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BEPCI (1988-2005)
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May. 4, 2004 Dismount of 8 linac sections

Dec. 1, 2004 Linac delivered e beams to BEPC

July 4, 2005 BEPC ring dismount started

Mar. 2, 2006 BEPCII ring installation started

Aug. 3, 2007 Shutdown for IR-SCQ installation

Mar. 28, 2008 Shutdown for BESIII installation

July 19, 2008 First hadron event observed

May 19, 2009 Luminosity reached 3.3x1032cm2s!

July 17, 2009 Pass the National test & check

April 8, 2011 Luminosity reached 6.5x1032cm2s!

April 2013 Zc(3900) found & confirmed
Luminosity reached 8.53x1032cm2s

H H 32 -2¢-
April 5, 2016 Il.um|n05|ty reached 10.0x10%*?cm™s

2016/04/05 22:29:47

2. 00E+32
1. 50E+32
. 00E+32
. 00E+31

. 00E+00 /#%—

Peak Lum history

Luminosity 10.00 E32/cm"2/sl b
"'500pb1@4264.6 -----m------F-- ...:‘
o 1.8831 1.8831 op-up L
Current 849.18 852.31 Nov.2015 . ="
L Hatirme 1.53 2.30 i 3
. t:::'A-T:‘::] o . OO O . O O “ 210 011 2013 2014 2016
21/05/2018 H.P. Peng Charm2018, Novosibirsk, Russia 4



s(e*e—>hadron)/ e

R=

21/05/2018 H.P. Peng

0OoD

N 0
‘. N V’\
vV

W

N

s(ete>mm’)

-

D e

%"‘%%ﬁ%'r

>HIEL, P RL S8a(2000) 59a .
S99, PR L 8820021 O 8302
i)

mmaz=

34

"__A_
—_—

f

Hadron form factors

Y(2175) resonance
Mutltiquark states

with s quark, Zs

MLLA/LPHD and QCD
sum rule predictions

Light hadron spectroscopy
Gluonic and exotic states
Process of LFV and CPV
Rare and forbidden decays
Physics with T lepton

XYZ particles
Physics with D mesons

fy and fy
Dy-D, mixing

Charm baryons

R scan

* Precision Ao, @, charm quark mass extraction.
* Hadron form factor(nucleon, A, p).

Blank at 5-7GeV to date
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Features and limits of BEPCII/BESIII

* Threshold production * limited Ecms range : 2-4.6 GeV
* Clean Signal, low background * Luminosity: 1033 cm=2s?

* High efficiency and resolution  No major upgrade proposal to
®  iiiaes date

BEPCII/BESIII will end her mission in 8-10 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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Luminosity

STCF in Perspective

Peak Luminosity Trends (e'e” collider)
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STCF In China

Super Tau-Charm Facility (STCF)

0 Peak luminosity 0.5-1x103%> cm2s? at 4 GeV

O Energy range E_, = 2—7GeV

] Polarization available on electron beam (Phase Il)

[0 Basic Features of machine :
— Symmetric machine with dual-ring
— Large Piwinski angle collision + crabbed waist solution for the IR
— Siberia snake for polarization

— Total cost 4B RMB
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Layout of Machine

Interaction Region : Large Piwinski Angle Collision ,
+ Crabbed Waist ESS y

Detector

\ Snakes

Crab Sextupole

Injector Wigglers

AN

* e+, aconvertor, a linac and a damping ring, 0.5GeV
* e-,apolarized e- source, accelerated to 0.5GeV
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Parameters of Machine

Luminosity :

nyl
L_YbbEH

- 2er,By

* Increase beam current

* Minimize B Function 3},

* Optimize ¢, and H

Strategy :

* (Phase 0) Pilot: 0.5 X 103°
e (Phase |) Nominal: 1.0 X 103>

* (Phase ll) Polarized e-
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Parameters

Circumference/m
Beam Energy/GeV

Current/A

Emittance( ¢,/

B Function @ IP

(Bx/B5)/mm

Collision Angle(full
0)/mrad

Tune Shift ¢,

Hour-glass Factor

Luminosity/x103°cm2s?
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General Consideration of Detector [{&

0 Much larger radiation tolerance, especially at IP and forward regions
— The detector and electronics should withstand the expected does
[ Efficient event triggering, exclusive state reconstruction and tagging
— high efficiency and resolutions for charged and neutral particles
— Low noise and High rate capability
[0 The Systematic uncertainty control
— Detector acceptance : geometrical acceptance or detector response
— Mis-Measurement : mis-tracking, fake photon, particle mis-id, noise
— Luminosity measurement

[0 Reasonable cost
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Detector Layout

York/Muon

Superconducting magnet
(0.7-17)

PID-barrel
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MUD
 u/m suppression power >10/30

=\Y/[®
« 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
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* Vertexing :
— 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

» Central tracking :

- large acceptance, low mass, high efficiency and high resolution

- Alow mass drift chamber with smaller cell size and lighter working gas
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Detector requirements & Baseline

* PID system:

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

— Cherenkov-based technology is favorable for high momentum tracks,

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-II ARICH

ALICE.HMRID iTOP for BELLE2 _FTOF for superB

————

TR .\ VU
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Detector requirements & Baseline &2

* 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
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Detector requirements & Baseline J{

* M detection

— Low momentum threshold (p~0.4GeV)
— high u efficiency and p/mt 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)
Long-Strip MRPC Module at STAR
* Active area: 87 x 52 cm?

