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STCF can produce an enormous
i = e e amount of & Of Stduyleptons and
AE, =2-7GeV " ‘ | N Bl charm  hadrons, allowing a  full

2 exploration of the unique and great

APotential for luminosity upgradeand apolarized

M physics potential in the tau-charm
electron beam -t energy region: QCD,exotic hadrons,
ASite: Suburbanh Cdzi dzZNBE . A3 { OA SY ' (| #avbr physigcandICRYevbphysics
Ad4th five-year plan (20212025):Design studiesind R&D on key technologies-0.4 B CNY
A15th five-year plan (20262030):Construction to startduring this period, ~6 years, ~4.5 B CNY
AOperating for 15 years te followed by major upgrades

For more information about the STCF project, please $e#ps://indico.cern.ch/event/1291157/contributions/5890162/



https://indico.cern.ch/event/1291157/contributions/5890162/
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Physics Requirements
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STCF CDR pin Jiy—AR @ 3.097 GeV
Kin KK+X @ 7.0 GeV
nin 1 Kl @ 4.26 GeV
nin Jy—AR @ 3.097 GeV
uin Ty @ 4.26 GeV
wint— 3u @ 4.26 GeV
win Domuv @ 3.77 GeV
el in e'e'— oy (3686) @ 4.66 Ge'

x Highly efficient and precise reconstruction of exclusive 10’
final states producedin2 -7 GeV e+e - collisions

» Precise measurement of low -p particles (<1GeV/c) z low mass
» Excellent PID x 2/b and mp separation up to 2 GeV
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105 v in continuum @ 7.0 GeV
Dy, tag Charm physics op/p=0.5%, 0,5 =130 um at 1 GeV/c STCF CDR ¥in Ac decay @ 4.7 GeV
v in T decay @ 4.26 GeV
ete” - KK+ X, Fragmentation function, /K and K/m misidentification rate < 2% 10* yin D’ decay @ 3.773 GeV
PID ¥in iy decay @ 3.097 GeV
Dy decays CKM matrix, LQCD etc. PID efficiency of hadrons > 97% at p < 2 GeV/c e v E?f b Djsta 41 ey
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D, — pv CKM matrix, LQCD etc. u efficiency over 95% at p = 1 GeV/c 102 B
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Beaminduced Backgrounds

NIEL Counting rate e

1 MeV neutron/em?/y
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Detector system Detector system Detector system

Inner most detector layer  x ~3.5 kGyly, ~2 x1011 1MeV n -eqg/cm ?/y, ~1 MHz/cm 2

The major challenge is to maintain or even enhance the state of the art performance
of t-c detectors in much harsher experimental conditions.



STCF Detector Conceptual Design

X Inner tracker (ITK, two options)
» MPGD: cylindrical MPGD
Iron York/MUD » Silicon: CMOS MAPS

é x Central tracker (MDC)
5

291 cm

185 cm

» Main drift chamber
x PID
— » Barrel: RICH with Csl-MPGD
85cm — > | SULL ! 20 » Endcaps: DIRC-like TOF (DTOF)
‘ x EMC

» pure Csl+ APD
X Muon detector (MUD)

» RPC + scintillator strips

149 cm

[—

"~ uoJ|

T (3o01a) aid

40 cm

x Magnet
Solid Angle Coverage : 94%  T4p (—20 °) » Super-conducting solenoid, 1 T
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Tracking System : ITK + MDC

ITK Gaseous option : MPGD

uRWELL foil

Total material budget ~ 4%X

0
Calhodcr:?csupponcr ( inner and OUter Wa”S
\
Drift cathode
R, =16 cm —
=3 Drift region
oo [N A I sovow
Rcadoulannde* [aIESIES [
~ | L L L L ] o4 o4 o
|
3 layers of cylindrical uRWELL inner tracker j; g {?} g {i
(with sensitive length of 33, 61, 88 cm respectively) OO0 00

Material budget ~ 0.3%X /layer

ITK Silicon option: CMOS MAPS

NWELL PMOS NMOS
Spacing DIODE Spacing TRANSISTOR , TRANSISTOR
> —>

Collection|
diode .

