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Publication of BESIII

70

63 Nature Physics
 PRL
56 B Other SCl or submitted

49
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k2

Paper Publications

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Years

Up to November, 2019: 286 publications, 62 PRL,

Excellent in both number and quality

http://bes3.ihep.ac.cn/pub/physics.htm
~20 PhD / year
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PDG2014

r(pK°2%) /r(pK-x*) M7/T2
VALUE EVTS DOCUMENT ID TECN  COMMENT
0.66+0.05+0.07 774 ALAM 98 CLE2 [ete™ =~ T(45)
r(pK%n) /T (pK-+) ra/T2
Unseen decay modes of the 5 are included.
VALUE EVTS DOCUMENT ID TECN | COMMENT
0.25+0.04+0.04 57 AMMAR 95 CLE2 |ete™ = T(4S)
F(pKrtn=)/T(pK~nt) Fo/T2
VALUE EVTS DOCUMENT D TECN  JCOMMENT
0.5140.06 OUR AVERAGE
0.5240.0440.05 985 ALAM 98 CLE2 |ete™ = T(45)
0.4340.1240.04 83 AVERY 91 CLEO |ete™ 10.5 GeV
0.9840.36+0.08 12 BARLAG 90D NA32 |r~ 230 GeV
M(pK-nt 1r°)/|'(p K=nt) Mo/
VALUE EVTS DOCUMENT ID TECN | COMMENT
0.67+0.04+0.11 2606 ALAM 98 CLE2 |ete™ ~ T(45)
M(pK*(892)~ =) /T (pK7* 7™) M11/To
Unseen decay modes of the K*(892)™ are ingluded.
VALUE EVTS DOCUMENT ID TECN | COMMENT
0.4440.14 17 ALEEV 94 BIS2 | nN 20-70 GeV
I'(p(K - 1|'+)nonrmnant 7"0)/ r(P K= 7|'+) M2/T2
VALUE EVTS DOCUMENT ID TECN | COMMENT
0.73+0.12£0.05 67 BOZEK 93 NA32 | 7~ Cu 230 GeV

PDG2019

0
r(pK%7®)/Tiotal rz/T
VALUE (%) EVTS DOCUMENT ID TECN  COMMENT
1.96+0.13 OUR FIT Error includes scale factor of
1.87+0.13+0.05 558 ABLIKIM 16 [BES3 ete~ — A.A., 4.599 GeV
0 —
r(pKYx%)/r(pK—=t) r7/T2
Measurements given as a KU ratio have been divided by 2 to convert to a K% ratio.
VALUE EVTS DOCUMENT ID TECN  COMMENT
0.314+0.018 OUR FIT
0.33 +0.03 +0.04 774 ALAM 98 CLE2 ete™ =~ T(45)
0
I'(nKszr"')/Fm' I'B/I'
VALUE (%) EVTS DOCUMENT iD
1.824+0.23+0.11 83 ABLIKIM 17H IBES3 ete at 4.6 Gev I I
r(p?ur))/r(pK_ﬂ"") rg/rz
Unseen decay modes of the 5 are included.
VALUE EVTS DOCUMENT ID TECN  COMMENT
0.25+0.04+0.04 57 AMMAR 95 CLE2 ete =~ T(45)
r(pKYrtx~)/Motal F1o/T
VALUE (%) EVTS DOCUMENT ID TECN  COMMENT

1.59+0.12 OUR FIT Error includes scale factor of
r(pKYrtx—)/T(pK—=+) Mo/l2

Measurements given as a KO ratio have been divided by 2 to convert to a K% ratio.

VALUE EVTS DOCUMENT ID TECN  COMMENT
0.255+0.015 OUR FIT Error includes scale factor of 1.1.
0.257+0.031 OUR AVERAGE

0.26 +0.02 +0.03 985 ALAM 98 CLE2 etTe = T(45)

0.22 +0.06 +0.02 83 AVERY 91 CLEO ete— 105 GeV

0.49 +0.18 +0.04 12 BARLAG 90D NA32 7 230 GeV

r(pK— 7+ x°) /Teoral Fa/T
VALUE (% EVTS DOCUMENT ID TECN COMMENT

4.421+0.31 OUR FIT Error includes scale factor of,
4.531+0.23+0.30 1849 ABLIKIM 16 'BES3 ete™ — A AL, 4599 GeVl

r(pK_1r+1r°)/|'(pK_1r+) M1/l2

VALUE EVTS

DOCUMENT ID TECN COMMENT

+ BESHI& T#RAEAT 2 5 I bR A a3 = B A e =
+ BESHI* % &#AF >pKa#g R & = “BARHS LA "BELX"
+ BESHITHRART L5 AN EARAGREZHE(Sde S F FREWRE).



Contributions to . observation

+LHCb observed £ from

=++ + =t ot
ET > AK T and

Ernt decays
4+ Credits from theorists

+ () =3 1(E}) (Chang, Li,
Wang, Karliner, et al.)

+“Discovery channels of
gttt 5> AYK ntnt and
Zrn™ was predicted
benefited from BESIII A/

measurem,ents ”
(FSY, Jiang, Li, Lyu, Wang, Zhao ’17)

(el

PRL 119, 112001 (2017)

- +Data
c —Total
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- ---Background
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PRL 121, 162002
(2018)
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A theoretical Framework for Charmed Hadrons

4+ Topological diagrams + Symmetries + Experimental
Inputs = to understand the decaying dynamics,
predicting double-charm baryon decays, CPV, etc.
(Chau, Cheng(’80 — '86) = predictive power)
+ A} branching fractions used for global analysis
= EtF > AJK T and Efnt are large enough for observation.
K
c . st

Br(Af > p®)/IVys|*=2% = Br(g}" — ZI*K*®) = O(%)

=+ + ot o=t

Large enough for observation

A} BFs from BESIIl = Stronger predictive power
11



Some limitations for BEPCII/BESIII

BEPCII/BESIII have run 10 years, and are playing a
leading role in tau-charm physics area.

