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Particle Physics with Colliders
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Precision Frontier o Energy Frontier o
hadron structure, exotic states, nature of strong origin of mass, nature of EWSB, new PhYS'FS with
interaction, flavor physics & CPV ... Higgs, SUSY, Dark matter, universe evolution ...

In-depth exploration at both precision and energy frontiers is called for more than ever
in the post Higgs era



Evolution of e+e- Colliders
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- e+e- colliders are entering the era of 3rd generation, playing pivotal roles
at both frontiers




Super Tau-Charm FaC|I|ty (STCF)
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STCF, a flagshlp collider at the precision frontier,
can produce a large number of clean tau leptons
and hadrons, allowing full exploration of the
unique physics potential in the tau-charm energy
region: QCD, hadron physics, flavor physics ...

Building upon China's great success and
well-established international position in
tau-charm physics (Beijing Electron-
Positron Collider / BEPC)




Unique Tau-Charm Energy Region

« Transition region between
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« Hadron form factors « Light hadron spectroscopy « XYZ particles «  Complete XYZ family

* Y(2170) resonance « Gluonic and exotic states « Physics with D mesons *  Hidden-charm pentaquarks

« Mutltiquark states « Processes of LFV and CPV * fpand fp, *  Search for di-charmonium states

with s quark « Rare and forbidden decays « D% — D° mixing * More charmed baryons
 Rvalue/g-2 related « Physics with t lepton « Charm baryons * Hadron fragmentation



STCF: A Super Factory of Various Particles
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- STCF is not only a super t-charm factory, but also a super factory of XYZ, hyperons
and light hadrons to unravel the mystery of how quarks form matter and study the
symmetries of fundamental interactions with unprecedented precision



Scientific Questions and Objectives

Symmetry breaking in
fundamental interactions

Origin of matter-antimatter
imbalance

Discovering CP violation in
hyperons

Mystery of color confinement
in particle physics

Examining the structure of
nucleons

Exploring how quarks and
gluons form hadrons

Precision measurement of
fundamental parameters

Examining the Standard
Model

Searching for new physics

Tilnivers




STCF Project Development

Camceptial Besign Re

Super Charm-tau Factory

Proposed at
“Workshop for acc.

. Hefei Comprehensive Conceptual Design report

bas.ed high energy National Science and Released the CDR for the

physics development Technology center, physics and Detector, and
strategy” STCF listed as a big science the pre-CDR for accelerator

facility to be promoted
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Fragrant Hills Science Forum USTC “double first-class” key Governments of Anhui

Demonstrated its

. p . project Province and Hefei City
|mp9rtance an ne<3e§s.|ty, Launched the conceptual design Endorsed the STCF Key
urging to lauch fesibility study and feasibility study Technology R&D project

study and R&D




STCF Project Development

Initial budget for the
Key technology R&D
project of 20 M RMB
from the local
government

Budget Review for Key
technology R&D project
Approved for 364 M RMB

Key-technology R&D project kick-

off and strategy development
meeting
Over 170 attendees,

15t National Consulting
Committee meeting

1%t International Advisory
Committee meeting

including 30 academicians of CAS

---------------

The pre-proposal for Major
National Science and
Technology Infrastructure
Projects for the 15 Five-
Year Plan submitted to CAS




R&D Project Review and Kick-Off Meetings
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Kick-off Meeting, Aug. 2023, USTC R&D Project Review, Dec. 2023, USTC
More than 30 academicians of CAS, as well as Organized by Development and Reform
government officials of Anhui province and Commissions of Anhui province and Hefei
Hefei city, along with representatives from city. The R&D project was approved for a
various domestic research institutions, totaling total budget of 364 M RMB and is jointly
170 attendees. funded by Anhui, Hefei and USTC.



STCF Project Schedule

14" five-year plan 15t five-year plan
M

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033-3048

CDR

Key Technology
R&D and TDR

Construction
(~5 B RMB)
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Submit project proposal to
central government:

Operation




STCF Physics Program

XYZ Properties: e+e-—Y —yX,NX,0pX; e+e-—Y—-11ZC, KZcCSs

Hadron Spectroscopy: Excited ccbar and their transition,
Charmed hadron spectroscopy, Light hadron spectroscopy

R value: e+e-—inclusive; T mass: e+e-—T+T-

QCD and hadronic physics Nucleon Form Factors: e+e-—BBbar from threshold

Pentaquarks: e+e-—J/pyppbar, Ac Dbar pbar, Zc Dbar pbar
Di-charmonium: e+e-—J/ync. J/ywhc

Muon g-2: e+e-— 1T+ 11—, T+ 11- 10, 47171, K+ K-, yy— 110, N(), 17+ 1T-

.
"‘t Fragmentation functions: e+e-— (11, K,p,A.D)+ X, e+e-— (1111, KK, TK)+ X

4
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C% s CKM matrix (Vecd, Vcs): D_(s)+—l+v, D—P I+ v
) ) & e~

NUCLEI

Charm hadron decay: /A\c+, >c, =c, QQc decay
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3 R i et ] fiﬁ?m:"wﬁ% CPV in Hyperons: J/y—AAbar, Z3bar, =- =+bar, =0 =0Obar
p THIS WORLD o=
- DO-DObar mixing: p(3770)— (D0 DObar)(CP=-),
(Physlcs at STCF ) [ Flavor Physlce and CP Violation W(4140)— 110 (DO DObar)(CP=-) or y(DO DObar)(CP=+)

CPVinT: T—Ks v, EDM of 1, T—11/K 110 Vv for polarized e- beam

CPV in Charm: DO—K+K-/1T+171-, NACc—pK-1T+1TTO/ATT+TT+T1TT-/pPKS TT+T1T:

vY/$3 measurement: DO—K(s/L) mm+ 11-, K(s/L) K+ K- K311, 4717

vy peolarization: DO—K1 e+ v_e

LNV, BNV: D(s)+—l+ I+ X-, J/wy—Ac e-, B—Bbar...

Symmetry violation: n(")—lImO0, n'—nll...

Forbidden/Rare decay and New Particl e e e e - N el e i M b o

- Leading role
- Competing with Belle [I/LHCb Dark photon: e+e-—vyA'(—l+ I-), J/y—e+e-A’...
- Complementary to Bellell/LHCDb/Eic/EicC Millicharged: e+e-—XxX V-

FCNC: D—vyV, DO—l+ |-, e+e-—D « , Z4+—pl+ I-. ..




