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LETTERS 2 Decemaex 1974

“November Revolution” in particle

Big impact on particle physics:

- Reoriented the theoretical community: confirmed GIM
mechanism, extended quark model

- Reoriented the experimental community: led to the
constructions of higher energy colliders

physics, a milestone of SM journey,,... | -

mass ~ 2.2 MeV/c2 =~ 4.7 MeV/c2 ~ 96 MeV/c2
charge | 2/3 -1/3 -1/3
spin 1/2 o 1/2 172 e
up down strange
generation | generation Il
mass [ = 2.2 MeV/c? =~ 1.28 GeV/c?
2/3
ooin | 172 o 1/2 o There are
more than 3
up charm quarks.
~ 4.7 MeV/c? ~ 96 MeV/c2
eve Quarks are
-1/3 -1/3 .
1/ 1/2 grouped in
generations
down strange
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* Y(2175) resonance

* Mutltiquark states with s

quark

* MLLA/LPHD and QCD sum

rule predictions

* Gluonic and exotic

* LFV and CPV

* Rare and forbidden
decays

* Physics with T lepton

* Physics with D mesons
a i and fgg

- Dy-Dy mixing
« Charm baryons
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Date of arXiv submission

500 paper milestone

Celebration Ceremony of the 500 Publications of
BESIliCollaboration

Institute of High Energy Physics, CAS

BESIII publications
(May 9, 2023)
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BEPCII : A symmetric e*e- collider in Beijing (IHEP) Upgrade of BEPCI accelerator

+ Center of mass energy range : \'s = 2~4.9 GeV
Double Ring Large Emittance & Optimize Beam:

* Peaking luminosity : 1x1033 cm-2s-1 Multi-Bunch © =L i /;=9.8mA, &,0.04

* Double ring, crossing angle : 11 mrad M

Single beam current : 0.91 A Lem™sY) = 217 x10%(1+ Ry, 2OVl (A)

p,(cm)
Micro-B: " =5¢cm =» 1.5 cm 0,=5cm = <1.5cm

Reduce Impedance &
Superconducting RF

(LBEPCII/ LBEpc) D-R.=(5'5/1'5) x93 x 9.8/35=96

LBEPC=1.0X10 31 cm‘25'1 = LBEPCII =1x10 33 cm‘25'1

Superconductive quadrupole Magnet

.« 2004: Construction started
2023/01./07 181847 . ..
Cominesity 10,50 Es2iemr2is >+ 2008: First Collisions
e 1.8935 1.8935 « 2009: BESIIl Physics Runs
[l 8815'2:‘ 84?'32 + 2016: reached design luminosity
o | mimate 0.00 000 ° 2020 : Energy upgrade & top-up Adde

[hr]

"2025-9-5
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A general purpose detector with excellent resolution and PID for the
neutral and charged particles, and large coverage.
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EMC:

T

MDC:

Magnet: 1T Super conducting
Muon ID: 9 layer RPC

Trigger: Tracks & Showers

Csl crystals
AE/E =2.5% @ 1 GeV - Barrel
AE/E =5.0% @ 1 GeV - Endcaps

BESII

or = 80 ps Barrel
o1 = 110 (60) ps Endcap

small cell & He gas Total weight 730 ton,
Oyy= 130 um

o,/p = 0.5% @1GeV ~40,000 readout chanels,
b .
dE/dx = 6% Data rate: 5kHz, 50Mb/s

Full operation since 2008,
Very stable data-taking

Good detector performance
« Aging effects under control
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Europe (17/115)

Germany (6): Bochum University,
GSI Darmstadt, Helmholtz Institute Malnz. Johannes Gutenber2 Un1vers1tv 0f Malnz,

Asia (6/10)
Pakistan (2): COMSATS
Institute of Information

Political Map of the World, November 2011

R Uanﬁl‘S&I}éﬂngawal
Unlverslty of M'nnesota

NNNNN

“South kmérica (1/1)  ~wy S0 \

AAAAAAA

Chile:. Unlvﬁli/ﬁy oﬁarapaca ““““ \ : niver
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TANZANIA X
BRAZIL { N o SN :

ATLANTIC

SOUTH
PACIFIC
OCEAN

Shanxi Normal University, Sichuan University, Shandong Nor al University,
) SOUTgﬂflﬁdong University, Shanghal Jiaotong Univeristy, Sooehow University,
SeuthChina Normal University, Southeast Umversrt un Yat-sen University,
Tsinghua University, University of Chinese Academy of Sciences, University of Jinan,

University of Science and Technology of China,

~600 members University of Science and Technology Liaoning,

From 83 institutions in 16 countries University of South China, Wuhan University, Xinyang Normal University, @
Zhejiang University, Zhengzhou University,YunNan University , China University of

Geosciences
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2009:106M 1) (25) 2015:R-scan 2-3 GeV+2.175
225M J/¢ Z016: 3.20 fb-+ @4.178 GeV
2010: 049p.qg gea7) . 7x0.50 fo XYiZ scan@4.19-
3770 - &:57 GeV
%}ﬁ‘f)’—f > ey -1 v (3270) (for D Py ‘W new RF cavity
0.48 {-'b_j_ @4.01 aev 2029:108B wto® 4.61-4.7 CieV
2012: 0.45B Y (295)
(total)

1.308B J/vy (total)
2013: 1.09 fb-+ @4.23 GeV
0.83 fb-1 @4.26 GeV
0.54 fb-+ @4.36 GeV
10x0.05 fb-1 XYZ scan@3.81-4.42025: ~17 1U

ol fb-2 @4.53 GeV I tOtﬂQre than 50 fb-1 of data taken
2019.00hfo@@RI72 GeV between 2 and 4.95 GeV,

o0& fo-1 @4.60 GeV (for AY)

20 Zg ” VQ Fb-2 R scan @3 Begnfefd World largest J2/;|1, y(3686), \y(3770)@
o
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Studies of Hadron Spectroscopy and searching for the exotic hadrons are crucial to test

- -

1000 7 =

500

QCD in the confinement region and reveal the fundamental degrees of freedom
Hybrids on Lattice

Y |

y 47T T

PRD 88 094505(2013)

Only 3 Spin-exotic mesons candidates so far:

P=+] - Exotics | n.(1400), 7t,(1600), 7.(2015), all 1 -+ isovectors
= 400F™ ' © 40
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- == | = S 300 Dl =
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\ K, 1907)= a0
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Charmonium(like) spectrometer provide an excellent platform to study exotic
hadrons and pQCD, is very attractive and fruitful in past decade, but controversy

Charmonium spectrum
QT 15 i
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Fundamental properties of the nucleon, connected to charge and magnetization
distributions, crucial testing ground for models of the nucleon internal structure

o - ' - pBBESII 0.08
g B = ﬁ; s;gs:lrl - e BESIII: nA
O g " Wj:&&w% . :HKS_BI\IEDSIII % 0.06 - 4 BaBar: ppy,gp, (ref. %)
:#‘a—#‘i <}» = t & %(:'C? . gg* BESII 1T e Simultaneous fit: proton
10° & . (f(f ﬁij}(} .*ﬁ..} :}@cb * ;\i%” %E%fl:l:ll = 0.04 T —— —— Simultaneous fit: neutron
S ¢ ® %, O AR, Belle 3
C = Bz . @
B ¢ —#- ® \%]);) 5 -1 (53 "
10 & * A 5 N bl
: % = 0 AN BT R AR e
| i _ * ! | ,q:r,,‘
- T e T A
[ 1 1 1 1 (LJ[ ] _0-04 1 i
0.0 0.5 1.0 | i . zls 2|8 3|D

« Comparable precision of cross section and form factor for ppbar between time-like
and space-like regions
« Abnormal cross section at production threshold

« Oscillation as function of CME, orthogonal between neutron and proton (25



BFCPV?

CPV are found in B, S, and C meson sectors, consistent with SM, but can not explain matter
and anti-matter asymmetry in universe. CPV in baryon sector is critical, not observed yet
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PHYSICAL REVIEW D

PRD 34,833 1986

Hyperon decays and CP nonconservation

1 AUGUST 1986

VOLUME 34, NUMBER 3

John F. Donoghue
Department of Physics and Astronomy, University of Massachusetts, Amherst, Massachusetts 01003

Xiao-Gang He and Sandip Pakvasa
Department of Physics and Astronomy, University of Hawaii at Manoa, Honolulu, Hawaii 96822
(Received 7 March 1986)

We study all modes of hyperon nonleptonic decay and consider the CP-odd observables which re-
sult. Explicit calculations are provided in the Kobayashi-Maskawa, Weinberg-Higgs, and left-
right-symmetric models of CP nonconservation.