Depletion._
region™.

hi__ % p epitaxial layer * — f‘,b

p substrate

KHzich

Particle I'Iltj

b Q&0 s Inner tracker

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




PID, EMC, MUD

A Barrel PID: A RICH detector using MPGD A EMC: A pureCsicrystal calorimeter to tackls
( THGEM wittCsl+ MM ) for photon detection @ high level of background (~1MHzt)

Radiator (liquid C¢F, /A 10 tm

77 T |

Mesh

KK TTTTITITITI77777s
SS\Wiimzz
R % 17T /// o/

A Crystal size

28cm (15X0)

5x 5c?

~ 8670 crystals

\ 4 large area APDs
Z 7NN - (¢ 1en?) to
Zzzzz T enhance light yield

Material budget < 0.3¥ L

A Endcap PID: A DIRiRe highresolution TOF detecto™® MUD: A RP&cintillator hybrid detector
( DTOF ~ 30ps), quartz plate + M@BPMT to optimize muon and neutral hadron ID

Csl on
THGEM Photo-
\ electron

i///){/ 77 / 7
Z 77/

A
A

Charge particle

Parameter Baseline design
B (b) 7 layers of R;, [cm] 185
0ax=1050mm plastic scintillators \ 2400 mm 1100 mm R, [em] 291
Rmax=1040mm 1 \ : + R, [em] 85
Track O®) 3 layers of [ e Neutron 1L e 480
33mm Bakelite-RPC «“shielding Tendeap Lem] 107
Segmentation in ¢ 8
y  TEpartesEES. 0 Number of detector layers 10
A ,.E"dcap Iron yoke thickness [cm] 4/4/4.5/4.5/6/6/6/8/8 cm
> . yoke (A=16.77 cm) Total: 51 cm, 3.044
component  Selid angle 79.2% x4 in barrel
14.8% x4 in endcap
T 45mm 94% x4 in total
Total area [m?] Barrel ~717
Rmin= S

. > Endcap ~520
570mm Total ~1237




Expected Performance

Tracking efficiency Momentum resolution Pion/K separation capability

g cos6 = 0.0
> 1F e - a n—n
e e ' : STCF CDR S I 1
504 A x T
K=} 09 ] 0.99 0.0164 L p=2.00 GeV
% G r == . % ! 0=34.00°, ¢ = 45.00
’ 08 +  SiPixel+MDC ) 40 0.98 0.0144 R K separation = 4.08¢
z | C-uRwell+MDC 0.97 £ 0012 et
0.6} Tk S 07 | -Hhwell+ 1 i 3 8 0.96 é * —= K sample
fici o Only MDG ~ — 301 J0 3 0011
= - ' I — 095 =
erriciency o 06f ‘ . > Z 0.0081 J H
i © : e g 20 094 % t
+ 100% detection efficiency 05 ’\ i 093 E 0.006+ ‘} |
ozl ; \ - 104 092 0.0041
i +96°/o detection efficiency 0.4 g ¢ 0.0024
B L 091 002
P I R W P SN P PR S P 0.3 TR — o ¥ 0 . > T . . 0.9 0 = . TPy -
50 100 150 200 250 300 350 400 450 Y 0. 0. 06 08 . 1. -6 8 0.8 1 1.2 1.4 1.6 1.8 2 =300 =200 -100 0 100 200 300
pT(MeV) pT(GeV) p [GeVie] log L, —log L,

Photon energy resolution Photon position resolution Muon identification efficiency

—_—
10
= e e - STCF CDR o
o~ e L 0.9
— B —_ .
c [ F 0.8
2 L2 10 3 o7
5 L 5 |- £ oo
o |* o . 5
N ] B S 0.5
O 4 o)) | . g
2 pad
o o .. £
= — L] c 0.3
o | ° o 5 e ]
= . prad . = o2 : T —
Q - = L . o - —a— BES|IHike MUD design, pion rejection rate = 97%
- w L] —=— STCF MUD design, plon rejection rate = 97%
— ' -
L oo § e ® e & ® ® o . (@] - ® 014 —s—BESIIHike MUD design, pion rejection rate = 99%
2 - o - - —¥— STCF MUD design, pion rejelcﬁon rate = 99%
0.0
0 ! 1 1 > ! 3 ! 0 S 1 — > — 3 S 02 04 08 08 10 12 14 18

