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Accelerator-based HEP experiments

O Complementary and synergistic facilities:

» B-factory
» 1-Charm factory
» Large Hadron Collider

High energy frontier
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Physics in T-Charm energy region

Bl s mBoac o amz ...5-7.GeV.region: .. ..
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« Hadron form factors * LH spectroscopy « XYZ particles " New Xvz particle
* Y(2175) resonance « Gluonic and exotic « D mesons :'A'Slzeq”l;z:‘s;?afeema TS
« Multiquark states with s-quark * LFV and CPV * fp andfp, T
« MLLA/LPHD and QCD sum * Rare/forbidden decays ~ « p9 — p°mixing . Charm baryons
rule predictions * Physics with 7 lepton  Charm baryons - Hadron fragmentation

O QCD and hadron physics
O Flavor physics and CP violation
O Searching for new physics
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The Super Tau-Charm Facility

O Key parametersin STCF:

» Center-of-mass energy: 2-7 GeV

> Peak luminosity: >0.5x10%° cm2st at 4 GeV

» Collision data: more than 1 ab'/y

» With potential to further increase luminosity
and beam polarization

Electromagnetic calorimeter

1 Muon detector

600 m
storage ring

i

Particle
identifier
detector

& | 6m Main drift
chamber

Inner tracker
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Timeline

2018 2019| 2020| 2021| 2022 2026 2027 2028 2029| 2030| 2031|2032-2042 [2043-2046

Form collaboration

Conceptual design
(CDR)

R&D (TDR)

Construction

Operation

Upgrade

STCF

» CDR Volume I - Physics & Detector:
arXiv: 2303.15790 B
» CDR Wolume Il — Accelerator:

on Preparing

» Funding: 0.42 billion RMB on the R&D projects from
local government and USTC (2022-2025)
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Physics aims

Observable BESIII (2020) STCF (1ab™")
Charmonium(like) spectroscopy:
Luminosity between 4-5 GeV 20 fb! 1 ab™!
> QCD &_ Had ron structure Collins fragmentation functions:
Asymmetry ine*e” — KK + X 0.3 [458] < 0.002 [459]
» Exotic hadrons Leptonic decays of D(.):
V.a 0.03 [460] 0.0015
» Precision EW g 0.03 0.0015
i i e 0.2 0.005
» CP V|O|at|0n V‘y 0.02 [461] 0.0015
. I, 0.02 0.0015
~ Newphysics s oo 00053
T properties:
m, (MeV/c™?) 0.12 [463] 0.012
L d. (e cm) - 5.14x 10719
SenSItIVItIeS for SOMe cLFV decays of T(U.L at 90% C.L.):
benchmark physics processes —y i 14% 10
T — YU - 1.2x 10°®
Jy — et 7.5%10°% 7.1 x 1070

arXiv: 2303.15790
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Accelerator-related challenges

Relativistic energy  Bunch number & intensity
N,N, fN \n ; A(/Beam-beam parameter
r* = 1) Vbunch - Vbl ¢, H «— Hourglass effect

49NN - 2erp,
O Extreme high luminosity: IR design
» Low relativistic energy .
» Bunch intensity Beam regulation
» Small bunch size and measurement

» Hourglass effect

O

Large Piwinski Angle and crab waist:
» Developed by BINP and SuperKEKB
Effectively realize high luminosity

A\

Other key support
e+ e- source and injector technologies
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Beta function along storage ring

Storage ring

Preliminary physical design parameters

Parameters Value Unit
Optimize energy E 2.0 GeV
Circumference I1 617.06 m
frF 497.5 MHz
20 60 mrad
Ey/[Ex 0.5 %
I 2.0 A
0.2 VRF 30 MV
< oo o, (W.0lw 1BS) 7.3/10 mm
- g, (w.o/w IBS) 2.84/4.29 nm
Lyg >0.5%x 103> cm~?s71
%WWWWWWMWWWWWWWW Ec/Ey 0.004/0.10 i
0 100 200 SB(i:Om] 0 500 600 TTouschek 180._200 S
reque.ncy 28,9,361\«1]-[1‘—————_______________________: _________
Central control room Sythessl?;;al 25;(;1" 1 Nl R module EM;{;Z::EVQ: D LOW Level RF SyStem Wlth
E—— T domestic electronics
LT | o L > Hardware: RF Source; Frequency
T e ol Synthesizer; IF Signal processor
! }T SMQ7K325TFFG900 ]
i o L. > Software: FPGA  Firmware;
S ——————————————— LT Control Algorithms; EPICS Control
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>
Conceptual design of the 77| .
injector and electron-
positron source ,,??& &
V&
S| >
‘b,C)
>
O
>
¢ Similar to the current >
mainstream layout scheme
>
>
2023/6/8 HADRON 2023

