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R scan

Hadron form factors
Y(2175) resonance
Mutltiquark states
with s quark, Zs

* MLLA/LPHD and QCD
sum rule predictions

- T
e Light hadron spectroscopy e XYZ particles
* Gluonic and exotic states * Physics with D mesons
* Process of LFV and CPV * fyand fj,
* Rare and forbidden decays * Dy-Dy mixing

Physics with 1 lepton Charm baryons

* Precision Aaep, &, charm quark mass extraction.
» Hadron form factor(nucleon, A, p).

Complementary and irreplaceable with other high-precision platforms
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Status of BEPCII/BESIII

* BEPCII/BESIIl have run 9 years, successful and excellent

production, are playing a leading role in tau-charm physics
* Limited by length of storage ring, no space and potential for
the upgrade
* Physics study limited by the statistics (luminosity), CME ......
e Challenged by Belle Il
« BEPCII/BESII will end her mission in 5-10 years

A STCF far beyond BEPCII, is nature extension and a viable

option for a post-BEPCII HEP project in China
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BEPCII vs STCF

BEPCII Designing STCF

O Peak luminosity 0.6-1x10% cm-2s'1 O Peak luminosity 1x10%° cm?st at 4 GeV
at 3.773 GeV O Energy range E,,, = 2-7 GeV

O Energy range E,, =2 —4.6 GeV O Single/double Beam Polarization

O No Polarization (Phase I1)

__________________

Polarization
(>80%)

Full energy linac, no boost

* e+, aconvertorn, a linac and a damping ring, 0.5GeV
* e-, a polarized e- source, accelerated to 0.5GeV

Rich of physics program, unique for physics with c quark and 7 leptons,
important playground for study of QCD, exotic hadrons and search for new physics.
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Integral Luminosity of STCF

* No Synchrotron radiation mode, assume running time 9 months/year
* Assume data taking efficiency 90%

103>cm2st x 86400s x 270days x 90% ~ 2.0ab!/year

10 years data taking, total 20 ab™! conservatively

Excellent opportunities for the t-charm physics

| EE— ol e bBEeLaLcEl:Il ab—! dataset i

£ .F provides

gi F o ~ 1.1 x10° BB = a B-factory;
_103;;: 1 o ~1.3x10° c¢ = a charm factory;
g; 2: o ~0.9x10° tt1™ = a T factory;
i s st © Wide EH.=[0.5-10] GeV via ISR.

Calendar Year

Native question : Compete between STCF and BELLE Il ?
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@ 4.26 GeV for ntnwd/y
SB:ESIII = 45%’ SBeII:e = 10%

Events / 0.02 GeV/c?

E.m (GeV)
B factory : Total integrate effective luminosity between 4-
7 GeVis 1.5 ab*for 50 ab! data
t-C factory : scan in region 4-6 GeV, 10 MeV/step, every
point have 10 fb™'/year, 10 time of Belle Il for 50 ab! data

Events / 0.01 GeV/c?

t-C factory have much higher efficiency than B Factory

7-C factory have low bkgs for production at threshold
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Belle with ISR: PRL110, 252002
967 b1 in 10 years running time

—+— data
< /> — Fit
— Background

--++ PHSP MC

3.7 38 39 4 41 42
Mnax(m/y) (GeV/c?)

BESIII at 4.260 GeV: PRL110, 252001
0.525 fb1 in one month running time

[ —4- Data
1 00 - KS m — Total fit

L ===+ Background fit
80— -.= PHSP MC
60 f_ \ + . Sideband
401 | ettty 1

C + i {].-;.-‘"\..-'i_....h_“ %

F o Poan
20 ; : >80 Pl l+;.,

0

3.7 3.8 3.9 4.0
Max (/) (GeV/c?)




O X sec gtows from 0.1nb near threshold to 3.5nb at 4.25GeV
— 2x108 tau pairs/year at threshold (x-sec = 0.1nb)
— 7x10° tau pairs/year at 4.25GeV (x-sec = 3.5nb)

———
E.(GeV) o(nb)
3.500 0 3
3680 24444
3690 25161 3
4174 35651 3
4199 35658 3
4250 35614
11000 07152 3

O Physics Highlighted Physics program
— Precision measurements of o, m_, V .
— Lepton universality : m_, T=>n"v, and tT=>K*v,
— Lorentz structure of the amplitude for T—=>0v v,
— Search for LFV processes : T=>Ly, £LL, th
— Search for CPV
— V-A Structure of the weak current in leptonic decays

1T Production cross section

4 6 3 10
En (GeV)

— Rare hadronic decays
O Competition to Belle IT
— Threshold effect is important for controlling and understanding background

— Longitudinal polarization of the initial beams will significantly increase
sensitivity in searches for CPV in lepton decays.
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CP violation is observed in B, D and K sectors to date,
but not observed in lepton sector yet.