Muon/pion momentum {GeV/c)




STCF R&D Project KiCKf and Review Meetings

Kickoff Meeting, Aug. 2023, USTC R&D Project Review, Dec. 2023, USTC
More than 30 academiciansof CAS,aswell as  Organized by Development and Reform
government officials of Anhui province and Commissionsof Anhui province and Hefel
Hefei city, along with representatives from city. The R&D project was approved for a
various domestic researchinstitutions, totaling budget of 364 M CNYand is jointly funded
170attendees by Anhul, Hefeland USTC



ITKMPGD> WDNR 2 @S

A > w D NEZ & ¢gnglestage MPGD involving no stretching or tensioning, 2D strip
readout without charge sharing (large S/N), high rate with fast grounding, easy to
make a cylinder, low mass, low production cost

GND \/\
Gap=3mm
Rohacell =™

Pitch=200pm .
Drift HRGroove

Thickness=50um _ Width:?_Oinum P \
Readoutstri{‘
Rohacell//——\\
o™ ~0.23%X
A Highrate readout ASIC for MPGD ( averaged hit rate of 400 kHz/
ASIC Specs Demands
o . Charge Range 40fC
M Charge precision " 1fCRMS
i T s Time precision <10 ns RMS
lE Max. event rate 4 MHz




ITKMPGDR&D

Development of low mass electrodes ASIC design and development
18.6nm—+ -
10.3nm — 15.5nm
= 105nm
10.3nm —» -
15.5nm
T soum 0.62
o APICAL Cr Cr & Cu Co-Deposition Layer
Wy WM o, W g Cco-Depositionlayer

Output (V)

Fabricating ¢ ylindrical structure
P RS ?%HVﬁ%; 74

Leading edge jitter (ns)

p/

255 10 15 20 25 30 35 40
-200 0 200 400 Charge (fC)

Tested the ASIC chi
by feeding simulatec
detector output
pulses to the chip at
4MHz with 35pF




Inner Layer Prototype

Built a cylindrical OUJ u r rprptbtype for the ITK inner most layer
Tested the prototype with SSFe source in lab and SPS muon beam at CERN
Effective gain~5000 -10000 for most sectors oo f ————
Spatial resolution<100 um and efficiency > 95% e
The detector design and fabrication will be optimized o
In many aspects based on the prototyping experience

To o o To Io

Effective gain

1000 H

T T T T T v T T
390 100 110 420 130
HV(volt)

1. 00

140 4

130 4

Efficiency

Spatial resolution (pm)

=
1

100+

a0 T T T T T T T
350 360 370 380 390 400 410
HV on uRGroove




ITKMAPS

A Aiming for alow -power MAPS chip design (required for a low -mass system) with
timing and charge measurement capability: position, time and charge (TOT)
A Low mass outweighs position resolution: exploring large pixel size to reduce power

density
diode metal
" B e BE5
o | o
=
A: pixel B: Pixel-based C: Pixel-based D: Strip-based E: Strip-based
30pum X 30um 180pum X 30um 90um X 60um 180pm X 30pm 90pm X60um
1 1 . 45615 —T]180 standard —— R epi —HR substrate
A CMOS teChanueS belng explored' s 1 —Modified-TJ)180 —T]180 modified pstop
Cimey N -
(H R e pl) , . 3E-16 charge (e) |time(ns)
. : S 2 HR epi (T7180nm) 203981 2056
! NeXCh.Ip FCIS/BCIS 90nm Eu’ o HR substrate 247765  89.72
(LR epi) o IR epi 108964 7457
T GSMC 130nm . Modified-T]180nm 196985 181

Modified-T)180nm pstop 195204 247

(HR substrate)

0 T T v J
0.08+00 5.0E-09 1.0E-08 1.5E-08 2.0E-08
17

]
m

time/s




Super Pixel Design

<+ Combining non-adjacent pixels: avoid ToT loss
< Super pixel with 6x12 pixel array