Limited by length of storage ring, no space and
potential for the upgrade.

Physics study limited by the Statistics (luminosity),

Challenged by Belle 11
BEPCII/BESIII will end her mission in 4 - 6 years (?)

A Super t-charm Facility is the nature extension and a

viable option for a post-BEPCII HEP project in China

12



Accelerator based project in China

Consensus in HEP community (about on accelerator

based particle physics project)

http://www.ihep.cas.cn/xh/gnwlixh/zxdt/201609/t20160912 4661283.html

| www.ihep.cas.cn/xh/gnwixh/zxdt/201609/t20160912_4661283.html
bank @ ERE-FENTEH: @ HNFN—HRLKE @ Indico BESI) T Particle Data Group  [B] R&EMEAE-44F [) BESIIDAQWEBSE [} BESIIRUI

‘Welcome to High Energy Physics Association of China
LEUE: BHHS) PEVEFSEENESSXTETNEENPESEVERRZBNER

hEVIEF SEAEIES SX TETINERNFERER A ENERD

RSN R ATt /DL L A LRI TR o A R 1 L/ G € /9 ND I 14
W R 2 e LAY 2
ORI ade 45 1R v R s G B A R R e (1) 2 W,

{ e o R A AR R O R !///
f ] i B AR R AR ) T RS AT KA AL S XL (CEPC:  Cifcular

?Electron Positron Collider, ‘Efu#GHiggs 1. MZ L] ) « myaeli ik e 7 o 2
(HIEPA: High Intensity Electron Positron Accelerator ). ZgiiZxxl'e A 1IHis
(b2 b, BRI BF L HHREEAT T R ARG . A YCEPCSE: TR0 £

Division of High Energy
Physics, Chinese
Physics Society,

There are viable options
for China’ s next big
project in High Energy

‘ 20164E8 H20 H 221 H ,  HP [EIAHL 2 2 i e W BE 3 2 58 75 IR GRS I 2 6 v [ ) 2 PhySiCS ‘CEPC (inCIUdeS
| HEAR K AT, 2016458 H 24 H 283 pufie M FI Ay 22 B R i iibhie, BT X T4 T ]

a Higgs factory and a Z
factory) and HIEPA.

the CEPC project is the
top choice for future

!')k‘r—mubllﬁ_?W/JF REREEDTH o R BEW B~ LN 1% LACEPCHE Ky Ji ik ig
b, B R R R R 1 TR B KR TR 2 — o ESEBIX — s H AR fE
il | 7 0 AR AUR) AT FOBEPCIOAE T CRLGTH 4 i I AR Z e Xtk — b kgD , Ai |

development in High-
energy Accelerator
Physics in China.




BEPCII vs STCF

BEPCII

O Peak luminosity 0.6-1x1033 cm-2st
at 3.773 GeV

O Energy range E.,, =2 —-4.6 GeV

0 No Polarization

Designed STCF

O Peak luminosity 0.5-1x103%° cm-2s1
at 4 GeV

O Energy range E_,, = 2—7 GeV

O Single Beam Polarization (Phase

1)

_________________

Polarization
(>80%)

Full energy linac, no boost
Injector:

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

14



Benchmark Processes

CME (GeV) | Lumi (ab™") samples a(nb) No. of Events remark
3.097 1 Il 34007 34x 107 ]
3,670 1 24| 24x10° Search for CPV in hyperons:
Y(3686) 640 6.4 x 101 — —
3.686 1 . 24 24 % 10° J/¥ = AA, =TRT
Y(3686) — 77 20x 10°
DODP 3.6 3.6 x 107
D*D- 2.8 28x10° |
3.770 1 popo 7.9x 108 ngy B . .
Db 55x10° | Single Tag Semi-leptonic decay of D(test LFU):
TH™ 29 29x10°
yD'D’ I3 [3x10° | CPppp = +1° D — muv
x°D0Do 2.7 27x10° | CPpogp = —1
D** D +c.c 4.0 40x10°
4.040 1 D" D" +cc 20 20x%10°
DID; 0.20 2.0x 108 .
D*D; 23%107 | Single Tag Leptonic decay of D(test LFU):
T 3.5 3.5%x 107
YD 1P 04 40x10° | CPpopp = +1 D;_ - ,U+U”, D;_ - T+UT
2°D°no 0.8 8.0x 108 CPpopp = —1
D** D +c.c 1.0 1.0x10°
4.180 1
D**Di+cc. 0.90 9.0 x 108 .
DDy +ee. 13x10° | Single Tag Search for CPV in 7 lepton:
T 3.6 3.6x 10° 0
D¥ D" 0.4 40x 108 T—-> K v
Jipntn 0.085 8.5x 107
4.230 ! T 3.6 3.6 x10°
X(3872 0.014 1.0 x 107 -
¢(}£*;6(86)7r i— 0.058 58%107 SearCh fOf CLFV |n T |ept0n
4360 1 e o
Tt 3.5 3.5% 10 N %D N
a0 1 U686 T | 0.040 20x 107 T YUAFTHT — uup
' T 35 35x10°
W(3686)n 1™ 0.033 3.3x 107
4.630 | AA, 0.56 5.6 x 108 . .
A 64x107 | Single Tag Collins effect at high energy:
T+ 34 34 x10° . . . .
4070 3 300 points scan with 10 MeV step, 1 fo~1/point arr+incl usive, KK+In clusive
>5 2-7 several ab™! high energy data, details dependent on sca

15



Highlight: Matter-
Antimatter Asymmetry

CPVINK, B meson system = 1980, 2008
N O bel P r I ZeS , ;s’ezc ,4 " N

2019 LHCDb: CPV In D meson system!
What about CPV in Baryon & Lepton system?



CPV In Hyperon Decays

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

4+ In 1959, Pais: extended Okubo’s proposal to asymmetry

parameters in A and A decays. Phys. Rev. Lett. 3, 242 (1959).