The discovery of CPV in the tau sector would be a clean
signature of NP

One of the most promising CPV channels is t™—>Kgnv

— SM CP asymmetry from K-K, mixing is expected to be :
[Bigi & Sanda, PLB 625, 2005, Grossman &Nir JHEP 1204 (2012) 002]

NK; -7 Itv)-T(K;, =t 7D . :
(Ky = lw) —T(Ky =7 }:|p|'->—|q|'-’r_»[3.:1?in.1-2}><1(1-~*

Ky — 7 ltv) + (K, — 7tl-7) = (%)
9 v rm)

— BaBar measurement [PRD 85, 031102]

A = vt - atKgiry ) —T(v— = 7 Kgir) Jﬂ_._- H

' vt 5 atKgi )+ T~ = 7Kgy ) (1+15) H
= (—4.5+24+1.1) %1073

— Belle measurement [PRL 107, 131801] i

|Im(ng)| < 0.026 or better. Charge Higgs, new Scalar,

A, = (1.8£2.1+ 1.4) x10° @W ~ [0.89-1.11] GeV W -Wp Mixings, LeptonQuarks?
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 Measurement on the angular CPV asymmetry is desirable

* Use T-odd rotationally invariant products in >=2 hadrons, such as

o v /knlv., tTonntny /Kty s Py (P % ﬁﬁﬂ)

* Polarized of T and beam are necessary | tau-charm
a wi
* Figure of Merits \ 104 E=2087GeV
0.91
merit = luminosity x 10z = total cross section _
oc luminosity x (w; + ws) 08T
%y 1 —a?a®(1 + 2a) , ////’ 07T e _6Gev
Y. S. TSAI, PRD 51 (1995) 3172 B lfGC'fOJf'Y N | |
BESII @ 4.25 (10%3cm-s?) FOM=1 1.0 05 0 05 1.0

cosh

STCF @ 4.25 (10%°cm2s1) FOM=100
SuperKEKB @ (8x10%°cm=s1) FOM=52
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CPV in Hyperon Decays 2

] In 1958, Okubo: CPV In hyperon-antihyperon allows =
“Okubo effect”(Direct CPV) Phys. Rev. 109, 984 (1958).

1 In 1959, Pais: extended Okubo’s proposal to asymmetry
parameters in A and A decays. Phys. Rev. Lett. 3, 242 (1959).

] In the *80s, a number of calculations were made. CKM
predictions, CPV in A: 10~ 10-°

PHYSICAL REVIEW D VOLUME 34, NUMBER 3 1 AUGUST 1986

Hyperon decays and CP nonconservation

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.
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CPV in Hyperon Decays

BESTI arXiv:1808. 08917

First observation of Spin
1.31 billion J/y events polarization of A in J/y — AA

Quantum correlation in A pair

02 n Parameters This work Previous results
(a)pm pm oy 0.461 £0.006 £0.007  0.469 = 0.027 '*
~ O AD (42.440.640.5)° -
<
% ) o 0.750+0.009+0.004  0.642+0.013 '¢
< oL ~0.758£0.010£0.007 —0.71+£0.08
0.1 o 0.692+0.016+ 0.006 -
Acp —0.006£0.012£0.007 | 0.006£0.021 '
02fF
e /o 0.913 £0.028 £ 0.012
I 05 0 0.5 1 CP test
cos6, O +a,
Acp =——
a_ — a'._|_
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https://arxiv.org/abs/1808.08917

CPV in Hyperon Decays

[0 40 trillion Jhy events = AA, ~104-10°
4 Luminosity optimized at J/y resonance?
4 Luminosity of STCF: x 100

4+ Beam energy trick = small beam energy spread

= J/y cross-section: x 10 ??
4 one years data taking
4+ No polarization beams are needed
] Challenge: Systematics control

1 Full simulation results are necessary!
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Charm Physics

O 4x10° paits of D*0and 10’~108D, pairs/year
— 10! charm from Belle I1/year

O Competition to Belle IT
— The multiplicity of final state is lower by a factor of 2

— Threshold effect, clean, double tagging
— QM coherent state, J?“=1~ for DD,J?*=0*" for yDD
O Highlighted Physics programs
— Precise measurement of leptonic, semi-leptonic decay (f, fp,,
CKM matrix--+)
— DYDY bar mixing, CPV
— Rare Decay (FCNC, LFV, LNV:---))
— Excite Charm meson Dy, Dy (mass, width, JP€, decay modes)

— Charmed Baryons (JP¢, Decay modes, Br)

O Some sensitivities @ 1 ab™! data at threshold
— Direct CPV in D—hh sensitivity : 10°~10*
— Probe v : Ayep)~0.1%
— RM=(x?+y?)/2~10~ in Knt and Kev channels
— A(cosd,)~0.007; A(Oy,) ~ 2°

2019/2/25 Phi2Psi-2019 Budker INP

Events/(10 MeV/c?)