* Read out strip: 87 cm x 3.8 cm
* 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

21/05/2018 H.P. Peng Charm2018, Novosibirsk, Russia

17



Physics @ STCF

» Precise test of SM > hadron physics
— R Scan, Hadron form factor — meson, baryon, hyperon spectroscopy
(nucleon, A, ), Aoggp, a, — threshold effects
— tau lepton decays, lepton — Glueball: direct test of QCD at low energy
universality test — Multiquark, exotics, hybrids.....
— CKM matrix, Decay constants — Charmonium(-like) spectroscopy
(fp/fps), form factors — Charmed baryon decays
— Neutral D mixing and strong phase > Exotic phyics
» New physics(tiny/forbidden in SM) — Light dark matter :
— Rare charmonium decays : LFV, LNV, BNV... light Higgs boson(a,), U boson
— Rare charm decay : FCNC, LFV, LNV, invisible — New interactions

Rare tau decay : FCNC, LFV, LNV

Rare light meson decay: n/n'/o/¢

CP Violation

Unexpected large CPV in tau or charm: tiny in SM

rich of physics program, unique for
physics with ¢ quark and 7 leptons,

important playground for study of

QCD, exotic hadrons and search for

CP violation in b h harm b
violation in baryon/hyperon/charm baryon 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%

1035cm- st x 86400s x 270days x 90% ~ 2.0ab™!/year
10 years data taking, total 10~20 ab™ conservatively

Excellent opportunities for the t-charm physics

E :_ Goal of Belle 11/SuperKEKB BELLEIl each 1 ab™! dataset provides
3 ‘°E’ | o ~1.1x10° BB = a B-factory;
g ::: o ~13x10% c¢ = a charm factory;
] — l:om] o ~09x10° tTT" = a T factory;
g- 13 | o wide ESfi=[0.5-10] GeV via ISR
!ﬁ 3 |
A7 Tots 201 20z 2021 20z 2025 224 2025

Calendar Year

Native question : Compete between STCF and BELLE Il ?

21/05/2018 H.P. Peng Charm2018, Novosibirsk, Russia
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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/ . ~ (1A x 1 - - - ~ .
¥(29) - - |3:0 x 10 - - - - -
D° | D°D°(3.77) [~ 3.6 |3.6 x10°| 108 |0.78 x 10° 1.4 x 10° ~
Dt |D*D~(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® ~
. 777(3.68) |~ 2.4 | 2.4 x 10° f : 0.9 [0.9 x 10° v
4 rtr7(4.25) |~ 3.6 | 3.5 x 10° - ,

Ac A:A(4.64) |~ 0.6 |55 x 10° 50 [0.55 x 10®| — |1.6 x 10® (3.6 x 10**

* process ete— — D*)—prt A7,

e STCF have more yields in T and charm /per luminosity
* STCF is expected to have higher detection efficiency

* Belle Il can have larger integral luminosity
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Fruitful results in past decade, a new territory to study exotic hadrons

* 1-CFactory: e*e—>Y/y—Z+X

T T T

3000 | g .
2500 —E

2000 |-

Lum (pb'/10 MeV)

180" @426 GeVfor mmdly

- _ 0 h 0
100 ey = 4690, £gqe = 10%
: W 2020
: hale I, 10/0b, 205
500 e
0 —h. m-x:'nnzmrmmwir . 7’7 I :
3 3.5 4 4.5 .
Ecm (GeV)

B factory : Total integrate effective luminosity between 4-5

GeVis 0.23ab1for 50 ab'! data

t-C factory : scan in region 4-5 GeV, 10 MeV/step, every
point have 20 fb™!/year, 10 time of Belle Il for 50 ab! data

T-C factory have much higher efficiency than B Factory

21/05/2018 H.P. Peng
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Events / 0.02 GeVi/c?

Events / 0.01 GeV/c®

B Factor : ISR, B decay

Belle with ISR: PRL110, 252002
967 fb in 10 years running time

37 38 39 4 41 42
M,au(m/y) (GeVic?)

BESIII at 4.260 GeV: PRL110, 252001

100

80|

0.525 fb1 in one month running time
C B E S + Dae

3.7 fu 3 .I: Pt -\' s tor ':; e O
Mpax(ttdiy) (GeV/c?)

21



P,
i

N

Charmonium-Like @ t-c Factory (&}

%

* y/Y/Hybrid(ccg) (1) produced in the e*e~ collision
— To determine the resonance parameters for the excited
y or Y state ol F o e

PLB 660, 315 (2008)

— Precisely measure the x-sec of inclusive/exclusive final i}
states at different Ecms . -

* Charge parity c=+1 states produced via radiative

transition from vector y/Y

— The decay rate y(nS/nD)—yX(3872), X(3940)... PRL 112, 092001 (2014)

— Search for ¢,(2P)~ %o(3P)~ M.(3S)s n.(4S). .. ————

15} R
L =4 Data

B(w(3S)—>vy’,) = (7, 3, 1) x 10 for J=2,1,0 L kil

g 10-_ === Backgroun -

[Rev. Mod. Phys. 80, 1161 (2008) ] ©  b(Y(4260) —{K(3872))~6pb 1

* Search for new states from hadronic transition 8 51 L ]

L L 14 4

— To search for Zc, Zcs, hc(2P) .... L A 1111 : u “’
%8 385 39 395

M(r*mJlv) (GeVic?)
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Search for 1~ Hybrid H..,—»n, & v

e 17 Hybrid may produce directly in e*e" collision, and radiative decay to
spin-zero charmonium states
— Assume c(e*e™>H_,) ~ 0(10-100) pb [???]
—  B(Hcg™>YNJ~2xB(N,—>1c0) ~ 4%x10°
 Scan between 4-5 GeV for 1 year (2ab-1), search for exotic structure in

process ete—ymn_ and Yy,
— Assume ¢B ~ 10% for yn. and yy, decay to y+hadrons
e With 100 energy points between 4-5 GeV
— N°bs(yn_)=0(8-80) events/point/year at peak

—  Nobs(yy ,)=0(4-40) events/point/year at peak
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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]

MK, — o ltv) -T(Ky, — 7tl-7)

i L = |p]*—|q]* ~ (3.27£0.12) x 1073
F{I‘iL — H_I‘I'lv':ﬁ + FLAL — TI'"'E_J'—J::I