BESIIl found the polarized hyperon pair provide unique opportunity to study CPV in hyperon secw

Py

Nature 606, 64 (2022)
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Detailed dynamics have been studied:

M: magnetic dipole moment

d: electric dipole moment AM _
P = + — + +
\-‘__,_-X 10 17 - 10.11 26
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® , — , CPtagging by reconstructing

® Precise determination of © decay vertex

time-distribution
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0 limits on CPT violation
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® Signalside: -~ . O
® Tag Side: N _’ - ’ —+ 0 ( — 82%) = pionic 1-prong = others sigmal sis / SM + heavy majorana PRD 66.034008 10-10
® Almost background free, sensitivity : % -, ~1/ i / e Nonuniversalz  PLBSAZERS2 100 108
. ) . . PRL 89:241802 -10 i
® Best efficiency ( - ): 22.5% (including the tag ) / e, S 10 10
/;_ SM + 4th generation  arXiv.1006.530 108 108
o .
> < ~ . x
® The cLFV decays of vector mesons - are also predicted in various of extension models of

SMU:
NV 7 L H<1078

90 / ))< 10—9

90% C.L)
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. . 10°
® AtSTCEF, 1 trillion / can be obtained per year, taken efficiency from <,
BESIII, the upper limit can be predicted to be: E 10°
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/ - D))< . x ~ 107" Y
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® The / -~ ))can be further optimized with better PID. R
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Physics opportunities : STCF has an absolute
advantage in studying
hadron spectroscopy and
exotic states, and is
expected to achieve

significant breakthroughs.

« Energy dependent structures of Z,

 More XYZ states — Spectroscopy

« Missing charmonium states and their
transitions
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® P_pentaquarks are good hadronic molecule candidates
® T~ /

hidden-charm pentaquarks

~ are possible processes for studying

® More likely decay to open-charm final states: = ~— -

® More pentaquark states? Cross-section lineshape ...
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Energy region above 6 GeV is ideal for fully
charmed tetraquark states
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~ has a production cross-section

Low background and high efficiency of
reconstructing charged leptons at STCF
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PN | STCFiAZ#E:

. 207
10 ;‘%&%{_} E_g_;___._{:e V——

_ / orliar - o 1o 87EQ2 ~4-50 GeV2 SEEIRIRESRIEHNS
4355 Rt |
&

103

EIC 10x100 GeV?2

FicC 3.5%20 GeV?

1024 a e N a2 SA— 2 \
| Wb Re HEFFsThEREN, TRICRMBERIT—L1RTt

1 STCF247Gev

Momentum transfer Q2 (GeV?2)

1 O- BESIII 2~4.95 GeV 7 5)“\” %* %)E*Dij] ”i)n\” %%

— » SeEWIEFFsRYEE M LAN gAY E(E
1 =

14 1 %%%ee, '3 Geyr 0000 . *35
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- EERE (NETEFUIETRINEIERER) MREEEXEK (METEACIETIIRE
[RIZIE%H) M IR FIREN=HENER, =ETE A RN REEEUE.
- 3R, BRQCDMEFTEITEX B FCHETERIL TS RQCDRTHFEREFIREE
REHEICERINELRE, BYIFEE—MEES XA E A LN S T2 Es A
WE, XELRHIRGRARKE—AAYEEHREREFUANRNSEEAE RS,
* BFURUSUEREIRER 1021, MM BRS8N EEE:

- STCF: 2-7 GeV, ~10-23§b-10 -248p

- LEP: 10-200 GeV, ~10-24%b-10 -25%>

- LHC: 100-1000GeV, ~ 10-25Fb—10 268

- STCFVIETREXIEF BB F AN R AEEREX, HICEMXEREE AT LIRIIE.
+ QCDTES-7 GeVEEXZEMEETINSR (SREEFENETHRIEAIISR) . XA
XN AR E RIS R N F IR EEEEUE.
- NERERZEEL (HIaNCollinspAEY) FIREEXREIRME TR QCDFEXIFRIER &K
FRAVENNDFFER.
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Masses Couplings
Parameter  Value Method Parameter Value Method
m, 1.9 MeV Lattice a 0.0073 non-collider +
m, 4.4 MeV Lattice | collider |
m, 87 MeV Lattice Gr 117107 Non-collider ‘
- 1.3 MeV Collider { @ 0.12 Lattice + collider J
e 4.24 MeV Collider | Flavourand CP violation
m, 511keV  Non-collider .
: 6> (CKM) 13.10 Collider
m, 106 MeV  Non-collider | | {
- | &,; (CKM) 2.4° Collider
m. 1.78 GeV Collider -
m-. 91.2 GeV Collider - -
2 : J(CKM-CPV)  0.995 Collider
My 125 GeV Collider - —
- & (strong CP) ~0 Non-collider
— A T PAN /N . = =R
Leptons O *ZFIE*E@@ =197 g EE%;& . ?%EE\
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_o(e*e” - hadrons)
~ o(ete o ptp)

EZRIRSTERFEHEE, HNISSEIREHQCD,

®Running of fine structure
constant A .

Aw(s) =1- a(0)/x(s) = Adtiepyen () + Aocgli(s) + Aokygp (5)

Eur. Phys. J. C 80, 241 (2020)

Source Contribution(x 10~%)

A Qiepton (M) 314.979 + 0.002

Ac>) (M2) 276.0 + 1.0

Adop (M2) —0.7180 = 0.0054
op ° should be

calculated with R value:

(5) o ™ ay R[S
A =——R ds
thad{s] T EJEth S’(S’—S—i&]

® Muon anomalous maanetic moment

4.20

— +——+

Experiment

17.5 18.0 18.5 19.0 19.5 20.0 205 21.0 21.5
9
a,x10 -1165900

® SM: = + +

® Hadronic Vacuum Polarization (HVP)

and Light-by-Light (HLbL) in
dominate uncertainty

® HVP contribution is calculated with R
value with dispersion relation:

JLO-HVP _ (‘x_mu)zjoo dSR(S)K(S)

H ]
Foge 4m2. S




f%EF REH

® The -lepton mass is a fundamental parameter of the Standard Model 20—
® [epton universality test: 2 [ ome = 177691£012 MeV/e,
S 1 5 I Rf)nm/MC =105+ 0.04, N
- > P _ 0t012 5
(gr)z Ty (mﬂ>5 B(t — ewp) S rifheia -
N —_— -4: B
_ O -
9u T \IM; B(/“l —>€Ul/) Q 10
n i
® Universality is sensitive to:  ° B 05
® For , ,A / ~108 for ,A / ~10"% need more measurements 8
00— . e T
® Methods 3540 3550 3560 3570 3580 3590 3600 3610

® Psecudo-mass technique: ARGUS, OPAL, BELLE and BABAR W (MeV)

® Threshold scan method : DELCO, BES (92, 96), KEDR and BESIII
® Dectermination of the beam energy and the beam energy spread precisely 1s extremely important

)2

_(Ec.m.—E’C_m_ i m2
G(Ecm ’ mT, — 1 /Oo dEé . 2(spEMS)2 /1 ;éz.m. dXF(x, Eé " ) 0] (Eim v1- X, mr) ‘
: V2R o ™ =TT Eem )P




CKMiERrciaid 7 SelfiEriEe, HAIEHREBRIEEERE=A5%,
X IEERRIAE IlikE%lﬁ*ﬁEﬂT‘T '

4 1 ( \ / A BESIII STCF Belle 11
d V ud V us V ub d Luminosity 293fbTat3.773GeV lab Tat3.773GeV 50ab~' at T(nS)
B(DJr '_*ﬂh“' ) S-I%Stal 1-6%3'\@! [8] 0-28%5&1[ —
s' |\ =1V V. V., S for MeV) 2.6%,0 0 18] 0.15% Theory : 0.2%
V.| 2.6%q 1.0%} (8] 0.15% ar - a
b 14 VoV b B(D* - 1) 20%s 10%4yst [9] 0.41%4 (0.1 % EXPECtEd)
\ J K VsV o )Y ) BD* — 1'vr) . '

m ZI%SI'AI 13%8}'5[ [9] U-SO%SI‘AI

Luminosity 32fbTat4.178GeV 1ab Tat4.009GeV 50ab!at Y(nS)

.(B(DT —)ﬂ+V ) 2.8%5@ 27%5 st I_lOJ 0-30%5&1( n &t s e (o)
GzFfz fp: (MeV) ' 1.5%m1.6%;ﬂ[10] 0.15% gt WT_h‘éﬂl‘y . 0°2 A’
(s w oy 0(D%, - £) 2 | Vo P g ( - ) Ve 1 5%sat 1.6%syst [10] 0.15%sa (0.1% expected)
m — -

+ jD;’ / fp+ 3.0%sta 1. 5%sysl [10] 0.21%gat
-(B(D:— -3 T+Vf) 1. 9%5[(“ 2.3 /0")."t 0-24%5[21[ O6%gmt 2'7%5)’5l
fp: (MeV) 0.9%sat 1.2% 0.11%xtar . o
5 T, dar @ ), e 2 Ve 0. 9% 1201 0.1 Theory : 0.2%
p—f L i AE ’H 313 Ves@| Pim £+ () T M) 09%ga 10% 0% 039 {01 % expected)
q Iy 7 0.9% s 1.0%ys” 0.09% -
2 q B(DF = v,
f+(q ) B(D+ - ,U+V ) ?’ 6%8[(“ 3 O/o\)ust 0'38%5[21[ O-g%stat3-2%sys[
5 H
BICTRHAIKE, RRIREFRXHE
STCFRJME |Ves|$1|Ved |BFRIHEEASE RIS TRHRIKEE, FE =

AR EI R FRFES R Vus|H|Vud ISEEIEREAIE &
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XYZ properties

Pentaquarks,
Di-charmonium

Hadron
Spectroscopy

Muon g-2
R value,
T mass

Fragmentation
functions

Nucleon Form
Factors

FLV decays

LNV, BNV

Symmetry violation

ete” oY - yX,nX, X
ete" >Y ->nZ,KZ.

e*e”™ — J/Ypp, A.Dp, £.Dp
ete” = J/un, J/Wh,
Excited c¢ and their transition,

Charmed hadron,
Light hadron

ntn i, KK~
Yy = HO;T}(’),T[-F?T_

ete™ = inclusive
ete STE

ete” -» (m,K,p,A,D)+ X
ete” - (mm, KK, nK) + X
ete” — BB from threshold
T - yLULIP P,
J/b = WD (' #1)...
Do~ U1I% Jfih»Ae,
B—-B...

n - Ur® n' - nll...

