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High Energy Physics and
Accelerator Projectsin China

@ Beijing Electron-Positron Collider (BEPC)
@ BEPCII Project
@ Daya Bay neutrino oscillation experiment

@ Other Accelerator Projectsin China



(1) Beijing Electron-Positron
Collider (BEPC)
@ A brief introduction
@ Operation and performance
@ Physicsresultswith BES
@ From BEPCI to BEPCI |



1.1 A Brief Introduction

@ The Beljing Electron-Positron Collider (BEPC)
was constructed (1984-1988) for both high energy
physics and synchrotron radiation resear ch.

@ The machine well operated for 16 years after it
was put into operation in 1989.

@ The BEPC consists of a 202-meter long linac
Injector, a 210-meter long beam transport line and
a 240.4 m circumference storage ring and the
BEIjing Spectrometer (BES).



he Bayjing Electron-Positron Collider

-y

- }_
- |
J



1.2 Performance and Operation

Beam Energy (E) 1.0~25GeV

Revolution frequency (f,) 1.247 MHz

L attice Type FODO + Low-f3 Insertions

B -functionat IP (8,/ ) 1.3/0.05 m

Transverse Tune (K/V) 5.8/6.8 (Col. Mode) 8.72/4.75 (SR Mode)

Natural Energy Spread (a,) 2.64E x104

Momentum Com. Factor (a,) 0.042 (Col. Mode) 0.016 (SR Mode)

Hor. Natural Emittance (&) 0.4@1.55 GeV, 0.076@2.2GeV (SR)
mmhr

RF Frequency (f ) 199.533 MHz

Har monic Number (h) 160

RF Voltage (V) 0.6~1.6 MV

Bunch Number (N,) 1*1.(Col.), 60-80[(SR)

Maximum Beam Current 50mA@1.55 GeV (Coal.,) 130mA (SR)

L uminosity (103 cm2st) 0.5 @1.55 GeV, 1.2cm? s'@1.89GeV
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World J/¢ Samples (x10°)
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1.3 Physicsresultswith BES M
Taking JAp decays as example Ww

Ideal place to search for new types of hadrons

BESI|
58M J/Y

Ju

2 - a f 0

CBAL MKII MKIII DM2 BESI BESII

@ Gluonrich

@ Very high production Cross
Section

@ Higher BR to hadronsthan that
of ¢ (“12% rule’).

@ Larger phase spaceto 1-3 GeV
hadronsthan that of Y

@ Clean background environment
compared with hadron collision

experiments, e.qg., “J, 1”7 filter
9
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Threshold enhancement in 3J/¢ — ypp

fitted peak
@ BES: enhancement seen location  3-2ody phase space
near threshold in Mpp N ]
J/LIJ—>pr7. 150
e |f fitted with an S-wave w |
I esonance: Em:.:
e n
+3 + 50
—_ 2 i
[ <30 MeV/c? (90% CL) L R B s . \
0 0.1 0.2 0.3
Phys. Rev. Lett. 91, 022001 (2003) M(pp) - 2m, (GeV)  aecentance

|f Ppbar molecules, looking for other decay modes, such J/y - yrtTn’
G.J. Ding and M.L. Yan, PRC 72 (2005) 015208
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EVENTS/(40MeV/c?)

EVENTS/(40MeV/c?)

Observation of X(1835) in J/y-> yn'T'TT

(©) n'>nmr 510 Phys. Rev. Lett. 95, 262001 (2005)
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EVENTS/20MeV/c

BESII1 may measure its JPC with a
factor of 100 more statistics

o L™ 1, M VI =1833.7 £b.1x Z./ MIeV/C
1.5 2 2.5 3
Mt ) (GeV/ic?) [ =67.7+20.3+7.7 MeV/c?

2

B(J/ — X)B(X - m'mn)=(2.2+0.4+0.4)x10™*

L1




Observation of wethreshold enhancement in J/P - yw@

Phys. Rev. Lett. 96, 162002 (2006) =T
DOZI process 3

Phase Space
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M = 181272 +18MeV i ||
[ =105+20+28 MeV 7 My (Ge)

— + + 4 relation with f,(1710), f,(1790) ?
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New observation of a broad resonancein J/{ - K*K- 11
Phys. Rev. Lett. 97 (2006) 142002
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M 00 EI :
b K80
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Background |M(K'K) (GeV/cH) IMK7)]” (GeV/c)

>X pole position: (15767;"..) —i(409°,"%) MeV / ¢

e —9l
Br(J/¢ — Xm®)Br(X —» K'K7)=(85+0.6%%)x10™
PWA analysis and parity conservation considerationsyield: J ey
Too many 1-, width is much broader than other mesons, multiquark state ?



1.4 From BEPC to BEPCI |

@ Inearly 80's, thedecision to build BEPC was a great success.
» Rich physics opportunities with limited investment:
v' A total of ~ 100 papers published in PRL, PRD, PLB, ...
v' A total of ~300 recordsin particle data book
v Several highlightswell known in the community

» Established the foundation of particle physicsand itsrelated
technology in China: accelerator, detector, electronics, ...