— BaBar measurement [PRD 85, 031102]

vt - atKgiry ) —T(v— = 7 Kgir)
I'vt s atKgi )+ (7~ = 7Kgy )
= (—4.5+24+1.1) %1073

A, =

— Belle measurement [PRL 107, 131801]
[Im(7ng)| < 0.026 or better.
A, = (1.8+2.1+ 1.4) x103 @W ~ [0.89-1.11] GeV
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(%)

Charge Higgs, new Scalar,
W, -Wg 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., tTonntnv /Kty s Py (P % ﬁﬁﬂ)

Polarized of T and beam are necessary | tau-charm
a wl
Figure of Merits \ 104 E=2087GeV
, 0.9-
merit = luminosity X Wz X total cross section |
oc luminosity x (w; + ws) 08T
xy/1— a2a*(1 + 2a) , / 07T fe 6oy
Y. 5.TSAI, PRD 51 (1995) 3172 B lfac'roer N2 |
BESIII @ 4.25 (103%cm2s1)  FOM=1 40 05 0 05 10

cosh

STCF @ 4.25 (10%°cm2s1) FOM=100
SuperKEKB @ (8x10%°cm=s1) FOM=52
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ucleon lectromagnetic orm actors ( ) (S

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

N\ A el

S -like: -
Iolzalgere:'ade K - /

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

Time-like:
FF complex

ySp——

0
tosp JLab Sick
L~ l .
|.oo»¢-‘_ i L - Bernauer et al. —
= < L] : :
g ﬁ[ inia . | Space-Like FF
L T IR % Bl I B~ JLab —T
= g &! ‘ ‘1’ + % D ; . : e o
oof i ; P> ,\f . CODATA o 1% Precision
A = e Miller 1FORM | ’ |
r el o4 AL Y u 2 1 !
Fineder ot 26 LOGM \\, Pohletal. *
0.88- Bebusbhin, Blammmer & Metwoet - Frideich & Wakder it
[ GoBidb et ul Vpdated gload it i | LR | P Y ol | ghy g
o8 Y v R T I 082 084 086 088 090
QO [GeVieF Proton charge radius [fm]
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Proton FF (Vs=2.23GeV) @ z-c Factory

614124 24% 3.9%
3881 +62 9.5% 1.6%
156253+395 1.5% 0.25%
389898 +624 0.96% 0.16%
100 0 T 0 T
; 10500 - HIEPA reach 1 E
= +
§ 10000E _+_ _+_
= 95005— 4 _+__+_ _E
9000 3
- 0= 1.082+0.015
8500 - frac2= 156253+ 395 B
8000 £ T T
-0.5 0.0 0.5
21/05/2018 H.P. Peng

2.631

16.630
669.533
1670.69

BESIII test run
BESIII expected
HIEPAF reach 1
HIEPA reach 2

1 day
2 days

— ——
~ 27000 F

S 26000F
N :
@ 25000 F
24000 F
23000
22000 F

Even

21000
20000

HIEPA reach 2 A
L

+

+ o+ 3

c0= 1.07631 0.0096
frac2 = 389898 £ 624 -
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-0.5

0.0 0.5
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Activities D)

CDR - TDR - project application = construction = commissioning

Weber page: http://wcm.ustc.edu.cn/pub/CICPI12011/futureplans/

Domestic Workshops (2011, 12, 13, 14, 16)

International Workshops (2015, 18)

Report to USTC Scientific Committee and USTC presidents
Report to Hefei High-tec Development Zone

Report to Anhui Development Planning Commission
Report to CAS Condition and Finance Bureau

Report to USTC new president (2018/01)

Organize for the project
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http://wcm.ustc.edu.cn/pub/CICPI2011/futureplans/

Activities

15-17 Jw

Universibt
AsiafShanghai

Timetable

Registrat
Reqgist)
( List of re

The Work

The Acco
=)

19 Fe 13-16 January 2015

Instit VoTC

Asia/Sh:

Overview
Ovel scientific Programme
Scie| Timetable

- Contribution List

Time
Author index

Cont

Registration

Auth Registration Form
Regi List of registrants

R
List
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Tue 13/01 | Wed 14/01 | Thu 15/01 | Fn 16/01

08:00

09:00

10:00

11:00

Charm20

All days

1 Registration: Registration

L USTC 08:00 - 08:30
1 Welcome

L USTC 08:30 - 08:40
1 Introduction to Future High Intensity Collider @ 2-7 GeV in China Prof. Zhengguo ZHAO
L USTC 08:40 - 09:05
! X¥YZ from B factories [Belle, Babar] and prospects at Bellell Roman MIZUK
| USTC 09:05 - 09:35
r)(‘l"Z results from hadron colliders DOr. Liming Zhang ZHANG
L USTC 09:35 - 10:05
1 Coffee break

L USTC 10:05 - 10:25
| Charmonium-{like) physics at BESIN Prof. Changzheng YUAN
L USTC 10:25 - 10:55
(Charmonium physics at PANDA Framk NERLING
L UsSTC 10:55 - 11:25
1 Higher charmonium states Ce MENG
L USTC 11:25- 11:55
L LQCD results on hadron spectroscopy Ying CHEN
18, Novosibirsk, Russia

| USTC 11:595-12:25

l'_I_um:h

o ZHAQ B
19:00 - 09:20
Jianping MA
19:20 - 09:40
wa ZHU B
19:40 - 10:00
Haibo LI B
0:00 - 10:20

0:20 - 10:40
thengll B
0:40-11:00
ZHANG B
1:00 - 11:10
Jianber LIU

1:10 - 11:20
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Fragrance Hill science Conference, June, 2015, ~40 scientists and officials joint,

Very important conference for Large Scale/Key Project in China
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¥. FEXFIBNARREEEZFBFFXFE.. FEB HIEPA it
ROET RERAB#THMAEREATNESS. EFER TERIK
REL, NZERIENEBFINSGSETENTWR T, EZ W ARFIE

ATev3iz A1, [ Greatly promoted the development of high and X2~
o new technology and culture talents in China

5. HIEPA BB R R AR EIN FEHA X ETFEAN KX EMGH KL
EHEAFHEF. BATESEFERFPARFTMEZAEARFA
Z, AKgENMRGEFTFEFSFERBRINEARNFITEAENGES, &
HXRFEPFEEXRAARNF IR R HIE A E FXEN (CEPC) %
REAEHNERPTAAHEE.