NY(4260)/ZC/X(3372)”
101° /109/10°

a(e*e” - ]/ypp)~4 fb;

o(ete” - J/Ycc)~101b
(prediction)

Nipprp(3e86)/a.~
10t? /101t /108

4afl"? « 40 x 1071

Am.~0.012 MeV
(with 1 month scan)

ﬁACOHinS < 0.002

(SREM""].%

B(T - yu/upp)<12/1.5x 1077;
B(J /Y — et)<0.71x 107°

B(J /Y > Ae )< 10711

B(n' — /1)< 1.5/2.4 x 10710

CKM maftrix

v/¢; measurement

D° — D° mixing

Charm hadron decay
¥ polarization
CPV in Hyperons

CPVinrt

CPV in Charm

FCNC

Dark photon,
millicharged

D(s) = I*v;, D - Pl*y,
D° > K.n*n ,K.K*K™ ...

Y(3770) — (D°D°)¢p_—.,
P(4140) - y(D°D®)cp_-

D5y, A, Zc) B, Q decay

0 +
D" — Kie"v,

0z0

[1]
[

I - ANSE BB
T - K.mv, EDM of 1,
D° > K*K~/n*n~,

A, - pK mwtn0 ..
Doyy,D? =1L ete 5 D7,
Xt sul'l
ete” > (J/P) - yA (- 1H1)...
ete”™ - yiy ..

Ve cs~0-15%;
6foDSNO'15{yD

A(cosdg,) ~0.007;
A(Sg,) ~2°

Ax~0.035%;
Ay~0.023%

Npp,/a,~10° /108/10®
AAyp~0.015

AA,~107%

AA‘:—»Ksnvmlo_?,;
Ad,~5 X 10717 (e cm)
AAp~1073;

AAp ~1073
B(D® > ete X)< 1078

Mixing strength
Aey~107% Aey~1074

@
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Observable BESIII (2020) Belle II (50 ab™) STCF (1 ab™)
Charmonium(like) spectroscopy:
Luminosity between 4-5 GeV 20 fb! 0.28 ab™ 1shd
Collins fragmentation functions:
Asymmetry in ete” - KK + X 0.3 [470] — < 0.002 [471]
CP violations:
A.p in hyperon 0.014 [26] = 0.00023
Agpin T = 1073)/+/70 [251] 0.0009 [250]
Leptonic decays of D(s):
Ved 0.03 [472] N 0.0015
fp 0.03 — 0.0015
=) 0.2 - 0.005
Ves 0.02 [473] 0.005 0.0015
Jfp. 0.02 0.005 0.0015
e 0.04 0.009 0.0038
1
D mixing parameter:
T - 0.03 0.05 [474]
Y - 0.02 0.05
T properties:
m, (MeV/c?) 0.12 [475] s 0.012
d, (e cm) = 2.02 x 107%° 5.14 x 1071°
cLFV decays of T(U.L at 90% C.L.):
T — 1 —~ 1x107° 1.4 x 107°
T = —~ 5 % 102 1.8 x 1078
Sy —er 7.5 % 107°F — 7.1 % 1




O FEARSEBARTIUERNTTE
O CDR/Z3IA, —RyIEHIItEE

Frontiers of o tme:

Physics

CP in charmed baryon
Near-threshold resonance
EMFFs Triangle singularity ~ Tau EDM

D, radiative decay Hyperon-Nucleus Scattering
FCNC Light-cone distribution amplitudes  Millicharged particles

KO-KObar  Neutral meson mixing Spin 3/2 polarlzatlonQCD N

Muon g-2 and a(M2) A—Aoscillation  ayion_fike particle

cLFV
Fully charm tetraquarks SU(2),-singlet vector-like fermion partners
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tual Design Re Co port Conceptual Design Report

Volume 1 - Physics

Super Charm-tau Factory

Zhengguo Zhao
On behalf of ???
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L5BINP, JINR. JCLab, KEKEZZBTIEXS{ENN, 5 &
CERN DRD, LHCbZFEIFFRHAHRZEY ¥ RIFHNSIEXR R

between

THE UNIVERSITY OF SCIENCE AND TECHNOLOGY OF CHINA

(usTC)
and
THE BUDKER INSTITUTE OF NUCLEAR PHYSICS, RUSSIA

(BINP)
In accordance with & mutual desie to promote academic exchange and
‘cooperation in science and technology between UNIVERSITY OF SCIENCE AND
TECHNOLOGY OF CHINA (hereafier refered to as USTC) and BUDKER Agreement for Cooperation
INSTITUTE OF NUCLEAR PHYSICS, RUSSIA (hereafter referred to as BINP), the|

10 cooperate through h and study in furtherance

of the advancement of learning as stated below: between

Hereafter referred to as “Parties” (or individually as “Party’) for USTC and BINP

University of Science and Technology of China (“USTC")
A public institution specializing in science, engineering, and technological research in China,

ol located at No. 96, Jinzai Road, Baohe District, Hefei city, China, Zip code 230026,
Two parties agree to promote the following activities to enhance each other's represented by its President, Professor Jin Chang.
educational, academic, and research activiies in the fieids of partice physics,
accelerator physics and technology, etc, and
1. Exchange of faculty members and researchers,
The CENTRE NATIONAL DE LA RECHERCHE SCIENTIFIQUE (“CNRS"),
2 Exehimng of sudeok: SR 1) 116 fotm of & Senioutes euhandd je0pmR) A Public Scientific and Technological Establishment, the head offce of bk s St at 3,
or undergraduate research exchange program. The credits eamed by the rue Michel-Ange, 75794 PARIS Cedex 16, SIRET (business location) No. 180089013 04033,
exchange students at the host university shall be recognized and NAF (principal activity) Code 7219.Z, Represented by its CEO and Chairman, Mr. Antoine
transferred back to the home university, PETIT, having delegated authority to sign this agreement to Mr. Benoit FORET, Regional
3. Increase cooperation and mutual support in research, exchange of Delegate and other duly authorized representatives of the delegation lle-de-France Gif-sur-
information and academic resources that are of mutual inferest, combine Yuete of the lle-de-France Gif-sur-Yvelte Delegation, 2 Avenue de la Terrasse, 91198 Gif Sur

‘Yvette Cedex, France

and

UNIVERSITE PARIS-SACLAY (“UPSaciay”)
A public insttution of a scientifc cultural and professional nature, SIREN N°:130 026 024 ,
whose head ofice s located at Batiment BREGUET, 3, rue Jolot Curie, 91190- Gifsur-
Yvete, represented by its President, Mr. Canille Galap

RS and Universite Paris-Saclay are hereinater referred to as ‘the Host Eniity’
 Entity"is represented by the “Laboratoire de Physique des 2 Infinis Iréne Jolot-

JCLab’) - UMR3012, directed by Mr. Achille Stocchi hereinafter referred to as the
COOPERATION LABORATORY"

EEME!
BETWEEN
THE JOINT INSTITUTE FOR NUCLEAR RESEARCH
(JINR, DUBNA, RUSSIAN FEDERATION) Concerning the collaboration on Super Tau Charm Facility project
AND
THE UNIVERSITY OF SCIENCE AND TECHNOLOGY OF CHINA-
(USTC, HEFEL PEOPLE'S REPUBLIC OF CHINA)

CONVINCED that reseach in physics i important fo £ fundamental science

and technological progress,

CONSIDERING the mutual desire of JINR and USTC to further sirengthen their co-operation

concerning the theoretical wricle ph

‘The Joint Institute for Nuclear Research (JINR), represented by its Director and The University
of Seience and Technology of China (USTC), represented by its President, hereinafter referved to

as the Parties, have agreed as follows:
L Purpose of the Agreement

The purpose of this Agreement is fo provide a framework 1o enable the Parties 1o organize and further

develop their scientific and technical co-operation and academic exchange on the basis of reciprocity.

IL Ficlds of co-operation

Efforts of The Pasties shall be concentrated on the joint studies in particle physics, including:
- theoretical physics;
- experimental particle physics;

- research and development of particle deteetors and readout electronics.