» Started the era of synchrotron radiation application in China

» Technology transfer

@ Inearly 90's, the community started the discussion for the future. The

conclusion wasto continue the t-charm physics study by a major upgrade
of the accelerator and detector (BEPCII / BESIII)

@ Thephysicswindow is precision charm physics and search for new physics.
» High statistics: high luminosity machine + high quality detector

» Small systematic error: high quality detector
14



(2) BEPCI | Project

@ General Description

@ Physicsat BEPCII/BESII |

@ BEPCII Accelerators

@ BESI || Detector

@ Beaijing Synchrotron Facility

15



R
B S

ey
eseee i iets ey
LSS RSO 0

BESI Detector (Option 2)




What is BEPCI |

DR: multy-bunch kyma,~400, k, =1 =» 93

A4 4

<

Choose large g, & optimum
param.: 1,=9.75mA, §,=0.04

e e il

Micro-B: 3 =5cm < 1.5 cm
SC insertion quads

155 = 2.17x10™ (1 + R)&,,

eV )Kp

B, (cm

e

Reduce impedance +SC RF
0,=5Cm =» <1.5Cm

(L sepcii/ I—BEPC) DR:(55/15) x93 x 9.8/35=96
L sepc=1.0x10 Slem2sl=p L sepcy) =1x10 33 cm-2st
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Design Goals

Beam energy range 1-2.1 GeV
Optimized beam energy region 1.89GeV

Injection from linac Full energy injection: Ej;=1.55-1.89GeV
Dedicated SR operation 250 mA @ 2.5 GeV

18




et-e Colliders: Past, Present and Future
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C. Biscari, Workshop on e*e'in 1-2 GeV Range, September 10-13, 2003, Itgly



5100

BESII| Detector

Magnet: 1T Super conducting

@ Adapt to high event rate of BEPCI I :
10*3cm=2 st and bunch spacing 8ns

@ Reduce sys. errorsto match high statistics Event rate= 3 kHz

Photon measurement, PID...
@ | ncrease acceptance

*

EMCAL: Csl crystal
AE/E =22% @1 GeV
oz=0.5cm/VE

TOF:
B annns oT = 100 ps Barr€
110 ps Endcap

MDC: small cell & Hegas
0,,=130 um
/p=0.5% @1GeV
E/dx=6%

Muon ID: 9layer RPC

Trigger: Tracks& Showers
Pipelined; Latency =2.4 ms

Data Acquisition:

U)

Thruput ~50 MB/

4V}




Lithography

BEPCII beamlines
and experimental

stations
R idh Pressure
2

“
“
*

Diffraction and
mall Angle Diffusg
Photoemission 4BQA
pectr oscop 4B9B
p




2.2 Physics at BEPCII/BESII |

Remains a dual-purpose facility
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Light hadron spectroscopy

@ Baryon spectroscopy

@ Charmonium spectroscopy

@ Glueball searches

@ Search for non-gq states

12

10

foMg

O —
-+ —_—
27— %A,:

A — A —

0

Spectrum of glueballsfrom LQCD

10% J/P eventsis probably
enough to pin down most

of problems of light hadron
Spectr oscopy

Mg (GeV)

Y. Chen ef al.
PRDY3:014516,2006

(updates Morningstar &
Peardon, "99)

O+ :1710 = 50 + 80

Also:
1611 + 30 =+ 160 Michael ‘98
1550 + 50 +? Balietal ‘93
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Precision measurement of CKM
- Branching rations of charm mesons

@ V/V. Leptonicand semi-leptonic decays

o V. Hadronic decays
@ V,/V, fpandfy.from Leptonic decays
V. Form factorsof semi-leptonic decays
@ Unitarity Test of CKM matrix
Current BESI||

7 25% 5%

V 7% 1%

V= 16% 1%

V., 5% 3%

e 36% 5%

V. 39% 5% 2




Precision test of SM and Sear ch for new Physics

@ DD mixing o = ”5““—,&‘
— - - - it _3- _10 o b
» DD mixinginSM ~ 10-3-10 o o BESIII -

> DD mixing sensitive to “ new physics’
» Our senditivity : ~ 104

@ Lepton universality
@ CPviolation
@ Raredecays

ne E'FEI: az UL P
99% C1L. Limits

FCNC, Lepton no. violation, ... % (%)
D50 Mixing
Remetion Events Sensitivity of s
Right S1zn

{3TT0) = (K- =7 ) (K= | BT195 1= 107
[ 3TT0) = (K e ")l (K e ) 094351

2 3VT0) = (K el ute) 1GGROS 3.7 = 104
ATV = (R pte) (K pte) B340
PEnD= o [wgH K e ) (Ko} TN
D+ D= = [ K p- T K r=a=)] | GO0

D = [wHKYew)iother D tag)] | G000 4.7 = 100
D+ p [xH{ K w)lother D tag)] | GO




QCD and hadron production

@ R-value measurement

@ pQCD and non-pQCD boundary

@ Measurement of a at low energies

@ Hadron production at J/y, Y, and continium

@ Multiplicity and other topology of hadron event
o ...

ErroronR | Aa®,4 (M9 Errorson R will
6% 0.02761 £0.00036 be reduced to 2%

3% 0.02761 +£0.00030 from currently
206 0.02761 £0.00029 6%
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2.3 TheBEPCII| Accelerators

The BEPCII servesthe purposes of both
high energy physics experiments and
synchrotron radiation applications.

Optimized beam energy region 1.89GeV

Injection from linac Full energy injection: E;;=1.55-1.89GeV
Dedicated SR operation 250 mA @ 2.5 GeV
.