Candidates / (1.5 MeV/c?)

L=
(4]

_ 0.5fb1 ~ 80Events
- 1.0ab1~ 160,000 Even

[ &)
[=}

- -
(=) [~}
I T

23 238 24 245 2B 255 16 2.65

RM(D;) + M(D}) - m(D}) (GeVic?)

130F

120

JETrr e O

25 255 _EUIE) 265
m(D' K ) [GeV/c?]

14



Features in Studying charmed hadron decays

STCF Belle(-11) LHCDb

Production yieldS xox * ok kK * oAk Kk Kk
Background level ok ke x * -
Systematic error KKk * x x * *
Completeness * ok ko k * ok «
(Semj)—LCptOl’]iC mode * ok K K * * * *
Neutron/K; mode KKKk * > A ¢
Photon-involved ok k ok k ok ke
Absolute measurement kA Kk * ok x X ¢

* Most are precision measurements, which are mostly dominant by the
systematic uncertainty
» STCF has overall advantage

2019/2/25 Phi2Psi-2019 Budker INP 15



Precision measurement of CKM elements }

CKM matrix elements are fundamental SM parameters that describe
the mixing of quark fields due to weak interaction.

D

S

ey

Vcdvcg'\/cbjf\ b/
— — -_— '\
'Via ViV

Three generations of quark? ‘

y4

Expected precisioﬁ < 2% at BESIII

PDGI18 0.22438+0.00044

PDG18
CLEO/Belle/BaBar/BESII yo0 | -+ 0.214£0.003£0.009 ===
pT'n,

PRD78,052003

CLEO 0.218£0.009£0.003 ~ ===

D'-»mt n
pn
PRD89,051104
BESIII D 0.2150+0.0055+0.0020 ===
—m
AR T T T S T T ST S NN TS Y N B
0 0.05 0.1 0.15 0.2
\
cd

2019/2/25

d

\ _ta<tb\/\b J

> CKM matrix

BESIII + B factories +
LQCD

nitary matrix?

T

BESIII + B factories +
LHCb + LQCD

Future BESIII:

Ved: ~1.5% (stat. dominant)
Vcs: ~1.5% (syst. dominant)

STCF: <0.2% (syst. dominant)

systematic control is challenging

Phi2Psi-2019 Budker INP
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ylgp, from B- - DK

b Vb u
K Nt D’ —A
W Vs s W:\\ ¢ A(B+ —> DOK+) —r ei(gB
b Va, c B e s A(B" —> FK+) o
¥ u u _DO u u K+
Runs Collected / Expected Year v/ b3
integrated luminosity attained sensitivity

LHCb Run-1 [7, 8 TeV] 3 b1 2012 8°

LHCb Run-2 [13 TeV] 5 fb~! 2018 4° BESIII 20/fb:

Belle II Run 50 ab~! 2025 1.5° o(y) ~0.4°

LHCb upgrade I [14 TeV] 50 fb! 2030 <1°

LHCb upgrade II [14 TeV] 300 fb~! (>)2035 < 0.4° — STCF is needed!

Three methods for exploiting interference (choice of D% decay modes):

Gronau, London, Wyler (GLW): Use CP eigenstates of D)0 decay,
e.g. DO > Kl D> ntn-

Atwood, Dunietz, Soni (ADS): Use doubly Cabibbo-suppressed decays, e.g. D° > K¥r -
— With 1ab 1 @ STCF : 6(cosSy,) ~0.007; 6(8,) ~2° = o(y) <0.5°

Giri, Grossman, Soffer, Zupan (GGSZ): Use Dalitz plot analysis of 3-body D? decays, e.g.
K, 7" 7 ; high statistics; need precise Dalitz model

— STCF reduces the contribution of D Dalitz model to a level of ~0.1°

2019/2/25 Phi2Psi-2019 Budker INP 17



Precision study of the B_ decay {

* Era of precision study of the charmed baryon (A, Z, and (},)

decays at STCF
to help developing more reliable QCD-derived models in charm sector

— Hadronic decays:
to explore as-yet-unmeasured channels and understand full picture
of intermediate structures in B_ decays, esp., those with neutron/X/
= particles

— Semi-leptonic decays:
to test LQCD calculations and LFU

— CPV in charmed baryon: BP and BV two-body decay asymmetry,
charge-dependent rate of SCS