4 In the ’80s, a number of calculations were made. CKM
predictions, CPV in A: 104~ 10>

4 One example: Phys. Rev. D34, 833 (1986).

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.

17



Spin polarization of A in Jhy = AA
T ——— BGS]I[ Nature Physics

arXiv:1808.08917

1.31 billion J/y events
Quantum correlation in A pair

Parameters This work Previous results

0.461+0.006 +£0.007  0.469 +0.027 ™

(42.440.6+0.5)° -

0.750+0.009+0.004  0.642+0.013 ™
—0.758 £0.010 £0.007 —0.714+0.08 '°
—0.692£0.016 £ 0.006 -
—0.006 £0.012+0.007)  0.006+0.021 '

0.913£0.028£0.012 —
—:I—O|5(|30|51 CPtest
cosH,
a_ +a,
Acp =
a_ — (.1'+

18


https://arxiv.org/abs/1808.08917
https://arxiv.org/abs/1808.08917

Acp Sensitivities in STCF
+4 trillion Jhy events = AA- ~ 10

+ Luminosity optimized at J/y resonance
4+ Luminosity of STCF: x 100

41 - 2 years data taking

4+ No polarization beams are needed

+
=

4+ Challenge: Systematics control
4+ Full simulation results are necessary!

19



Monochromatic collision

0000
Eq E E
BE, 0.7 MeV 8Ems=0.7MeV 0000
only e*e” pairs with E_,,=3096 + 0.14 MeV
can produce a J/y, ~1/30 of the total
introduce dispersion 0000
higher energy
+ lower energy
“E+AE E-AE 0000
E E
E-AE E+AE
lower energy higher energy

]

£ 6

more e*e” pairs with E_,=3096 + 0.14 MeV

Alexander

J /Y production cross-section

J [ [ [ | [ [ [ | [ [ [
s, 0 6E, =0 keV:
| s, =1100keV (BEPCII)
C S50k (HIEPAD J /4 width: 92 keV
- W SE, =57 keV:
I 0} »=41000 nb
_ SE, .=1100keV:
i a; »=3400 nb [BESIII)
;_:* i I i I ]
094 3.096 3.098
(s(GeV/c?)
Xiaoshuai Qin
Zholents

CERN SL/92-27/AP

20



A~p VS. A

-0.004

a
<f’ -0.0045

N 10 billion Jiy T T T ]
L |——center value —
0.01 .10 B ESI I | —]
Tl [k i
| [WW3o ]
0 _
é-) L .
-0.01— _
-0.02 !
0.73 0.74 0.75 0.76
a/\

Acp =77 £0.012 + 0.003
BESIII: 1.3 billion result

0.746

10 trillion J/w
——center value

0.7462  0.7464  0.7466  0.7468 0.747

o\

21



t Highlights



CPV In t decays

« Measurement on the angular CPV asymmetry is desirable
« Use T-odd rotationally invariant products in >=2 hadrons, such as

—

oy, kv, Ton ity /K rtrv, Py - (P x P o)

{

* Polarized of T and beam are necessary | tau-charm
: i a Iwil
* Figure of Merits \ 104 E=2087GeV
merit = luminosity x Wz x total cross section 0.9+
oc luminosity x (w; + ws) 08
%y 1 —a?a®(1 + 2a) , |
07T JE-6Gev
Y. S. TSAI, PRD 51 (1995) 3172 B factory N
| 1 ; | |
BESIII @ 4.25 (10¥cm2s?t)  FOM=1 40 -05 0 05 10

cosh

STCF @ 4.25 (10%cm2s1) FOM=100
SuperKEKB @ (8x10%cm-=2st) FOM=52
Experimental challenge:
reconstruction of t (No secondary vertices)

23




R/QCD Highlights



Baryon Form Factors
+for B=p: JLAB & e*e" are complementary

Crossing symmetry:
(N(p")|j*IN(p)) — (N(p")N(p)|j*|0)

Annihilation:Time-Like region

not
accessible
with protons

Scattering

FFs are real FFs are complex

Space-Like region 0 aM? q2

1o""q,

P = (NG IN(P) = TPy Folg) + g Fela] )

\ermi & Diraéarm factors 25




ete"— pp, nn, AA threshold

Integrated cross section:

mo /B
1—exp(-mo / )

Sommerfeld resummation factor

in poi nt-like approx:

Gpp/ °l

Mgp-2M,

for pp: C=

fornn (AAY: C=1

G o<

)

0 2M2

no lljump"

: .mnﬁ'ZMn

26



The threshold production of baryon pair

400
SO0 T T T T = [ )
S [Ty - -+ BESII ] ole'e” > AA)
s [t 139 (@) o hpr lawr T
B0l PP 1 ool DM 1 o o it :
Ast0 PP +-+-++f 200 Zeacort ] ° T | -
5 | 4 100! PRD97,032013(2018) | 2} m?' f |
- PRD 87, 092005 (2013) | - 1 - E 1
- i 100f p
TR gl e o] f 0
s (Ge : : : 0
D TR T e e e 2 456 457 458 459 46
E = Mz (GeVic) R (GeV)
N S :
o “ - ’ Form factor reflects spatial
distributions of electric charge
CoEE s = and current inside the nucleon

