting ~230PM  MAPS Inner Tracker (ITKM) ©um (@Y %A K2V E B #
‘Speakers: Jiajun Qin t hr , Lailin Xu SCIGM Apsmﬁiqﬁ,}%
October 2023 '
STCF_MAP.
Oct27 Detector Division Progress Review Meeting
— 2:50PM  URWELL Inner Tracker (ITKW) g n @~ Manage ~
‘Speakers: i Qian ces), Yi Zhou N . " N L
5094 D == EERNEME ST T2023 B AEMHRE, 412EF S, 12858 TARSERFHAATET. £
September 2023 R B NS AT PERE AR S EH FRAC S - = T
STCF3 8. N - . s g
sep 27 Detector Division Technical Discussion Meeting ggﬁg@%; g%ggﬁiﬂﬁﬁﬁ@%?gﬁfggﬁﬁg 5;§¢;&;T§§§
= 310PM  Main Drift Chamber (MDCH) @ [r g s - i
Sep08 Detector Division Progress Review Meeting Speakers: Linnin Dusn " ¢ es), Zhe )
Con (nay of St STCRRMLEESANMIRTTRY S
MDCOR &, MDCIRH:.. @ Monday Aug 19, 2024, 900AM — 605PM As
MAPS-ITK \j\/o(kmg GIOU[) ~330PM  Barrel Particle identification Detector (PIDB) ®20m (@'~ 9 MR SWE (PENFRAKY)
‘Speakers: Lei Zhao (Univ and T Gy 2), Qian Liu Description
MPGD-ITK & MDC Working Group 20230907 e
= 3:50PM  Endcap Particle Identification Detector (PIDE) ®20m =~
PID Working Group speakers: Ming Shao . . Yonggang Wang
STCFiftfi...
EMC Working Group
~+410PM  Electromagnetic Calorimeter (ECAL) @ ®~
=3 Speakers: Yunlong Zhang (University of Se 1y na), Zhongtao Shen Description
MUD Working Group :
TCF EMC
= = +310PM MAPS Inner Tracker ASIC
Trigger & DAQ Working Group s Ll https://cern.zoom.us/j/67548157547 2pwd=S0B7TYHk4M6EhcDtEUYSqiNzPFv2aB..1
. s ZOOM ID: 675 4815 7547
Clock and Data Transmission Working Group
—~350PM URWELL Inner Tracker & PIDB ASIC Password: 325525
Speeker jiar
r S RICH LRWE
Detector Control System Working Group [ —
—~420PM Endcap Perticle identification Detector ASIC Speaker. X
Mechanical Working Group Speskers: Yongga data,taking
- 310PM  STCF HUTRRREM S it NREEN
Forward Reg|on Workmg G(oup +450PM Muon Detector ASIC = Speaker. ZF
Speaker F
CF HL
Magnet Working Group N
LI 570 Deta Transmission ASIC IR - <ooPv  HDAQmBESSTCRH MO MsR_FTCF2024
> | Speskers: Jinhong Wang Speaker: Junfeng Yang
General Meetings




MPGD ITK : uRGroove

Proposed and developed a novel single-stage MPGD,
micro-resistive Groove detector (MRGroove), for the

iInner tracker: larger signals and easier production o
compared to JRWELL.

Gap=5mm

Pitch=200pum

Width=70/50um

imide

Developed a set of techniques and procedures for fabricating a cylindrical low-mass yRGroove
detector and built a low-mass c-yRGroove prototype: material budget ~ 0.23%X0/layer, the best

in cylindrical MPGDs.