(I) Tests of Fundamental Symmetries

The discrete symmetries (C, P, T ...) play a crucial role in understanding natural laws

There is experimental evidence of parity (P), time reversal (T), charge conjugation (C),
and combined CP violation.

STCF will enable more precise tests of symmetry-breaking properties and more
sensitive searches for new symmetry breaking with huge numbers of K, 7, hyperons
and charmed hadrons.

STCF prospects:
« CPV in hyperons and charmed hadrons
« EDM of hyperons and tau

« CLFV in tau and charmonium decays

« CPT in neutral Kaon system




CP Violation in Hyperons

« CP violation observed in K, B, D mesons and B baryons, all consistent with CKM theory in SM

« Baryon asymmetry of the universe indicates the existence of non-SM CPV sources

« Only strange baryons and charm baryons remain unexplored for CP violation

« STCF has great potential for discovering CPV in hyperons using hyperon pairs in J/psi decays

- Unique advantages at STCF: quantum correlated, large statistics, clear environment

- X.G. He et al. Sci.Bull. 67 (2022) 1840-1843:
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Highest sensitivity on hyperon CPV in the world




EDM of Hyperons

« Non-zero EDM indicates T violation, and hence CP violation if CPT holds

« J/psi decays to hyperon pairs at STCF offer an excellent laboratory for in-direct measurement of

hyperon EDM
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X.G.He, J.P. Ma, Phys.Lett.B 839(2023)137834

SM: ~ 10726 ¢ cm

BESIII:

milestone for hyperon
EDM measurement

A 107% cm ( FermilLab
10~% e cm)

first achievement for £+ =~
and Z° at level of 10~% cm

a litmus test for new physics

STCF:

improved by 2 order of
magnitude

Highest sensitivity on hyperon EDM in the world




Milestone in CPV studies at STCF
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CP violation studies at Super tau-charm facility Zontents
Hai-Yang Cheng?, Zhi-Hui Guo®, Xiao-Gang He®, Yingrui Hou, Xian-Wei - Introduction
Kang®, Andrzej Kupsc®®, Ying-Ying Li?, Liang Liu", Xiao-Rui Lyud, Jian-Ping ! C'P-violation in hyperon sector
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Abstract

Charge-parity (CP) violation in the tau-charm energy region is one of the
promising arcas to scarch for. The future tau-charm facility of next generation
is designed to operate in a center-of-mass energy from 2.0 to 7.0 GeV with a peak
luminosity of 0.5 x 10% cm~2s™!. Huge amount of hadrons and tau (1) leptons
will be collected with good kinematic constraint and low-background environ-
ment. In this report, possibilities of CP violation studies in tau-charm energy
region and at the future tau-charm facility are discussed from various aspects, i.e.
in the production and decay of hyperons and 7 lepton; in the decay of charmed
hadrons. The CPT invariance test in K° — K° mixing is also presented.

Preprint submitted to PHYSICS REPORTS September 25, 2024
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Charged Lepton Flavor Violation

® Signal side: T — 3 leptons | _
® Tagside: 7 —» evt, uvt, nv + n® (Br = 82%) E:Z:f:fl;rong3222c
® Almost background free, sensitivity : B7Y (t - uup)~1/L

\ Model | Ret | vy | o
signal side / SM + heavy maJora na PRD66.034008 10-° 10-10
T
et /

e~ Non-universal 2’ PLB 547(3)252  10° 108

® Best efficiency (t — uuu ): 22.5% (including the tag BF) / SUSY+ seesaw PRLES:241802 107 107
90 / ) e SM + 4th generation ~ arXiv.1006.530 108 108
T— < ~1.4x107° 6
o1 (Tt = pup) > N”

® The cLFV decays of vector mesons V — [;1; are also predicted in various of extension models of SM:

BorU/¢ - ep)< 107+

Bor (/¥ — e(Wr) )< 107° 3 10°
® At STCF, 1 trillion J /3 can be obtained in one year, taken efficiency ;-":::2
from BESIII, the upper limit is predicted to be: E 100
B0/ - )< 3.6 x 107
B (J /P - et) )< 7.1 x 10710 10" Oy
® The B} (J/ — et)) can be further optimized with better PID. e e e e e e Nj/:j“



(I1) Studies of Quark Confinement
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« Unraveling the mechanism of quark confinement requires comprehensive studies of hadron
spectroscopy, hadron production, hadron decays, and hadron structure.

« The STCF will produce vast quantities of charmed hadrons and light flavor hadrons, enabling these
studies to deeply explore how quarks and gluons form hadrons and how quark confinement shapes
their internal structures.




Hadron Production

Hadron production at STCF is a key avenue for studies of
EM form factors and fragmentation functions

Nucleons/Baryons EM form factors,a
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STCF will improve the
measurement precision by 2
orders of magnitude, revealing
the near-threshold cross section
singularity and mystery of G;
and G,

Most precise FFs in g2 range 4-
50 GeV? with multi-dimensional
binning and important input for
TMD extraction at EIC/EicC

Precise test the universality of
FFs in different processes, and its
evolution with g2




Hadron Spectroscopy and Exotic States

A unique territory for the QCD confinement
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A Charmonium(-like) factory (per year):
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‘*J ; Lol 1« More XYZ states — spectroscopy hadron spectroscopy and
S ;2‘” mr  Missing Charmonium states and their exotic states, and is
* transitions expected to make
e | ¢ Glueballs and hybrid states significant breakthroughs
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(1I) Measurements of Fundamental Physics Parameters

: H - Observable BESIII (2020) Belle II (50 ab™) STCF (1 ab™)
« Essential for testing SM and searching for R —
new phy5ics Luminosity between 4-5 GeV 20 bt 0.23 ab™ 1 ab™
Collins fragmentation functions:
« STCF enables high-precision measurements: Asymmetry in¢"c” KK + X 03 40 - <00 7]
CP violations:
Ay in hyperon 0.014 [26] = 0.00023
« R-value: A fundamental quantity reflecting quark AginT i O(10°*) 0 51 0.000 250
flavors/colors, with implications for new particle LT D!
R _ Vea 0.03 472 - 0.0015
searches and theoretical inputs (e.g., fine-structure fo 003 - 00015
constant, muon g-2) 50w 2 0005
Ves 0.02 [473] 0.005 0.0015
« Tau lepton mass: Critical for testing lepton f. 002 0005 00015
universality e 0.4 0.009 0.0038
D mizing parameter:
« CKM matrix unitarity and triangle : Violations could v - 003 005 [44]
. . Y - 0.02 0.05
hint at a fourth quark generation m—
. . . m, (MeV/c?) 0.12 [473] s 0.012
« Strong coupling constant (a,) : Directly impacts i (cn) _ | Mgt
Higgs/EW/top quark predictions and vacuum stability CLFV decays of (U.L ot 90% C.L.):
tudi =1l - 1x107 14x107°
swudaies T - 5x 107 18x107°
Jy—er T5x1078 - T1x107"