6. BEPc11/ Complete feasibility study and carry out ; < gpsg 2uph 15,

‘ the pre- R&D work as soon as possible o /
J&gﬁ\%ﬂnm\wa I IPC /T P O v T U AN P d A ﬁi‘j’%%%é’

Foth s R T AT A R & U B B ot I B AR 55 T F, 4 3R 2025 4F
5 pk HIEPA T H 89 i% .

report have been delivered to the Ministry of Science and Technology,

National natural Science Foundation, Academy of Science of China

21/05/2018 H.P. Peng Charm2018, Novosibirsk, Russia
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Candidate site : Hefel

One of three integrated national science center, which will play

important role in ‘Megascience’ of China in near future

EREEMERBFE PR LZIESE HE
Hefei.lntegrated National Science Center

FERE: REgEaia
Azatihon. £H9
EFRLE, REREH, X

| SRS SN ER R =
; . =
o \\\
_— N N

( FSWA: SEHLEAL
¥, SEIIXE. RA
YR

|t A FE RIS X

FTIAN: BFRASE TR
DIRRSR. ATWREZES, X
--HumEaRed, PR
MR . kAN, HSRR
Tl MTERPOS.

EFENTRX

21/05/2018 H.P. Peng Charm2018, Novosibirsk, Russia

Pay a lot of attention

on accelerator facilities

Hefei Advanced light

source is under design

STCF is listed in future

plan
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* USTC president agreed, and scientifiCtemmittee
endorsed supporting R&D > 10 M CYN for thi

21/05/2018 H.P. Peng Charm2018, Novosibirsk, Russia



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

A unique precision frontier in the world for 30 years!

21/05/2018 H.P. Peng

Charm2018, Novosibirsk, Russia
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Summary

e Super t-c Factory (STCF):
— double ring with circumference around 600~1000 m
— e*e collision with E_, =2—7 GeV, L =1 x 103> cm™?s""
e STCF is one of the crucial precision frontier
— rich of physics program
— unique for physics with c quark and t leptons,

— important playground for study of QCD, exotic hadrons and
search for new physics.

 We initialized 10 M CNY (1 USD = 6.5 CYN) to start R&D.

* An International collaboration is essential for promoting the
project.

21/05/2018 H.P. Peng Charm2018, Novosibirsk, Russia 36



Welcome to join the effoxt

M,
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Backup Slides
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E High-Luminosity Asymmetric B Factory

heam beam-beam
X G Lorentz

= Target luminosity is & = 8x103 cm2s™ o tor reduced CM boost

(x40 w.r.t. BELLE) . ® reduced vertex separation, At resolution

. . [ = _1 ® increased detector hermeticity

= Achievable in the nano-beam scheme T 2

(P. Raimondi for SuperB) o L ———

» double beam currents beam aspect vertical beta-funcffon

» squeeze beams @ squeezed beams @ IP » at the IP at the IP

= greatly improved constraint
for decay chain vertex fitting

35 8 4 Ak 7 GeV

0425 0.28

' : mrad
r x40 luminosity
« higher background rates (~10-20 Cs: 32 25 —
- ‘ ’ ]&geferctzfs i::(::tr;ar:syeia(diation)() 56 4 94D L]
L damage, fake hits, pile-up noise in 22 32/087 25/0.30 mm
- the calorimeter 19 3.6 2.6 A
. higher event rate 90 0.088 0.0807 |
- » higher trigger rate, DAQ, computing | 9 um
- » x40 produced signal events d 8x 10+ cm s

i — — St
39



To achieve hic

OSiberia Snakes

> Mini-rotator

h polarization

 Very large trace bending angle,
increases emittance

« Spin resonance

» Hnw manv cnalaec? - ~ =7 N2

/ N\

/ N\ 08
5

f \ 2 06
f \ -
l l g
a

[ |
\ |

dampk\ / dampnr:g 02
7

wiggler1 Y

snake1

» FOIr Enerygy oi
snakes

P

T

,Céourtesy of Prof. Dong Wang, SINAP
L

Courtesy of Dr. Anashin, Dr.
Aulchenko, et al., BINP Tau
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DEPFET

= Two layers of PXD: 1.8 cm and 2.2 cm in radius, consisting of 8
and 12 modules for innermost layer and the second, respectively,

¥
Number of pixels per module 250 x 1536 DEPFET Technology
Pixel size (r-phi, 2) 50pm x (60-75) pm | "™ gy =2
Frame time 20 {7 e
ps ‘-. 7

Material budget per layer  0.15% Xg #

f Ja
Resolution (r-phi, z) <10pm, < 20pm -y e

ey g, |
Occupancy st 1.8 cm radius 0.2 hits ym 2s"! ’

Radiation environmaent ~1 Mrad/yoar

Cylindrical GEM

Completed Detector

Total 1 layes 0.49%
Total 4 layers 1.95%

Pixel readout would be required for
the innermost layers at HIEPA

—» X res 190 pm

X pitch 650um

* Y res 350 pm

2 V pitch 650um

ITITUurimMi&vauv,

B A A TTel o T \-IIB

MAPS (ALPIDE)

w0 tenl ey

Pixel size: 29*27um, high resistivity epitaxial, deep
PWELL, reverse bias, global shutter (<10 us), triggered
or continuous readout, resolution < 5um, material
budget <0.3%X,