Main Parameters

Parameters Unit BEPCII BERPC
Operation energy (E) GeV 1.0-2.1 1:0-2.5
I njection energy (Eiyj) GeV 1.55—-1.89 13
Circumference (C) m 2315 240.4
[ -function at IP (B / B,) cm 100/1.5 120/5
Tunes (K/ v,/ vy) 6.57/7.61/0.034 5.8/6.7/0.02
Hor. natural emittance (&) mm/hr 0.14 @1.89 GeV 0.39 @1.89 GeV
Dampingtime (r/r/r) 25/25/12.5 @1.89 GeV | 28/28/14@1.89 GeV
RF frequency (f) MHz 499.8 199.533
RF voltage per ring (V) MV 15 06-16
Bunch number (Ny) 93 2x1
Bunch spacing m 2.4 240.4
Ly Colliding " 910 @1.89 GeV ~2%x35 @1.89 GeV
SR 250 @ 25GeV 130
Bunch length (cm) g cm =1 5 =5
| mpedance |Z/n|y Q =02 -
Crossing angle mrad 11 0
Vert. beam-beam param. & 0.04 0.04
Beam lifetime hrs. 2 6-8
luminosity@1.89 GeV 10%em™s” 100 1




2.3.1 Thelnjector Linac
@ Basic requirement:

a Higher intensity: efinjection rate = 50 mA/min.;
Q Full energy injection with E=1.55 ~1.89 GeV,;

@ To enhance the current and energy of the
electron beam bombarding the target and to
reduce the beam spot;

@ To design and produce a new positron source
and to improveitsfocusing;

@ To Increase the repetition rate from present
12.5Hzto 50 Hz.

@ To apply multi-bunch injection (fre/fLinac=7/40);

29



Measures to reach the goals

New e Gun

High current ; low emittance

New e" Source

High et yield;
L ar ge captur e acceptance

New RF System High RF power output;
with phasing loop | St@0!€ phasing 10ops

New Beam Or bit correction;
Tuning Devices Optimum optics

Other System’s Microwave system,
Upgrade Vacuum, | nstrumentation,

Control.

30



New Electron Gun

Parameters Unit BEPCI|I
Cathode EIMAC Y796
Beam current A 10
Pulse length ns 1 (FWHM)
Emittance (norm.) um 14
Accelerating voltage A Pt?gelz/gggs
Heater volt. /current | V/A | 608/507.5
Grid voltage \% 0~250
Grid pulse \% -300 ~ -700
Bias voltage \% +150 ~ +300
Operating M ode lor 2
Bunches
Repetition Rate Hz 50

200 kV—
High
Voltage




New Positron Source

A flux concentrator is employed to have a large et acceptance:
L=10cm,B=53T (1050 T, ® =7 mm —52 mm.

32



New RF Power Sourse

50MW new klystrons
New modulatorswith high power 320 kV % 360 A.
High voltage stability = £0.15%

[TDS30341.CHT 10 V IR uS
) [TDS3034].CH2 5 V-
) [TDS3034].CH3 200 m

BLITPSBO3A).CHE 56, Y| 2 ub,

33



Perfor mance of the BEPCII Linac

Parameters Design (BEPC) Achieved
Beam energy [1GeV!] 1.89 (1.55) 1.89
e+ 37 (4) 62.5
current (mA)
e 500 (50) 510
Repetition rate (Hz) 50 (12.5) 50
&l & e+ 0.40 (1.70) 0.346/0.269
(mmihrad’ e 0.10 (0.58) 0.097/0.079
Energy spread et 0.5 (0.8) 0.37
"od e 0.5 (0.8) 0.30
e* Inj. rate (mA/min.) 50 62

34




2.3.3 Storage Rin

RF System
Injection Kickers
Magnet System
Power Supply

Vacuum System

Beam Diagnosisi =
Control System
Cryogenics

| nter action Region

| nstallation

35



RF System

RF Frequency fre 499.8 MHz
RF Voltage V¢ 1.5MV
Q Value >5x108@2M V
Number of cavities Nrfc 2x1

SR loss per turn @ 1.89 GeV I Urt I 123 keV/ring I !

Total RF loss @ 1.89 GeV

Pb

Power of RF transmitters

I:)rf

124 kW/ring '
2x 250 kW
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-
[Dipdle(Leff=122r7m) || 2 |
[Dipde(Laff=1033m) ]| 2 |

Weak dipole (L eff.=1. 0321m) 2
Weak dipole (L eff.=0.7453m) |
Quadrupole II 88+2
Old quadrupoles with modified coils “ 28

160Q quadrupole (Old)
Sextupole

Vertical corrector

[Special verticalcorrector || 6 ]|,
.