Injector system

Design parameters:
Symmetric beam: 1-3.5 GeV
Photocathode microwave
electron source: 1.5nC/5nC
Positron source: 1.5nC

Repetition frequency: 50 Hz

Main challenges:

High positron conversion efficiency
Overcome CSR effects

Error compensation

Lossless injection realization

11



Electron and positron source

Photocathode microwave electron source

. l—— Microwave
Magne
© JA Laser ng
=} ' - »
=] W ._ &
= 5
IS > 5
ST p— 5
ST Electron
2 4
< _ .
DIJ SIEI: lIIJEI 1;0 260 Z‘IjD 3IIJIJ 3ISD 4IIJIZI 4ISD 500
Laser Energy (WJ)
Positron source conceptual design Parameter Value
Electron bunch 5nC
Electron energy 1.5 GeV
Bearn focusi Rep. rate 50 Hz
s Deposited power 532 W
ERIRINE RO Magnetic field 5\0.4
Target thickness 13 mm
Target material Tungsten
e*yield 0.25
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DI design and background simulation

O MDI: machine detector interface O Background simulation:
A T - » Luminosity related:
................... radiative Bhabha scattering
A B (- e — di-photon process
= ol P T
— [ » Single-beam related:
220mm ‘ Touschek scattering
633mm L ;
1660mm Tungsten sheild . .
e | beam-gas interaction
o FFQuad QDO Corr FFQuad QF1
ey T Cryostat with magnets Gyly
- 10*
O Highest detector background:
Mg 1
> TID: 3.5 kGyly, . .
> NIEL: 210" 1MeV n/cm?ly,
» Counting rate: 1 MHz/cm? o
0 50 100 150L axfsozcm) 250 300 350
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STCF Detector spectrometer

High accuracy High background High event rate

Electromagnetic calorimeter
Muon detector

Particle
identification
detector

chamber

Inner tracker

~/'m

2023/6/8 HADRON 2023
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Charged particle

1 04 ——— pine’e— ppliy @ 6.0 GeV
STCF CDR

4
pin Jw—AX @ 3.097 GeV 10

Kin KK+X @ 7.0 GeV
rin - Klav @ 4.26 GeV

Physics requirements

Neutron/K

STCF CDR

— K

b

10°
in D decay @ 3.773 GeV

Kl in D’ KL‘I"{ at 3.773 GeV

n in Ac decay @ 4.7 GeV

nine‘e—y M@ 3.773 GeV 10*

Photon

—— 7 incontinuum @ 7.0 GeV
——— yinAc decay @ 4.7 GeV

——— yintdecay @ 4.26 GeV

yin D° decay @ 3.773 GeV

v in J/'y decay @ 3.097 GeV

7 in =y @ 4.26 GeV

vin Ds‘a ¥ D5 at4.18 GeV
yiny(@S)= vy I]C(ES] at 3.686 GeV

1.0 1.2 14 16 18 20

10° 10° nin Jiy— AA @ 3.097 GeV
AT OSTN s 10°
10° | 102 Ty
x\ 1o IS
10| 10 : \‘\
i 10 " _11
1 . T, b\l . 1 T I L R T T
00 05 10 15 20 25 30 35 00 02 04 06 08 10 12 14 186 18 20 00 02 04 06 08
P (GeV/c) P (GeV/c) E (GeV)
) Optimized )
Process Physics Interest Requirements
Subdetector
T — Ky, CPV in the 7 sector, acceptance: 93% of 4x; trk. effi.:
JIw = AA, CPV in the hyperon sector. ITK+MDC > 99% at pr > 0.3 GeV/c: > 90% at pr = 0.1 GeV/c
Dy tag Charm physics ap/p=0.5%, oy = 130 pm at 1 GeV/ec
etee - KK + X, Fragmentation function, PID /K and K/m misidentification rate < 2%
Dy decays CKM matrix, LQCD etc. PID efficiency of hadrons > 97% at p < 2 GeV/c
T — [, T = YU, cLFV decay of , u/m suppression power over 30 at p < 2 GeV/c,
. Y PID+MUD .
Dy - uv CKM matrix, LQCD etc. p efficiency over 95% at p = 1 GeV/c
T — YU, cLFV decay of r, EMC op/E~=25%atE =1GeV
W(3686) — yn(25) Charmonium transition ‘ Opos * dmmat £ =1 GeV
e*e” — nn, Nucleon structure 300
EMC+MUD =