Cylindrical MicroMegas

768 “1" strips

225 mm rodws. 0.529 mm pitch

1152 “C”" strips
Fitch trom 0.67 to 0.33 mm
221 rum 100iUs PCB tickness 200 pm
PCB thickness 100 ym
Ot thickness 250 m
Ordt fslg 2.4V on 3 mm gop

Drift thickrmess 250 um
Drift Flald 2.4kY on 3 mm gop

037% ol X0

— -
T c e S
T—

.

e o
‘\ X

Nov

.
VITNITIN, TV IITU




A new MPGD : uRWELL @

Very compact, spark protected, simple to assemble,

flexible in shapes (rather easy to make a cylindrical
detector)

Copper top layer (Sum) :l’:: ;;mh: 140 ;‘:50 L
meter: Hm o
\ Kapton thickness: 50 pm Drift Cathode
DLC layer (0.140.3 pm)
~
ey RWELL PCB
e ————————————

Insulation Kapton
Rigid PCB uanz( electrode I—’

A possible solution to HIEPA inner tracking. R&D
underway at USTC.

21/05/2018 H.P. Peng Charm2018, Novosibirsk, Russia
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Outer tracker : A Drift Chamber

- BESIII drift chamber can serve as a good starting
point
— R,, has to be enlarged to avoid the very high rate region at HIEPA

— Smaller cell size for inner layers to accommodate a higher count
rate

— No Au coating on Al wires and thinner W wires to reduce material
— A lighter working gas to reduce material

— Sharing field wire layers at the axial-stereo boundaries to reduce
material

o, ~130um
%P ~ 0.5%@1GeV/C
O e

__dx _ /o
dE R

dx

21/05/2018 H.P. Peng Charm2018, Novosibirsk, Russia 43
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21/05/2018 H.P. Peng

-80 60 -40 -20 O 20 40

Rin=15cm, Rout=85cm,L=2.4m
B=1T

He/C,H, (60/40)

Cell size =1.0cm(inner),1.6cm(outer)
Sense wire: 20 um W

Field wire: 110 um Al

# of layers = 44

Layer configuration: 8 A-6U-6V-6A-6U-6V-
6A

Carbon fiber for both inner and outer
walls

Expected spatial resolution: <130um
Expected dE/dx resolution: <7%

Charm2018, Novosibirsk, Russia 44



Option I: | MDC + STAR HFT (geometry i not opéimized)
Detector radius (cm)  material (%X,)  resolution (um) §
MDCOuterg48 23582 00045 0ayer 130 E
MDCInerts 152 00051 fayer 130 I
) 10 15 20 5
PXD2layers 36 037 layer % :
Beam ipe 2 015 - =

Option 11 | MOC + Bee-l PXD (geomety s not optimized)

Detector radius (om)  material (kX,) resolutionum) | £
MDCOuter948 23582 00045 fajer 130 $
MDCmert8 1522 00051 fayer 130 m
PXD3lyer 10 0.5 Cl g
PD2ejes 36 05her 50 :
Beam pipe 2 015 - -
Op 33x100x 0,
—ts q — d I)
b} p 2 f
P BL

21/05/2018 H.P. Peng Charm2018,

Option1

T 10‘5 T
" BField=1T ] T F BFleld=1T
L 413
[
MDC S10°E E
15" 3
10 L
w - ~
1 N MDC
< S1OZE \\\\ =
18 F N MDC«PVD
1o e ]
e MDC + PVD + §SD
" 1A T (WA (AT | i 8 | |
0 1 4 0.5 1
(GeVlc) P, (GeVlc)
Option2
B B [ & 1045 e
[ BFied=1T 1 £ C BField =11
- 43 |
I .510’: =
13 ¢ 1
le s MOC
' §"F SEass E
I B F B T
r 18 MDC + PVD
X |- | T |
0 1 4 1
n (GeVic)
N+5 5 BL
Novosibirsk, 45



PID Detector

Key Features of PID System

Low Momentum PID
« Specific energy loss (dE/dx) in MDC can
be used for low momentum PID
« Better dE/dx resolution for longer track
length
« BESIII MDC (~6%, track length ~0.7m)
— clean i/K/p ID for p<0.8/1.1 GeV/c

Enable ©/K (and K/p) 3-4c separation up to 2GeV/c
Suitable for high luminosity run — fast detector
Radiation hard, especially in the endcap region
Compact — reduce costs of the outer detectors
Modest material budget - <0.5X,

High Momentum PID
» TOF can not identify n/K to p=2GeV/c
» Cherenkov detector is necessary
» Two catalogs
— Threshold Cherenkov — simple to build
— Imaging Cherenkov: RICH (large
momentum range)/ DIRC / TOP (most
compact)

21/05/2018 H.P. Peng Charm2018, Novosibirsk, Russia 46



PID Detector

Baseline Design

* Proximity RICH, similar to ALICE
HMPID design, but with PHENIX HBD

(Csl coated GEM) readout Detector

Alternative Design
* PID by RICH at 0.8<p<2GeV/c, no TOF « No TOF, PID by RICH only

Similar to BELLE-II ARICH design,
Aerogel + Position Sensitive Photon

o _ * n~1.13 (Below threshold for proton at
* n~1.3 (liquid C4F,,), UV detection 0<2GeV/c)

 Already proven  Already proven at the BELLE-II endcap,

* Immune to B field — same structure at

both the endcap and the barrel * Need R&D

PHENIX HBD o 1

Reverse bias

ALICE HMPID

particia

ranics
Readout Pads

\ n,<n,

21/05/2018 H.P. Peng Charm2018, Novosibirsk, Russia

how about the barrel part?