Octupole (Old)
Total




Power Supplies
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Injection Kickers

Number of Kickers 4
1.9m
200Gslh
90mmx38mm

| Good field region +20mm
Field uniformity +1%

S == ¥
dﬁ":'é A fo j o?;




Vacuum System

@ Thedesign dynamic B
vacuum pressureare 8x10° .-« il Ak |
Torr in thearc and 5x101° f m.m
Torr inthelR. Byttt v

@ Antechambers are chosen

for both e+ and e— rings. Max. Secondary Electron Yield of TiN-Coated Chambers
@ 80 arc chambers, 120 2‘2 |
sraiont ston chamcers: - AN
175 discrete photon S
absorbers 180 RF shielded /ool

bellows

@ TIN coating for et ring
chambersto reduce SEY




Beam Diagnosi

Beam Position Monitor
Bunch Current Monitor
SR monitor

DCCT

Transver se Feedbake
Tune measur ement

¢ ¢ 0 ¢ ¢ ¢ ¢

Beam L oss M onitor




Control System

R e R

Ethernet

Central control roo

—-n-u

Wi

!lﬂ\- I

_—

zi::}za;—'za.ﬂ% :éEE;-EﬂEﬂH

[ e ppeee— |
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Interaction Region
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b

Commissioning 3

Collision: e ring (BER) + € ring (BPR)
SR Operation: Outer ring (BSR)

|
Phase 171IR with Conventional magnets

L; Phase 21IR With SCQ’s 1!
] Phsse 31BEPCI| + BESI |
I
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Theroad to high beam current

@ Opticsoptimization 1 Twiss
parameter corrected to design
velues, orbit correction, €tc.

@ High beam current: Beam dose
cleaning vacuum, RF
conditioning, bunch-by-bunch
feedback, cooling in beam dusts,
etc.

@ High luminosityJtune scan,
collision optimization, single
bunch current, more bunches’]
efc.

Astheresult, the beam

current in collision get higher
than 530mA.

620
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5an
LEL]
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Beam current in BER = 550mA
Oct 24, 2007 — Jan 31, 2008
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Optics Correction
Design vx/vy= 6.54, 5.597Tmeasur ed vx/vy= 6.544, 5.599
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Test of transver se feedback
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Vacuum pressure & lifetime vs. beam dose

oo s
(=1 =

-
=

e- “acuurn [ E-10 Tarr )

=

=

2007-

.._
=

East RF Vac [ E-& Pa)

=

=]
=

o
=

.
=

wn
=

[
=

a
b

i
=

(=]
i

=)
=

o

=

wn

P/ { E-10 Torr/mA )

0.6 4
—a— E_
—B— e+
0.4 -
0.2 -
0.067
0.036
LI B B R S —— T T 1
0 10 20 30 40 50 60 7o

2007-10-24

Beam Dose ( AHour)

50

2008-01-12

30 i

1]

E-9 Tarr]
R

E-9Tonq0

Ayt
— 0
10

1801412

.

1E7Pa 12
JE-7Pa {%

Ju
420
418
418
411

3233 Houf |

~A1-4
_'_0
]

4Y

e+ Life Time { Hour)



L> 1x10%2cm—~2s! with 530mAx530mA Collision
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10mé,

[

10még

10mé,

Bunch current and luminosity

Bunch Current Monitor System
Bl Group
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2.2 TheBESIII Detector

— Adapt to high event rate: 10%cm~2 st and bunch spacing 8ns
— Reduce sys. errorsfor high statistics. photon measurement, PID...
— Increase acceptancel] and give space for SC quads

Magnet yoke SC magnet, 1T

RPC

TOF, 90ps

Be beam pipe

MDC, 120 um =N _
Csl(

S

T1) calorimeter, 2.5 % @1 GeV =



Main Drift Chamber

@ Small cell
@ 7000 Signal wires. 25um gold-plated tungsten

@ 22000 Field wires: 110 um gold-plated Aluminum
@ Gas: He + C;H, (60/40)

@ Momentum resolution@1GeV: g _

. 0.32% [1 0.37%
@ dE/dX resolution: ~ 6%. ’ ’

R




Separ ate cosmicray test imeet d

90 hits.

dr 25025
phio 323820
dz 326564

tanL_-0,60083

&
8
o

=39 %
8 k3
-600 [ .{
o0 600 400 200 200 400 600 800
resrevoverall

35000 = Entries 781908
- Mean -2.772e-05
C RMS 0.123

30000[— X2 / ndf 2234 154
C Prob 0

25000 — 0=120um po 5551+ 24.2
C pl 9.471e-05 + 1.416e-04
- p2 0.07865 + 0.00022

20000 — p3 2245 + 235
- p4 -0.000392 + 0.000456
- L= H_ 5 0.1854 + 0.0008

15000  V7=60, V=80 i

10000 —

5000 —
0 C | I I | I — I Il [ I 11 | I | - I 11 | L I L 1 I 11 |

-1 -08 -06 -04 -02 -0 02 04 06 08 1
Residual (mm)
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EMC Barrel assembly




Csl(Tl) crystal calorimeter
T

Design goals:
— Energy: 2.5% @ 1GeV
— Spatial: 0.6cm @ 1GeV
Crystals:
— Barrd: 5280 w: 21564 kg
— Endcaps: 960 w: 4051 kg
— Total: 6240 w: 256 T

=

| s e s ==
ﬁl: e _‘f'ii.r-:-" = '_.'_'_:t
France it Shanghal Ingt. Be|J|ng o
Gobam of Ceramics Hamamatsu e
—_ ¥ -
i ;h ;
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Barrel EMC Installation




EMC endcap
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Time-Of-Flight counters

To measuretheflight time of particlesin order to identify them: m=P/(L/t)