— 6 sets of digital readout logic

— When cluster size < 3X4, no ToT loss occurs Additional 3-bit for group address

2

& ..P1. EPZ. P3. — -D—ll 'D—’D_—lb%tb—f.b—.‘b—.bf lf).-D—'-D—ORAR_Z
' or_R_1|  Digital Logic
o o> fob| fod | ot o> fob | fo | ot [o> fo | o -
PADIS ©ii:yTrrooro i
P2_DIS o} o> |oD>- [oDH| [eD|[eD> [oD- [pD| DA | oD D D[P
‘ or 8 1| Digital Logic
P3_DIS A NN EASHES > SRS ] T oR52
R —sww e dPRTSTREITE Nl
o> [ o> [l oD [ [oD>- |l [oD>- ol [oD>- [ob>
Combining adjacent pixels
oD o= o> b oD oD fol>- o> oD oD~ foD>- o>
- ToT loss

A Providing both high position and high time resolutions for low power consumption



ITK MAPS Designs

TowerJazz 180nm NexChip FCIS/BCIS 90nm Simulated performance

Taped out in March 2024 Taped out in May 2024
T = | | | _um g TJ-MAPS GSMC-MAPS
s a5 P
: Current 800 nA/pix 120*6 nA/pix
Supply Voltage 1.8V 12V
Threshold 309.0 e- 1538 ¢
i ENC 114 e 51e
i
Mismatch 57 e 58 e"
t. @400 e - 200 ns 81 ns
Power
CHIP2 CHIPS ltems consumption Notes
- Analog in pixel matrix =26 mWicm?_[__ Strip-based
GSMC 130nm to be taped out in July 2024 ginp ~15 mWjom? | _Pixel-based
¥ I — — = Timestamp clock distribution 12.2 mW/cm?
' ‘ 2 L Dynamic power consumption with a data rate of 8.7
i | of the pixel matrix 2.4 mW/cm? MHz/cm?
. Periphery 23.5 mW 32MHz event rate
PLL, serializer, LVDS 39 mw x 2 data/clock output
Analog configuration 20 mwW
Total 222.6 mW Strip-based
184.6 mW Pixel-based

¢ V whasedy 55.7 mW/cm2
¢ S l-Hagedyx 46.2 mW/cm2




Main Drift Chamber

A Preliminary mechanical design and structural analysis
A Big challenges from super  -small cells (5mm*5mm, distance between wires ~2.5mm )
A Ongoing R&D on feedthroughs, wires and chamber stringing
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MDC Readout Electronics

A Challenge: irregular pulse signals overlapping at high rates

A Attempt to separate overlapping pulses with
digitizing readout. A lot of effort on separation algorithm
development and readout optimization.

A Developed readout

01 F

waveform

03

|0

= 06|

circuit with discrete components (TIA +
shaper + ADC). ASIC design also underway.
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Optimized ADC specs: 14 bit, sampling &8 MSPS, bandwid660 MHz
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PID Barrel: RICH Detector R&D

Fabrication of 30cm*30cm RICH prototype Very weak light observed
Cosmieray tes Investigation ongoing
ge ' ]
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RICH Readout ASIC

Design specs, < Ins @20fC&20pF, Test results

event rate~100 KHz, 32 channels | S
0.25 I / Waveform after DC fix
= = DC fix + filter |
e 5 o2 = :
[ Bias HCoarsecounterl : i % E N :
= i ! : Z 0.5 ——CHI1 £
______ E — CHI10 =
’_ : i CH20 =
! ! : Ana|Og : 0.1 ——CH32 H
# n L =
| |_.| DC feedback P~ prOCeSSiﬂg ' 0 20 40 _isifc | | | T/
: : erial da ]I‘lpl.lt Capncitance (PF) 15 20 25 30 35 40 48
Input | Pole-zero output circuit Input charge (fC)
I I |cancellation
| {[4 - T _GAL y ] —
’ Digital data =l
ASIC | Clock ':i":"_"ts processing g
—_— ASIC S 10 -
| Calibraion circuits | =
=
e 5 -
=
=
. . . S L | |
Designiterations 2T s e s
= Input rate per channel (kH=z)

First version Second version
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512-channel readout board
using the seldeveloped ASIC

Design with
64 channels
IS underway
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PID Endcap: A fuBizedDTOF prototype

Quartz radiator cleaning Cosmic -ray test

and mounting

Detector assembling

(=59 ps U=21 ps
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See https://indico.cern.ch/event/1291157/contributions/5888464/ for details  single photon timaesolution Singletracktime resolution