Aerogel radiator
n=1.06

. [ 4 [ L4 [ L4 | 4 \
» Dl o W 7 B b v By B

Pasition sensitive photon

detactor for operation n B=1.5T

200mm

47



A RICH Design for HIEPA

* Proximity focusing RICH,
similar to ALICE HMPID
design, but with Csl-
coated MPGD readout

— avoid photon feedback

— less ion backflow to Csl %
— Fast response, high *
rate capacity

— Radiation hard

* Proximity gap ~10cm —

* Radiator: liquid C.F,,,
n~1.3, UV detection




/ Charged particle

L AL LR LA LA LTI

-400

50960 400 300 200 100 O 100 200 300

£2000f

81 800’

1200

1000

soof
600
400
200}

o

The ©t/K separation requir
be met with a RICH detector.

| Cherenkov light hits ( plane) |

g—Radiator
£ Quartz window

=
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@
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D
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-Quartz window

Cherenkov light hits (sensor plane) ]
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MPGD Photon Detector R&D {&)

A double-mesh Mircromegas detector is being
developed at USTC
— High gain and very low ion backflow

— Very suitable for single photon detection (with a proper
photon-electron converter)

— A promising photon detector option for RICH

IBF ~ 0.05% Gain ~ 3X10°

vvvvvvv

;;;;;;;




DIRC-like TOF for Endcaps [{

* DIRC-like forward TOF detector (FTOF: quartz +
MCP-PMT ) was developed at LAL for the SuperB
factory project.

 Also an endcap PID option for HIEPA.

— Flight length ~ 1.4 m for endcaps. ~30ps time resolution is
required for pi/K separation to reach 2GeV.

~ 80ps per PE




Electromagnetic Calorimeter

EMC Requirements Challenging
 Radiation damage
— Decrease light yield
— A function of run time
Good tlmlng resolution if pOSSibIe . H|gh photon background rate
— Produce pile-up
— Degrade energy and angular resolution

Good energy resolution

Good position/angular resolution

, Q T T T ]
£ | | B e eess 5 9 1 Babar, NIM A479 (2002) 1
% 3 Behawor of the light o < -0.02 .
ot mutted by a crystal 2 > 0.04 N backward
M"E— ue the radlatl‘be : 3 S -0.06f B s
M‘:—p h,abha photor(‘s l > < -0.08F kL fcE)Eirre 75 krad -
a0t \ A I ot Y M Zkrad" .
.F ) \ " ':‘ ‘} \ W ‘.“ ‘ﬁ _5 E ~ 1.2°Krad E
ﬂ.mé— \ \‘J\ u\ll ‘ .‘.‘ \ ‘. “\ ’ \ E -0.12:— \‘... - _:
F ‘ ‘ ." il ] g . - * * . -
- l AW\ : -0.14f LTI
E N -0.16 endcap 3
um’;" -D.1BF I S R TR B
o L) N 0 100 200 300 400
e . delivered lumi (/fb)
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Crystal Options

Crystal C=I(TI) BSO PbEWO, LYSO(Ce)
Density (g/em?) 4.51 6.8 8.3 7.40
Melting Point (°C) 621 1030 1123 2050
Radiation Length (em) 1.86 1.15 0.89 1.14
Moligre Radius (em) 3.57 2.2 2.0 2.07
Interaction Len. (em) 39.3 23.1 20.7 20.9
Hygrosecopicity Slight Neo Ne
Peak Luminescence (nm) 550 480 425/420
Decay Time * (ns) 1220 30 100 30
-] 26,2.4 10
Light Yield B (%) 165 3.6 3.4 0.30
1.1 0.5/0.25 0.077 .
soo- 219 I scum 81303
LY in 100 ns 13 4.6 2.9 0.37 (2-3x1) ;J per :
LY in 30 ne 4 3.3 1.5 0.26 (2-3x1) ¢ 2/’,- . /.e—-—-— /-*""”—‘“
e ret0tg 1= 1188 =124
d(LY)/dT & (%/ °C) 0.4 -1.4 -2.0 2.5 = ' ‘
3 vool. Beaes 4 scuo 190
Radiation hardness (rad) 108 104-8 1047 10%-7 3 ® ] g
Deose rate dependent ne no yes yes 2 wf‘ 1 f /“(
20l =102 3 y=1074 ) e a7
Experiment CLEg.ﬁ-J-BAR_ KTeV E787 Belle2 34 CMS, ALICE ool - r e et .
BE; ;ir Belle2 1%t PANDA = { e P AEEER
s o Belle2 2 & oA ;
20-/( Tea ';'\ resar Te 21
0 o R T ) w0 1000

Time Gate (ns)

Different options for barrel and endcaps




SiPM Technology

« SIPM: a novel and rapidly-developing
photo-sensor technology

— High gain, low equivalent noise, B-field
resistant, good time resolution

* R&D at USTC

Hamamatsu $10362-33-050C, 3x3 mm?

= e r
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o 100%10°

L i Ii —— ResScale=0.1

% 80 B ! —— ResScale=0.3

2 L —— ResScale=0.5

o i 'Ll —— ResScale=0.7

~ 60 B —— ResScale=1

2 R

o 401

z 0 |

20
L Ll [ R
(9.08 0.1 0.12 0.14 0.16 0.18 0.2
m_(GeV/c?)

The position resolution of ECAL has a

significant impact on object/event

reconstruction involving y .

— Energy resolution is not everything,
position resolution is also important.