Ultra-low mass electrode

Ultra-low mass electrode

GND

\/’-—\
Rohacy’\
Drift

HRGroove

Cylindrical uRGroove

Conducted multiple beam tests of the
prototype at CERN. Position resolution <
100um for vertical tracks, and <130um for
inclined tracks or in 1T magnetic field.

spatial resolution(pm)

8 10
Theta(deg)




MPGD ITK : Electronics

: : _ ASIC Specs Demands
« ASIC is required for readout. Very challenging j = 11.[-] [ charge Range 20 fC
performance requirements (event rate much I s ®JZ| | charge precision | ~1fCRMS
. - d I | "Eg
higher than VMM). Designed and produced a  |** g j/«fql\w - #|%| | Timeprecision | <10nsRMS
32-channel prototype ASIC chip with full Asic Max. event rate 4 MH:
function, and tested it with a detector Time Resolution Counting rate
10, 10
prototype. :, —ip | £ g
5 | B
 Development of readout electronics with the £ o
ASIC is well underway 0 PSSP S e
255 10 léhai()ge(zfsc) 30 35 40 $ﬁ]§¥i’)}l‘[‘§ﬁ3§ (kHZ)
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MAPS ITK : MAPS Designs

« Coretarget: alow-power MAPS design with moderate position mog et
. .. ey |m| | | -
resolution and both timing and charge measurement capabilities. | ,.. P c@ed ooy Eomoms
« Low power outweighs position resolution: exploring strip-like — — -
or large-size pixel MAPS designs to reduce power. gl aB ol atl ] | = =
. . . _ _ of> [of> [of>| [l | [ [oD> [oD| [l |[oD> [oD> [oD> | oD
 Exploring a super-pixel design that can provide both high R I | S ] S S | P R O N s
position and high time resolutions for low power consumption. ] o o T e T o T T o e
. . o> o> o> [of> o> [oD> o> [o> o> o> [o> oD
« Various CMOS processes being explored
o> [op> o> [o> o> [ [ o> o> o> o> oD
* Mature technology: 180nm (HR epi)
 Domestic foundries: 90nm (LR epi ), 130nm (HR substrate), 180nm (HR epi)
180nm 90nm 130nm 180nm
Chips received, Chips received, Chips received, Supporting quadruple-well with possibility of

testing underway to be tested testing underway N-blanket implant and N-gap. Chips received, to be tested




MAPS ITK : MAPS Testing

 Characterized the 180nm and 130nm 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 rate

i = Thresholdl 4 1
FPN/e | TNfe | Aou/mV | pors/mv 250 0 350 400 450 500

-2 268.2 7.15 16.1 g
-3 234.7 2.75 15.3 477 9.2 E 0.01
@
-4 212.2 0.82 15.4 417 7.06 & 0.001
-5 178.1 5.32 11.3 348 5.92
0.0001
-6 182.1 7.11 12.1 292 5.88 threshold/e
o —8— Fake-hit unmasked(/pixel/s) —®—Fake-hit masked(/pixel/s)
Efficiency
E b | ‘B Time resolution (180nm) Fe55 energy spectrum (130nm)
% 10"
oo £ 7 7 -
o7 ?8 "M 15— Y
0.6 %40 D'B; H] ToT{@IE]EE‘_’IFeSS =]
s By os X SHSEENTIR
0.4 -E 20 04} L‘H
L N
e ) g
0.2 0 E / \
: 300 350 400 450 500 550 600 o L s L L iy
15.9? 0.1 l‘l._’ﬂ 15/9 Charge(e-)
| | | | 1l L | |

A N N T A S
0
165.3715.3815.39 154 15.4115.4215.43)(1('5';::) ° pixe\-based%% ° Strip-based%%




MAPS ITK : Stave Design

« Significant progress has been made in detector module (stave) mechanical design