This work s being conducted within—but not limited to—the framework of preparation for the STCF

project in China and the SPD experiment at the NICA collider (JINR). Resuls from joint R&D.
projects may have applications beyond those stated above. Additional areas of collaboration may be

defined through mutsal agreement by the Part

1L Ways of collaboration

SBINPINERER




XERABKIH FFHH%*I‘

S5 EE (1142)

ALK B FhE

VPR L RA R

BB o R 2B AR ST Bt (e KA KD
JEAL A AP %

TR REREAAETA T ImBiCiR—Ei8/i518
TR hERSE RS TR :
AL EERE HE ERAITHSN:
oW WAk HE PP ) . i
Wom p [ B2 B B A BB AT WS > &221; " ERE—EAN, IMBAEBRABRATL
%Ei ;E?TP;% FREFENAR, B MHES, ST,
H % . 4 : 2 > — M
Wk PERSR AR S er memesme s FREEFFERERN, EFmTRBERES, X
ER?T‘- A‘EEJ—J_EJ\% I_Jfk l‘l JT T BR: 2023.01-2025.12 A \\ A n
i BT E
It : hEMFEHER LS
EREFBIN:
DR ImERZEFNERNZS 2 O LA I E
/ P —_ -~ N - —_
WA BIRTRASS o - DRTREHVTOE, IRRUMIFIHIFIBINMES
5 AT RIERERRELL LK - (UCImBHITFREUTGZE, BRGNS
" SR RESE BP0 L e = @




fEmRRZERE

EfFiiAEZRE (IAC, 22fi)

£ Guy Wilkinson

glEE Frank Zimmermann

Marica Biagini
Ikaros Bigi
Alexander Bondar
Tom Browder
=SET
Wolfgang Gradl
David Hitlin
Tord Johansson
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Report of third meeting of International Advisory Committee
for the Super Tau Charm Facility

wei Zhao'®, Zhentang Zhao'", Frank Zi




Time

Place

A. BEixthya

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: R&D progress
2025.07 Xiantan (HUST) STCF: R&D progress

Hunan University of Science and Technology

£iME)| 7A28-7460 (TA2BHH )
LR e e

suEngm, fryiEIaETes [, SURDRE: MAHALS RS LIRS

@Sture OroAzasisy

The 6th

International Workshop
on Future Tau Charm Facilities
(FTCF, 2024, Guangzhou

- —

200+ attendeés frorﬁ 20+ c;)unti;iéé
125 talks: 20 plenary, 105 parallel
Several other experiments

Intensively, fruitfully and impressively

Time Place Content
2015.01 Hefei, China Workshop on Super tau-Charm Facility in China
2018.03 Beijing, China Workshop on Super tau-Charm Facility in China
2018.05 Novosibirsk, Russia Workshop on Super tau-Charm Facility in Russia
2018.12 Paris, France 1st FTCF (Joint International Workshop)
2019.08 Moscow, Russia 2 FTCF
2020.11 Online, China 3 FTCF
2021.11 Online, Russia 4th FTCF
2024.01 Hefei, China 5t FTCF
2024 .11 Guangzhou, China 6th FTCF
2025.11 Huangshan, China 7 FTCF




et : & BEERE F 16

SICEMTEFE At hEE

G %
0

-
o

\ B¢y a1 2]

iy

BORE

¢

R

1
i
i
1
1
i
i
1
i
» 1%
s
(=11 =
5 2
=] l‘m‘ §
\
\ & &
‘} RAXBERLIEE0E
\
’
I
e
’
\
\
‘1{ =t+®%
i
\
1
|
R A T ——— | L.
fﬁ'

SEITRHE. SIEHEXESIKESS,
ZIRZEPI IESINY, TREELE




AR FREANRIER—N

SR, SEENERRIHIE.
TRESRISNR, SAERILEMUE. WREM. £5NE. NFER. EMSHREN SRy
SHEZHERE,
R IR R AR ERER, SRR R BT R AT
TERIER, FitiaE, TRtRRICHBRELER, EETREEE,
IiBERL

7

3

E/
-/,

IS ERTB. BER. BARE




— [ — |
M) =
o N ERXSSTCRLR I E T ikahlhiztiF s, ImESEXIEAEONNA, MERRXEHAE 10NN
- ZEJLEIGR (HELPS) 5 L&Y R (SSRF) iRahizEdlfngE, XNEMNUIRESZSNMEEE, 9171~100Hz{
I A TRASIE S R E
a) MaFIREIKESTFILEEERE, KT &8 SEREE;
b) BEEEEE cE MEAEKBAEEMN R EHHEENERE, LIBERBE LZFERAENR

FHIKAIE  ppaien S v eid b A - Wit
“ 164 S RbE b 1R L
10° - : iR, 600 nm 108 BT, 600 nm

AEEEE, 25 nm

JETTHIR, 25 nm

FZRBEIFTHR (nm)
B3R (nm)

10° 10' 10° 10° - 10' o e
5 (Hz) 43 (Hz)
10* : - 10t . — .
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B ES: ITK+MDC

ITK Gaseous option : MPGD

URWELL foil
\ Cathode & supporter

Drifi cathode

R, =16cm — _*',J’”j///
ot +
Drift region + }!}/
Readout anode

3 layers of cy!indricali-}lR\-\"ELL inner tracker

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

Material budget ~ 0.3%X,/layer

4 ITK Silicon option: CMOS MAPS

NWELL PMOS NMOS
TRANSISTOR , TRANSISTOR

Spacing DIODE Spacing
< <>

= (=
S| cotocto’ | | 3 layers at
diode % %
Depietion™. | . .. 3.6cm, 9.8cm and 16 cm
regipn‘._‘_ =
‘ \[ p substrate
\ Particle hit

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

$odOoP
00000
O OH O
o000 B O
SOoHOP
C o000

s s ss s e

~400 kHz/ch

~30 kHz/ch

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



MPGD ITK: unRGroove
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BLEV. uTPC

WELL detector

~

Gap=5mm
Pitch=200pm

E A Ye-DME 7
well Width=70/50pm
Charge collection ol gt ol o
(Metal 2) Egt o o o g ‘ e a

Read-out strips
(Metal 2 layer)

\ Insulating support (300u)

MRGroove provides larger signals and easier production compared to uRWELL.
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/

18.6nm—>
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Al Y o Cr & Cu Co-Deposition Layer
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— DLC = Cr & C Co-Deposition Layer
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MPGD ITK : pTPC mode

| o
Real incident track b(,]/ 1200

¢ Position reconstruction with uyTPCisthe .. ...« S | e
key to maintaining good position '
resolution in magnet field or for inclined
tracks. The pTPC method was
thoroughly studied for systematic bias R”R;””“':
and its correction.

Reconstructed 800 ~

points and track
by nTPC mode

Bias on reconstructed
position
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Electron drift region
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Beam test @ CERN, Position resolution better than 100um for vertical tracks and ~120pm for inclined tracks




- ASIC is required for readout. Very challenging performance requirements (event rate much

higher than VMM). Designed and produced a 32-channel prototype ASIC chip with full function.

(RREHESERE|

m>
H

TE| L ER
[ rotemrisim |

ASIC Specs Demands
Charge Range 40 fC
Charge precision | ~ 1fC RMS
Time precision < 10 ns RMS
Max. event rate 4 MHz

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

Leading edge jitter (ns)

Time Resolution
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—8 pF

15pF
——24 pF
——33pF

255
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4@)@’ RTINS

Counting rate

9O
‘bQ

BIEE T E (kHz)

Baseline Spectrum

30000
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11.57
9789171
1020+69
677101
11.37 £+ 0.04




MAPSITK : MAPS Designs

e MiElRE, (UEDWERR  Hiik: MAPSTIE, (KU, ERF

Use larger pixel size to reduce the power consumption density

amanananansd

Aiming for a low-power
chip design (required for a
low-mass system) with =
timing and charge

i

l b i

measurement capability s s i Ll

A: 1X1 B: 6X1 C: 3X2 D: 6X6 E:Stripf 30x180 F:Strip® 60x90  G:Strip%! 180x180

P D (oD e oD oD D) [ o [ [ [ D o
Combining non-adjacent il i ___& n+> N n+>— DP_DD_“D{; nr;~ DDD{} N ﬂ} NiE
pixels and designing a super- rpos_____ /. | |
pixel design that can provide  ">°¢ i - A it “D’ Y DD; i Db i DDY i Di}l |y
both high position and high ™ Ii el R e e S N SN Tl TN S
time resolutions for low power M of> oD o> oD oD fo> oD foD>- ol fo> [of> [
consumption. Combinin_g) :-dj;;llcent pixels V27 ) ) e 0 e ) V), ) T )

Ol 10Sss



MAPSITK : MAPS Fabricating

« Various CMOS processes being explored Tf(’;?f-'azz 1,303"1
i IPS receiveda,
« Mature technology: TowerJazz 180nm (HR epi) testing underway

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

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

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

N-blanket implant N-gap




MAPSITK : MAPS Testing

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

efficiency and time resolution.
Background trigger

e Threshah:l[ s 1
2 268.2 7.5 16.1 2 gl
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TN R FRTHR SRR FEAAEITS B
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MAPSITK : Stave Design

% Launched detector module (stave) mechanical design effort

180.75mm ; The inner most layer: integrated
30mm . _ 30mm structure of support frame and
._ EHIA EHIA - - a=150pm cold plane
o
5‘
3 v
180.75mm | - -
30mm ik 30mim | a= 150 um . o .I _-/
e O sriveen | e
ny’ A 4—\! WE  36mm 16 200.75mm

HiEE  98mm 12 592.25mm

; -
1 O { " {E’ B 160mm 20 054 55mm
bk

Wi €€

CF support frame

Stave assembly and integrati
"'/ [

Cold plate

Flex PCB
& chips




Main Drift Chamber : Detector

Hiik: BPIRE. BitEER, DETH
<+ Endplate structure optimized to simplify the assembly process
< Intensive ongoing R&D effort on feedthrough for super-small cells (~5 mm)

<+ A full-length super-small cell drift chamber prototype is under construction.

e [ |
STCF feedthrough V4

ptimized signal conmection

I
STCF feedthrough V3
+ Reduced size

STCF feedthrough V2 STCF feedthrough V5
+ Aluminum ty Insulated design

- Testedwirestringing =+ Electrode connect ion

I

::\*UWA_. 1|




Main Drift Chamber : Electronics

< A major challenge in MDC electronics: discriminating overlapping signal pulses (as a result
of high counting rate ) that are irregular in shape.