— Rare decays: LFV, BNV, FCNC

STCF will provide very precise measurements of their overall decays,
up to the unprecedented level of 10° ~107

2019/2/25 Phi2Psi-2019 Budker INP 18



ucleon lectromagnetic orm actors (

Spatial distributions of electric charge and current inside the nucleon
eN — eN ete” <+ NN AN

N\ A

Space-like: ~+(q) g2 <0

FF real
}/ KN

Complete picture of nucleon structure requires space-like and time-like FF

Time-like:
FF complex

4+ QCD predictions:
4+ at large g?, absolute value of FF(q?)=FF(-g?)
4+ Experiment: time-like FF much larger than space-like FF

Sick N

Bernauer et al.

JLa —
4+ Squared ratio of n/p form factors = 0.25 coBTa .
4+ Problem: only very poor data for neutron form factor Pob tal.

4+ Space-Like (190) Vs Time-Like (10% BESIII expected) T w w o

Proton charge radius [fm]

2019/2/25 Phi2Psi-2019 Budker INP 19



, ‘ 2 1 ) N 2
+COS 9)‘Gn[mmj +;51n"-9|ﬂf(mw]{

Coulomb enhancement factor

= mo/ P P29 70 /B
B 1-exp(-na / B)

c =1

in point-like approx

in point-like approx:

fornn (AA): C=1
o< f3

2.3 8]0 _ O -
n°a 2 © | g
o= uz1 %o @M,) | |
e |/ L / i “; ”
z0.85nb|6 0,7(7-“,,)| T ' /" no “jump
| L e,
Mpp-2M,,
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Threshold production of baryon pair { ‘

QOOO i I_+_ L B 400_ L B L 3400__| r—— KIZ,?N, y
S i T L ] [ et — Al :
c + +++++++-+- 1 3000# (a) —=— BESIII E S [ -o-BESINdata
o i ] i —e— BaBar 1 © 300 _—-l-Belle data :
2 _+__+_ _ e ] [ — BESIII fit l
B snok PP _ I —— ] [ 225 pb :
5500 - > 4y 200! — pQCD fit 7 200 p 1 :
o L - - ] ; ]
s | 1 100k PRDY7,032013(2018) 1  100f o(e e > NA ) ]
N PRD 87 092005 (20]3) i i ] i BESIIPRL120 132001
0—.|| lllllllllllllllllll n = , o, ] Ok.. — .ilx.ll..ABx.D.lzo?|ﬁ
ot—— — - ¢ 456 457 458 459 46
1.9 2.0 2.1 — 2.2 25 3.0 35
/s (GeV) MAK (GEVJ'CZ) \s (GeV)

STCF: 100x more statistics will much enhance the understandings of
these unexpected threshold enhancementI
ete ->pp,nn, AA XX EE, QQ, A A, Z 2, B2, QQ, ... @threshold
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.97.032013

Universality ?
Vacuum vs inside a nucleaon ?

' ——
I | 1 @ K+
- \ ] i
ey
N —=s \ ;1 ® pt
\_ -
I o I
e- i i i
1) QED QCD-calculable Qcp-non-calculable

2) Hadronization/Fragmentation
3) Detection

Dy (2 Pyy) = DIz, P))

Lg/ po (k X Pyy)- S,
+Ei (z, Pu% M,
D,: the unpolarized FF
H,: Collins FF
— describes the fragmentation of a transversely
polarized quark into a spinless hadron h.
- dependson : = 2E,/\/s Py
—leads to an azimuthal modulation of hadrons

around.the.quark-momentum.
2019/2/25 Phi2Psi-2019 Budker INP

Collins Fragmentation Function :
considers the spin-dependent
effects in fragmentation process

Transversity (X Collins FF

Semi-inclusive
DIS

e+ e-

22



Collins FF @ BESIII

P. Sun, F. Yuan, PRD 88. 034016 (2013) ¥ EXperimentally

RY/R"

Predicted Collins asymmetries for BESIII : e
— — + I i 0
ete" »qq-mym,'X W
* Double Ratio to cancel detection effects \‘\i\///
oo m s = S - RU
*  Unlike- TT—T " ); Like- : \ 7T T _ —
nlike-sign ( ) tike-sign: ( ) Avre) = prig = Acos(20) + B

* Charged: (71‘71‘)

First time measurement in Low Q2~13GeV? at e+e- collision

» ~62 pb 1 @3.65GeV PRL 116, 042001 (2016)
— Continuum region

* Nonzero Collins effect at BESIII

(z1,zjbin * Basically consistent with predictions from PRD 88.
s o> 034016 (2013).