The inner most layer:
integrated structure of support
frame and cold plane

Inner Stave Outer Stave

+ 3058 BETHE M60J/MSS) TORAYCA * ~0.75mm

» Y28 BRETHE M60)/MSS) TORAYCA ® ~0.4mm U-legs 3748 BEAFHE ~0.3mm
[ SR RERE ~32um
’—. EDEEE REPES ~24um e AHDHRK R~1025mm
+ SEDB X R~0.51mm . AR BRETHE 190289-X

| 0IE B 190289 Faserverbundwerkstoffe® ~ 0.21mm 2 2 =T ’." —
Faserverbundwerkstoffe® ~0.14mm s BEEE R -005mm gl 5 /
+ RESH B ~0.05mm ~- /
* X SRR ARALDITE® 2011 ~0.1mm I_[ + epC BERLIERE ~0.105mm ’/} ] y \,1
- P REIEEL ~0.115 s Cu~0.036mm A | >
Al~0.05mm " L . e, ERATAR ~0.1mm | W — 36mm 16 200.75mm
Al~025mm |
dEE  98mm 12 592.25mm
ShE 160mm 20 954.55mm

_+ CF support frame

+ Cold plate

Flex PCB &
chips




Main Drift Chamber : Detector

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

E > 5S5Fe test results AT e 3
.