.".Ll_ | \ | l | | [ 1} L L | |I,ﬂ -.i- ! F
Barrel 1 Wﬂfﬁﬁ
TOF -f;‘f”*""/}""’:f%ﬁx%m . = ] Endcap
/ i \)r & 5 \M,\/\,&/ : I —-—:
o~ z"-’ K Ly F
5 | 25|'I .;I.ﬂ};zwm 31/ f;s e.leﬁfi@ &) 33/39 ﬂ " Q eﬁ, ) P TOF
+ "-'. Lirl ;r.;': 3 {.a-"' _.:
i | 1232 " | It
1070 = || oy g
—m ' .-'f‘_.r- — _‘:'E'-' = ‘gﬁﬁ-! .r'"/
08 8=, 83 — P A ”ﬁ,_.--"' 7, z///
"_*.-""f‘ | L ::".-'.. 2 /_.
- 5 o
080093, L J= »
Y = - g
A __/ By = R _g_
" Lf:;:_i_ & 'G";r B ) -ql-
= B WL - s = = = o ¢ || = [l ez
Bl @ il
Se AT B ECE =NENE S S S IE e =iE == EE f:‘i EEEE AR TFLL
High quality plastic
Tl scintillator: 2.4 m
o AP ;
s long, 5cm thick
e — 60




Time-Of-Flight counters

@ All scintillator barsarrived from Bicron. BC408 at
barrel, BC404 at endcap, PMT:R5924;

@ Laser light monitor system,
@ All counters are assembled, tested and installed.

@ Cosmicray test showsthe system works.







ll-detector : RPC
@ 9layer, 2000 m? -

_ Tnsulatonr

@ Special bakelite plate w/o lineseed of}: ' | |

@ 4cm strips, 10000 channels N e
@ Noiselessthan 0.1 Hz/cm? smate | e |

Eukolile

—— | HW
[ 1 Insulator

| MNiclectric toam |

s T
Ciround plane

o
aJ

a




Superconducting magnet




- @ Two Becylinders (0.8 mm and

0.5 mm thick, 0.8mm gap), cold
by par affine-1

@ 14.6 um gold at inner surface.

/ " @ All welded together and installed
| inthe BESIII on March 27.
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2.3 Bejing Synchrotron Radiation Facility
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BSRF

Commissioning
together with SR

beam lines was
carried out.

Beams have been
provided for SR
userssince Dec. 25,




BSRF Operation

BEPC - Il Status

B e+ E(GeV) 0.0001 M e+ (mA) 0.00 B e+ Life(h) 0.01 Inj.Rate(mA/min): 0

M e- E(GeV) 2.5000 He- (mA) 268.77 H e- Life(h) 8.77 Op.Mode: Commissioning

e+: ThisShift(Ah) .0001 e-: ThisShift(Ah) 0.06 TCB1: On
Int.Current(Ah) 1136 Int.Current(Ah) 123.92 Inj.State: Waiting
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220 E
= 200 %
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SR user experiments, examples

B,

Ruk

Intensity(a.u.)

10 15 20 2s 30
Energy(keV)

Sm424 —a protein in Serine degradation pathway X-ray diffraction of BaRuO3 under high pressure
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Budget and Schedule
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BEPCII Schedule

2004 2005 2006 2007 2008 2009 201

4 Q1 |Q2 Q3| Q4 /0Q1/Q2|Q3|0Q4/Q1[02[Q3|Q4.0Q1[Q2[Q3 Q4 |Q1|0Q2].Q3|Q4,0Q1/Q2|Q3Q4|Q1|Q2]
# Start Construction . . E -
hiitauaﬁunﬁdtest
05-5-24 Crypgenics
_ [ [ n -
06-1-21 Test of dumy lirad at test i Toom E E
06-5-3 1g Hnm.'r.nntai test of 2# SRF at testing room -

04-2-1a6
05-1-14

nﬁszei

O S—
Fahncagmn of SCOQ)

- Fahmatnn of SCQ ralre hnx =
OG- ‘}' 9

0§- o8

06-i- 24 B Hnm.'r.mh:al test of I# SEF ai tBS'III‘lg. mnin

Cr}fngem.lt: test nf! SC cavities nn-ﬂte .
Deliug of SEF £ystem

06-8-28 [ h'ImrE SCQ out of IR
: ew :
E]ﬁ—g—'." Insin].l nlag;nets and a].lg;lunent
316-9-22 ‘Fal:uu.ru mﬂpmver supp@l
H6-10-10 Isi.ng cnnulussmrung with SR scﬂeme

0G6-11-2

07

led,measurement of 5CQ

07-8-28 | Preparetion:for moving BESIII
07-8-31 [, Move BESIH into IR
07-9-19 :

BEPC/BESTI commiissioning




BESIII collaboration

Political Map of the World, June 1999

USA (2) Europe (4)
~University of Hawaii =~ - D Py Sermany
Y UnJversn;y of Bochum Germany
Unlversty ojWashlngton . >
e Unlversty,o_f , Bermany
5__ - 2 JINR, _'uEF@, Rugsai . W
WNITED STATEN :_ —a .E- - '.-_._hu ““_?.:::_?‘.”_ —-
i oy | ___',.':-------- L.....' - = Rl S 2
= = . = WS == Japan (D)
= N o o Chile (21). = |
-, H"'-z.. _ =9 | IHE"P eC A%ﬁ' y N Tokyo Unrversty =
R -- Univ. of Sci- and Tech. of China _';'_j'—, =,

- e Shandong Unlv Zh‘é]lang Univ.
' Huazhong Nor mal Univ., Wuhan Univ.
~% ~Zhengzhou Univ., Hﬁnan Normal Univ.
m Peking Univ., T‘Smghua Univ. ,
. Zhongshan Univ.,Nankai .U.mV..
€ .: Shanxi Univ., Sichuan Univ
‘Hunan Univ., Liaoning Univ.
Nanjing Univ., Nanjing Normal Univ.
Guangxi Normal .Univ., Guangxi Univ.