-o- Ay

—— Ay !
- A, prediction :
= A prediction

L 1 1

1 1
0.2 0.3 0.5 0.9{0.2 0.3 0;5 0|'921

02 0.3 05 092 . . .
5 - Ay e . * important inputs for understanding the spin structure
[~ 2:=[0.5,0.9],z_=[0.5,0.9]]
I ’ ] of the nucleon
1[  valuable to explore the energy evolution of the spin-
ik P dependent fragmentation function.
A=0.18:0.03, B=1.02:0.02, »*/ndi=1.2
0.5 : :
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Global Analysis on Collins FF

Anselmino et al., PRD 87, 094019 (2013) ,
[ J
Using data from HERMES, COMPASS, Belle The Q evolution of Collins FFs was

o assumed following the extrapolation in
Transiversity

0.2 the unpolarized FF, and this has not
. 0.2 F o2.241 Gev2 .
£ o been validated.
=] o P
o ,  Low Q? data from e*e- collider is useful.
0.1 ]
S LI SO  BEPCII / STCF
> o2 E 2013 ] .. .
s . 2008, - — Similar Q? coverage with SIDIS
0.001 0.01 0.1 1
Collins pion FF
0.2 T T T T
E: [ @2—2.41 GeVv?2
.Sé 0.1
~ 0 -
Zc:é -0.1 - W Q2
3 : ' | >
0 4 06 o8 1 3-10GeV/? 25GeV? 100GeV?
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Fast Simulation Software ¢ )

Optimize Detector design, study the physics sensitivity

Scheme for Fast Simulation

w_ > Same as BESIII for McGenEvt, and

keep events in storage.
L 4

» Fast simulation for charge and
neutral tracks(resolution, efficiency,
BOOST error matrix etc.).

v / > Do not keep RecEvt information, fix

random seed for repeating analysis.

i » User analysis the same as BESIII jobs.

-
» Optimize STCF detector by scaling
_/ — the response parameters

2019/2/25 Phi2Psi-2019 Budker INP 25




BESIII detector is excellent reference to validate software (3686) - yn°n®

8000 prr—r—r—r————— 1 .
3 ] L5000 :— — ResEScale=0.1 « 8000¢ — ResPScalezd.t
7000 E 3 % r —— ResEScale=0.3 §7000 ? p— nespscale=o:3
6000 E- ﬂ:o >4000 } _ :esE:ca:eTg.: %6000 i_ ResPScale=0.5
5000 ;- ..C-) E — n::Es:::; - 35000 F : ::::2:::'7
woof ~ Mass B f r 000
3000 f- Soooof 7 (E) ‘ §3000- o(6)
C > L E
2000 4 oIp€[0,0.2]GeV/c ] '“fggg ;p6[1.2,1.4]GeV c
1000 f : i o
R YR A TR YT 02 §080.09 0.1 0.110.120.130.14 0150, 408008 01 011012 0'13; '1(35%\1,?0%)16
m_(GeV/c?) v
—Full Simulation Good agreement between Fast and Full
e Fast simulation simulation for gamma Energy resolution

The resolution of 7° can be improved with improvement of
energy/position resolution
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Layout of Machine @)

Interaction Region : Large Piwinski Angle CoII|S|on \

+ Crabbed Waist

Detector

\ Snakes

Crab Sextupole

Injector Wigglers

Key Technology :

Injector: , &0

 No booster, 0.5GeV—>1~3. e““ el inosity : Large Piwinski Angle
* e+, aconvertor, a linac and a damping ring, 0.5GeV Collision + Crabbed Waist

* e-, apolarized e- source, accelerated to 0.5GeV «  Polarization: Siberlan Snake

2019/2/25 Phi2Psi-2019 Budker INP 27



Dispersionree p
straight secti s
for installing i Arc section, 10 periods, each

damping ‘ period has 5 bending magnets
or Siberian snake

Circumference 452.924m

Interaction point detector

5, / Crab sextupole
f.r"f-fré/ / -
N " Interactic
N .

Schematic djagram(on;’fing) T

0 Accelerator physics : Beam-beam effects, impedance and collective effects, Injection,
beam polarization ....

O Instrumentation : Energy/polarization Measurement, Feedback and control system .....

O Key Technologies : Vacuum, Magnets, RF ....