P —— R

BESII feedthroughs

~~~~~

STCF feedthrough V3 STCF feedthrough V4

BELLEII feedthroughs * Reduced size + Optimized signal connection
STCF feedthrough V1 STCF feedthrough V2 STCF feedthrough V5
£ Coppes s +_ Aluminum tubes +Insulated design
+ Tested discharging + Tested wire stringing «  Electrode connection

Layout of




Main Drift Chamber : Electronics

The 16-channel electronics board ( TIA + shaper + ADC ) was updated with new
passive components. After passing standalone tests, they are now ready for
multi-board integration and testing with a detector.

A new scheme of the electronics system was designed for more integrated layout
and less material, separating the Front-End Electronics (FEE) and the waveform
digitization board (WDM) on the MDC endplate.

ASIC design is underway. Second version of the analogue part has been taped
out and is being tested.

s NI R =
lla‘::::‘;gg” :: =
1 Bee . =
T TR




BTOF/DTOF Detectors

B A DTOF prototype was built and tested with particle beams at CERN to demonstrate

the PID capability of the DTOF de’Fector nt/K separation >4c @ 2GeV/c

N

it

11% [98.9%
98 44% | 1.56%

LT

003 1
\
|

002 \

\
|

AN
- A Nt .
W w2 0 -100 80 -60 40 2 0 2 40 60 80 100

Yk
m A full-length BTOF prototype has been built and tested with particle beams.
Data analysis is underway.




BTOF/DTOF Electronics

8000

7000

» ASIC FET v2

« 8-channel per chip, dynamic range 10 fC - 1 pC
« RMS timing precision < 15 ps

« Single-photon resolution 38-43 ps

> ASIC TDC: MCV-TDC v1

6000 [
5000 [ sigma=40.83 ps

4000

Count

3000 -

2000

1000 -

° 160 MHZ system CIOCk, LSB = 15 ps zclm 4clru ﬁclm 360 ‘IDIDD ‘IZIDD ‘I4IDD 1«5'00 ‘IBIDD 0 -200 0 200 I400 600 800
TOT (ps) TOA after correction (ps)
* RMS precision 14 ps Single-photon time resolution of FETv2

Chip 1
20k Chip 2
Chip 3 ! nn
s ‘ V66060666600
ip
chins A Reesaneonsssanennaceass

» Event rate 32 MS/s
« Power consumption: 27.76 mW @5 MS/s

> ASIC TDC: DSTA-TDC v2 -
- Taped out in mid-July 2025 ‘
« 8-channel per chip

« TA Gain = 16, LSB = 8 ps N |
- Adaptive e.Iiminatcion ?f time amplifier Pos o0 e om0 w0 s W MCV-TDC and DSTA-TDCv2
offset; Online calibration Timing precision of MCV-TDC
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Long lifetime MCP-maPMT

MCP-maPMT: a critical component of the DTOF technology

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

B Designed and produced 1-inch MCP-maPMT prototypes with 16

annodes each. 1 - 022ma| 0o
B Carried out various tests of the MCP-maPMT prototypes 7 - ool oooza| Bz
* TTS<40 ps, QE>20%, G>10¢, Crosstalk < 7% 0330 0.2nA || 0.13nA| 011nA
* Aging : <50% gain drop when Q>20 C/cm? | AR
Channel definition  Dark count & dark current
100 T T 50 =z 12
. —— Spectral sensitivity s
% ...... 10 I E % 10 |
-_‘....I. ~ 45t g
§E10- --.'-,__. ....... % | g \_""'_-r_-""“--.__._____.—-" E._ 08}
'E fg %’ E AOF g 061 [CH1: 53% @15.7 C/cm?
= 1t ° .l e P \ % 04l |CH7: 56% @20.4 C/cm?
§ SN: 250102 ' : E B ==an ~_ — ki —— MCP-maPMT(25-240628 Channel 1)
% == CH7 = 0.2} =———MCP-maPMT(25-240628 Channel 7)
. — T £
01— i ' ' i 001 860 Te00 2000 2100 2200 2300 W e e e 2o 2330 S 00 ; ; i . i
400 000 600 700 800 900 0.1 1 10 100 1000 10000
Wavelength (nm) Voltage (-V) Voltage (-V) ) ,
Timing resolution of Integrated anode output charge (mC/cm®)
Typical spectral response Typical Gain . i
ypP P P ypP different channels Output drop with IAC



RICH Detector

Cosmic-ray test of a 32x32 cm? RICH prototype with both THGEM+MM and DMM

Purifying C.F,, with good transmittance achieved

£ 150 ' ' T - — T T T T [ Niy- 1341%35 T "