STCF: 100x more statistics will much enhance the
understandings of these 'unexpected' threshold

enhancement! (Study e*e'— pp, nn, AA, XX, EE, QQ, A A, Z X,
BB 2.9, ... @threshold)

27


https://journals.aps.org/prd/pdf/10.1103/PhysRevD.97.032013

The threshold production of baryon pair

3700 rfrrrryrrrrrrrrrrerT | q_- 300 [ T T T | T T T 1 | 1 T T T
+_ - — L
2 I ee—nn i “sol e'e > AA
© 600 + sesi ; : + sEsin
500 STCF . 260 ‘ STCF
2a0F | ”
400 - [ l
l 1 220}
300 . . “
l ' 200}
200 Lo . ;
f | 1 180F
100 1 1 F A o
' I I I |: [ 'R T T N TR TN T T B R T B
2.0 2.1 2.2 2.3 2.4 4.58 4.59

Xiaorong Zhou



AR 31 69 Collins 2 2L % Fom) &

Universality ?
Vacuum vs inside a nucleaon ?

i i
1) QED QCD-calculable Qcp-non-calculable

2) Hadronization/Fragmentation
3) Detection

.................

J. C. Collins, Nucl.Phys. B396, 161 (1993)

SIDIS

Transversity (X Collins FF

e+ e-

Collins FF (X Collins FF

29



PRL 116, 042001 (2016)

Collins effect at BESI|I |

First time measurement in Low.

o A Ayc enote asymmetries for UL
Q°~13GeV~ at e+e- collision UL, #UC y

and UC ratios, respectively

020 & Mu VS, 29,7, L4 - -
0.15 --Az:prediction : ; 1.5:— z1=[0.5,0.9],zz=[0.5,0.9]':
0.1F =% Ay prediction § % -!:E - :
e e ek N
; 4 : 6 . 05: A=l0.18¢0.03, B=1.02+0.02, lendf='ll.2 i
(z1’zz)bin . -2 0 2 2¢0
o:.z 03 05 0. :/0.2 03 0;5 o:.9:1 +~62 pb ! @3.65GeV
0-2 03 05 08" 4+ Continuum region
: — ¥ Nonzero Collins effect at BESI|II
0.15 ::Z: VS. Py 1  +Basically consistent with predictions
0.1 Ay, prediction $ 3 from PRD 88. 034016 (2013) .
- ¥ Ayc prediction = 4important inputs for understanding the
0.05 %==+=j spin structure of the nucleon
o A 1 +4valuable to explore the energy evolution
o o5 1 of the spin-dependent fragmentation

function.

30



Global Analysis on Collins FF

Anselmino et al., PRD 87, 094019 (2013)
Using data from HERMES, COMPASS, Belle

XAt u(x)

XAt d(x)

N
zA" D#(2)

N
zA Dy (2)

Transversity

0.3

0.2 F
0.1 F

0

0.1 F

0.1 F

(0]
-0.1

-02 F

-0.3

0.001

Q%=2.41 GeV?

0.01 0.1 1

Collins pion

0.2

01

01 F &

-0.2

0

[ Q2241 Gev?

0]

0.2 04 06 0.8
Z

1

4+ The Q? evolution of Collins FFs was
assumed following the extrapolation in
the unpolarized FF, and this has not
been validated.

+ Low Q? data from e*e- collider is
useful.

+ BEPCII/STCF

4+ Similar Q2 coverage with SIDIS
In EicC

3-10GeV? 25GeV? 100GeV?

31



Highlights: Spectroscopy



Charmonium-Like Physics (XYZ)

No challenge from Super KEKb/Belle 11

« 1-C Factory : ete>Y/y—>Z + X * B Factory : ISR, B decay
T 7> I Belle with ISR: PRL110, 252002
. 2500 967 fbl in 10 years running time
3 :
= 2000 %
- ' | | S
g8 % @ 4.26 GeV for n'J/\y """" S
g 1000F SBESIII = 46%, ggge = 10% 4 2
3 : Be\e“ 10/ab. % 2020 : i ; n i
BOO [ : 0 3
E : = 3.7 3.8 3.9 4 41 4.2
: o ihellle, 1/ab, I:imlc} ] Mnax(/y) (GeV/c?)
03 3.5 4 4.5 5 BESIII at 4.260 GeV: PRL110, 252001
Ecm (GeV) 0.525 fbl in one month running time
- - - - r —4— Data
B factory : Total integrate effective luminosity between 4- « "*°F BES AR
- % 80} -- 2:t;kjr;;nd fit
5 GeV is 0.23ab1for 50 ab! data S ol
Q C
t-C factory : scan in region 4-5 GeV, 10 MeV/step, every ff,; so0f
point have 20 fb-/year, 10 time of Belle Il for 50 ab data & 20

t-C factory have much higher efficiency than B Factory

max(ﬂ*J/W) (GeV/c?)
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Highlights on Charm
Hadron?