<+ Waveform digitizing electronics is used to allow online waveform discriminating
algorithms that run on PFGA. Developed the electronics with discrete components (TIA +
shaper + ADC) and tested with detector prototypes.

< ASIC design is underway. First version of the analogue part has been taped out. The chip
prototype has been produced and is being tested.

0 —= 100 ——g—8- " *—0—3—0—C TG
Ll |

e L
0.5} ﬂ ﬁ*’“ﬂ 32 |

2 W | .

= ik ! | : I = 50/

3 it ! ga | | dist hable probabilit;

u*T.E- | | i 3 | LE |s|r|gu|9?enr ability

.a R If veform distinction results

= -2+ : : : : & 1\ based on the evaluation board

3 [ \ [ | 3= . : :

T=ZhEE I 1 1 o

G b 44 ) . ! e aaaas Sl
= |
0 500 1000 1500 ab = -t = iH i
T 200 400 600 BOO 1000 iR EESE_I_'L_ﬁ_?J
me (ns) T terval (ns)

&..E
L 4
=R 0 -
oo E ASIC -‘T" Da
signa |93‘E$.i&[ | I e




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 I\/IP/GD-based photo detector

[ : ST IR =l [ 0 ]
) . ] UI r e e T—— - o ) 5 =
Radiator (hqmyc};%:ﬂ 10 mm Radiator (hqmd C oF1 D 72
7 o7 A ] 18 l\ ] — &
”Ki.e.;i; IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Double-MM/DMM

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

Bmax=1050mm

Rmax=1040mm

i

Track (0.9)

Rmin=
570mm




PID Barrel : RICH

o KERRESCEE AR by KRERSIMRNEE, SOMRCREARN, EHBEFFE

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

with THGEM + MM « Compact structure
g 150 13 ¢ Highgain & good time resolution
'§I, 100F- 3+ High electron collection efficiency & low
S _E : ion backflow
g F E =
E: : >
M 7 >
—50;— —i el
—100:— —
—150f, = W g e I
-200 -100 0 100 200

L Anode_x/mm Ongoing test of a DMM-RICH prototype

Ongoing efforts to bring up the photoelectron yield

||||||| 20 %
E 3

CsI QE (%

1 " 1 1
150 200 250
Wave length / nm

Enhancing radiator transparency by puritying CgF, _ Improving QE: Csl coating and QE measurement

WaveLength/nm



RICH Readout ASIC

B A large number of readout channels in high density: ~500 k, 5x5 mm? granularity , requiring ASIC

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

__ | - -
event rate ~ 30 kHz, 32-64 channels / . Oriine calculation
= _Offline calculation
ol = s with filter
S o o2 2
| Bias | |Coarse counter| o 5 1
= = CHI1 =
| — o #:1S ——— CHI10 o
Fe————— | CHZ20 E 0.5
I I 0.1 CcH32 |
I | ; T L | ] 1
: : | i 0 2:1 40 15 20 25 :{) 35 f40 48
I | Serial data ; : 1 tC it ce (pF) Input charge (fC)
Input I > I I pole-zero outuit pfO(‘ESS”]g npu apaci a;:: P .
i 1:____(;5_: cancellation circuit =
10 .
ASIC | Clock circuits ?ﬂ::ls::t:
Calibraion circuits ANE

5 -

1 i . ‘
1 5 i 15
Input rate per channel (KHz)

=
=
=
=
=
=
L=
B
o

=5
=
=
o
=
=
2
=
-
-

Third version

RICH ASIC design evolution =————————

First version Second version

T 250007 L |
nmse e W) PUlS 0
. .,r"”
/ o i\ g ) .

. o I T — . )
32 channels/chip using the 32-ch ASIC 64 channels/chip 1024-channel readout

board being develop%

DDR3 x 2 1



PID Endcap: DTOF

R ERENEEN ki KERAREFHEINI. SERSREEES

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.
Ospe=99 PS, Opa=21 ps

Dtof-SpaT Dtof-meanT

5.3

Bag£512
84.24£515

g 2 B 3

o=
3
IRARI RS

B &

g:..

500 1000
Time for single 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
/K separation >40 @

(1

11% |98
OB 44% | 1.56%

@

/N
! Ei
=% » =1 L R R R R R R ]

R %




MCP-maPMT: a critical component of the DTOF
technology

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

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

MCP-PMTIRE 25-240507 25-240521 25-240605
MCPRE ALD-MCP, ALDWEISIEE: D2

B Carried out various tests of the MCP-maPMT prototypes TR oot St e
* TTS<40 ps, QE>20%, G>10°, y Srmm e T

e = RS BEFEEITIN ]

* Aging : <10% gain drop when Q>11C/cm?

B Two ASICs designed for MCP-maPMT readout.
Prototype chips produced and tested

B FET: target ~ 15 ps, measured ~15 ps
B TDC: target ~ 15 ps, measured ~10 ps

FERRE (mAMW)
g 5

o
t=]
T T

o o
T T

| FEE Chip : B To DAQ :

T I&H e |—{ cwe | l_| L | TDC chip = GBTx =D g
N I :
Threshold Set—r '




BTOF : DTOF in Barrel

« Design of a barrel PID detector based on the DTOF technology is available ( BTOF )
— 12 sectors with 2 modules placed longitudinally in each sector, 24 quartz plates in total
— Quartz plate parameters : R = 875mm H = 20mm L = 1350mm D = 450mm

— Inner side of a quartz plate is coated with light absorbing layer while the outer side is
equipped with 15 SiPMs for readout

« Performance with full simulation mostly meets PID requirements. Ongoing effort
to optimize the design by scanning a variety of key parameters

« A full-length BTOF prototype is under construction and will undergo a beam test
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Electro-Magnetic Calorimeter
S REGEINR, SEESHF ki CsIXr=8, FHHHERRINERINE

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

| =

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

\ i) : i, :
N \ \..lll'.ll JI.".'I. - /
i 2‘\\ N 77 e
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EMC : Pileup Mitigation and Electronscs?=

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

free pileup correction algorithm involving waveform fitting based on pipelined optimal

filtering has been developed and implemented in FPGA
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Very effective in mitigating
the pileup effect

B Development of waveform digitization electronics (CSA + shaper + ADC)

® Without pileup
® With pileup
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5x5 pCsl EMC Prototype

EMC prototype in the making

Performance from the beam test with 1 GeV/c electrons
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Muon Detector

R

M REmuonfIrREiRFER]  Fbhk: FMSEEIERIEERT

ZBefRit

m 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)
Plastic scintillator I M;D o
- > MUD Endcap-1
" Neutron
4’ | B shielding layer
_ . N Endcap Yoke
Bakelite-RPC  Tron yoke : "W component

7 layers of (b)
plastic scintillators \ 2400 mm 1100 mm

3 layers of Neutron

Bakelite-RPC

/shieldiug
Endcap
e \. Ynke

component

Parameter Baseline design
R;, [cm] 185

R, [cm] 291

R, [cm] 85

Lgarret [cm] 480

TEndcap lcm] 107
Segmentation in ¢ 8

Number of detector layers 10

Iron yoke thickness [cm]
(A=16.77 cm)
Solid angle

Total area [m?]

4/4/4.5/4.5/6/6/6/8/8 cm
Total: 51 cm, 3.044
79.2% x4 in barrel
14.8% %4m in endcap
949 x4 in total

Barrel ~717

Endcap ~520

Total ~1237




MUD R&D

Scintillator strip + WLS + SiPM Glass RPC Readout Electronics

« Design and fabrication of the » Developed glass RPC fabrication |. Developed front-end amplifiers
scintillator unit : reflector, fiber techniques and built a 40x40 and readout boards. Tested with
groove, optical coupling, surface cm? glass prototype. detector prototypes.
processing. - Focusing on low-resistivity glass |, 5.; front-end ASICs f

- Fabricated 2.4 long scintillator units RPC for high count rate di(;:;grz::linro:: czn acitsaﬁ:e :1 d
(efficiency>95%) and a 50x50 cm? capabilities. Built some small , put capa ,

gains. Prototype chips being

tested

scintillator strip array prototypes.