g £ ; C Niy= 148 £5.6
=0 Z 100 meanl = 39758 £0.016 ]
o — C } sigmal = 0.540 +0.012
E E 80 :_ { l slope = 0.089 £ 0.100 -
< St I .
A gL ¢ . 0=9.4 mrad]
wf i ! ;
20F i FT{;# 3
C #
—100 0 o2 036 3.2';{"l 0 'Mﬁg 2
Anode_x/mm .
- Hit_6./°
= r T T
E If | .
i L
® 08F ]
g 0'6; | This work E
2 - — ALICE E
g 0.4:
= 02F ]
m f
U gk { P S A
160 180 200
A(nm)

main issue: low
photoelectron yield
~2pe/track.

QE of photo cathode needs
to be improved !

Hit_ADC {sig_sw}

DMM gain 1.2x 10°
THGEM MM gain 0.95 X



RICH Electronics

« Completed the ASIC design and testing for the second-phase development.

« Test results show a ENC of better than 0.5 fC and a time resolution of better than
1 ns, meeting the deS|gn reqmrement

(.) .
900 g 20 =031 fC 10 Std = 1.27ns RMS,
T 18 | = Jitter = 0.90 ns RMS
+ 800 g £ 5
S 700 L =
600 - - - 212 A - - -
20 40 60 = 0 50 100 0 50 100
Sample cell index = Time (hour) Time (hour)

- Based on the second-phase ASIC a 1024-channel FEE prototype was designed.
- A beam test is ongomg W|th the detector at CERN's SPS




ASHIPH Detector

B Ongoing effort by BINP to use ASHIPH (Aerogel, SHifter, Photomultiplier)
Cherenkov counter in STCF as a PID detector.

® Preliminary simulation showed a good pi/K separation up to 2 GeV/c.

B A prototype was built and tested recently.
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P, MeV/c

PID performance with threshold of 1 phe




Electro-Magnetic Calorimeter : EMC

m 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

4 pCsl with WLS
‘ -

[py— Colpure) 8 4 586801010
Mean = 16829 ADC Counts 90 i = 5058.8 ADC Counts
s sr 80 ot apanier
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EMC : Pileup Mitigation and Electronics

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

x10° 10t = - —
2 2 = 30 O Sampling points
“ [ Y e 50 : : [ Tmeserey
315 Puse2y 315 P S uf ® Without pileup | cequence e —
£ [. | ® Withpileup iz co0o00@o0000000| |[[ ™ |
L [} ' o L ® o
Q LY Q ¥ E 2 [ ] i i i . 53
205 : \\.; o 40_05 "':’"""\,"‘""‘._-\. """"""""""" N With plleup correction 3 A [ FIR_At ]
; e \ ; Pe \\ F . Diser Fitting |—¥ Correction Dead time i
o 220 400 600 800 1000 1200 % = w0 &0 80 100 12w [i»
Time(ns) Time(ns) C FIFO Crass-Clock Domain Buffer
2210 Ty opie ' - CHONOCNONON NONONONONONONG) T
© - @ SR =
 Fating ran I ® Fitting delay Pipeline Waveform discrimination
28 ‘ "'i‘:::"?"’:rg:'"p“'e'" T15 L 'l : s . . % - D D D D D . D D D D Pile-up :ldunlnn
g 8 Lo e ssen L] s “ o Pipelined Correction
g1 /\ 31 [ - R - SN R E(gsv delay —l [ O O P
=} N =, s} " in (V) utputs:
<05 <05 o_filtered_A
. ) . . . o . . . . . . O_filtered_t
: : >~ Very effective in mitigating Pipelined correction algorithm
0 200 400 600 B0 1000 1200 0 20 400 600 B0 1000 1200
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B Development of waveform digitization electronics (CSA + ADC)

2 — . 12500 CSA High Gain . . . . . .

o | - rc-——:» . * The dynamic range was improved while maintaining
’ :>_# ‘N e the noise level of the high-gain channel.

S * FEM adjustment for waveform consistency between

' high and low gain channels.
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5 X5 pCsl EMC Prototype

A pCsI EMC prototype Performance from a beam test at CERN PS with 1 GeV/c electrons
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Scintillator strip + WLS + SiPM

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

« Fabricated 2.4m long scintillator

units (efficiency>95%) and a 50x50

cm? scintillator strip array

Glass RPC

- Developed glass RPC fabrication

techniques.

* Built small RPC prototypes