Dy — Kpotm

Unity of CKM triangle

or = —F/——— PS
’\/113((]&\’3) P

arXiv: 2303.15790
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Outer support

Gas Volume

URWELL film

Outer tube-Cathode

Inner tube-uRWELL foil

|
. . . l l l l l l l l l l Structure support material
e

Inner tube-PI film

Hit reconstruction

Spatial resolution in re

25 120

MRWELL-based Inner tracker

O nRWELL (3 layers):

» Tracking efficiency > 90%
@100 MeV/c

» Low material budget (< 0.01X,)

» High occupancy

» Cylindrical structure

Manufacturing method
research & budget control

=—c— uTPC mode, pion-
—=—charge center-of-gravity, pion-
71| —=—pTPC mode, pion+

o
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MAPS-based Inner tracker

NWELL PMOS NMOS - - - -
Spacing DIODE Spacing ~ TRANSISTOR  TRANSISTOR O Monolithic active pixel sensor-
@ ® ) n_n (%)
o ..[TIF"‘?E"J = pue based detector (3 layers):
diode Lo GTT“I

Depletion™. )
region™., /-~

» Tracking efficiency > 90%

. @100 MeV/c

7 Ppp‘btr“tv > Low material budget (< 0.01X,)
— > Time resolution

Chip framework

(in-chip, readout and peripheral circuit) Two independent

chips design

Pixel

Chip B

(e}
=]
3
=
5
2
Y p
o
& m
2
:g:m

EHIE

0
FSM__| [ Fsm_ | [ FsM | [ Fsm
i

=
CountersDiver 3 7 ]

[ Gray
v(;o . ’ Data Processing ‘ i
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Main drift chamber progress

O Wire chamber-based MDC (48 layers):

High background influence

> Waveform discrimination

Simulated dE/dx resolution, momentum resolution and tracking efficiency

Momentum resolution < 0.5% @1 GeV/c
dE/dx resolution < 6%

Low material budget (<0.05X,)

0.0

0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8

p,(MeV)
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O Ring imaging Cherenkov (RICH) detector:

) » 1/K misidentification rate < 2%

» PID efficiency > 97% up to 2 GeV/c

» 5mm x5mm readout pads array

» Reconstruction of Cherenkov ring

Simulated &t efficiency and n/K mis-I1D rate

K—n

-1 .z s0F g 0.09
-099 @ 0.08
—0.98 40 0.07
0w
0.94 20 0.04
093 0.03
0.92 10 0.02
0.91 0.01
PR (T T S N TN T T T SO T NN SR S NN ST |
1T 12 14 16 18 2 °2° 88 1 12 14 16 18 2 O
P[GeVic] P[GeV/c]
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ax=1050mm

Rmax=1040mm

33mm

Rmin=
570mm

15t full size prototype and the electronics system

=

=E
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polar angle 6 [deg]

*E& The likelihood PID capabilities for |
36 o7 = /K separation N

34

455 482 5.74 584 588 582 5.7 567 577 577 58 57 55 514 4.74 432 4

4.54 4.81 562 5.73 5.89 585 5.65 5.62 5.77 5.73 572 5.6 5.46 5.11 4.83 4.46 4.03

451 4.84 5.51 5.73 578 5.74 5.57 553 5.77 57 557 553 5.32 5.18 4.86 4.47 4.13 3.81
444 4.76 555 58 58 575 555 55 5.64 5.54 5.53 546 5.35 5.16 4.88 4.54 4.19 3.85
4.42 4.54 5.55 5.69 5.69 5.64 5.43 545 5.56 5.45 536 5.39 5.25 511 4.9 4.6 4.29 3.94
3.6 4.39 4.53 5.49 5.71 563 566 5.4 532 5.51 5.48 538 529 521 5.1 4.88 4.59 4.28 3.99
7 4.41 4.52 5.42 568 5.6 5.58 536 5.32 5.42 5.46 532 524 524 5.1 4.87 4.62 4.32 3.99
438 45 535 56 556 547 533 527 5.42 5.37 5.29 532 5.13 5.04 4.84 4.63 4.34
4.36 4.51 531 5.53 5.55 546 5.28 5.23 5.43 5.32 5.28 5.25 5.12 5.05 4.86 4.64 4.38 4.1
4.43 4.53 5.19 547 5.55 542 528 527 5.36 528 523 514 51 5 4.86 4.66 4.36 4.1
24 | 441 455 5.17 561 558 545 525 522 5.34 5.23 522 5.18 5.12 5.02 4.85 4.63 4.39 4.09