Precision Measurements and Rare Decays

« STCF is expected to improve the current precisions of many important
measurements by ~1 order of magnitude and enhance sensitivities to
various rare or forbidden decays by ~2 orders of magnitude

- Great potential to reveal new physics
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a 10 STCFinstru. (1 ab™") 3 w 10° L
10° - - E
E
1 0-5 . B B 3 1 0-1 1 :_ 8 E
oty Tmag. S+ Sos CPy. CPy. Cpy, Py, P i S, IVin 0 1y M9, N oG
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Challenges of STCF Accelerator

collective effects

Auy=nm M, =mm
"

Large Piwinski angle
+ Crab Waist

Ultra-high luminosity in the tau charm energy region, high-quality beam, stable operation
Characterized by extremely small bunch size, high beam current, strong nonlinearity and

Collider Ring and IR Physics Design

IP beam size (Y) nm scale, Crab-

Waist, nonlinear compensation
extremely difficult

o

J

IR Technologies
SC magnets, MDI

Injection into CR (small DA)
high I, and low ¢ e+/e-
sources

Other key technologies
Ring RF, beam instrumentation
and control, beam injection...




STCF Accelerator Conceptual Design

\ 485 m

Multi-Linac totally 550m

G\jector:
* full-energy linac
 positron DR or AR for
different injection modes: 5 |
\_ off-axis(baseline), swap-ow

Col lider Rings

Parameters Units 2 GeV 1GeV 1.5 GeV 3.5GeV 2. d A
Circumference, C m 860.321 1.0-3 1| 5 GeV
Crossing angle, 20 mrad 60 I
Hor. /Ver. beta function at IP, B85 /B; mm 60/0.8 y
L* m 0.9 .
Ratio, &/, 5 B = 5 i Circumference 860m
Hor./Ver. betatron tune 30.543/34.58 30.555/34.57
Beam current, / A 2 11 1.7 2
Hori. emittance (SR/DW+IBS) nm 8.79/4.63 2.2/5.42 4,94/3.82 26.9/26.91 / u = \
Momentum compaction factor, a, 10-3 1.35 1.26 132 137 Do u b I e- RI n g C o I I I d e r
Energy spread (DW+IBS) 104 7.8 6.18 6.93 10.02 .
Energy loss per turn (SR+DW), U, keV 543 106 267 1494 ¢ IOW e m Itta n Ce
SR power per beam (SR+DW), P MW 1.086 0.117 0.453 2.988 .
RF voltage MV 25 0.75 12 6 * h o] h current
Synchrotron tune, v, 0.0194 0.0146 0.0154 0.0228 . . .
Sur % 168 1.44 1.35 1.88 . Iarge Piwinski ang le
Bunch length (Nature/0.1Q+IBS) mm 7.21/8.70 6.62/9.79 7.89/8.56 8.26/8.89 . . .
Hor./Ver. beam-beam parameter, /&, 0.005/0.095 0.005/0.023 0.004/0.033 0.003/0.032 k C ra b-Wa |st col | ISIoON scheme/
Luminosity cm-2s-1 9.4E+34 6.19E+33 2.09E+34 4.48E+34




Injector Design

Design compatible with both off-axis and swap-out injection schemes

) 485 m _
107 m 90 m 25 m 100 m 90m 20 m
= S = fo= =} = 2} > > a—
Damping ring
1.0 GeV PL EL1
1.0/2.9 nC Positron Linac ]
30,/90 Hz 1.0 GeV Positron target Electron Linac Thermal gun
1.0/2.9 nC 30/90 Hz 1.0/2.5 GeV 11.6 ﬂg
30/90 Hz 30/90 Hz 30/90 Hz
e —————— — Y
3
Photo RF gun Electron Linac Main Linac
A Lot ) 1.0/9.0 nC 1.0 GeV/30 Hz 072.5 GeV
ccumulator ring 30 Hz 1.0/9.0 nC 1.0/8.5 nC
. 1.0 GeV o 2530 H ”””””
ﬂ"‘ (+AR): \ 2.9/8.5 nC EL2 KAL ‘
- Damping ring (DR): 1 GeV, 150 m, 90/30 Hz
3 bunches circulating : - > > -
- Accumulator ring (AR) : 150 m 130m Om- 90m Lrom <, _
e*and e beams at exit.:
stacked over DR
« Operation: off-axis (DR); swap-  1-3.5GeV, 30 Hz
\_ OUt(BR+AR) - « 1 nC for off-axis

e 8.6 nC for swap-out

~




Collider Rings Design

/I R d es i g n \ CKI:Yl o2 s cea coxy

EHp A L * Length~200 m, bending 60° 1L —rlu @J i Jq.rl ﬁ, ,Jl'j il r"'T

0.50

s b V. o e 5| ¢ Crossing angle: 60 mrad sior - sy e
£ " | - - ' SR 2?5) ° * * FFT: final focus . CCCZYS crab sextupoles -
L L 030 BY' 0.8 mm telescope « MS: makehng cgoktan IRSM-R Cryostat
20. L o.2s o e CCY/CCX: | |
15 L 0.20 K CCT SC quadrup0|e magnets chromaticity Sgirarection ‘ )
:E . - : LV H : :ééé PLC T IP | _— ERC /e
0.0 SY220. Jii),(i:) '60. -1 80. 100! 120. /><<_ %
A ELC PRC ~——_
%
[ Space reserved for A \\
-g
upgrades: g
« Spin rotator 3 !I =
2 hs
« Second IP <l £
\ % HE :
zlly energy spread, emittance
!

Bt

RF cavity
« RT TM020-mode cavity

N )

Damping Wiggler
* Adjusting damping time,




STCF Accelerator R&D

IR SC Magnets Room-temperature

RF cavity Low-level RF control system

Very constrained Space, 50T/m B/ e IMAV]
! ! 1.96 —
CCT technology 1 S
e - mmsE
. .
N oo Pt e RO
= E'JBE,: . - mgm
- i Bmax=1.89T xua \ = BES.
““““““ s (L (L T M O 2 O ETEEEEES | ; m% {E . LAQ;%
EE(ES | N i sacen i . !
P MINNL DMLY BOBBRE: T | = e ; = Qﬁg?;
o SRS RARAAREY o RTEI; SAMEH). | " = HRAtESE
S A H/JE{BE 2 e | #9. %
Jonomn / SR NG = i\ Eiig
N (T iz ot BT RERSES, '}}ggg
o R IR T RO OUIE sommrare | | SETH
B ELURIER 7 REAROBARE, IHILREER, REEEmHE BB R(ES, s
, i 3RNSRARATBE: FSERIETR RSN :
- i ARSI, (HRRPESIADIE ORI RIFIBE.