(42x30 cm?) with low-resistivity
glass (1.5x10° Qxcm) for high

count rate capabilities. (Under test)

 Larger 140x40 cm? prototypes are
being built.

RPC efficiency plateau

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
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Clock and Data Transmission

« Clock distribution system provides precise and stable clock signals with jitter < 5ps RMS
« High-speed serial data transmission: a GBTx-like ASIC, ADTC, uplink ~5Gbps

»

| i e

EEEEEEES

_ Period Jitter < 1 ps RMS @ 40 MHz 2
S e i S
LAl :
Sl , 2w
o i Bit-Error Rate < 1e-14 (PRBS-31)
e Completed the design and test of clock distribution e Designed SerDes and clock managing modules
modules in a “master-slave” architecture in ADTC, and optical modules. Chips received
e Clock jitter tested ~1ps RMS and tested

® joined the upcoming combined beam test




Trigger : Algorithms Studies and Development

» 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, 0, ¢, 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

Background trigger rate < 30 kHz
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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 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 has participated in the recent combined beam test at CERN
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DAQ Design and Development

System architecture based on Data-Matrix: flow processing,
heterogeneous computing, standard interfaces and protocols,
global pipeline

PCle V2.0, FMCP optical interface board

Software and firmware development completed

System testing and performance evaluation using simulation data

Core electronics boards design completed: CROB-PXI V3.0, CROB-

CROB-PXI board FMCP optical interface board

- 111.15mm
FPGA B4

* A prototype DAQ system has participated in multiple combined
beam tests
24892mm
= s - — e Test of event building
st o e < i i — * 12 rack servers
_’ B a= s = sovers | sovers | s | oo™ l - 9 servers: readout+ 4 event builders
W _____ | % H<i> Jb ¢ — - 3 servers: 4 event builders
(we) — B =N iy il Ay I . + 33 simulated data sources
p— e A - 17 big-frame sources: 20~32kB/frame
D — (o o e | e | — 16 small-frame source: 135 Byte/frame
S ' eriirron | ‘erurson || ‘Crorpon  Software optimization

FPGA Processing Layer

Software Processing Layer

- event building rate: 20 kHz - 90kHz



Second Combined Beam Test

= Launched the second test beam campaign this year for a large combined system
(ITK, RICH, BTOF, EMC, Clock, Trigger, DAQ)
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Trigger and DAQ in Beam Test

« Full trigger chain verified with GBT link
to RICH, ECAL and DAQ implemented

« high ECAL triggering efficiency achieved
with a latency of 1.3 us

- DAQ worked well with a total data
volume of 1.4 TB accumulated
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ITKM Preliminary Results

« Track reconstruction and data analysis based on the Corryvreckan software

 Preliminary results on the detection efficiency, spatial and timing resolution

CharTPix-180nm, sub=-6V, 10 GeV hadrons CharTPix-130nm
100.00% _
100.00% CharTPix_GSMC Pixel efficiency map
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* Efficiency higher than 99% at low thresholds and * Efficiency higher than 98% at low thresholds and
remains high at higher thresholds drops quickly

* Spatial resolution: ~50 (10) um in the long (short) pitch * Spatial resolution: ~7um
* Timing resolution ~60ns



https://gitlab.cern.ch/corryvreckan/corryvreckan

ECAL Preliminary Results