% yed) ".‘OGIS.‘PIS..G‘II SI‘I .5'.“ .5'?1.5'P|5'?7| 5;3 Iap‘s..n.s.fe. 5. ."P.“.“. “l ‘4.

04 06 0.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4
momentum [GeV/c]
—--—--—- 18cm
r Dark Box l—— Fiber -~ PXle Crate
| at
16 channel 1 t
I mcPPmT it Front-end pe— N ! 4 D/
& 1 16 channel | | Readout Board : 3 Zero-Board —
4 y H MCPPMT | 1 —_—
i 4 L} !
{ l 16 channel L :
1 MCPPMT I Front-end Data b la "
1 16 channel L J Readout Board [~ Collect | 1 o
I MCPPMT t & S
! Control |1
]42‘1\MCP-PMT | Board [ \
. i
672 ' ]} Eemegen—
I e [ 1 I Clock & Trigger |
| MCPPMT =i Front-end ¢ Contro : Fan-out Board :
| 16 channel ; ] Readout Board o i = 'OTA" 'f,’ =
MCPPMT Iz :
% \ a2 &
I___'__'__..‘_r = P / J




O pCsl scintillator:

Energy resolution ~ 2.5%@1 GeV
Position resolution ~5 mm @1 GeV
Crystal length = 28 cm (15 X,)

8670 crystals in total

vV V VY VY VY

Promotion of light yield

Simulated energy resolution@1 GeV v, spatial and time resolution

500¢ e p STCF CDR c e
- Mean=0.9076GeV ﬂ £ S osf
400 Sigmas=23 458 eV L‘ 3 10 £ orf
= : k= £ E
*g 300 —--SigmalMean=2.47%. % i " osf
> L N r £
[e] - ‘k 0] L 05F
O 200f e | g
- F,/f‘ \L 5 5 0.4

100} o =2 7 E .
- ‘,,,/‘Pfu ‘1\ 8 03F
O; w——-?puf".‘,.-n?i L1 L1 wuuwtﬁ\nuu - o L1 L L L 0-23

07 075 08 085 09 095 1 0 1 2 3
EnergyDep (GeV) E,(GeV) ’ . e e E {Mav)
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Muon detection efficiency

Muon detector progress

MUD Endcap-2
MUD Barrel

O Hybrid detector design:

Plastic scintillator

' >
MUD Endcap-1 » Wn suppression power > 30

» W detection efficiency > 70%

Neutr
shielg?tlgoﬁlyer > @0.7>p>0.5GeV/c

» W detection efficiency > 95%
Endcap Yoke

Bakelite-RPC  Iron yoke component ) @ p>0.7 GeV/c

W= ID performance promotion Simulated neutron/y ID performance

10 W suppression power = 33 photon rejection rate = 97%
0o - ('/_,\:,{\ o L:)n °
0.8 n / /\ § L 09 .8
07 / \/ \/\\ P é 2[’“0} 08 %
NE=riS s veEn s I :
0.5 f /\/( ]\ / \ \/ E 1500:_ %
pESSES AV o n :
03 y \ g 1000 é
0.2 41 e BESII-ike MUD design, pion rejection rate = 97% g 500 g
o1l ==g==STCF MUD design, pion rejection rate = 97“1a 5 g ]:',

e BES|I-like MUD design, ate = 99% E =

—v—STFF MUD des‘#gn, pion FEJEF(IDH rate = 9?% é 600
E“00‘2 04 06 08 10 1.2 1.4 16 80 100 120 140 160 Neutron =~ 40, ™. 0 ®

Muon/pion momentum (GeV/c) 0 (degree) momentum (MeV/c) va B (degree)
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Software system research

An unified computing environment and platform:
Offline Software System of Super Tau-Charm Facility (OSCAR)

e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

External Libraries

Core Software

Applications

L - - - - - . - - - —-———_———-.—.— e—_——_-—- - —_———_——-—————_-—-8F - -k —_——_—_—_——_——_— e e e e