_8) Daya Bay reactor neutrindiz

oscillation experiment

@ Motivation

@ Daya Bay nuclear power plant
@ Baseline detector design

@ Plan and schedule
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3.1 Motivation

Neutrino oscillation; PM NS matrix

| f Masseigenstates# Weak eigenstates = Neutrino oscillation
Oscillation probability!’
P(vl—>v2) sin?(1.27Am?L/E)
Atmospheric  crossingICP & 0, solar BB decays

e?” 0 0
0 € 0

10 0 Ci3 0 Sy3)({ Ca 813 O
V=[0 cy 523) [ 0 e 0 J [512 Cyg DJ
0 —853 Cy —Sq3 0 Cya 0 0 1 0 0 1
Super-K Daya Bay Homestake EXO
K2K Double Gallex Genius
Minos Chooz SNO CUORE
T2K NOVA KamLAND NEMO

A total of 6 parameters: 2 Am?, 3 angles, 1 phases + 2 M ajorana phases
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| mportance to know 0,

177A fundamental parameter.

2Ll mportant to under stand therelation between leptons and

quarks, in order to have a grand unified theory beyond
the Standard M oddl.

d, Vud Vus Vub d \% e U el U e2 U e3 \ 1
S|=|Vy Vo Vy|s| <=mmp |y (=1U, U, Ug,l|lv,
b’ th Vts th b A T U 11 U T2 U 13 vV 3

3 Important to understand matter-antimatter asymmetry
— 1f sin?28,,>0.01 next generation LBL experiment for CP
— 1f sin?20,,<0.01, next generation LBL experiment for CP 7?7
4 Providedirection to the future of the neutrino physics:

super-neutrino beamsor neutrino factory ?
¢



Neutrino detection:
|nver se-3 reaction in liquid scintillator

V.+p - e +n
e * P T=1800r 28 pus(0.1% Gd)

n+p —2>d . +y(2.2MeV)
n+Gd-> Gd* +y(8 MeV)

Neutrino Event: coincidence In
time, space and energy

From Bemporad, Gratta and Vogel

Observable V Spectrum

|

Arbitrary

Neutrino energy:

E, 0T, +T,+(M, =M )+m,

vV

e 10-40 keV 1.8 MeV: Threshold




How to reach 1% precision ?
@ | ncrease statistics:

» Powerful nuclear reactors(1 GW,,: 6 x 1020 v Js)
» Larger target mass

@ Reduce systematic uncertainties:

» Reactor-related:

v Optimize basdline for best sensitivity and smaller residual errors
v'Near and far detectorsto minimizereactor-related errors

> Detector-related:

v Use“ldentical” pairsof detectorsto do relative measurement
v Comprehensive program in calibration/monitoring of detectors
v’ Interchange near and far detectors (optional)

» Background-related

v Go deep to reduce cosmic-induced backgrounds

v"Enough active and passive shielding
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Proposed Reactor Neutrino Experiments
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3.2 Daya Bay nuclear power plant

@ 4 reactor cores, 11.6 GW
@ 2morecoresin 2011, 5.8 GW

@ Mountainsnear by, easy to construct alab
with enough overburden to shield cosmic-ray
backgrounds




Total Tunnel length ~

3000 m
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Site investigation completed: very good rocks conceptual design of
tunnel completed, engineering design of the tunnel will start soon

7 [ . [y ]



3.3 Basaline detector design

multiple neutrino modules and multiple vetos

| @ Multiple anti-neutrino
— detector modules for side-by-
' side cross check

@ Multiple muon tagging
detectors:

» Water pool as Cherenkov

= counter

g = = > Water modulesalong the

walls and floor as muon
tracker

» RPC at the top as muon
tracker

g » Combined efficiency > (99.5

e + 0.25) %

RPC MODUIE |
WO TR SLPFLIR T LY

REPC MO0 E—
(UPPER SLPPORTEDY ™

WATER -

AOITEMELTRIMC =
CETECTORS

Redundancy Is a key for the success of this experiment ,



Central Detector modules

@ Threezonesmodular structure:
» |. target: Gd-loaded scintillator
» |l. y-catcher: normal scintillator
» |1l. Buffer shielding: oil

@ Reflector at top and bottom

@ 2248 PMT/module

@ Photocathode cover age:
5.6% =» 12% (with reflector)

=
=

3 [ W/ndt  07SSIEDD 7 g E T
o | Pl 01222 5 350 ; 2
% 0.1 f— Ix'\\ O'E/E = 12%/NVE 300 ;
= C 230 F
oos |- . 200 E
0.06 150 F
C T 100 Tar get 20 t, 16m
004 - Ok
i o :"’- y-catcher: 20t, 45cm
002 B L1 L1 L1 1 ] L1 L B
0 2 3 6 B 50 .
Eoeegy (MeV) . Buffer: 40t, 45cm
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Water Buffer & VETO