2019/2/25 Phi2Psi-2019 Budker INP 28



Parameters and Plan of the Machine § .

| Parameters | 1 | 2 JELIEECE

Circumference/m ~600 ~600 yny I b
L=-—"¢H
Beam Energy/GeV 2 2 2etyf,,

Current/A 1.5 2 Increase beam current

SO AReEl 5005  5/0.05 Minimize B Function f

Optimize ¢, and H

B Function @ IP 100/0.
(B%/B%)Imm 9 706 strategy :
Collision Angle(full 50 60 * (Phase 0) Pilot: 0.5X10%
8)/mrad * (Phase l) Nominal: 1.0 X 103>
Tune Shift ¢, 0.06 0.08 * (Phase ll) Polarized beam
Hour-glass Factor 0.8 0.8 T
Final:

I i 39 2a-1 — ~
Luminosity/x10*cm-s 0.5 (oL 90% Polarization e- and e+ injection,

80% Polarization @IP
2019/2/25 Phi2Psi-2019 Budker INP 29



245 —»
cm

185 —*

cm

135 —*

cm

105 —

cm
85 cm

2019/2/25

Detector Layout

York/Muon

Superconducting magnet
(0.7-1T)

PID-barrel

120

A

Phi2Psi-2019 Budker INP

MUD
 u/m suppression power >10/30

EMC
« Energy range: 0.02-2.5 GeV
« At1lGeV oe (%)

— Barrel(Cs(l): 2

— Endcap (Cs): 4

MDC (Low mass )
* 0,,~130 mm
* dE/dx<7%, c,/p =0.5% at 1 GeV

PXD
+ Material budget ~0.15%X,/layer

* G,~=50 mm

30



General Consideration of Detector

0 Much larger radiation tolerance, especially at IP and forward regions
] Efficient event triggering, exclusive state reconstruction and tagging
0 The Systematic uncertainty control

[0 Reasonable cost

] Lots of progress on Tracking, PID, EMC and Muon system R&D.

0 Tracking: Several Micro-Pattern Detector (DEPFET, MAPS, GEM/MicroMegas/

uRWELL) Technologies for inner tracking are testing.
0 PID: RICH/DIRC for Barrel and DIRC-like TOF for EndCap
0 EMC: Csl(Tl), Csl, BSO, PbWO4, LYSO

0 Muon Counter with precise timing (5;<80 ps, Space reolution~0.6 mm)
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Detector View

* OSCAR: Offline Software of Super Tau-Charm Facility.
» Detector geometry with DD4hep.
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Strategy and Activities

CDR - TDR - project application = construction = commissioning

[ Strategy: focus on CDR (2 years) and TDR (6 years) depend on the

available resources. Open to the construction site.
0 Workshops : Domestic(2011, 12, 13, 14, 16), International(2015, 18)
0 Report to :

USTC Scientific Committee and USTC presidents
Hefei High-tech Development Zone

Anhui Development Planning Commission
CAS

0 Form the Organization for the project

Regular weekly meetings for physics/Accelerator/Detector
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Scientific Programme

Contribution List
Author index

My conference

L. My contributions

L. Registration Form

Several Domestic Workshops (2011, 12, 13, 14)

Workshop for Super tau-charm factory

o Workshop for Super tau-charm factory in Hefei 2013

Workshop for Super tau-charm factory at ITP 2014

Workshop for Super tau-charm factory at UCAS 2014

Fri 18/07

09:00 ' HIEPA BERAYR

UCAS
FREEHE 1

10:00 | UCAS
RS

Frof. Zhengquo ZHAC

Dr. Zebo TANG E



prsil BRI BRI =
[ English Version 201506598 24— 16:22:44

Fragrance Hill science Conference, June, 2015, ~40 scientists and officials joint
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USTC Scientific Committee Review (&}

2019/2/25 Phi2Psi-2019 Budker INP



Institutional
Board

Theory &MC

simulation

Light Hadron
Charmonium, XYZ
Charm decay,
charm Spectroscopy
Tau
R&QCQ
New Physics

2019/2/25

Organization

Steering Committee
Chair:Zhengguo Zhao

Project Director

Accelerator

Design
RF
IP
Vacuum
Beam diagnose
Linear....

Phi2Psi-2019 Budker INP
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Detector

Tracking
PID
ECAL
Muon
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Trigger, DAQ
Software
Computing & Network




Tentative Plan & Estimated Budget

2018|2019 | 2020|2021 | 2022

2023

2024

2025|2026 | 2027 | 2028 | 2029

2030-
2040

Form International
Collaboration

Conception Design
Report (CDR)

Technical Design
Report (TDR)

Construction

Commissioning

Upgrade
[ [ [ [ %1141_.: 1ZJTL-.
A unique precision frontier
. eLinac 4.0+1.0 (BHFEX)
in the world for 30 years! lectron ring 70
Positron rin 7.0
;Eﬁ% - 1.2
SEIREY 8.0
R&D budget 200M RMB R -
Total budget 4B RMB AHLE 60
AT 3.0
ait 40
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Candidate site 1 : Hefei, Anhui province