TrackerHit
/TrackerPoint | - —

PIDHit —
/PIDPoint | —

ECALHit
/ECALPoint -

Efficiency

1 — -w-u-u—-T ! I !!
0.98-
096~

0204 06 0.8 1
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I BRI B R B
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Truth P,

8 2
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Tasks :

XYZ factory

XYZ

Y(42060)

Z-(3900)

£(4020)

X(3872)

No. of events

10™

107 107

5% 10°

Precisely measurement the

transition

Search for the missing states

Understand the nature of

unknown states

Search for the new exotic states

2023/6/8

Mass (MeV)

Charmonium spectrum
660 Xl700) v (4685)
{(3660) X (4630) [17 )
D
4500 Y(45m)_L— Xeg(8300) 7,(4430)*
%390 W(4415) 2L
— (4360) 3p A4350)
w@e0) 3P —E— N
(4230 e Xec1{4274) 2D 2D Re0(4240)  Z,,(4220) |
2p— Y(3160) Xeu(4140) X(4160) 7. (4200)*
N ik
L < S | ', ——
- e = ey
X (405 X (4055
4000E===== X (4014 ¢ O)Z (4020}1( ¥ Z.5(3985)
p'p* c ==
D —2E_ —2b P X(3940) 2 3000 DD, D2 D
. o T X1(3872) x:2(3930) X(3915). . = ]
—1D_ 3860 — (3842
o) g H 42(3823) ¥303842)
p°n’
r ZeES)
7. (28)
Xe2(1P) 1% JFC
P Xel(1P) X(3915) 0F 07 For 277
3500 — X(3940,4160) 77 77
X(4350) ot 77+
xeo(IP) z¥ 1* 1+-
Reg 1* 0
X(4020,4055)% 1t 77
X (4050, 4250)F 1~ 7+
S Godfrey—Isgur quark model
discovered before 2003
3000 _1(18) discovered after 2003
[0*(0™) 07(177) 07(1) 0*0*) 0*(1**) 0%(2"*) 07 (27) 07(37) 27 =1 =172 |
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J/y factory

O Systematic study of glueball, hybrid and conventional spectroscopy

» Precision multi-variable analysis

» Comprehensive measurement of all possible decay modes, e.g. /] /Yy—ynn’
O Light hadrons n/n’factory : important role in low energy QCD

Decay Mode & (x1 0% [9] n/n events
I — yif 52.1+1.7 5.21 x 107
I — yn 11.08 +0.27 1.1 x 107 1T J/Y
I — ¢if 7.4+0.8 7.4 x 10°
JIw — ¢n 4.6 +0.5 4.6 x 10°
O Baryon spectroscopy
O Hyperon decays : CP asymmetry violation...
Decay mode B(units 10~*) Angular distribution Detection No. events
parameter ay, efficiency expected at STCF
Jiw — AA 19.43+0.03+0.33  0.469 +0.026 40% 1100 x 10°
W(2S) — AA 397+0.02+0.12  0.824 +0.074 40% 130 x 10°
J/ — =0=0 11.65 + 0.04 0.66 + 0.03 14% 230 x 10° 3T ] / ¢
w(28) — Z0=° 2.73 +0.03 0.65 + 0.09 14% 32 x 10°
Jy — =" 10.40 + 0.06 0.58 +0.04 19% 270 x 10°
w(2S) —» ==+ 278 £0.05 091 +0.13 19% 42 x 10°

2023/6/8
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D (semi-)leptonic decay

: Grfpe
Purely leptonic: r(pf, — ¢tw) = | Veae) [P mimp, (1 m2D+ ) (S)WW ﬂ<

i ; dl’ (-'2 3
- " — = Vc *
Semi-leptonic: i = i i TR U | C g
p—f St i g
Directly measurement : [V, X fp or [V gl X FF A P
> Input f;,, or f¥(M(0) from LQCD = |V i q

> Input |V, | from a global fit = f,, or f*(™(0)
» Validate LQCD calculation of Input f3,and provide constrain of CKM-unitarity

t

_ 700F o : BESIII [57] This work at STCF
T C N D+ —d T+V i Source
< B00F 6 S T
% 61 at4178GeV || 1ab~! at 4.009 GeV
& 500F
£ 400 4t §
[ ] Bpyery, | 16%w  24%g || 03%w  1.0%y,
3300— [ '
$ 200F 5[ for MeV) | 09%gy  14% || 02%  0.6%y
= 100F -
: , . - V.| 09%q  14%y || 03%w  0.7%ys
92 -0.1 0 0.1 0.2 LT R _
MMZ(GC\’lM‘} 5_”'}_ 2.6%stat. 2-8%5}'51. 0.5%sta. 1-4%53/51.