@ 2.5 m water buffer to shield backgrounds
from neutronsand y sfrom lab walls

@ Cosmic-muon VETO Requirement:
» I nefficiency < 0.5%
eutron background vs
» known to <0.25% £=  \Water shielding thickness

t/day)

@ Solution: multiple detectors

on per day (ev

2.5 m water

@ Multiple detectors can also ; |
cross check each other to @ b
control uncertainties

neu
o

1.5 1.75 2 2.25 2.5 2.7
water thickness (m)
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Summary of Systematic Uncertainties

Sour ces Uncertainty

Reactors 0.087% (4 cores)
0.13% (6 cores)

Detector 0.38% (baseline)

(per module) 0.18% (goal)

Backgrounds 0.32% (Daya Bay near)
0.22% (Ling Ao near)
0.22% (far)

Signal statistics |0.2%
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Daya Bay collaboration

Political Map of the World, June 1999

LLLLLL

NorthAmerlca(14)(48) i v

_BNL, Caltech, Georgel\/lason Univ., LBNL
lowa state Univ. III|n0|S+nst Tech Prlnceton
RPI, UC-Berkeley, UCLEA, Univ:of Houston,
“Univ. of Wisconsin, Vi?'giniaTech
Univ. of III|n0|&Urbana-Champalgn

~ 143 collaborators

Europe (3) (9)
JINR, Dubna, Russia
Kurchafov | nstitute, Russia

B o Char‘r@Unglersty, Czech Republic

| ,,— ? Asta (15) (86)

IHEP‘-Beljlng Normal Univ:, Chengdu-Unlv
of-Sci.-and Tech., CGNPG, CIAE Dongguan
Polytech. Univ., Nanjing Univ.,Nankai Univ.,
Shenzhen Un|v Tsinghua Univ.; USTC,
Zhongshan Unlv Hong Kong Un|v ;
Chinese Hong-K eng Univ., Taiwan Univ.,
Chiao Tung Univ., National United Univ.



3.4 Schedule and Funding

Begin civil construction
Bring up thefirst pair of detectors

Begin data taking with full detector

June 2007/

June 2009

June 2010
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Funding and other supports

@ Funding Committed from
» Chinese Academy of Sciences,
» Ministry of Science and Technology
» Natural Science Foundation of China
» China Guangdong Nuclear Power Group
» Shenzhen municipal gover nment
» Guangdong provincial gover nment

@ Gained strong support from:
» China Guangdong Nuclear Power Group
» China atomic ener gy agency
» China nuclear safety agency

@ Supported by BNL/LBNL seed funds
@ Supported by DOE $800K Ré& D fund
@ Support by funding agencies from other countries & regions

@ China plansto provide civil construction and ~half of the detector
systems; U.S.plansto bear ~half of the detector cost
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Y angbajing Cosmic Ray Observatory

Ja.sl. 4300m[!
\~-3T7eV ~300GeV

Sino-ltakan AR GO experiment (RPC hall)

)

e e - ey

Sino-Japanese AS 7 experimend (semtillation detector array)
A5y scintillation detec tor

TR mm —]

= i Lk lea
1

o

1 HETIEN L1



Hard X-ray Modulation
Telescope (HXMT)

LE:SCD,1-15 keV 384 cin2

ME: Si PIN,5-30keV | X AT
952 cm2 -7

1900%1600x1000 mm?3 1100kg Satellite 2700 kg
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Alpha M agnetic Spectrometer

AMS01l permanent magnet
and structure were built at
Beljing, and became the first
big magnet In space as
payload of Discovery June

AM S02:
ECAL/IHEP/L APP/Pisa

Flight moduleisready.
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Remarks

@ Particle physics in China Is In phase
transition: the experiments discussed
above will bring It to a new stage;

@ Great progress has been seen on the
design and construction, as well as
Industrial supports;

@ Physics potential of the experiments are
great, but remains to be demonstrated;

@ Welcome new collaborators!
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The $cientific Geoggaphy of China
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Main Parameters

CSRm CSRe
Particle Species P, C-U PIEAENRLE . ...
Energy (MeV/u) 2350~2800 (P) | 2000 (P)
(Box=1.4~1.6T) 900~1110(12C*c*) | 600~770(12C*c*)
400~510(238U"2) | 400~500(238U>90%)
Resolution Ap/p <104 <10~
Momentum Acceptance | +0.15% +0.25~0.5%

Emittance <5t mm-mrad | <111 mm-mrad
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HI RFL - @SRIBROjEct at L angzhou

f. - 1 I = m——
Signals of beam + bump + RF for multi-turn injection

PS of bumps, dipoles and quadruples were controlled by the new DSP

=7

L RF Voltage

Bumping

Chl 1.00V M4.00ms A £ 600mv

i+~ 0.00000 5



Cyclotron Based Radioactive lon Facility

ISOL System

l

100 MeV “

B yclc}tmn

l-- Superconducting

L Ll]'lﬂ,ﬂ

ol AE

* _
L] l

d
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Approved in July 2003, the project isin its construction. More than 40
proton-rich and 80 neutron-rich radioactive ion beams with beam intensity
higher than 10° ppswill be provided by

CBRIF

ISGL System

T 12 l--

Superconducting

C w:lntmn -y
I i m
= | S
mH mm B o .
¢ & e ©
Valy - — *-
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Cyclotron Based Radioactive lon Facility

The Cyclotron

Energy
75MeV ~100 MeV

Max Current
200 uA ~500 pHA

For a final energy
of 100 MeV or below,
and beam Intensity of
less than 1 mA, a
compact magnet and H-
acceleration with
Stripping extraction
might lead to a smaller

and cheaper machine.