4+ Topological diagram framework?
4+ Flavor physics & CPV in charm hadrons?
4+ Any other idea?
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STCF CDR status



Parameters and Plan of STCF

Basic Features:

Circumference/m 600-800  600-800 Large Piwinski angle collision
Optimized Beam Energy/GeV 2 2 + crabbed waist
Energy Range/GeV 1-3.5 1-3.5 Siberia snake for polarization

Parameters

Current/A 1.5 2 Strategy :

Emittance(ex /ey)/nm Tad 5/0.05 5/0.05 (Phase 0) Pilot: 0.5 X 10%
TN (MY ull 100/0.9  67/0.6 (Phase 1) Nominal: 1.0 X 10%

Collision Angle(full 8)/mrad 60 60 (Phase 11) Polarized beam
Tune Shift &, 0.06 0.08
Hour-glass Factor 0.8 0.8
Luminosity/ X 10%5c¢cm-2st ~0.5 ~1.0
Dynamic Aperture 156 15¢
Total Lifetime ~1800s ~1800s @IP

Upgrade: Polarized e+

Final:
90% Polarization e-

injection, 80% Polarization
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Accelerator (Achieved Parameters)

Circumference/m ~400
Beam Energy/GeV 2
Current/A 1.5

Emittance(e, /e, )/nm 1ad 2.4/0.03

p Function @ IP
(Bz/B3)Imm 66.5/0.55

/v 17.2/10.7
Collision Angle(full 8)/mrad 60

Tune Shift &, 0.06 (goal)

Hour-glass Factor 0.8 (goal)

~0.8
estimated

snake .-

Interaction point

o snake

1. Interaction region Circumference:  707.258m,

Revolution frequency : 0.4237288MHz
RF frequency: 500MHz

Harmonic number: 1180

2. Long arc section
3. Short arc section

8 dispersion free long straight section (10 m)

. snake

snake 5 Siberian snakes, interval by 72° angle

snake

Luminosity/ X 10%5¢cm-2s1
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Detector Layout and General Consideration

4+ Much larger radiation tolerance, especially
at IP and forward regions

4+ Efficient event triggering, exclusive state
reconstruction and tagging

4+ The Systematic uncertainty control
4+ Reasonable cost

4+ STCF Detector team has been formed.
(Currently, USTC team is playing the
leading role.)

4+ Lots of progress on Tracking, PID, EMC

and Muon system R&D.

4+ Tracking: Several Micro-Pattern Detector (DEPFET,
MAPS, GEM/MicroMegas/ uRWELL) Technologies for
inner tracking are testing.

4+ PID: RICH/DIRC for Barrel and DIRC-like TOF for
EndCap

4+ EMC: Csl(TI), Csl, BSO, PbwO4, LYSO

4+ Muon Counter with precise timing (o:<80 ps, Space
reolution ~0.6 mm)

f
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Strategy & Activities

CDR -»> TDR =

e Stratenv: fociis on CDR (2 vearc) and ThD /R vinarel dananAd

WAl

U =¥

T EmEF

2019F3H1H

REFTERE A18 2

f FEA: FIEF
HEES: &0, W, £FH. EB5.

(I

BEER. iE

L X

ES

[2019] 002

D{j—_

.—L_'-i
T

L
N

SEENEL &
FTEZR&¥4ZR2F K2

NLE

BeE, BEE. ARE.

~ WSREEEPENES AR REELANERARE ML R

Rl NG Al it, R ek g

Lo K% -8l CEPC WA DA 1 A R B AR R AR LR
A RS I XA A A O F o T I P e B,
CEPC A:FR ARy B MUACE P BUA E A e 50 H 5 SR S S FL i 4R
KSR R e s He TRl ke, AR AR5 5 Hidk
CEPC.

2. KE 8YA) S fF SCTF MITilF, HiAR SCTF A MBS EL CEPC /MRZ,
(PR R e S A e AT e, BRSO T BT ] T A
B, RS IZI H ROZ A BEPCIT M THRSOEIES & et s e
W QBRI R R A s R T B, s PSRBT itk
PRI SR STCF (¥ Tt .

 Regular weekly meetings for Accelerator/Detector Design!
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http://wcm.ustc.edu.cn/pub/CICPI2011/futureplans/

Activities

Workshop on Physics at Future High Intensity Collider @ 2-7GeV in China

15-17 Ju1 19 F€13-16 January 2015

. . InstitUsTC
UanE rSItIT Asia/Sh:
AsiafShanghai
Overview Tue 13/01 | Wed 14/01 | Thu 15/01 | Fr 16/01 = All days
Ovel
Timetable Scientific Programme Print | PDF | Full screen Detailed view Filter I
Scie/| _ ~ i
Registrat Timetable 0800 ¥ Registration: Registration
| Timé| contribution List ‘ '
] L. Regist ontribution USTC 0800 -08:30 |2 ZA0 B
) Cont| Author index Welcome 19:00 - 09:20
( List of re ——
Auth Registration | USTC 08:30 - 08:40 | Jianping MA
The Work Registration Form ] Introduction to Future High Intensity Collider @ 2-7 GeV in China Prof. Zhengguo ZHAC 990 - 09-40
Regi| yist of regi USTC 08:40-08:05 —————
gistrants 0900 1 - —_—
;—Eh)e ACCO R XYZ from B factories [Belle, Babar] and prospects at Bellell Roman MIZUK =L D
19:40 - 10:00
( List | usTC 09:05-09:35 |~
1 XYZ results from hadron colliders Dr. Liming Zhang ZHANG ol D
High Luminosity Tau Charm Physics 0:00 - 10:20
09:35 — 10:05 —_—
Indico for High Luminorcity Tau Charm Physics R&D
( 10.05 - 10:25 | 0:20- 10:40
STCF Steering Committee Prof C eng YUAN )heng U D
STCF Accelerator L
45 1025 - 1055 | 0:40-11:00
STCF Physics - - )
S e 14 1 ® Frank NERLING | ZHANG [
STCF Accelerator-Detector Joint meetings 7 ] 1055 - 11-25 1:00 - 1110
STCF International Conference Ce MENG Jianbei LIU ]
STCF Domestic meeting
| usTC 1:25. 1155 | 1110-11:20
12:00 LQCD resulis on hadron spectroscopy Ying CHEN

usTC 11:55 - 12:25 40




USTC Scientific Committee Review

e USTC president agreed, and &
endorsed supporting R&D -
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Organization

Steering Committee International

Institutional Chair:Zhengguo Zhao Advisory

Board (USTC) Committee (IAC)

Project Director
Haiping Peng (USTC), Yangheng Zheng
(UCAS)

Theory &MC
simulation Accelerator Detector

Light Hadron
Charmonium, XYZ Design
Charm decay, RF
charm Spectroscopy IP
Tau Vacuum
R&QCQ Beam diagnose
New Physics Linear....