H.J. Li, J. J. Liu et al., Eur.Phys.J.C 82 (2022) 4, 310; 337
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Summary

STCF is proposed with high luminosity: >0.5x10% cm=2st @ 4 GeV
Large data and high sensitivity

Accelerator: detailed conceptual design

Detector: R&D on prototypes and key technical points

Physics: performance evaluation for various processes

Welcome the international collaboration

HADRON 2023
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Back up
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Observable BESIII (2020) Belle 11 (50 ab™") STCF (1 ab™)
Charmenium(like) spectroscopy:
Luminosity between 4-5 GeV 20 fb! 0.23 ab™! 1 ab™!
Collins fragmentation functions:
Asymmetry ine*e” — KK +X 0.3 [4538] - < 0.002 [459]
CP violations:
» QCD & Hadron structure A., in hyperon 0.014 [26] i 0.00023
A,int - O(10~)/ 70 [251] 0.0009 [250]
> EXOtI C had rons Leptonic decays of D(,):
Vg 0.03 [460] - 0.0015
> Precision EW fo 0.03 : 0.0015
— 0.2 - 0.005
> CP Vlola‘tlon Ve 0.02 [461] 0.005 0.0015
Iy 0.02 0.005 0.0015
> New physics ST 0.04 0.009 0.0038
D mixing parameter:
X - 0.03 0.05 [462]
i - 0.02 0.05
arXiv: 2303.15790 © properties:
m, (MeV/c?) 0.12 [463] - 0.012
d. (e cm) - 2.02% 1071 5.14% 107"
cLFV decays of (UL ar 90% C.L.):
T — [l - 1% 1077 1.4x 107
T =yl - 5% 107 1.2x 10°%
Jiy — et 7.5% 107¢ - 7.1 % 10710

2023/6/8 HADRON 2023
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Storage ring structure

P

Layout of STCF
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MRWELL-based Inner tracker

I nRWELL film
|

O pnRWELL: high counting rate,

Ryuw=16 cm

low budget, high spatial

resolution, large area MPGD

4 oo » Low material budget (0.3%X,)
__Outer support ayers o
= Outer tube-Cathode cylindrical . _
ke Gas Volume b y e~ 3 layers of detector: R=60mm,
Inner tube-yRWELL foi deteotor
. . . l . l l . l l . lStructure support material 110mm’ 160mm
k __|rmgm— Inner tube-PI film /

» 400 um readout strip pitch
Key scientific & technology points:

Large area resistive layer Design and manufacture High occupancy
realization of key electrode Influence study
Low budget Readout electronics & Cylindrical structure
manufacturing process ASIC design manufacturing
2023/6/8 HADRON 2023
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Spatial resolution in V direction (um)
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MRWELL-based Inner tracker

Large area Cu-DLC

Manufacturing method
research & budget control

Spatial resolution
In z direction
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NWELL PMOS NMOS
Spacing DIODE Spacing TRANSISTOR, TRANSISTOR
<—> <—>

L

3 ()
nwell
Collection]! '

diode N
Depletion™._
region™.. /-

Particle hit‘/

Key scientific & technology

MAPS-based Inner tracker

O Monolithic active pixel
sensor-based detector:
» High vertex resolution

» High counting rate & low

- ool e occupancy
— p substrate » 3 layers of detector: R=36mm,
98mm, 160mm
points: » ~75um thick silicon wafer

MAPS pixel layout and
sensor parameters design

Readout and peripheral
circuit design

Pile up effect research &
optimization

Low-power, low-noise

Support mechanics and

In-pixel circuit design

cooling system design

Time resolution
optimization

2023/6/8

HADRON 2023
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MAPS-based Inner tracker

Chip framework Two independent chips design
(in-chip, readout and peripheral circuit) Chip A

Pixel IL oM_Row FH]

SRAM_LE —

Edge
Detector

Digital Logic lH
L%mmq Il

SRAM_TE |~

sl o

Token out

FSM__ | FSM FSM__ | FSM

o
[ Gray Counter+Diver_§ 7 ]