One of three integrated national science centers, which will

play important role in ‘Megascience’ of China in near future

ERGEMERMFPLEEEHE

ANSEENHR

FEME . RESEAR
RikizANEN. £HS

R accelerator facilities

| 9. “\
=
axa N
"
*

* Pay a lot of attention on

* Hefei Advanced light source
is under design

* STCF is listed in future plan

HEBX

* Reviewed on Jan. 20, 2019

| & B
| AN BFRESETHE
’9%&1&. ATRERE, X

- ERaREO, PR
R, REGE, BSRR
Ll‘!‘"u\ TR PN,
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Candidate site 2: Canton Province

4 Institute of Modern Physics, CAS, proposed building HIAF-EicC in
Huizhou, Canton HIAF-EicC-I : 2027-2032

L: 1x103cm2s?!

STCF Share the pss pUALize]
Update to 45 Tm
design effort of the =Ea
JJ eRing

electron
accelerator
of EicC?

e: 3-5GeV

———— i -
e w— ———— @

C—

1-2.5 MW primary
! proton beam from
iLinac L& CiADS-linac

200 MeV/A ISOL machine
HIAF-I HIAF+CIADS linac

Electron injector:
SRF Linac-ring, 3.5-10GeV

A working group for EIC was established
at IMP led by Dr. Nu Xu and Jianping Chen.

4 SUN YAT-SEN UNIVERSITY proposed building Southern
Synchrotron Radiation light source in Canton
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Candidate Site : Huairou Beijing

* Planned Scientific City : 100.9 km?(One of three integrated
national science centers) UCAS

< y
“nce ana v

...........

o s
Synchrotron radiation
light source

o # N,
SO far, nodedicated racility
for particle physics yet!
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Summary

Super t-c Facility (STCF): nature extension and a viable
option for a post-BEPCII HEP project

— Symmetric, double ring with circumference around 600~1000 m
— E,,=2-7GeV,L=1X10*cm?s?, polarization beam (Phasell)
STCF is one of the crucial precision frontier

— rich of physics program

— unique for physics with c quark and t leptons.

One of critical project for China HEP, realistically, practically,
reasonably.

Strategy and Plan
— Complete CDR in 2 years, TDR in 5-7 years
— Construction site: Currently open
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Summary

e Status of STCF project in China

— Detector & Electronics: Significant progress in R&D

— Accelerator: Design group is formed and working hard, progress
are ongoing. More experts are needed.

— Funding: 10M RMB for initial R&D from USTC; More
communication to CAS and Local governments
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Spin polarization of A in J/y—>AA

For unpolarized e+e- beams /

_ /1 — auy cosfly sinfly | R
\PA(G{\) — 1 +:; CUG’QGA S]I]_(Aq))y
LS -
Py V

N AD % 0
Ry cosﬁ'ﬁ-
T _dar o (14 o (:0329‘,\) {1+ cx1 Px(60r) sinfy sin ¢ } \-—--" T ay=0460
deosfadfdy Ab_ T
T 2
A = prs Oy = (cos 01, ) 0 = A efe” > (A->pn)(A - pr™)
Goran Fildt, AK
PLB772 (2017) 16
do oc W(&) dcos 0 dS21dS)s =017
A - prT: Qy = (cosby,Pq) a_ = 4
A - prt: O, = (cosb,, P,) a, = a,
& :(cosf,Qq4,Q,)
2 - re\ﬂﬂons
W(E) =1+ ay, cos®6 Spin cor

Hop o ('ﬂ (&) + -\/1 — a2 cos(AP)T2(E) + ahﬁ{é'))

+1/1 — 2 sin(AP®) sin 6 cos b (cxq sin 01 sin ¢y + v sin f5 sin ¢3)
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Spin polarization of A in —>AA

Observation of the spin polarization of A hyperons in the J/1» — AA decay

A->pn—. a_

pesl | @

asTrs | * ({I _ > prIEl

GLE72 —

DALES .

OVEET ——

CROG3 .

1 i ] 1 | I i
0.5 055 06 065 0.7 0.75 0.8

a_

oodl Ad=42.3°+0.6°£0.5°
E ﬂﬂﬂzf
S
g
8 yocef
. . Polarization:
-0.004 - | .nlE.lK 25%,

BGS]]I 17% larger than

PDG avg
> 5 o difference

A= 0.013+0.021
PS185 PRC54(96)1877
CKM A ~ 10+
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* Vertexing:

« Central tracking :