Tracking
PID
ECAL
Muon
SC
Trigger, DAQ
Software
Computing & Network




Tentative Plan & Estimated Budget

2030- 2041-
2018 |2019|2020| 2021 | 2022 | 2023 | 2024 | 2025 | 2026|2027 2028 |2029| 2040 2042

Form International
Collaboration

Conception Design
Report (CDR)

Technical Design
Report (TDR)

Construction

Commissioning

Upgrade
A unique precision frontier i

in the world for 30 years! e T e

Positron ring 7.0

Rk 1.2

R&D budget: 200M RMB == o

. AL EiRHE .

Tota}l budge_t. 4B RMB e =

(estimated in 2014) T o
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International Collaboration

Detector

Super Charm-Tau at Novosibirsk,
RUSSIA, Budker Institute of Nuclear
Physics Long history.....

Polarized

e- gun Tunnel is ready for equipment

Damping
ring

* Pre-Agreement of Joint effort on R&D, details are under negotiation
« Joint workshop between China, Russia, and Europe

« 2018 UCAS (March), Novosibirsk (May), Orsay (December)

« 2019 .....
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Institutions shown Interest

University of Science and Technology of China
Institute of High Energy Physics, CAS

Institute of Theoretical Physics, CAS

Tsinghua University

University of Chinese Academy of Sciences
Shandong University

Shanghai Jiaotong University

Peking University

Zhejiang University

Nanjing University

Nankai University

Wuhan University

Central China Normal University Lanzhou University
University of Southern China

Beijing University of Aeronautics and Astronautics
SUN YAT-SEN UNIVERSITY

Institute for Basic Science, Daejeon, Korea

Dubna, Russia

Budker Institute and Novosibirsk University, Russia

Stanford University, USA
Wayne State University, USA
Carnegie Mellon University, USA

GSI Darmstadt and Goethe University
Frankfurt,

Germany
Goethe University Frankfurt, Germany
GSI Darmstadt, Germany

Johannes Gutenberg University Mainz,
Germany

Helmholtz Institute Mainz, Germany

LAL (IN2P3/CNRS and Paris-Sud University),
Orsay, France

Sezione di Ferrara, Italy

L'Istituto di Fisica Nucleare di Torino, Italy
L'Istituto di Fisica Nucleare di Firenze, Italy
Scuola Normale Superiore, Pisa, Italy
University of Silesia, Katowice, Poland
Laboratori Nazionali di Frascati, Italy
INFN, Padova, Italy

University of Pavia, Pavia, Italy

T. Shevchenko National University of Kyiv, Kyiv, Ukraine « University of Parma, Italy
University Ljubljana and Jozef Stefan Institute Ljubljana, Slovenia

Jozef Stefan Institute Ljubljana, Slovenia 45
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Candidate site 1: S~ &

4+ Institute of Modern Physics, CAS, proposed building HIAF-

EicC in Huizhou, Canton ,
HIAF-EicC-I : 2027-2032

STCF Share the
design effort of the
electron accelerator
of EicC?

L:1x103cm2s!

p/e, polarized

[ Update to 45 Tm }
p: 12.5GeV

/) eRing

e: 3-5 GeV

= QCD E
- - — — -
e S 5 A -~ — — e .~
e’ ﬂ 1-2.5 MW primary
~ 1 ==X proton beam from
Linac LW 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 2: Z=#& 4-e

One of three integrated national science centers, which will

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

4+ University of Science and
Technology of China (USTC)

4+ National Synchrotron
Radiation Lab and Hefel
Light Source, operated by
USTC

4+ The only National Lab
operated by University in
China. (Totally Four
officially approved National
Labs in China)

« Pay alot of attention on accelerator facilities
« Hefei Advanced light source is under design
« STCFis listed in future plan
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Summary

4 Super t-c Facility (STCF): nature extension and a

viable option for a post-BEPCII project
4+ Status of STCF project in China:

Physics: Rich & unique for physics with ¢ quark and t leptons.
Detector & Electronics: Significant progress in R&D at USTC

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

An international collaboration is under preparing

4 Strategy & Plan

Complete CDR In 2 years, TDR In 6 years
Construction site: Currently open
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Welcome to join the effort

Thank you!



Backup Slides



Candidate site 3: Jb xR £

4+ Planned Scientific City : 100.9 km? (One of three
Integrated national science centers)

....................