103



Superfonduftingleinag=

¥




43 NSRL Upgrades

b =

s

[

i

&

n

2

L

nnnn‘?ﬂ?ﬁ .|( ) '-._;1_:;::1 3

MNational Synchrotron Radiation Laboratory



Completed in 1990, the NSRL haswell operated for
synchrotron radiation usersfor 14 years.

Goal of NSRL upgrades

® Toincrease number of beamlines
@ To Improve machine performance

® To satisfy growing needs of users
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Main Parameters of SSRF

Beam Energy GeV o
Circumference m 432
Number of cdls 20
Sraight sections (LxN) m 4x12m, 16x%6.7m
Beam current mA 200~300
Natral emittance nmidad | 3.0
Beam lifetime hrs >10
SR beam stability Hm ~+0.10

o Energy GeV ORl=3:5
| njection Ci : 180
oo Ircumference m

Natral emittance 110 nmxrad
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Schedule and Budget

Schedule
Jan.7 2004
Feb. 2004 — June 2004
July 2004 — Nov. 2004
Dec. 2004 — Apr. 2007
Dec. 2001 — Oct. 2007
May 2005 — Mar. 2008
Apr. 2009 —Mar. 2009
Mar. 2009 —

Budget 11300 MRMB

SSRF project approval
Feasibility study

Design

Civil construction
Manufacture and test

| nstallation and test
Commissioning & Operation
Operation
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Main Parameters of the CSNS

RFQ injection energy (keV)
DTL injection energy (MeV)
RCSinjection energy (MeV) 80 = 130

Beam energy on target (GeV)
Repetition frequency of RCS (Hz)
Aver age beam current (HA) 759125

Aver age beam power (kW) 120=»200
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High Resolution Powder
Neutron Diffractometer

High Flax Powder
Neutron Diffractometer

ayout of the CSNS et

___ Reflectometer

' High energy DG
- Spectrometer
Small Angle
Diffractometer

Target system
P=2.5% 1016n/cm2

1.6GeV, 62.5uA

Proton linac injector
NG 70M eV, 100pA, 25Hz




Chipa.spaliation Neutron Sour




4.6 ILC Activities

@ Join the Asa-wide and World-wide

collaboration on ILC;

@ Forming China-collabor ation team (IHEP,
Pelking U., Tsihghua U., Etc.),

@ Join activities of Working Groups,

@ Xiangshan meeting on

@ Organizing the ACFA
Detector Workshop &

@ | L C Schools,

S
_C Physicsand

_C GDE Mesting
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Super conducting laboratory in IHEP

T00MHz/B=0. 45 r f \ :
R BRI ER = =0 S VN .\~
: : - 4 g @ 41
FE, i B e a2 ke T\ I 1]
- § d\rl F I
| j
Fr=696.812 MHz; \ | )
LN
Rs=14.8265n02 ; .
Qu=T7.7336LE+19;
=114.655 02 BT R~ (hcol 1 86 MAT) -
Rsh=1.8442E+06 MCVm: D=387Tmm: R=SOmufl
R/Q)=19.396 (}; L ey=4mm: L =21 o
Esp/Eace=3.319; A=21.69mm, ; B=43.
Bsp/Eace=8.15|mT/(My/m), ~ #=I8mm;  b=36mu

117



SRF-2004

25 118




IHEP-ILC Group Workson SingleLLSC R&D

IHEP made 6 single LLSC cavities with

three different types of materials. IHEP made Saito-type CBP
Experiments start with Chinese Ning

Xia Large Grain LLSC.

Z.G. Zhong, J. Gao, J. Gu, H. Sun, Q. J. Xu, J.Y. Zhai, M.Q. Ge
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IHEP-ILC in collaboration with KEK Saito’s group on
China Large Grain Single Cell LLSC

1.Motivation and Significance of the Research of Large Grain Niobium Cavity
2.Large Grain Pieces From Ningxia, China

3.Fabrication of Large Grain Cavities by Standard techniques

4.Surface treatment and Preparation for Vertical Test

5.Comparison of cryogenic vertical test results of the three cavities.
6.Summary
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4.7 Advanced
Accelerator Research



£5o% JG-11: 20TW fslaser facility at |OP and CAEP
For laser-plasma acceleration experiments

1

e

640mJ/30fs, 20TW, focused intensity > 3x10°W/cm?
Contrast ratio better than 106, 1.5xdiffraction limit **



Adaptive optics larget chamber Diagnostics
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Concluding Remarks

@ High energy physics and accelerator projects have
been in rapid development in China, aiming at such
fundamental scientific researches, as high energy
physics, nuclear physics, material science, bio-
science and many other fields, as well as their
application;

@ Chinese scientists are devoting themselves to these
projects. If they succeed, their contribution will not
only benefit their own nation, but entire of the
world.

@ There iIs every reason for our two IHEP’s of Russia
and China to work together for the bright future of
our nations and, in the same time, the whole world.
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Thank You for
Attention