Bunch by bunch 3D beam
position measurement

' g

Positron source

mﬂ-ll-ﬂ-ll-

ﬁml\h.l

Position capture system UmgmL




IR SC Magnets (1)

« |R SC magnet technique selection

— Joint effort by experienced persons from several
domestic institutions including HMFL (High Magnetic
Field Lab), IHEP, IMP and others

Serpentine
— CCT was chosen for the further R&D and prototype

at this stage i
A R T e T e b vvey
ARAALAR Axeid IERE RS
fffrfff*#\\n«tli:;iix\\xx
I EERR LI 2R S Y
IRSM-L Cryostat IRSM-R Cryostat Single aperture DCT coil EM

et e e NN\7Z ‘
(-\- / et | At
--------------- i B e L LLL LLLLALL))
L 2 , < LU
or v:-;;.»"‘"‘ i AL ALAL
. == Il 5 sy SRR AR RN N AR A RN RRIIRARI RSP
=2 = | p—— PAIPIIND Y | AN NS e i
8 - W G 5 I
¢ U | Rppe— 2323333333301} )
(i
e A e D

]’i!
PLC T | _— ERC " *:/

] i it oo
<"1 60mrad LRI N7 () i 4 IR
L*3900mm

Single aperture serpentine coil
—— L ERL — CCT coil EM




IR SC Magnets (2)

« R&D and prototyping

— Focusing on QDO design (most challenging), both in
EM and dimensions;

Twin-aperture QDO coil harmonics and cross-talk are
under optimization, challenging but almost there!

CNC machine of the QDO former is under

investigation, local manufacturer has been identified.

Outer former Lead run out Integral Harmonics for AP1 | .
0.02 002 Integral Harmonics for AP1
. > o] o
Layer jump plate f “.‘ S 00 3 on
\ | = =
i“\\ 7 \ / 5 0 /\vf\\\ /\ s 0 P— //\{\
B — 8 v a -
‘v AR =5 g \ /) g \\/ \/
\ = % -0.01 g -0.01
: A4n T I — b, —b b, b, — b, — b, —b
— J_ by —b, by — b — b, —by _be[ 002 $ il > o ! ’ °
Splice box -00%—900—To00  TI00 1200 1300 TA00 00 900 1000 ax:slo(?nm)lzoo 1300 1400
z axis, (mm)
Integral Harmonics for AP2
Inner former 0.02 9 g Integral Harmonics for AP2

0.02
A ~

g oo [ 'S oo
= —~—— =

5 LA T~ 5 A
a \J w0 7

(=}

E o0 € 001
[~

t ‘—b —5b, by b — b —b by T —b;—b, by —b— b, —Db,—D,
0000 w0 1000 1100 1200 1300 1400 %0 0 1000 1100 1200 12300 1400

z axis, (mm)

z axis, (mm)

v




Ring RF system

« Concerning two collider rings and DR/AR RFparameters |

— CR: Challenging due to very high RF power, deep HOM Working mode TMO020
damping and low R/Q Frequency [MHZ] 499.7
— DR/AR: same RF frequency but relaxed requirements R/Q [Q] 95
— Room-temperature TM020-mode RF cavity was chosen Unloaded quality factor 63000
- R&D and prototyping Ep/Eacc 2.48
— Prototype fabrication under way at Lanzhou Taiji By/Eacc [MAV] 2.88

— Performance test will be in 2026 using HALF RF
power source and test platform

Schematic

HOM damper

Cavity in
fabrication




MDI and Mechanics

IP central beam chamber
» key area to focus : Machine- ; :

10 um cu plated | Be 195mm | 10 um C?J plated
Detector Interface (MDC)

10 um Au plated
» Designed IP central beam
chamber

Water cooled He or electric spark oil cooled Water cooled

» MDI mechanical model
design is under way: 3D

design followed by model
fabrication

RVC (Remote
Vacuum Contact)

» Intense discussion required
among different groups
» Technical design of the

collimators in iteration with
physics design




Injection and Extraction System

Ultrafast kicker

« Design requirements
— For both off-axis and swap-out injections

— Off-axis injection: local bump, nonlinear
kickers

— Swap-out injection: ultrafast kickers
(stripline), < 6 ns (bottom)

— Extraction: swap-out bunch by bunch, Nonlinear kicker
MPS extracting all bunches \

Coil support

Magnetic core

— Septum: Eddy current type

« R&D effort

— Prototypes: both nonlinear kicker and
ultrafast kicker

¥

Stored beam
Higher permeability
material (shielding)

Coil support

— Well in progress, to complete by end 2025

Eddy current septum



Positron Source

» Positron source design
» Mature technique for off-axis injection scheme: heat

l Parameter -

Off-axis Swap-out

load, 15.5 J/g e+ beam for DR/AR 1GeV/1.5nC/50 Hz 1 GeV/2.51nC/100 Hz
’ ] ] o e- beam on target 1.5GeV/10nC/50 Hz 2.5GeV/10nC/100Hz
» Technically challenging for swap-out injection Beam power 745 W 2340 W
scheme: heat load 31.8 J/g; moving target design Peak power dep. 16.2]/g 31.8]/g
adopted. 5 Magnetic horn 0.5-5T 0.5-5T
. . n e-/e+ conv. Rate 15 % 25 %
» Prototype of the conventional design for the test Solenoid field 05T 0.5 T
beam platform under way il Accel. tube diam. 30 mm 30 mm

Time: 1
2020/4/9 22:17

J ‘ -

Water cooled
copper wire

397.4 Max

B : With moving target, temperature below 400°C
Conventional design




Beam Instrumentation

« Design goals
— CR precise bunch meas.: bunch-by-bunch 3D meas., trans. 2 o

50K-1.56Hz 36dB

position res. <5 um, long. phase res.<0.2 ps m
— CR B-by-B fast feedback: coupled bunch inst.
— |IP: orbit feedback
— Injector: bunch length and charge meas.
— Iterations between physics design and Bl group are held
regularly
« R&D efforts in progress, to be tested in light sources
and e+/e- beam test platform
— Bunch 3D meas.: probe, signal treat, electronics, S/N, integration