180

160

140

120

100

a0

&0

40

20

A timing ECAL !

l Time resolution of pure Csl
(10000 PE, PMT response
not considered)

~ 130ps

| il b P b b b s b Lo

Coaial i
OD 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

Difference in TOF of n

andy

& 4500
o
= 4000

+—

—F 3500 %

3000
2500
2000
1500
1000

500

| Time diffi b n/n and

0.6 0.8 1.0 1.2 1.4 1.6 1.8

p (GeV/c)

Precise ECAL timing is very useful in
suppressing Yy background



Muon Detector

0.8 —nt * Use a STAR/MTD-like detector to incorporate TOF
i measurement in muon detection.
- _u+ o
0.6 ~ z
i = I
0.4 ; 4 |
0.2 :— - 2 3 . ‘ e P {Gavic)
0 L dh L L L s
0 0.2 04 0.6 0.8 1 Pions and muons well separated

by TOF below 400 MeV

» 35 J 7
c
— Layer0, intrinsic o: = 50ps 4.5~
£
g 3 pion s
"5 muon
£ )
= 2.5
pion
2 35 B mucn
Layer3, intrinsic o, = S0ps
1'50 0.5 1 1.5 0 0.5 1 1.5
Momentum (GeV/c) Momentum (GeV/c)
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Charmonium (like) Spectroscopy

GeV ? Key Science question : Is there any exotic hadron exist
« States below charm threshold are all well obser X(5872)
4.80F ° Many missing states above charm threshold  x(3940)
* Many new observations in the last decade X(4160)
3°D,(452)
m435|(4.45) X(4350)
440 ’
2°0,4.19) 20,4:21) 2°05l4.21) 2703(4.22)
S ¢4 ¥, (4.09) 'ry1409) PF34.10) 1%F,(4.09)
M;;}E;’ . S 1o 27A390) ' Nature unclear
400F 2R (3.96) % (3.92)2 P2 3] _
*03.82) 1'D,(3.84) P°0{3.84) I°0,(385) e Charmonium?

3.60

3.20

2.80

2! &)% e Hybrid?
Ws°7(73/'72 p(3.52) P, (3.51) 13py(3.55) e Tetragquark?
*rl3.44) S5 e Molecule?
WIS 7 7
A better understanding on charmonium * Non-resonance"
s (29,)13‘3;'3,’, spectrum may help to understand their natures @
V27975
l | . Goldfreyl& Isgur, PlRD 312, 189l (19815) 1 | @ ?
0-0 I-— I+— O#* l'H' 2++ . 2-+ 2—- 3- - 30- 3“ 44'0
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Summary of T Physics

With lab™! near tau threshold:

« LFV:10°

« Lepton universality: 104

« CPviolation in decay: 104
« CPT tests: 104

 Tau mass

* Vus: (0.1-0.5)%

A super-tau-charm and a BELLEII will be
complementary machines for tau physics
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Nucleons FF

> R AR, U Fenice4i (741 e'e — nnifl, 0.4 pb)
> WA BRI TR BEAR B 7 oe 1 BI24%, 2SI Y0 k!

— 08;
2.5 '

5 ete” —sqnn @ SND(2011) N _ No Coulomb el
f o FENICE (1998) ‘: correction BN
: i 0.6;— |
' .

N/L, nb
|GR(a?

& DM2 extr. from GM
----- GRy(9°) - Qg/Qu

1
1
1
- : ?
15 ] b ( 05t
R ' t
1 - : I ] T T I3 035_ | M
- 1 L | "t '
L ! ¢ ——
it {SNE_};P REGININARY af |}
0 [ , L 0.1{;" B
E : ai,nlt.,,.‘.l.,.l,.lv..l.
-0'5 _I L1 II 11 : | | | L1 1 | | I [ | | | 3.5 4 4.5 5 5.5 6
1.8 1.85 1.9 1.95 2 q%(GeV?)

Rew TR E TR &R EESC I A B R Ty AR R A EEE X!
B RH & 7+ RI% DAONE/FINUDAME K £ TR EX T RE T
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Search for n,(1!D,) and y.,(23P,)

L

Simple estimations
seak = 10°°cmis, 1 year running = 10°pb* = lab™
A BESIII-Like detector
Detail MC studies are ongoing

Ne2(1'Dy)

o(ete —mntnh,(2P)) ~ 20 pb @ Ecm=??GeV

Xc1(2°P)
* o(ete >y (nS) y(mD)) ~ (3-7) nb

B(h.(2P) —yn.,) ~ 3x10* [E1 trans., Barnes’ 05] @ for n>1, m>2

B(M—vh,) ~ (44-54)%  [E1 trans., Fan’ 09]
B(h,—yn,) ~ 54% [E1 trans., BESIII'10]

eB(n.—~hadrons) ~ 1.5% at BESIII
Nobs=2x10- %L (L is int. lumi. in pb1)
N°bs=20 events /year,

Bkg is low for narrow h,and n,

* B(y —>vy'c) ~ 3x104 [E1 trans., Barnes’ 05]
* B(x';—yv') ~1 %103 [Eltrans., Barnes’ 05]
* B(yx';—1y) ~ 1 x10* [E1 trans., Barnes’ 05]
- ¢B ~ (1-5)% at BESIII

o NOs=(1-10)x10°xL (L is int. lumi. in pb?)
« NO°bs=(10-100) events /year,

» BKg is low for narrow ' and J/ v
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cLFV Decay tT—>uy @ B Factory

From A. Bondar. Charm2010 « Current limit : ~4x108 (5x108 t-pairs)
’ — BABAR : 516fb! [PRL, 104, 021802]

1 J — BELLE : 545fb!

| « AtY(4S):
B factories ; — ISR background e+e-—t*ty
e, BaBar) — Upper Limit «c /4L
sk — Expected limit : 3x10°@75ab (7x10™ -pairs)
4 TUUM  Belle-1l Factory with L=10%cm-2s1

— 100 tau pairs per year (x-sec=1nb)
« HIEPAF with L=10%cm2s!