Trigger : Algorithms Studies and Developmseng§;

STCF trigger scheme : L1 ( MDC, ECAL and global trigger) + HLT

L1-MDC trigger algorithms: 2D track reconstruction (track finding and parameters (pt, 0, ¢, t) estimation) |
pattern matching , 2D short-track reconstruction incorporating stereo layers using NN, Z impact parameter

estimation using NN

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

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

HLT : currently focusing on MDCH

_ Energy (GeV

0 200 400 800 H00 1000100

Bk
1400 5300 1800 2000

— Time (ns)

LT aiming to remove noise hits and reduce event size

Background trigger rate < 50 kHz

Ener Background Signal trigger
Trigger chaunel Physics signal pm.:f trigger oy
rate{kHz)
e'e -> mrJdpsi; Jpsi-> eter 426Gev  997%
e'e -> wmdpsi; Jpsi-> Pty 4.26GeV 99,88,
ete->T T 4.26GeV 98.2%
e'e > WrJpsi; Jpsi-> AA 3.097GeV 99.0%
-FE-' H=20E] e'e > Tpsii Jpsi-> S5 3.007GeV 43 99,
ete == K'K-Jpsi; Jpsi-> I't 4.682GeV 104
e'e-> D, 0, 3.773GeV 104
e'e-> DD 3.773GeV 100
e'e-> D Dy 4.04GeV 100
Jpst -> inchusive 3.007GeV 46,6 977
Jipsi-> gam invisable 3.097GeV 99.7%
e+e--> n nbar 3.087GeV
q:lllﬁzj'é' 30.4
e+e--» gam n nbar 3.097GeV 2970
e+e--> gam n nbar{ISR) 3.713GeV
)
= ] ey J x v )
=EWNE RES 4.26GeV 98.4%




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

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

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

— o R CROB-LTUIREiBIR BALAEMIR FMC REHRERE (L: 5Gbps;, T: 10Gbps)

G AR X
i nmre

CROB-ST = CROBL TU CROB-MGT

0000 |hemmiast
boog Ml =

CTM#zPCBE]




DAQ Design and Software&Hardware Developlﬂirl:t:{--\;+

, _ CROB-PXI board FMCP optical interface board
*»System architecture based on Data-Matrix: flow _

processing, hetero-computing, standard interfaces

and protocols, global pipeline
*»Software and firmware development
<*Development of core electronics boards: CROB-PXI, el )
CROB-PCle, FMCP optical interface board E— CROB-PCle board
“System testing and performance evaluation using L il e e
simulation data -
FMCPF§ ¥ KUISPS17
i ...... :,,Emgmw ‘ i N PCle® ¥4
i e T s w
i mrv | |- H I I i Test of event building
. ., __—_ sl | [FEDEE | T — * 12 rack servers
. : | crOB-PXI P crospeie [l Readout (::l:) = - e I oy T o o ) i .
frrmemmnnees | e [0 s _ f - - 9 servers: readout+ 4 event builders
i L N .~ 3servers: 4 event builders
; g | Eﬁ%‘y!idﬁ o i e vu H e o e '.. i e I e .- 1 33 Simulated data sources
| T [ S AT ; - 17 big-frame sources: 20~32kB/frame
EaE—— ==y EpC, - 16 small-frame source: 135 Byte/frame

&
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m 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

18R 4.57 kg
ok VAFEIZH 18.6 ke

ITK-MAPS

Rl E 207107 kg

AT SR (BTHIENE)
i 184 kg
1A SRR (BRETHETR) 164k

EMC - = - . lron Yoke

= ( 7 HLH
BLCE[E

__r_

,,T.

_L
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% 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.
L Background count rate distribution in RZ plane  Hz o '. ; el / V' & L) 1" .. 5
e 10 L*=09m . S m Bosn
: : C ) o . . .
NIEL damage  Total count dvemgr  Haghcxconat 300 | | ! ™ y___ YR Q |y
Deties TID value | MeV o countrate  rate by : 107 P - =
s Gyyh M . (Hz/channel) ERLEE . e |
neutron-cm-y'1) (Hz) (Hz/ch D 250 10 Haitarz H
= . - C = 10° YN0 —
ITEW-1 260 1.7x101 11=10°  56=10°  7.2x10° E 200l QLU 4 &
- = 10#
ITKW-2 25 8.3x10° 38x<10°  11x105  1.4x10° =2 F . 3.2m
] F o 2.1 % 1.2m
ITKW-3 9.0 9.5x10° 24x108  47x10*  7.3x10° o 1501 1:2 2
1
ITKM-1 4700 3.4x100 20<10°  18x100  2.0x10! mE_..,._,, . _ = 14.1m
- ¥
ITKM-2 47 7.9x10° 3.7<107 052 0.57 z = g
ITKM-3 18 L1x10% 33%107 0.8 0.22 oS o -
MDC 0.17 3.6x10% 3.3<108  29x10%  1.8x10° D e T : :
PID-Barrel 5 100 150 200 250 900 350 400 0
®RICH) 0.90 1.1x101 20<105  3.0x10  1.0x10% Z axis (cm)
PID-Endc. . NIEL damage Avera, Highest -
(DTOF) ap 1.0 1.6=10%0 2.9x108 4 5=10% 6.8=10% Electronic TID value (1 MeV 28 SEFxgc quEﬁ
. i system (Gy-y™") =2 =1 gl et e
ECAL-Barrel 036 16x101 67<10°  12x10°  15x10° neutron-cm™7y”) (Hzfem’) (Hzfem’) :
) ) ITKW-1 34 54%10° 180 280
ECAL-Endcap 0.69 1.7210% 35<10°  19x10°  5.8x10° ety 1 63x10° 240 310
MUD-Barrel- ) ) ITKW-3 5.7 1.0 1017 390 850
RDC 0.013 1.8x10° 1.0x107  81Ix10% 37107 i 1206 4.5 % 1010 3 31 =
ITKM-2 28 73x 10° 320 660
MOD-Barel- 0036~ 4.6x100 61x107  44x10°  22x10% ITKM-3 11 1.0x 1010 410 980
Scintillator MDC 13 6.7 x 10° 180 1230
MUD- i PID-Barrel (RICH) 1.7 7.8% 10° 350 450
;&? Bndear 00037 2.8x108 19108 3.0x10%  3.5x10° PID-Endcap (DTOF) 1.1 1.5 x 10° 420 500 -
ECAL-Barrel 0.034 8.5% 108 36 100 .
MUD-Endcap- . g 5 .
00023 L1x10% 71x105  6.1x100  12x104 ECAL-Endcap g Ll 82 450 .

Scintillator MUD 0.2 1.8 % 107 16 80




Data Rates Estimation

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

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

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

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

ITK-MAPS 2.57 0.96 0.25 0.24

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

Redundant information e.g. data package head and tail is excluded from the estimation of L1 and HLT data rates )
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« Clock distribution system providing precise and stable clock signals with jitter < 5ps RMS
- High-speed serial data transmission: a GBTx-like ASIC, ADTC, uplink ~5Gbps
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5

e Completed the design and test of clock distribution e Designed SerDes and clock managing
modules in a “master-slave” architecture modules in ADTC, and optical modules.
® Clock jitter tested ~1ps RMS Taped out the designs and received chips.

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



< 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
improve magnetic field homogeneity.

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

% Finished conceptual design of the STCF detector control system.

++ Designed and developed a control software framework.
< Developed a gas supplying and monitoring system in the framework as a technology demonstrator

spiay
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.« . . ' . | |
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The remaining amount of gas in the cylinder

F134a ] SFo6 | C4H10
ey linder lefi evlinder right cylinder left eylinder right cylimder left eylinder right
/‘”\
SO = BREREE
e - gj Super Tau-Charm Faciity

Slow Control

Software() Database() Hardware ()
Core() GUI) e Y Firmware()
EPICS IOC Jsaul .[.f’“'?"f_‘ Al Device
=R, ! imescaleDB
ROOT Pheobus driver
HUAWE] Mt y =g Jui -
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PID: Pion ID eff. >97% @ mis-ID (K->pi)=2%
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Report of first meeting of International Advisory Committee 2 Executive summary

forite Snper Tan. Charm. Facility STCF will be unique facility with a broad and impressive physics reach. It will allow for results

Maria Enrica Biagini*!, Ikaros Bigi**, Alex Bondar**, Tom Browder, of world-leading precision in many important topics, and has significant discovery potential. It
Kuang-Ta Chao*®, Yuanning Gao®, Wolfgang Gradl®, David Hitlin*", Tord 11 ideall 1 t the other facilities that i i 1 f for th

Johansson*®, Marek Karliner*®, Engeny Levichev?, Yugang Ma"?, Mikiniko | | Wil 1deally complement the other facilities that are currently operational or are foreseen for the
Nakao*!!, Stephen Olsen*'2, Alexey Petrov*!3, Antonio Pich*'4, Makoto 2030s and 2040s, and will be of great interest to the international particle physics community.

Tobiyama*!'!, Guy Wilkinson*!®> Hongwei Zhao'®, Zhentang Zhao*'", Frank

Zimmermany™*', Bingsong Zou™ The principal challenge of the project lies in the accelerator. Here the intended luminosity will

exceed by two orders of magnitude that previously achieved in the same energy regime. The IAC

L INFN - Frascati National Laboratories, 2 University of Notre Dame, 3 Budker Institute of Nuclear Physics

(BINP), * University of Hawaii, ® Peking University, ® Johannes Gutenberg University Mainz, * California 1s pleased to recognise the significant progress on the STCF accelerator design that has occurred
Institute of Technology, 8 Uppsala University, © Tel Aviv University, !° Fudan University, !* High Energy

Accelerator R h Organization (KEK), 12 Chung Ang University, ' University of South Carolina, 1 1 1 V11

iy §§ﬁfencf_fa$fé, F e c_{jg@ Lol e 3r7°s1§§nghai since the establishment of a d§d1cated Accelerator Division led t?y Prof. J :Y Tang. The demands
e e i L OIS ANUSSR ST SR, S e on the detector are less formidable, but should not be underestimated given the extreme event
1 Co-chairs. rate and size of data samples foreseen.

* Attended meeting.
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32 Recommendations
The IAC has the following recommendations for the ongoing studics in the arcas of physics

studics and detector design.