— B-by-B fast feedback: raising bandwidth, avoiding interference
to single bunch

— Injector bunch length and charge meas.: cavity-based

— Prototypes: beam tests in different machines (SSRF, HLS, DLS) Bunch by bunch profile monitor
prototype: photodetector, DAQ

,44\\~-‘

T




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

Magnet EMC

Muon Detector

2T RN — low mass tracking and PID detectors
» Excellent PID: /K and p/n separation up to 2 GeV and beyond
, Optimized ]
Process Physics Interest Requirements
. Subdetector
7 - Ko, CPV in the T sector, acceptance: 93% of 4; trk. effi.:
Jiw = AA, CPYV in the hyperon sector, ITK+MDC > 99% at pr > 0.3 GeV/c; > 90% at pr = 0.1 GeV/c
Dy tag Charm physics o,/p=05%, 0, =130 yum at 1 GeV/c
6 7 % /22 ete” - KK+ X, Fragmenta-tion function, PID /K and K /m misidentification rate < 2%
o — ] PID Detector D, decays CKM matrix, LQCD etc. PID efﬁcflency of hadrons > 97% at p < 2 GeV/c
Inner Tracker [ e ] Ce —ler T = UYL, T > YU, cLFV cfecay of T, PIDAMUD ufn suppmésmn power over 30 at p < 2 GeV/c,
Dy — uy CKM matrix, LQCD etc. u efficiency over 95% at p = 1 GeV/c
S T = YU, cLFV decay of 7, BMC op/E~25%atE =1GeV
W(3686) — yn(2S) Charmonium transition Ops ¥ Smmat E = 1 GeV
ete” — nn, Nucleon structure EMC+MUD op= —20 b
Dy - Kyntn™ Unity of CKM triangle VPG




Detector Design and Key Technologies

o scintillator * Inner Tracker

29hem > Iron Yoke

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

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

185 cm —-L J o
Superconducting Solenoid Magnet — Drift chamber with super-small cells, 0, <130 pm

195 em ——r—r Electromagnetic Calorimeter ‘ e PID System (TE/ K ~40 @ QGCV)
10 om —» FEE S e AL =50 — Endcap: DIRC-like TOF - DTOF (0,~30 ps)

85 cm

LA HT] o — Barrel: RICH (<4mrad) or DTOF (0,~30 ps)
. . , / Yoke
Main Drift Chamlﬁr . L e EMC
oo // L } J — pCsl + APD: (0g/E~2.5%, 0,~5 mm, 0,~300 ps @ 1GeV)
e % —_ JonerTracker_ | _ _ _ _ _| __ L )
Solenoid : 1T
Muon Detector (eff. >95%, mis-rate <3% @1GeV)

Interaction Point
. — inner layers : glass RPC, > 300 Hz/cm?
Acceptance: 94%X4n — outer layers : scintillator strip + SiPM, ~ 2.4 m

. ~ (0)
Momentum res.: o,/p ~ 0.5% @ 1 GeV Trigger, DAQ, Clock and Data Transmission

Energy res. : og/E ~ 2.5% @ 1 GeV
Hadron ID: /K ~40 @ 2 GeV Beam background at the inner most layer

Muon ID: eff. 595%, mis-rate <3% @1 GeV ~1 Mrad/y, ~1x10'! 1MeV n-eq/cm?/y, ~1 MHz/cm? )

wo ozl
wo 5'g¥g

wo g'ggel
)

Major Performance Requirements




Expected Performance

PID: Pion ID eff. >97% @ mis-ID (K->pi)=2°/o Muon ID eff. @ pi suppression=30

20
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Tracking System : ITK + MDC

ITK Gaseous option : MPGD

uRWELL foil

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

Cathode & supporter

3 layers at 6cm, 11cm and 16 cm

Drift cathode : I n Cl U d ed )
R, =16cm — "%

= Drift region

“ourweLL i [ S $ OO P

’ Readout anode . b - - b o 0000

) ; A A A A O% OGO

’\\
3 layers of cylindrical uRWELL inner tracker 00000
(with sensitive length of 33, 61, 88 cm respectively) o0 000

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

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

o
o
'

Depletion™
region™.

/"3 Ia‘)_/'efs‘, at| 3.6cm, 9.8cm and 16 cm

i ..\ pepitaxial layer e ’

Partlclahlt‘! e ~400 kHZ/Ch ~30 kHz/ch .’
BRERGRRNE Inner tracker =~

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




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)
200 i )\; :29 175 6000 .
P 1){ti=53. 08
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‘ 100 :
- Al 7 — \ 5 N 0 o2 s
= IRGROEOV — eSS 50 52 54 56
p; e SR D BIE S
. -475 V -1000 Vi@ /=T -475 V -2000 V4&/E=TF
BKIRNA PR R i
4 fe % 2 R 3B HAZENELER

42



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 — — -
. . . oD (oD [0 [wD [+D el
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: TowerJazz 180nm (HR epi)
 Domestic foundries: NexChip BCIS 90nm (LR epi ) , GSMC 130nm (HR substrate), IRAY 180nm (HR epi)

TowerJazz 180nm NexChip BCIS 90nm GSMC 130nm IRAY 180nm
Chips received, Chips received, Chips received, Supporting quadruple-well with possibility of
testing underway to be tested N-blanket implant and N-gap. Chips received, to be tested




MAPS ITK : MAPS Testing

 Characterized the TJ and GSMC 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 L I ‘B Time resolution (TJ) Fe55 energy spectrum (GSMC)
0.%
oo P E 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
0.3 10 0.2f / KJ’E
0.2 0 E / \
: 300 350 400 450 500 550 600 o L . 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.