Not very critical

But to combine with a central tracker to improve the tracking efficiency

for low momentum track and resolution
Special design to cope with the large radiation close to IP
Technologies options :

v" A Low mass silicon detectors : DEPFET, MAPS ...
v" MPGD : Cylindrical GEM/MicroMegas/Urwell

large acceptance, low mass, high efficiency and high resolution

A low mass drift chamber with smaller cell size and lighter working gas
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* PID system:

n/K separation up to 2GeV, compact (<20cm) and low mass (<0.5X,)

Cherenkov-based technology is favorable for high momentum, and

dE/dx for the low momentum tracks
Technology options : RICH, DIRC-Like

v Baseline Design : Proximity RICH, similar to ALICE HMPID, but with
Csl-coated MPGD readout

v Alternative Design : Aerogel + Position Sensitive Photon Detector,
similar to BELLE-1I ARICH

FTOF for superB

51 mm 408 mm

ALICE.HMRID

iTOP for BELLE2

.
Quantz radiator_ 4=
iz radiator oo

|||||||||
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Detector requirements & Baseline [\

* e/ymeasurement:
— High efficiency for low energy y
— Good energy, position and time resolution
— Fast response and Radiation hardened
— Technology option : Crystal + novel photon detector (e.g. SiPM)
v’ Crystal : pure Csl for barrel, LYSO for Endcap
v’ Readout : Larger Area PD, APD and SiPM

=
=1

tsmm [ EEA T sen

=1016 ]

Al

[ sicran T sicias ©scie

Light Output  (p.e./MeV)

=102 |

pesed sessd mess

[ sicraor SIC1a8 " sic19

miA

=114 1= 981 1 = 821

S0 1000 0 50 1000 0 50 1000
Time Gate (ns)

|
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Detector requirements & Baseline R

* M detection

— Low momentum threshold (p~0.4GeV)
— high p efficiency and p/m suppression power>10 (30)
— Technology option :
v’ 2-3inner layers with MRPC for precise timing
v ~8 outer layers with RPC (Barrel : streamer, Endcap : avalanche)

Tty T Long-Strip MRPC Module at STAR

* Active area: 87 x 52 cm?
e * Read out strip: 87 cm x 3.8 cm
MTD at STAR * Gasgaps: 0.25mmx5

Performance:

e Efficiency: >98%
 Time resolution: < 80 ps
e Spatial resolution: 0.6 cm

* Magnet
— Desirable to be adjustable from 0.5-1.0 T
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Data samples

Data samples with 1 ab! integral luminosity

STCF Belle 11
Data Set| process o/nb N ST eff./%| ST N |o/nb N Tag N

J/ - — 1.0 x 10™ ~ - - - -
¥(29) - ~ 3.0 x 10" - - - - -
D | DDY(3.77) |~ 3.6 |3.6 x 10| 10.8 |0.78 x 10°| — [1.4 x 10° -
DY |DYD(3.77)|~ 2.8 | 2.8 x 10° 94 |0.53 x 10| - |[7.7 x 10° -
D, D,D*(4.18) |~ 0.9 | 0.9 x 107 6.0 0.11 x 10| — [2.5 x 10° -
N 7T77(3.68) |~ 24 | 2.4 x 10° ~ - 0.9 [0.9 x 10° -
g r7r7(4.25) |~ 3.6 | 3.5 x 10° - - - - -

A. AcA-(4.64) |~ 0.6 |55 x 10° 50 [0.55 x 10%| — |[1.6 x 10® (3.6 x 10**

* process ete™ — D(*)_ﬁfﬂﬂ'\i.
e STCF have more larger x-sec

* STCF is expected to have higher detection efficiency, low background

e Belle Il can have larger integral luminosity

Detail simulations are ongoing to study the potential for the physics research
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R and QCD Physics

O Detailed study of exclusive processes et e=—>(2-10)h, h=nt,Kn,p---.,
Scan between 2-7GeV and ISR Vs<2GeV

— Meson Spectroscopy
— Intermediate dynamics
— Search for exotic states (tetraquarks, hybrids, glueballs)
— Form factors
O High precision determination of R=c(e* e~—hadrons)/c(et e~ ptp")
at low energies and fundamental quantities
— (g,-2)/2, 92% from < 2GeV, 7% from 2-5GeV
— a(M,), 19.0% from < 2GeV, 18.1% from 2-5GeV
— QCD parameters (charm quark masses)
O Inclusive cross section e" e —>h + X
— QCD parameters (0, quark and gluon condensates)
— Fragmentation functions
— Spin alignment of vector

— MLLA/LPHP prediction
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Dispersiorfiree
straight sectier’s I3 _ _
for installing Arc section, 10 periods, each

damping Wiagler J period has 5 bending magnets ’f
or Siberian snake

Circumference 452.924m i

Interaction point detector

47
”> Q Interactia
@% .
Schematlc dlagtam(one ’ﬁng) .
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