* The breadth of physics that can be studied at STFC i1s impressive. However, a subset of
flagship measurements should be identified to define more emphatically the uniquencss and
importance of the project. It is suggested that these measurements should be predominantly
related to the determination of fundamental parameters, or tests of the Standard Model.

* The IAC notes the great interest of the measurements that can be performed with polanzed
beams, currently foreseen for an upgrade phase, and recommends that equipping the
machine with polarization remains a high-priority goal of the projct. The design of the
machine should, from the start, allow for the inclusion of this attribute at a later stage of
the project.

* The STFC team must convince the wider community that it will be possible to attain the
necessary level of systematic control to match the foreseen statistical precision. Strategics
should be developed and described for meeting this challenge for the flagship measure-
ments,

Full simulation studies of the flagship measurements should be performed to demonstrate
that the detector choices are well suited to the physics goals.

The performance of the tracking system, in particular, is critical for the success of the
physics programme. Metrics such as tracking efficiency (particularly at low momentum)
and resolution should be used to demonstrate that the system meets the physics require-
ments and is robust against background. Particular atiention should be paid to the design of
the ITK, e.g. its inner radius, how many space points should it provide, does the proposed
design have sufficiently low mass ?

The IAC is pleased by the preliminary studies on the DAQ system, given the challenge
presented by the enormous event rate, particularly at the J/v, and recommends that this
item continues to receive high attention.

The foreseen data volume per year is very substantial. Where will this be stored and
processed, and how will it be accessed 7 What are the Monte Carlo simulation needs ? A
detailed computing strategy must be formulated

Greater attention should be given to the Machine-Detector Interface, where there must be a
care ful optimisation between the needs of the physics and the constraints of the accelerator.
The TAC recommends that all parameters, in particular the low-angle acceptance of the
detector, be carefully considered in this respect.

4.2 Recommendations

IE S

The IAC issues the following recommendations for the accelerator:

.

Stop working on the present lattice and immediately begin working on the 800-900 m-long
lattice, for three different energies:; also, a review of the latest and most modern lattices
on the market, such as the HEPS optics and Pantaleo Raimondi’s FCC-ee lattice could be
conside red:

Complete the simulations of beam lifetime, beam instabilities, and high-current/collective
effects — the high-current e ffects may relate to RF, injection, impedance, lifetime, vacuum,
beam chamber issues, and lattice design;

Determine and optimize the performance as a function of beam energy:

Define a baseline for the collider 500 MHz RF system (normal conducting (NC) KEK
type, NC SLAC type, or SC);

Include detector solenoid field. and lattice errors, in the beam-beam and luminosity
performance simulations

Carry out more background simulations — Touschek, beam-beam and injection back-
grounds will have a big impact on the luminosity performance; background suppression
by collimators and masks should be studied;

Pursue experimental checks of the Touschek lifetimes at existing 3rd and 4th generation
light sources:

Explore possible relaxation of bunch-length constraint from the detector (TOF); if the
bunch length constraint can be relaxed, study the possible use of harmonic cavities to
lengthen and shape the bunches for improved Touschek lifetime:

Simulations should be performed as soon as possible to decide if the dynamic and momen-
tum apertures are sufficient for off-axis injection, otherwise the swap-out option requiring
accumulation rings will need further R&D funding and studies (probably this option would
be challenging to finalize in the short time scale of 2-3 years); also compare the feasibility
of the two injection schemes in beam-beam simulations;

Pay much more attention to, and perform a preliminary technical design of, machine
protection, collimation scheme, precise beam measurement system of bunch by bunch,
and fast feedback systems:

In the TDR, civil engineering, heating, ventilation, air conditioning, cooling. and power
sources should be considered;

Design the layout so as to allow for later polarization and/or monochromatization; the final
lattice, at least the CDR one, should include space for Siberian Snakes, even if this option
is only for a later upgrade;

Enlarge the accelerator team to include more experienced accelerator physicists from
USTC and elsewhere to guide the young eam already working on the project;

Strengthen collaboration with BINP, KEK, and if possible IHEP, and engage in Su-
perKEKB beam commissioning and operation.
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2 Executive summary

STCF will be unique facility with a broad and impressive physics reach. It will allow
for results of world-leading precision in many important topics, and has significant discovery
potential. It will ideally complement the other facilities that are currently operational or are
foreseen for the 2030s and 2040s, and will be of great interest to the international particle physics
community. The principal challenge of the project lies in the accelerator. Here the intended
luminosity will exceed by two orders of magnitude that previously achieved in the same energy
regime.

The TAC is pleased to note the significant progress made in physics, detector and accelerator
studies since January. The STCF team intends to complete a Technical Design Report by the
end of 2026. The IAC considers this an ambitious goal, but a feasible one, given the progress
so far made. However, several critical items have been identified, which are discussed in the
recommendations that follow.

BERE: STCREERATEEEMIREES, KES/EEE
o RS HRCIERAR, FEEEANATIR. SHER
K20FrP5EE SHREEW, SHERITHBRRAXE. HE
EBPRSRAET RS, SRS I R R E R
BEEHAEMER. IACHTEEME. FRUSNINEE0SEHE
£TEY. MEATIS2026F=MRARIHRS, ki, b
BT 33




BIRX RS

o LHURMARFERIRIT, BYEMERARSEE. FHXIINESR

o YILHRRE

ITK Region (W)
+ Hollow cone around
beam pipe
+ Double disc layers

@ 60 mm e

S89mm

Endcap region (W)

+ Envelop surrounding
stainless shield (Both
barrel & endcap)

"' Godd & brown: beam pipe
Pirk: tungsten shick!
Gireen: magnets

15degree | yellow & Red: cryostat

Effectively suppress the beam background

+ The highest TID:
12000Gy/y (ITKM)
4300Gy/y (ITKW)
« Meets the requirement for a
long-term run

TID distribution in RZ plane [Gyiy]

0400

« The Highest NIEL ~1.7 x
103 (MDC)

= The other parts smaller
than 1.x 10"

Shield efficiency
Division  With/No shield
ITKW1 | 29%
ITKW2 9%
ITKW3 4%
MDC | 3%
RICH 4%
DTOF 4%
ECAL-B 2%
ECAL-E 13%
MUD-B-RPC 56%
MUD-B-PS 56%
MUD-E-RPC 66%
MUD-E-PS | 122%

« Highest count rate per
channel for ITK, MDC, ECAL
~ 700 - 500KHz

« NIEL is not quite important

for MDCs (gas chamber)

NIEL damage distrtaston in AZ plane {1 MoV nestonvem )

Background count rate in RZ plane [Hz]

HEETRNEES, RS SRR 75 S8

QF1

QITEFHT, 5%

LEFRANERIGLT

TG T IRRRAM A RKF,

6.7m

14.1m

aeeoue oy By
a2t H
¥ Charenkoy

e —

3.2m 1.2m

Ungege I upeng

UNECBR 1y oy




g N SRR L E

o TV IBNESHIFRIMIERIT, TR TERTMHE (#%. RODHITHE) |
o YILHRE V1B (NESHANED A ITIEN EREL MIEEMRTE,
o X IRIT T MAHEMHBRIEEWHE.

Surface contours: B —

H:S 500000E+00 - —

300

3. 000000E+00

250

L 2. 500000E+00 /?f' . ; . £ 200
[ | N [){( | jf‘f e 1 E

2. 000000E+00

1. 500000E+00 100
50

H-1. 000000E+00

|

- 0
. 0 10 20 30 40 50

—o—

[2. 693158802 SR Fz e Fr [m m]

Fig.1 STCF SRS = Fm 30 Fig. 2 STCF &Rk HitHEE R



BN R G

o H1T TR {NHMHYBINSTIEMB NS DI RN, 7o T BARE AN SRR 21T

o Th T BSHINTEEIRIT. STHEGNEREMNEMRIT, UNRBESEDTRMNKL,

o SohY T BB ERESE IR EMIRIT N SR ERRNIER EMNEMIRIT;

e 5ohk Y RICHIFRMERHMSZIZEEMAIH L IITFIDTOFIRNBR BN SR 1T FIUIL

o Tk Y EERENMEMNI L RITFIXBEEBHERERNTRITOT,

o Th T HEGEARKRNBZBAEMMTEEESRRIT, WA, IMRSEEH. JMEEX
EZREMIAR TRDVHET TR,

o Sohk ¥ SRR IR SR B AU SR RIATD FRiZ T,

Yk




Ih
o

FAWBA

: WiReE
BixE. BNE. BiXR. 5K
P, TKUFR.

FEHE. BRSNS

NR: MBS, FASN. FARS

mBRiemS/ME

EiK: Bt (RK)
BIAK: B%
FAR:  B—. IR ek, JPEN. BEX

|
mB@gTENME

Hi: Fx ERK)
BlEK: 75,
pkR: WXET.