Amp | i tude (uA)

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.
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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, 64~ 4 mrad

Two MPFD based photo detector optlons

Radiator (liquid C¢F, /A Radiator (liquid C(F,.) 10 mm
m i If{ {II r 'l 1 LIll [ RN RRY} |Ol]aﬁ7 . l \ \‘\ I
"Mesh \\100 mm 100 mm
L]:_II( (;_nN] P'l " \\ H(h|:|4|‘\:llﬁl\’}llllllllll\l DT ey e et e e N EN e ey
3E 10t0- sI on
. electron \\\ Photo-
= Ly = = = = = = = DMM electron

Charge particle

-MM/DMM

Charge particle

THGEM + MM Doubl

* Endcap PID: A DIRC-like TOF detector, DTOF, quartz plate + MCP-maPMT, o, ~ 30pS

ax=1050mm
" Rmax=1040mm
Wm

y

L h

A
y A

=4 5mm ’ :
15mm
Rmin= , 4

570mm S Vertex(©,0.0)

e

Track (6,9)




PID Barrel : RICH Detector

Cosmic-ray test of a 32x32 cm? RICH prototype with = Moved to DMM option : DMM-RICH

THGEM + MM Very low photoelectron yield ~ ) Cf)mpac.t structure- _
High gain & good time resolution

1/track. Likely causes: low radiator _ , o
transparency, low cathode QE, low ngh. electron collection efficiency &
low ion backflow

electron collection efficiency

9

£ 150
_§ 8
3 100 7
2 50 6
< 5
OF
. 4
—50; 3
—1005 2
F 1 i
-150 ‘ ! L 0 .
100 | " o Ongoing test of a DMM-RICH prototype
|

Ongoing efforts to bring up the photoelectron yield

CsI QE (%)

Transmittance
[=]
z
N

?50]55 160165170175 180185190195200205210215
WaveLength/nm

250
Wave length / nm

Enhancmg radlator transparency by purifying C.,F,, Improving QE: Csl coating and QE measurement




RICH Readout ASIC

B A large number of readout channels in high density: ~500 k, 5 X 5 mm? granularity, requiring ASIC

Design specs: o0,< 1ns @20fC&20pF,
event rate ~ 30 kHz, 32-64 channels

| Bias

| [Coarse r.ounterl

11

Serial data
Input Pole-zero | output
cancellation S Cat H i) | |
L4 '-=—====—
— Digital data
ASIC | Clock circuits processing
————— AsIC
| Calibraion circuits I

RICH ASIC design evolution m——

First version Second version

32 channels/chip

512-channel readout board

| processing
circuit

using the 32-ch ASIC

0.25 : /
S o2

L;
; 0.15 —— CHI1
= — CHI10
CH20
0.1 —— CH32
- i
0 20 40

Input Capacitance (pF)

Hz
n

=]

Measured rate per channel (k
h

Third version

q WAL

\} LY

51 2iil$.¥¥*
!1!9&

64 channels/chip

Test results

Online calculation
Offline calculation

with filter

15 20 25 30 35 40 48
Input charge (fC)

1.5

Time resolution (ns)

10 15

Input rate per channel (kH=z=)

Micro USB/JTAG

DDR3 x 2

1024-channel readout
board being developed



PID Endcap: DTOF Detector

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.

Ogpe=29 PS , Oy =21 ps

Dtof-SpeT Dtof-meanT

Dtof-SpeT “ - Dtof-meanT

E o Entries 73093 5 200 Entries 3434

3 50001~ Mean ~1.562 fi Mean 2.392

Std Dev 86.49 180 Std Dev 54.84

%% i ndf 4847 /70 E %2/ ndf 7471176

4000 po 5006 + 26.2 1601~ po 183.5£5.0

C p1 1.745 + 0.281 E p1 -3.1£07

p2 633403 1anE- p2 2814 +0.75

r p3 13114 14.8 120 p3 16.11£2.34

30001~ pd 121+ 6.4 E pd 33.48 £5.12

ps 173.2+7.0 100 p5 84.24+5.15
2000 8oL
S0
1000 “F
20

L. L | L ot o Ltiersted s e PV
fodo ~500 0 500 1000 R T T T 0 100 200 300
Time for single photeelectron [ps] Time for multiple photoslectron [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 n/K separation >4 @ 2GeV/c
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MCP-maPMT and Readout ASICs

MCP-maPMT: a critical component of the DTOF technology

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

B Designed and produced 1-inch MCP-maPMT prototypes with 16 ........ :
annOdes eaCh' ?ﬂ_ ALD-MCP, ALDSBISIE: D2
B Carried out various tests of the MCP-maPMT prototypes
* TTS<40 ps, QE>20%, G>1065, ] u
« Aging : <10% gain drop when Q>11C/cm? s ol N\ ;_E: I
é :Z ' .1¥ E g =AM T
B Two ASICs designed for MCP-maPMT readout. Fob o ONONRRO ] BB 1
Prototype chips produced and tested 8 s W == O e == |
B FET: target ~ 15 ps, measured ~15 ps o
B TDC: target ~ 15 ps, measured ~10 ps =
Vreecnp ! To DAQ NN
e II\:I e | o I _TL | TDC chip > GBTx = AT A
| _ i

Threshold Set i

= 528




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

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 has been built and tested with particle beams

Theta

27.6 mm.

IIII 500 1000 1500 2000 2500 3000 3500
20mm  MCP-PMT Momentum

ww oz




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
270 S 70
Z60
=
£ o 25 :
< ' § T
i) @ 30 e
20} vl
w 10 o
ok
00 1500 20002500 3000 3500 4000 4 7
00 1500 2000 2500 3000 3500 0002500 3 000 5000 /5000 7000 8000 ‘

Light yield : 50 p.e./MeV — 300 p.e./MeV a g

/(30)
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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

Inputs:
I_wave_data
EIER - T = O Sampling points

<10° «10*

2 2 =
(@) (b) P =
Mk ) Mok B ® Without pil O] Tmesenery
215 : - gum | 7815 .'_. - s § 25, 1 ou pl eup sequence FIR Compiler
Sl oA 5l oA L ® With pileu k= [ |
R EAEE: A reh preup _ iz 0000000000000
205 f \\:‘ .:.:"\. 205 "':"":"?\,:TI""‘:. """"""""""" @ 20: . Wlth plleup correCtIon | i? A { FIR_At ]
. .‘o__ \\ .‘ ;'\_n \\ L - e Fitting [—3 Correction Dead time
e H ' iy 15 i

0 '200 I 400 600 800 1000 1200 00 200 400 eoo- 800 1000 1200 i ®
Time(ns) Time(ns) E FIFO Cross-Clock Domain Buffer
2210 Ty e ' CHONOCNONON NONOHNONCHONONG)
I L]

“ i ° . M :50 itting del Pipeline Wi .fui discriminati
gl n g e o T P e N DOEDODDD e
3 2 [ feeess g s s ee g d ¢ 8 Pipelined ———
g | /\ é 1 . o e s e ‘E.I (gg\f; Zelay mOogoo Outputs:
L~ Very effective in mitigating Pipelined correction algorithm e

et T the pileup effect FPGA implementation
B Development of waveform digitization electronics (CSA + shaper + ADC)

4 5 Time Resolution
0.65 4062.5 5000
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0.1 - - 625 500 < 150 ps@ 1GeV
0 50 100 150 200 250 300 350 400 450 500 0 ;
Shaping Time /ns 0 500 1000 1500 2000 2500 3000