EEEEEEEE

R e e e 2 (a7 AR YO e ; ?
AAAAA

Synchrotron radiation
light source

d 7

So far, no ddicted facilty
for particle physics yet! .,



Energy scan 2014-2015 at BESII|I

5107
adld e BESIII 2015 * BESIII 2012
—10° -
5105 | o BEsIN2014 e BESIII 2011
10° 3 SND (2011 + 2012) —=— BES (1999 + 2004)
10* g —a— FENICE (1991 + 1993 )—=— DM2 (1984)
10° = _ _
EE,NN AALY =T 00 A
102t ® @ 5 « * :
3 s ® e  ,° ’
[ o | ' -r | |
= R T B A P
Te, | i etee o ° '
107" Do
:\Ef L oy -L’ Lo 00 P L N TR R S N N U | g
2 2.5 3 3.5 4 4.5
q (GeV/c)

» World leading scan from 2.0 GeV — 3.08 GeV energy region

» Nucleon and Hyperon form-factor available
18-11-27 ZEHFIR 64



Rich Physics programs @ STCF

Unique for physics with ¢ quark and t leptons, important playground for
study of QCD, exotic hadrons and search for new physics.

« Charmonium & Chramonium-like XYZ (Luminosity & CME)
Charmed hadrons (Luminosity & CME)

t Lepton CP (Luminosity & polarized beam)

New physics (Luminosity)
R/ QCD (Luminosity & CME)

More information can be found in Bingsong Zou’s “Physics
Summary of STCF”, presented at Joint Workshop of future

tau-charm factory, December 2018.
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CLFV Decay t—uy

® Charge Lepton Flavor Violation T — yu

———
35 E(GeV) o (nb) 3

3.500 0 1

® New physics beyond SM, constraint 30 3680 24444
many modes. 25 E
® Current limit: 4.4X 1078 at Babar with 20 i a3

1.5
1.0

11.000 0.7152

0.9X10° T pairs
® Cross section grows from 0.1 nb near
threshold to 3.5 nb to 4.25 GeV.

® At Bellell:
® 10%9 7 pairs/year

® © ¢ s eococcsssmmung T
\

0.5

0.0
Bacligrounéd e+e‘8—)‘c+‘;:‘c§) (GeV)

1t Production cross section

2400

® ISR background dominant: ete= —  _=» ISR oo ISR
'}'T+T— % 2000: —Signal % Egg 3 —Signal
® Expected limit: 3X10°@50 ab™ Joi A Bt e
® At STCF: : s " W
® 7.0X10° T pairs/year at 4.25 GeV i P e L BT
® ete— — yr+1— background not s00F
contribute at 4.25 GeV. g oo | 300 o
® Dominant background: yutu=, T — mv %1;‘83}5 4.6 GeV %jzz 0.6 GeV
® 44X108 @ 6.34 ab ' estimated at & hed
BESIII I e T R,
® Much lower u/m misID rate is needed R e I L

® Fast simulation on this process is

Drogressing Does not contribute below

Vs~ 4m /N3~ 4.1 GeV.



Integrated Luminosity of STCF

* Assume running time 9 months/year, data taking efficiency 90%

103> cm2s! x 86400s x 270days x 90% ~ 2.0ab™! /year

10 years data taking, total 20 ab! conservatively

Excellent opportunities for the t-charm physics

* B factory: Total integrated effective luminosity between
2-7 GeV is ~1.5ab! for 50 ab-! data.

* STCF is expected to have higher detection efficiency
* eg. @4.26 GeV for t*n™] /Y, eggsin = 46%, Egenre =10%

* STCF has low backgrounds for productions at threshold.

2 3 4 5 6 7 8
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ete"— Jy > AA

For unpolarized e+e- beams

/

5 1 — o, cosfy sinf
PA(G;\) = m[‘ﬂq A SITA Sill(A‘l’)’g

-1lo 05 o = ACD :!{: 0
I" “o2f cos B,
\__f, T ey, = 0469
,ﬁng
dr B —— ~ o )
—_ p TN o (1 + orgp cos”0n) {1+ a1 Pa(04) sinfy sin 1} e + e R (A N pT[ ) ( A . pT[-I-)
/
A -pnT: Qy = (cosbOy,¢py) 1a1— a_

Goran Fildt, AK
do o W(ﬁ) dcos 6 dﬂldgg PLB772 (2017) 16
A = prT: Qg = (cos 6y, py)

a_ = o4
A > pt: Q, = (cosb,,p,) a, = o,
§:(cos0,0,,Q,)
ions
W(E) =1+ ay cos’d Spin corre’la'ﬂo

+

oo (Tl (&) + -\/1 — a2 cos(AR)T2(€) + ﬂ'—¢=ﬁ£€)>

+1/1 — 2 sin(A®) sinf cosd (axq siny sin ¢y + vy sin by sin ¢3)
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Observation of the spin polarization of A hyperons in the J/¢¥ — AA decay

A— pﬂ'_: a_
BESII @
ASTTS . (fI_) prEI
CLET2
A LIES .
CNVEET
CROE2 -
05 055 06 085 07 075 08
a_
El.l.'ll:|4'__ AD=42.3°+0.6°+0.5°
E {I.[IIZIEE ml
= I .
l{ D- - ‘.:-. tﬁa(
g AN
£ o002z . .
. * Polarization:
-u.m:m:— max 25% .
5 Y 05 — STCF:
cosh,

B'ES]]I 17% larger than

PDG avg
> 5 o difference

CP test

A= 0.013£0.021

PS185 PRCE&[E‘I&]IB??
CKM A, ~ 104
AAcp = 1074
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Time-Like Baryon Form Factors

Space-like:
FF real Time-like:

FF complex

4+ Fundamental properties of the baryon

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

4 Squared ratio of n/p form factors = 0.25
4+ Problem: only very poor data for neutron form factor
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Impact on (g,-2)/2

At present, the anomalous magnetic moment of the muon a,= (g - 2)./2

are known with an uncertainty of about one half per million!

Data-driven approach:
reduce model uncertainty to 10-20%

HLbL

a;" = (11659180.2+4.9)-107",

a®™ = (11659208.9+6.3) 1071 .