HISL’GR;‘ELS{?E‘S&I
' | — 108 tau pairs per year at threshold (x-sec=0.1nb)

SUSY'+SO(10) _
— 3.5x10° tau pairs/year at 4.25GeV (x-sec = 3.5nb)

T~ 0 'Ec..,'(Ge'V)'c('nb)'-;

3.500 o 3

3.680 2.4444 A

3.690 2.5161 _E

4.199 3.5658 _E

4.250 3.5614 3

11.000 0.7152

ol Super-B 7ab'
10, <10/ Z-paiig 1 ] 10 1
Luminosity (ab™)

11t Production cross section

Ee (GeV)

What can HIEPA have with 3x10° 1t pairs/ year?
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Features of the t-c Energy Region

Why Physics on t-c energy region

7 | I I | N | I T T T
J/'l,[] 1/)(25) C
6 |- 4 Mark-I -
Mark-I + LGW
W Mark-11 1/)4040 '441-.
DASP ‘|~| 18 L H‘“‘l“\ || | : ’
4 [ # Crystal Ball | l]‘ i Mo l|{ |>’||' Jl | >
- * BES L ’vT‘,,_," 4 fr '.'&”' ['+ ‘l }—J
3 | B | ,|‘l‘| :.‘{%ﬂﬁw LR # 14 T 5
| } [ 4
! | |

|

Wi

e Rich of resonances, charmonium and charmed mesons.
o Threshold characteristics (pairs of t, D, D,, charmed baryons...).

 Transition between smooth and resonances, perturbative and non-
perturbative QCD.

« Mass location of the exotic hadrons, gluonic matter and hybrid.
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Compton back-scattering for high
recision beam energy measuremen

\ /%&5'\/ &y L /7
~ > Large Crossing Angle ey

Sub-detectors

M Momentum resolution 0. 5%#1GeV
Beam energy :1.0-2.3GeV  « No. of bunches: 93 it Dm =
ENC Energy resolution 2, 5%81GeV
Energy spread :5.16 x104 * Bunchlength : 1.5cm Spatial resolution 6 m
. ) . . TOF Time Barrel 80 ps (Bhabha)
Optimum ene. :1.89 GeV Total current  : 0.91A resolUtion pocap T
Luminosity  :1x10% cm?s! ¢ SR mode : 0.25A@2.5GeV M 9 layers RPC, 8 layers for endeap

Unique machine running on tau-charm region in the world

< Achieved 1.0x1033cm2s1 on April >
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* No evidence of new physics been found at high energy frontier.
* important and complementary to search for new physics in the precision frontier.

AC | BWVZ | AKM | LL |FDBMSSM | LHT | RS Yé Yy
P *kk| * | k| * * | kkk| 7
I * [ kkk|kkk| * * *k | dkk /&\
Sw Tk | hkk | hkk | K * |k | kkk
- H e T H.e

B *kk | kk | ok | kkk| kkk * 7
Nes(BXa) | % | % | % [*ak| waew | % | 7 H — ey ;’: : 2‘,;7
Arg(B = Kptp) | * * * |k | drkk [ ok ? ‘ '
MEKwp) | k| k| k| % | * | x| 7
BoKow |k |k [k [ k| k| * | * w't anomc!;tlous decays
By~ p'p Wk |k [ ke | ik | ke * *
Kt =t * * * * * THE | HAk
Ky = 7"vi * | k| x| % k| kkk | kkk
=+ ey Tk |k | Ak | dkkk [ hkk | hedk | ek
T = [y *kk | kkk | k| kkk [ kkk [ hkk [ wkk
p+N e+ N Tk [k [k | dedek [ k| edk | ek
Tl kK |k | Jkk| KK | KKk | * | FHk|
de *kk | kkh| kk | k| kkd | * |[Fhw ” > e Anomalous
(9-2), *kk | kkk | kk | kkk | kkk * ! - -
Table 8: “DNA” of flavour physics effacts for the most J'mler.ming observables in 2 !ir.‘]E(‘li.U]L uhLﬂ' CO nve rS I O n m ag n Etl C m O rr_] e nt
L e In t-charm factory, t—py decay is a
W. Altmannshofer et al. arXiv : 0909.1333 golden mode to search for NP
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STCF .VS. BF : =—>uy background

Background e*fe—t*ty

S 10.58 GeV
250 EWnar
= el
200 & ! ‘”l L]"Jl‘}"m‘[r\w[

150 1 |
100 S 1

- ( ;‘.'\
Al I L bl
1] | Y ] s 1 |]1,‘
( 2

= f

4.25 GeV

S0 =
700 & "= -

600 =
500 &
400 =
300 =1
200 =
100 E 'y

“-l L1 P 1| L4
f / 2

LI 3y
G N —
t&

Dominant BKG @ B Factory

o — * Dominant source at Y(4S) . efe > trty

200 E T - Does not contribute below Vs ~ 4m /N3 ~

00 £ 4.1 GeV.

{:::: : Dominant BKG @ STCF

e R i . « tdecays: [arXiv:1206.1909]
ol direct (t*—>n*nv_) and combinatorial

j UZ:: Mn o « QED processes :

800 ete” — utuyy, eter — ete ptuy

Z:Z: ~  Continuum hadron production e*e— qq

’WZ ‘: S * y(2S) and D-meson decays

Polarized beam may further suppress background and increase
the sensitivity for the new physics significantly
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Expected t—uy Br upper limit

Results from Vladimir Druzhinin,

E(GeV) o(nb)  L(ab™) N(10Y) (BINP, Novosibirsk) at
3.686 5.0 1.5 0.75 Workshop on Tau Charm at High Luminosity
377 29 35 103 26-31 May, 2013, La Biodola, Italy
417 3.6 20— 071 : : .
Fast simulation for NP sensitivity and
Total 7.0 2.49 detector optimization is ongoing
o/E=1.5% o/E=2.5%
Signal (Br=10) 17 15
Muon background 7 11
Pion background 83 271
Expected 90% CL upper limit for Br 1.1x107° 3.0x107°
Expected 90% CL upper limit for Br with 3.3x10-10 5.1x1010
pion suppression by a factor of 30

Supper-B Expected limit : 3x10°@75ab! (7x10%° t-pairs)
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