Charge/fC




5 X5 pCsl EMC Prototype
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EMC prototype in the making
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Muon Detector

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

4

Plastic scmntillator - -
MUD Endcap-1 Parameter Baseline design

R;, [em] 185
Neutron Roue [em] 291
shielding layer R, [ecm] 85
LBar'reI [CITI] 480
. . oke Endcap Yoke Tendean [cm] 107
Bakelite-RPC  Tron yok component Segm;ntation in ¢ g
7 layers of ®) Number of detector laytrs 10
plastic scintillators __2400mm 1100 mm Iron yoke thickness [cm]|  4/4/4.5/4.5/6/6/6/8/8 cm
3 layers of NI} A Neutron (A=16.77 cm) Total: 51 cm, 3.04A4
Bakelite-RPC I shiclding Solid angle 79.2%x4m in barrel
14.8% x4 in endcap
Endcap 94% x4 in total
e Yoke Total area [m?] Barrel ~717
component E‘l’ldﬂﬂp ~520

Total ~1237




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

¥ (%)
TTTT

L ]

-

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

mmmmmm k
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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

. . . . . . .
. e e e s s
. .
.

BT EURA ¢

SECRTS AR
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LA B

FEEAEIE < 1 ps RMS @40 MHz 1 R = 151
s CEE

®r  XCORR Factor 2

A EREASAENE BN EUSNEUTRY)

.
-

”-A
o R ———————
S ! BITHIBIEN, IZ0%< Se-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
e 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

Midden Laye

 Energy (GeV)

bl n
1000{1200| 1400 1600 1800 2000
— Time (ns)

MDC data extract | ‘ | ECAL data extract
i
MDC parameter MDC back- MDC-ECAL ECAL back- ECAL parameter ECAL balance
solve to-back match o-back solv
GTL_MDC_parameters f KTaback TL_Match_pa ters | | GTL_ECAL parameters GTL_ECAL Balance
Desicion
T T T ‘ T
1 i I
Trigace chanmnels GTL_Decisi
definition -

Background trigger rate < 50 kHz

Energy Background Signal trigger
Trigger channel Physics signal s trigger
point rate
rate(kHz)
ete > wimJpsi; Jpsi-> eter 4.26GeV 99.7%
e*e -> wrmJpsi; Jpsi-> prp- 4.26GeV 99.8%
ete->T T 4.26GeV 98.2%
ete -> rTJpsi; Jpsi-> A A 3.097GeV 99.0%
- -
TR E ete-> wrJpsi Jpsi-> ST 3.097GeV 133 99.1%
ete -> K*K-Jpsi; Jpsi -> | 4.682GeV 100%
ete"-> Dy Dy 3.773GeV 100%
e*e-->D* D- 3.773GeV 100%
ete -> Dg* Dy 4.04GeV 100%
Jpsi -> inclusive 3.097GeV 46.6 97.7%
J/psi-> gam invisable 3.097GeV 99.7%
e+e-->n nbar 3.097GeV 97.69
it
e+e- -> gam n nbar 3.097GeV 99,
e+e--> gam n nbar(ISR) 3.713GeV 93.1
‘-:T}:EF 1A J‘ o
=ERE RBB 4.26GeV 98.4%




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

x15 x8
] CROB-ST CROB-LTY CROB-LTU
s | ] T T CROB-LTUIR K i RATLA Mt F wF

0ooo tl
oooo f6; £
0o0oo %fy_ mr
5

CROB-ST CROB-LTU CROB-MGT

N S \__}’

” I CROBST 745



DAQ Design and Development

CROB-PXI board FMCP optical interface board

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

T4 (k)
T

» Software and firmware development

XCKUI1S

* Development of core electronics boards: CROB-PXI, CROB-  “*
PCle, FMCP optical interface board

» System testing and performance evaluation using —
SODIMM
simulation data
T FPGA
. o . FMCP¥F < e
* A prototype DAQ system has participated in a recent R
. > B kAR
combined beam test
PCle® F45 <
FEE (Bﬂ/wggggwbps) 1:32/1:64 z . .
I : wsennna [ Test of event building
""" A Ol e el | =
e T O L8 I — | e N T * 12 rack servers
eadout Unit ( MR N 2 mnt o [ [ A e [ ppeeer J ransme_ | [P e = -
S ol . ] | - 9 servers: readout+ 4 event builders
—>) (16 GB/S) 100G Ethernet [MToneas L. CP8™ | [GEENEHE i H
+ | cros-pxt 2] croB-pele | Readout — = T - 3 servers: 4 event builders
(1:16) ) (1:8) | Server !7 - v resuarzaon 1 P UL Seibncnacene] o mergo |- wonitor o save e .
<80/16c(??3|§0Mbp51 132/1:64 Fibre(10Gbps) mssiand 4 ‘ * 33 SImUIated data sources
FEE 32/1 ps) PR ] eesess ‘
...... ‘_l—vzmgﬁ)se, ; - 17 big-frame sources: 20~32kB/frame
oo «—9es[ " ¥ To/irom trigger system  From clock system Srequiacaation - FPrC | Nrabrcnecewe]| merge || Monitor || save |
e T o y — — 16 small-frame source: 135 Byte/frame
Readout Unit (RU)
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Combined Beam Tests

Two test beam campaigns for combined systems (ITK, RICH, DTOF, EMC, Clock, Trigger, DAQ)

Sy e ] L | .

CERN PS T9 beam Ilne (Aug 2025 & Oct 2025)
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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 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

1/4523D4E 4.57 kg
1/4R 4R 18.6 kg

ITK-MAPS

BAFIE2.07x10" kg

IATEHER (BRALRENR)
i 18.4 kg
14 E8EIR (BRAYEIRENR) 164kg

~ lron Yoke




Offline Software and Full Simulation

« The full chain of event generation, full simulation, digitization, reconstruction and analysis
has been established in the STCF offline software framework, OSCAR, for detector and
physics studies. Full-simulation data production has been launched for detector
performance validation and optimization, and TDR physics studies.