Config.
Registers

Bias DACs
Data Processing

Pixel Config
LVDS
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Main drift chamber progress

O Wire chamber-based MDC:

o wve -0
< J0 0% -
0%?.%"0%°. %
©_ - 000 00
° 0.
O %5 o0,
D
%00 Oo’}‘
° ©_0%°
"o %' a®
° °. 0
° P e
° o o
o L0
° o 0%°.¢
0 '0%¢
e
0%°,
© 0%
e >
0%°.
00
%00"s!
0%°
000 ¢

>

Key scientific & technology points:

> 48 layers of wires (8 superlayer)

R,,=20cm, R,,=85cm
Working gas He/C,;Hg (60/40)
®=20um for Au-coated W
sense wires

®=100um for Al field wires

Detector design and
parameters optimization

High density wiring
technology

High background influence
(pile up, tracking...)

Research and design of
low-mass wires

TIA-based readout
electronics design

Waveform pulse discrimination
& time resolution

2023/6/8

HADRON 2023
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dE/dx resolution

Main drift chamber progress

D, and momentum resolution of tracking system
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'&J) Particle Identification in the Barrel
]
R

O Ring imaging Cherenkov

Radiator (Higuid €& ‘4% 10 mm (RICH) detector:
v 7707 AR ) W Y N .
B o il & | NCCCERIRRECERE JEEEEE » Solid angle: cos(0)<0.83
100 mm
A o » Liquid C.F,, as radiator
JE! Photo-
= Clcctm » Csl as photocathode
» MPGD as amplifier
» 5mm x5mm readout pads array
Key scientific & technology points:
Purity and cycling of the Compact prototype High density, time and charge
liquid radiator manufacturing & testing | | reselution needs of electronics
Large area coating of Csl Front-End ASIC and Reconstruction of the
photocathode electronics research Cherenkov ring

2023/6/8 HADRON 2023 40



Particle Identification in the Barrel

1%t prototype module Simulated Cherenkov ring generated by 2GeV/c pion
with 6=0°(blue) and 6=40°(red)
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I|IIII|IIII|IIII|IIII|I
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/K Cherenkov . ated 1t effici d /K mis-I1D
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Particle Identification in the Endcap

O Detection of internal total-
T — T - reflected Cherenkov light
§33mm (DIRC)-like TOF:
S
» Solid angle: 0.81<c0s(0)<0.93

» Quartz as radiator

! #5mm
15mm

“200mm > Multi-anode MCP-PMTs as

Rmin=
570mm

photosensor

Key scientific & technology points: » ~ 20 ps intrinsic time resolution

Optical design of the High-precision processing and
radiator and photosensor surface control of quartz

Readout electronics design with Radiation resistance and
high precise time measurement aging of ASIC

2023/6/8 HADRON 2023 42




Particle Identification in the Endcap

15t full size prototype and the electronics system

Dark Box Fiber - PXIe Crate
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Electromagnetic calorimeter progress

O pCsl scintillator:

» Short decay time

» Excellent radiation resistance
» Crystal length = 28 cm (15 X,)

» Crystal size ~ 5cm x<5cm

» 8670 crystals in total

Key scientific & technology points:

Crystal parameters &
APD optimization

Prototype detector
manufacturing & testing

Promotion of light yield

Effective wave fitting
algorithm

Large dynamic range
electronic system

MHz background
influence (pile up, AE...)

2023/6/8
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The EMC layout and defocus desig
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Electromagnetic calorimeter progress

Energy resolution@1 GeV vy
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MUD Endcap-2

Plastic scintillator

IE’"

Bakelite-RPC  Iron yoke

i

Muon detector progress

O Hybrid detector design:

MUD Barrel

A\

MUD Endcap-1

(Inner) 3 layers of RPC
» (Outer) 7 layers of plastic

Neutron intillat
shielding layer scintiffator
» 4 cm width RPC readout and
Endcap Yoke
component scintillator strips

» 51 cm of iron yoke in total

Key scientific & technology points:

Hybrid detector
parameters optimization

Timing performance
optimization

Large area detector
module manufacturing

High rate and large area
RPC develop

Electronic system suitable
for both RPC and scintillator

Algorithm optimization for
w/r and neutral hadron

2023/6/8

HADRON 2023
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Muon detector progress

Double ended readout scintillator tests w/z ID performance promotion
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Efficiency (%)

Tracking logic in MDC
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Trigger system research

Logical evaluation platform for MDC sub-trigger
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