BIEZE, &N, HEK. BFFH
RIE. gk, ZRE

P, EEF. BKkR. ER
BB AE EfFmEERS
FS——— Iﬁﬁ':'ﬁs FiE: GunijI:L<inson, Frank Zimmernan
: EBBH. = 50 H22VERESR
5. S . SEE. 9. e oo WEES
E W B, SR, EIK =i
S B FE. GBS SRR, WREE: REE _
i E.‘IJEI:EWF ;. FEBF . EHESS
BISTE0: BRarsh. XURHE., X L, S \
e BRI U, T BOGA, AT, BUID. DR
HOAREAFNESR
MNiEE D SE FRilzEn S5 AT IEE YIIE SR {4AHE
HETTRSR FETATESR SEHE . ARG EERA AR BN
Jzehil | VAN 54 1N 5] . I==R n 7
. BT - Y S FE/NES /N ks
%Eﬁ;§§$ %gﬁz%%#ﬂ% BIAK: BINE. XN, Bk




RERAWXINE S{EEI

FRERIZBE=H1ICER FRERIZF 0 iSRS Eh AT

BaF2 doping W|tr3Y
32X32X182 mm

SESESEER SSEESSSEEE
AT SR
FREHEAT]

B, §BHW%£JEJ_1‘&5'EEEF‘1 & MCP-PMT

%ﬂl’.’.an:uﬁ%ﬁﬁl%ﬂ%ﬂzlﬁﬁl!ﬁ’ NG

1 ASIC iﬁi'—EFFZv‘.

- RS, THEE
L —— LERIRHARERIR AR Aw%%m%ﬂﬁﬁﬁﬂﬁﬁm“j

ETEA T CR T Y

MBS IR E (APD) AERGEREEENT  EEEEISIT



[RS1ESAER
5CERN, %?ﬁﬁBINP/JINR HAKEK, ;ZEIJCLabZa s

_ HREI ZMRARARZRHSERSE

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

(BINP)

In accordance with a mutual desire to promote academic exchange and
cooperation in science and technology between UNIVERSITY OF SCIENCE AND
TECHNOLOGY OF CHINA (hereafter referred to as USTC) and BUDKER
INSTITUTE OF NUCLEAR PHYSICS, RUSSIA (hereafter referred to as BINP), the
undersigned parties agree to cooperate through research and study in furtherance
of the advancement of leaming as stated below:

Hereafter referred to as “Parties” (or individually as “Party”) for USTC and BINP

ARTICLE 1

Two parties agree to promote the following activities to enhance each other's
educational, academic, and research activities in the fields of particle physics,
accelerator physics and technology, etc,:

1. Exchange of faculty members and researchers,

2. Exchange of students, either in the form of a semester exchange program
or undergraduate research exchange program. The credits eamed by the
exchange students at the host university shall be recognized and
transferred back to the home university,

3. Increase cooperation and mutual support in research, exchange of
information and academic resources that are of mutual interest, combine

. ' | | B " BHBINPEXEMOU, S5Hftheg
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Report of first meeting of International Advisory Committee 2 Executive summary

forite Snper Tan. Charm. Facility STCF will be unique facility with a broad and impressive physics reach. It will allow for results

Maria Enrica Biagini*!, Ikaros Bigi**, Alex Bondar**, Tom Browder, of world-leading precision in many important topics, and has significant discovery potential. It
Kuang-Ta Chao*®, Yuanning Gao®, Wolfgang Gradl®, David Hitlin*", Tord 11 ideall 1 t the other facilities that i i 1 f for th

Johansson*®, Marek Karliner*®, Engeny Levichev?, Yugang Ma"?, Mikiniko | | Wil 1deally complement the other facilities that are currently operational or are foreseen for the
Nakao*!!, Stephen Olsen*'2, Alexey Petrov*!3, Antonio Pich*'4, Makoto 2030s and 2040s, and will be of great interest to the international particle physics community.

Tobiyama*!'!, Guy Wilkinson*!®> Hongwei Zhao'®, Zhentang Zhao*'", Frank

Zimmermany™*', Bingsong Zou™ The principal challenge of the project lies in the accelerator. Here the intended luminosity will

exceed by two orders of magnitude that previously achieved in the same energy regime. The IAC

L INFN - Frascati National Laboratories, 2 University of Notre Dame, 3 Budker Institute of Nuclear Physics

(BINP), * University of Hawaii, ® Peking University, ® Johannes Gutenberg University Mainz, * California 1s pleased to recognise the significant progress on the STCF accelerator design that has occurred
Institute of Technology, 8 Uppsala University, © Tel Aviv University, !° Fudan University, !* High Energy

Accelerator R h Organization (KEK), 12 Chung Ang University, ' University of South Carolina, 1 1 1 V11

iy §§ﬁfencf_fa$fé, F e c_{jg@ Lol e 3r7°s1§§nghai since the establishment of a d§d1cated Accelerator Division led t?y Prof. J :Y Tang. The demands
e e i L OIS ANUSSR ST SR, S e on the detector are less formidable, but should not be underestimated given the extreme event
1 Co-chairs. rate and size of data samples foreseen.

* Attended meeting.
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32 Recommendations
The IAC has the following recommendations for the ongoing studics in the arcas of physics

studics and detector design.

* The breadth of physics that can be studied at STFC i1s impressive. However, a subset of
flagship measurements should be identified to define more emphatically the uniquencss and
importance of the project. It is suggested that these measurements should be predominantly
related to the determination of fundamental parameters, or tests of the Standard Model.

* The IAC notes the great interest of the measurements that can be performed with polanzed
beams, currently foreseen for an upgrade phase, and recommends that equipping the
machine with polarization remains a high-priority goal of the projct. The design of the
machine should, from the start, allow for the inclusion of this attribute at a later stage of
the project.

* The STFC team must convince the wider community that it will be possible to attain the
necessary level of systematic control to match the foreseen statistical precision. Strategics
should be developed and described for meeting this challenge for the flagship measure-
ments,

Full simulation studies of the flagship measurements should be performed to demonstrate
that the detector choices are well suited to the physics goals.

The performance of the tracking system, in particular, is critical for the success of the
physics programme. Metrics such as tracking efficiency (particularly at low momentum)
and resolution should be used to demonstrate that the system meets the physics require-
ments and is robust against background. Particular atiention should be paid to the design of
the ITK, e.g. its inner radius, how many space points should it provide, does the proposed
design have sufficiently low mass ?

The IAC is pleased by the preliminary studies on the DAQ system, given the challenge
presented by the enormous event rate, particularly at the J/v, and recommends that this
item continues to receive high attention.

The foreseen data volume per year is very substantial. Where will this be stored and
processed, and how will it be accessed 7 What are the Monte Carlo simulation needs ? A
detailed computing strategy must be formulated

Greater attention should be given to the Machine-Detector Interface, where there must be a
care ful optimisation between the needs of the physics and the constraints of the accelerator.
The TAC recommends that all parameters, in particular the low-angle acceptance of the
detector, be carefully considered in this respect.

4.2 Recommendations

IE S

The IAC issues the following recommendations for the accelerator:

.

Stop working on the present lattice and immediately begin working on the 800-900 m-long
lattice, for three different energies:; also, a review of the latest and most modern lattices
on the market, such as the HEPS optics and Pantaleo Raimondi’s FCC-ee lattice could be
conside red:

Complete the simulations of beam lifetime, beam instabilities, and high-current/collective
effects — the high-current e ffects may relate to RF, injection, impedance, lifetime, vacuum,
beam chamber issues, and lattice design;

Determine and optimize the performance as a function of beam energy:

Define a baseline for the collider 500 MHz RF system (normal conducting (NC) KEK
type, NC SLAC type, or SC);

Include detector solenoid field. and lattice errors, in the beam-beam and luminosity
performance simulations

Carry out more background simulations — Touschek, beam-beam and injection back-
grounds will have a big impact on the luminosity performance; background suppression
by collimators and masks should be studied;

Pursue experimental checks of the Touschek lifetimes at existing 3rd and 4th generation
light sources:

Explore possible relaxation of bunch-length constraint from the detector (TOF); if the
bunch length constraint can be relaxed, study the possible use of harmonic cavities to
lengthen and shape the bunches for improved Touschek lifetime:

Simulations should be performed as soon as possible to decide if the dynamic and momen-
tum apertures are sufficient for off-axis injection, otherwise the swap-out option requiring
accumulation rings will need further R&D funding and studies (probably this option would
be challenging to finalize in the short time scale of 2-3 years); also compare the feasibility
of the two injection schemes in beam-beam simulations;

Pay much more attention to, and perform a preliminary technical design of, machine
protection, collimation scheme, precise beam measurement system of bunch by bunch,
and fast feedback systems:

In the TDR, civil engineering, heating, ventilation, air conditioning, cooling. and power
sources should be considered;

Design the layout so as to allow for later polarization and/or monochromatization; the final
lattice, at least the CDR one, should include space for Siberian Snakes, even if this option
is only for a later upgrade;

Enlarge the accelerator team to include more experienced accelerator physicists from
USTC and elsewhere to guide the young eam already working on the project;

Strengthen collaboration with BINP, KEK, and if possible IHEP, and engage in Su-
perKEKB beam commissioning and operation.
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2 Executive summary

STCF will be unique facility with a broad and impressive physics reach. It will allow
for results of world-leading precision in many important topics, and has significant discovery
potential. It will ideally complement the other facilities that are currently operational or are
foreseen for the 2030s and 2040s, and will be of great interest to the international particle physics
community. The principal challenge of the project lies in the accelerator. Here the intended
luminosity will exceed by two orders of magnitude that previously achieved in the same energy
regime.

The TAC is pleased to note the significant progress made in physics, detector and accelerator
studies since January. The STCF team intends to complete a Technical Design Report by the
end of 2026. The IAC considers this an ambitious goal, but a feasible one, given the progress
so far made. However, several critical items have been identified, which are discussed in the
recommendations that follow.
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