- Software and algorithms (simulation, digitization, reconstruction, PID ... ) continue to

improve on both precision and resource demand (CPU, disk). @ Good state

““““““““““““““ @ Under optimization

, OSCAR :

| i Under development

E Applications i Analysis tools

! Generator Reconstruction E Detectors | Simulation Digitization Reconstruction

E ) E Global PID Traditional Kinematic&

: Simulation  Analysis  Visulization : combined PID Vertex Fit

| : ITK

i Core Software E o o 2

E SNIPER EDM Data I/O i Mbe Q @ O

! ! RICH Charged

i | Geometry Database VertexFit | o o 9 tracks: & (/) (/)

! ! DTOF Q Q Q

E External Library/Tools i BTOF ) @ o Neutral

: Podo  Geant4  ROOT | tracks:

| ; EMC @ ) @

\ | |DDdhep | | Genfit | |CERNUB, | ! VIV ° p °




Tracking Efficiency for Prompt Tracks

* Tracking performance for prompt tracks has been well consolidated with > 90% tracking efficiency
for p; > 75 MeV for both single particles (e, i, ) and particles in physics events in the presence of
beam background.
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Tracking Efficiency for Displaced Tracks

* Much improved performance for long-lived particles (Lambda, Xi) produced even in a complex
scenario with low pT and displaced tracks

* Reconstruction of displaced tracks has been addressed by using additional Hough transform that
takes a displaced segment position as the reference point.

*  >80% tracking efficiency for particles with decay length up to 200 mm
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Momentum and Impact Parameter Resolution

p~ in(3686) — mw J/P(— ptuT)

(MeV)

« Momentum resolution is ~0.5% at p; = Soons |- | TKM + MDC
1 GeV/c Sooaf

« Resolution of impact parameters, d0 gooef
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Photon Performance

2]

* EMC digitization algorithm has been optimized with 50% ?gggg J/b— pr oy o .'vj-oéEkg
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/K PID Performance (BTOF&DTOF)

 Developed the full simulation, digitization and
reconstruction chain for BTOF and DTOF.

* The performance fulfills the STCF requirement
(>97% mt eff @ K mis-ID=2% at 2 GeV/c)

 BTOF and DTOF geometries are being optimized
to further improve its PID performance

Effi_pi(1Bkg), timing method Imaging method
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Polar Angle [deg]

pu/rr PID Performance (MUD)

« u/midentification using BDT on full simulation and realistic digitization

* nefficiency is above 95% @ 7 suppression = 30 with momentum above 1 GeV in barrel region

* Identfication of neutral hadrons (n, K,) against photon is being optimized
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Global PID Performance

e identification against K//p/1T proton identification against e/K/u/1T
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International Collaboration and Exchanges

BINP aceeleratorexparts BINP management JINR detector experts CERN accelerator experts

Signed MoU for collaboration with BINP JINR, [JCLab, KEK

Memorandum of Understanding (MOU)
between
THE UNIVERSITY OF SCIENCE AND TECHNOLOGY OF CHINA
(usTC)
and
THE BUDKER INSTITUTE OF NUCLEAR PHYSICS, RUSSIA

(BINP)

Agreement for Cooperation
between

University of Science and Technology of China (“USTC")

A public insitution engineering, in China,

located at No. 96, Jinzai Road, Baohe District, Hefei city, China, Zip code 230026,
represented by its President, Professor Jin Chang,

and

COOPERATION AGREEMENT
BETWEEN
THE JOINT INSTITUTE FOR NUCLEAR RESEARCH
INR, DUBNA, RUSSIAN FEDERATION)
AND
THE UNIVERSITY OF SCIENCE AND TECHNOLOGY OF CHINA
(USTC, HEFEL PEOPLE'S REPUBLIC OF CHINA)

CONVINCED that

ansd echnological progress,

"The purpose of this A
develop their scieniific and iechaical co-

T Ways of collaboration




International Workshops on Future Tau-Charm Facilities

Time

Place

Content

20184F2-7 LRI FCRL IE Fu s T2 HLIE i 22 (HIEPA2018)

2015.01 Hefei, China International Workshop focused on Super tau-Charm Facility in China

2018.03 Beijing, China International Workshop focused on Super tau-Charm Facility in China

2018.05 Novosib-irsk, International Workshop focused on Super tau-Charm Facility in
Russia Russia

2018.12 Paris, France 1st FTCF (Joint International Workshop)

2019.08 Moscow, Russia 2" FTCF

2020.11 Online, China 34 FTCF

2021.11 Online, Russia 4th FTCF

2024.01 Hefei, China 51 FTCF

2024.11 Guangzhou, China 6t FTCF

The 2024 International Workshop on Future Tau Charm Facilities(FTCF2024)
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STCF Workshops and Meetings

(National) STCF Workshops

Time Place Content
2018.10 Hengyang (USC) STCF
2019.03 Beijing (UCAS) STCF: Physics
2019.07 Hefei (USTC) STCF: Accelerator
2019.08 Hefei (USTC) STCF: Phys. & simulations
2019.11 Beijing (UCAS) STCF: CDR
2020.08 Hefei (USTC) STCF: From CDR to TDR
2022.12 Guangzhou (SYSU) STCF: R&D kick-off
2023.07 Zhengzhou (ZZU) STCF: Collaboration
2024.07 Lanzhou (LZU) STCF: 15th-five-year plan

STCF Project Development Meetings

Time

Place

Meetings

STCF workshop 2022 onIme STCF workshop 2023, Zhengzhou

B 0L )T T

STCF 1<t IAC meeting (Hefei, 2024) STCF 15t NCC meeting (Hefei, 2024)

2022.04 Hefei (USTC) | STCF Key Technology R&D Project Demonstration Meeting
2023.08 Hefei (USTC) | STCF Key Technology R&D Project Kick-off Meeting
2023.12 Hefei (USTC) | STCF Key Technology R&D Project Budget Review Meeting
2024.01 Hefei (USTC) | STCF 15t International Advisory Committee Meeting
2024.05 Hefei (USTC) | STCF 1st National Consultative Committee Meeting




Site : Hefel, Anhul Province
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eological Survey and Civil Engineering Design
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Final Remarks

* As a key player in HEP precision frontier, STCF holds great potential for discoveries and
breakthroughs in studies of strong interaction, CPV, and new physics search.

e STCF builds upon China’s great success and well-established unique international
position in tau-charm physics, constituting a viable near-term HEP project in China.

* Intensive conceptual design studies in the past few years have resulted in physics,
detector and accelerator CDRs.

* The STCF project has transitioned to the technology R&D phase. A comprehensive STCF
R&D project has been established and is being vigorously executed. Significant
progress in the R&D has been made and some systems have reached milestones.

 The STCF project has passed the recent CAS review and the project proposal has been
submitted to the national government for starting STCF construction in the 15th five-
year plan period.

* Itis crucial to strengthen and expand domestic and international collaboration and
explore synergies with other projects.