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Data analysis is ongoing. More results will come out soon for other detectors



Superconducting Solenoid Magnet

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

Studied impact of inhomogeneity of the magnetic field on tracking performance and solutions
for shielding stray magnetic fields.

Designing the magnet support structure using carbon fiber. Investigating heat leakage issue.
Studying cryogenic forced flow (77K)and thermosiphon (4.2K) schemes with FEA.

Decentering force in Fz&Fr
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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

RICH BTOF

Outer honeycomb pa el_—

MDC

ITK-MAPS . ITK-pRGroove




Beam Background and Forward Detectors

« 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.

« 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 studies.
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STCF Detector Performance with Full Simulation
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A R L L R I 0 L R L T T T TN " T R T LY 90

e A S e R R e slriios a2 63.4 668 79.8 §7.8 94.0 966 95.2 92.7 965 95.0 96.6 93.9 96.8 96.3 97.0 97.9 966 97.8
B e Act i e 1o it cerer v W et o o e = 64.0 668 78.7 91.4 93.7 95.0 95.2 95.5 04.1 94.7 95.7 94.9 97.8 98.2 97.1 98.0 97.4 98.4
80 389 419 44 451 456 46 45 444 455 454 4B&£F¢lmwww 7 297 5 40 :._ E nd ca p 90 a0 58.9 69.9 82.1 89.0 93.6 94.2 92.6 95.5 94.1 96.4 97.0 96.9 98.0 96.8 97.0 97.4 981 98.7 0.8
B AL AR AT RS b s S & e — - 2w 57.5 663 79.4 85.7 93.7 964 97.0 96.7 93.3 94.4 928 96.5 9.0 96.4 95.2 98.9 986 98.2
::: :i: :z :: ::: ::z :ﬁ ‘: :: :: g:i:: :: :;;::::: D) 138 :— 9720 80 69.6 78.3 86.7 93.6 95.1 96.0 95.9 96.6 955 95.8 95.8 97.5 97.0 9B.8 97.3 97.7 99.0 0.8
415 443 450 464 466 47 454 455 450 458 46 450 448 435 420 407 391 375 38 [} - w00 657 81.0 85.8 92.9 959 95.7 97.0 93.8 95.6 97.8 97.3 97.6 96.8 97.9 98.3 957 98.5
70 36 424 445 457 473 472 473 4568 458 465 46 46 457 444 435 419 mulg.-u} ,9_, 36 — 96209050 99.40 30 70 614 78.7 86.0 93.5 96.5 96.4 974 98.2 96.6 97.5 97.2 96.7 98.4 96.2 98.4 985 98.3 0.7
SRS (40 4 aa 4 axs i deidmAyass am a0 R o) 93309940 90.70 99.90 90.90 99.90 8.9 99.90 99.90 92.90 99.90 90.90 99.90 90.70 $8.90 96.10 9140 E470 75,70 6740 SETONENR) 77.6 837 92.1 950 96.5 958 97.6 96.7 965 98.0 957 $9.0 9.2 98.9 992 9B.9
© ATEARAR 400 486 4s2iant 48 473 4m 472 47 (663 048 I = 34— 93809030 96.60 99.90 95.90 95.90 99.90 95.90 99.90 99.90 96.90 99.90 99.90 99.90 99.90 99.80 $9.30 97.90 $5.50 $0.90 8490 77.80) 60 64.8 76.8 83.0 89.6 955 97.6 97.7 97.8 98.2 98.1 97.5 98,5 99.0 99.1 99.4 99.3 98.9 0.6
- [Lsiim oo 8 smsmanan e i an e R R o)) = 94.0090.40 99.60 99.90 95.90 95.90 99.90 99.90 99.90 99.90 96.90 99.90 99.90 99.90 99.90 99,80 99.50 ¥8.80 §7.50 94.90 9060 887 725 81.0 86.6 926 96.4 97.3 98.1 97.6 98.1 97.6 96.0 98.5 99.0 98.8 989 99.3
(0] 60 484 447 45 501 51 508 503 505 495 497 482 482 474 458 430 419 4 383 369 357 e C B 50
.C |493 451 485 500 52 526 525 518 504 504 493 485 479 463 443 421 404 387 372 350 < 32 = $3.70 99.30 99.70 #9.90 ¥9.90 99.90 #9.90 99.00 99.90 99.90 99.90 96.90 ¥9.90 ¥9.90 ¥9.80 V.80 ¥9.50 99.30 98.60 97.30 95.10 92.00 68.0 75.3 86.7 90.8 95.7 97.1 97.2 98.0 97.9 98.1 97.6 98.9 98.9 99.2 99.3 99.2 0.5
|_ |AS1ASIASES) 517 55 57 53523618 508 508 A0 A AT R - 93209040 99.60 ¥9.90 99.90 9.0 99.90 99.90 #9.90 9.9 99.90 99.90 99.90 ¥9.90 ¥9.90 ¥9.90 ¥9.50 ¥9.50 9910 96.20 96.50 9380 40 60.5 714 79.9 84.9 90.9 95.1 95.3 95.2 95.1 96.9 96.8 96.9 97.4 98.3 99.0 99.0