I

HVP

IWllITI|IIII|III!}IIIW|IIII|I1|l[TIIM]IIIWlIITI

DHMZ —a—i
180.2:4.9

HLMNT ——
182.8:5.0

I
BNL-E821 04 ave. e
I

208.9+6.3 « ete™ - ysgphadrons e yy x> M

‘ K2K?
New (g-2) exp. !6-!
208.9+1.6 : K+K—

lJl|lJ||ll||l|||\J||lJ||ll||lJ||{J||liI||lJ||lJ| “

140 150 160 170 150au-11190659 glo;(l) “ 02_100) 220 230 atm— 7r07r0 '
SM-Exp: 3.50 difference |

Sensitive to probe new physics. ""‘_ 0

High Luminosity of STCF will largely improve the SM precisions
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e*e-— Baryon-Antibaryon Pair

Born cross section:

N\
_ do o’ C ) v 2 1, 2
ete™ — NN,ANA, ... = + cos 9)‘6 (m _)‘ +—sin B‘G (m _)‘
’ ’ 2 VA ):] \"""gB
dQ 4mB§ T
Z Coulomb enhancement factor

M 1
T=—BB = [1==
P T __ TP (B=9.,,

C =
charged 1 _exp(_n.a /ﬁ)

=

neutral

in point-like approx

i e BC 1. 2 ‘Bo 2, .
integrated o _(py ) 470 {3‘{0, m Y +-16 (m_) J AR (m,f (141/21)
crosssection: WL g i T am e id] | |

“effective” form factor

effective ‘ G
form factor:

analyticity: GM(4M;)=GE(4M;) =>Geﬁ(4M§)=GM(4M;)
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Selected Highlight topics

4+ Time-like Form factors of Baryon pair

4 Collins Fragmentation functions;
MLLA/LPHP prediction

+Polarization & CPV of Hyperon

+(9,- 2)/2,92% from < 2GeV, 7% from
2-5GeV
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Collins Fragmentation Function(FF)

b, Boer Nucl.Phys 8806232000, | EXPeErimentally
et e > qq-m,m,TX

P. Sun, F. Yuan, PRD 88. 034016 (2013)
Predicted Collins asymmetries for BESIII :

0061 015<z,<02 [ 02<z<03 [ 03<z,<04
0051 = L

z,7,)

AT

/ Double Ratio to cancel detection effects

z,,7,)

UL
o €
o & - & B
T T T T
o
et
=L
B \
o
2t
N2
[

~«  Unlike-sign (ﬂ':l:ﬂ':F) ;Like-sign(wiwi)

: / / « Charged: (7r7r)
R R RUY

Avre) = ey = Acos(29) + B
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Integral Luminosity of STCF

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

10%°cm~st x 86400s x 270days x 90% ~ 2.0ab!/year
10 years data taking, total 20 ab-! conservatively

Excellent opportunities for the t-charm physics

g “C  Goalof Belle I1/SuperKEKB SELLE

£ » each 1 ab~! dataset provides

3T af _

gi 302_ o ~1.1x10° BB = a B-factory;

: :Z: o ~ 1.3 x10% c¢ = a charm factory;
masg;_' ' o ~0.9x10° TTT~ = a T factory;
§$ o wide EgT=[0.5-10] GeV via ISR
38 o

T L T T

Calendar Year

Native guestion : Compete between STCF and BELLE-I1 ?
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Data samples

Data samples with 1 ab-t integral luminosity

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

T/ - — 1.0 x 107 — — - — —
¥(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 |DTD (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 10° 6.0 |0.11 x 10°] — [2.5 x 10° —
L | TTT7(3.68) |~ 2.4 | 2.4 x 10° - — 0.9 (0.9 x 107 —
g rtr7(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**

Detail simulations are ongoing to study the potential for the physics research.

* process ete— — D) —prt AL,

STCF have more yields /per luminosity

STCF is expected to have higher detection efficiency

Belle Il can have larger integral luminosity
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R and QCD Physics

Detailed study of exclusive processes et e=——(2-10)h, h=n,K/n, p...

Scan between 2-7GeV and ISR Vs<2GeV
— Meson Spectroscopy
— Intermediate dynamics
— Search for exotic states (tetraquarks, hybrids, glueballs)
— Form factors

High precision determination of R=c(e* e=—hadrons)/c(e* e~ p*tu-) at low
energies and fundamental quantities
- (9,-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)

Inclusive cross section ef e=——h + X
— QCD parameters (a, quark and gluon condensates)
— Fragmentation functions; MLLA/LPHP prediction
— Spin alignment of vector
Two photon Physics
— Measurement of I",, for JFC¢ =0+, 0+, 27+, 2*+ states
— Study of yy*—>R, R=1**
— Transition Form Factors in y*y*—>R
— Cross section of yy—hadrons

66



Key Technologies

O Polarization
— Spin Polarized Electron Source
— Polarization Rotation and Maintenance for Rings and Final Focus

O RF

— Superconducting Cavities, Deflecting Cavities, Higher Harmonic
Cavities, etc.

O Magnets

— High Quality Magnets with high strength, Superconducting
Magnets and Solenoids

O Diagnostics and Control

— Low Emittance Measurement, Transverse and Longitudinal
Feedback, etc.
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Collaboration Needed

o Accelerator Physics
> IR Design
> Polarization: Spin Rotation and Maintenance
> Collective Effects: Simulation and Bench Measurements
> Advanced Computational Accelerator Physics

o Accelerator Technologies
> Superconducting Cavities and Magnets
> Polarized Beam Sources

> Ultrahigh Vacuum Chamber with Small Aperture,
Optimized Impedance and Low SEE
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