[A22671/478 527,554 852 844 535 826,523 5111 482 4TS ‘(6 30— 359 99.40 90.80 99.90 99.90 92.90 92.90 ¥9.90 92.90 96.90 96.90 99.90 99.90 99.90 $9.90 99,80 ¥2.70 $0.60 9830 $8.70 97.60 95.8) 667 77.7 86.4 93.4 96.0 96.9 97.4 98.4 98.7 98.9 98.2 96.7 99.0 99.6 99.4 0.4
50 gl‘;:ﬁ ::::: :: :::: :i: :z:? 5::::::::’:::‘:":::: B [~ 9409930 99.60 9.90 99.90 $6.90 99.90 99.90 99.90 99.90 99.90 99,90 99.50 ¥9.80 99.70 99.70 99,60 $9.40 99.10 96.90 08.30 97.10 30 581 744 83.5 89.7 94.6 96.7 97. 98.5 99.1 98.0 99.4 99.4 09.6 99.5 9965 99.6
15513 507 566 578 578 579 558 562 546 533 525 506 493 467 448 421 402 382 366 n- 28 = $2.50 99.40 99.80 99.90 99.90 99.90 99.90 99.90 99.90 $9.90 99.90 99.50 99.50 99.90 $9.80 99.80 99.70 $9.60 $9.40 99.00 S840 $7.10) 40 59.0 68.0 79.7 86.8 91.3 95.8 97.9 98.3 99.1 99.4 99.3 99.4 99.7 99.7 99.6 99.8 99.6 0.3
3524 518 573 575 575 584 574 56 559 547 538 522 495 473 45 431 luwm{_ : 93,60 99.30 99.60 99.90 $9.90 99.90 99.90 99.90 99.00 99.90 99.90 99.50 99.80 99.70 99.70 99.70 99.50 99.40 99.50 99.00 $8.60 97 80 20 63.7 73.6 84.8 87.7 93.7 95.0 969 98.7 98.8 99.2 99.4 995 99.6 99.7 99.7 99.7 99.7
Em BILER RT7 882 65 47 61 064 B ‘::: :“' :; 26 [— 91809940 96.60 99.90 99.90 9.90 99.90 99.90 99.90 99.90 99.90 99.90 99.00 99.90 99,80 9,50 99.70 99.60 9940 96.20 §6.60 97.70 58.7 69.9 78.6 86.5 88.9 95.8 97.9 97.9 98.3 98.3 98.8 99.3 9B.9 99.5 99.5 99.5 99.6 99.6 0.2
513 533 56 581 586 584 581 581 566 563 552 539 515 49 462 4 = .
4 [ s s 50 57 50 s 5 s 52 4 4 42 4 30 1 5 E: "”:::::::::::::::::::::::::::::::2:::2:::?::;: 10 30 587 74.9 803 90.6 95.3 97.0 97.7 98.7 99.0 98.9 99.3 99.5 99.5 99.5 99.3 997
455 493 535 553 556 569 562 565 578 571 567 562 529 497 454 429 394 367 = . 2 69.5 84.9 90.58 95.2 97.6 98.8 99.1 99.4 99.6 99.6 99.5 99.5 99.5 99.5 99.4 994
[ last aat 510 527 519 522 547 555 504 577 568 551 525 501 48t 424 38 3% 1 . o o | 99,40,99180 99,90 99190 99 90,98(00,9%,90,99[90,99,90,99%0,99,80 S9{70 99,70, 9950, 99,40, #R[20, 68 90 S6160 68 20 S7H0) 0 67.f 71,2 771 673 801 B35 85.7 87.2 88.4 90.7 $0.3 90.3 92.3 928 92.8 0.1
L SESNIVAR PPt N O 67 70 S Sp B0 b 0.2 04 0.6 0.8 1 1.2 14 16 18 2 22 24 20 500 1000 1500 2000 2500

500 1000 1500 2000

Momentum

2500 3000 3500

Momentum [GeV/c]

eff. ~> 90% when p ~>1GeV/c

EMC energy resolution EMC position resolution

Tracking efficiency

1.1

0.7

—4— e background x0|
—4— e background x1
—— 1 background x0
—f— 1 background x1

0.6

Track Finding Efficiency

»

0.5

Position Resolution (mm)

Energy Resolution (%)
N WA 000 N @

0.4

N

_l|J|l|11||||||J|||J|||Li||l|j||l|i|l|

03 e — 15 2 25 3 35 0 05 1 15 2 25 3 35
p Truth (MeV/c) E,/GeV E /GeV

0O 05 1



Global PID Performance

e identification against K//p/1T proton identification against e/K/u/1T
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Final Remarks

« A very comprehensive STCF detector R&D project has taken shape and is being
vigorously executed.

« Enormous progress has been made in many aspects of the project and on many
sub-detectors or systems. Some sub-detectors have reached the large-scale
prototype level.

« A beam test at CERN of a fully integrated system of EMC + BTOF + RICH+ Clock
+ Trigger + DAQ has been conducted at CERN this October.

« Detector performance has been evaluated with full simulation and can meet
physics requirements. Many sub-detectors have been optimized with full
simulation. More are underway to further enhance the detector capability.

 International collaboration has been expanded and substantiated (LHCb-TORCH,
BINP-ASHIPH/MDC), and continues to be an important goal of STCF.

« STCF detector TDR is in preparation and will come out soon.



