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* Introduction of BEPCII and BESII|
* Sub detectors of BESIII
e Upgrade of EFOF and inner drift chamber
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PUASTHRM 28 : MDC, TOF, EMC, MUC
SSM: Solenoid Superconducting Magnet
Trigger system

DAQ system

Slow control system

e Beijing Spectrometer(BESIII) is a
general purpose detector at Beijing
Electron-positron Collider (BEPCII)

e Versatile researches in tT-charm physics
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e Started commissioning
run in July, 2008

 Started data collection in
2009

e More than 15 years
operation

e BEPC and inner tracker of
BESIII were upgraded this
year

e BESIII will continue to
operate until 2030
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 Main tracking detector for the charged particles
Position, momentum and dE/dx measurements

e Consists of inner chamber and outer chamber

e 43 |ayers in total
8 layers (Inner chamber)+35 layers(Outer chamber)
19 axial layers, 24 stereo layers, 6796 cells in total

Outer chamber cos6=0.83

Cose=0.9

i

Radius extension : 63 mm - 810 mm

Length: 2308 mm

Inner cylinder: 1.2mm carbon fiber

Outer cylinder: 11.5 mm CF with 8 windows
End plates: 18 mm Al ( 6 stepped and inner end
plates : 25 mm Al)



Field to sense
wire ratio: 3:1

@ Sense wires +HV

@ Field wires —-

Attractive features of small cells

e Small drift distance - fast trigger

e Can reduce electron diffusion = improve spatial resolution
 Can put more layers in limited space - improve oy /4,

e Reduce accumulated charge of the cells - slow down aging

e He based gas mixture
* He:CyHy=60% :40%

e cell size:
inner chamber: 12mm X 12mm
outer chamber: 16.2mm X 16.2mm

e Sense wires: $25um W (Au)
e field wires: $110um Al (Au)
e 28680 wires in total
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* low material budget to reduce multiple scattering, X,: 500 m, v,=3.8 cm/us 10



e Main R&D:

* Materials: wire(tension, creeping, ), glue(aging, radiation
hardness), feedthrough(precision, HV resistance), -
* Prototyping & test beam

* Manufacturing and assembly:
* Precision of end-plates: very difficult, failed twice
* Feedthrough: precision, -
* Wiring, carbon fiber cylinders, precision of assembly, gas
tightness, -
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 Module study and production :
radiation hardness, wrapping,
optical coupling, effects of
magnetic field, test beam, ...
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e Crystal module study and production: light yield,
uniformity, wrapping, PD, test beam,...

e CsI(TI) crystals produced from SIC, Hamamatsu and Saint-
Gobain in order to control the risk, cost and quality

e Low noise electronics: 1000 e equivalent ~ 220 keV

e Using screws instead of honeycomb structure to hold
crystals
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Key Issues: structure, cable winding, assembly, valve box:-
Huge risk: not possible to test before the final curing
* too late if we know it is not good
After 3 times of quenching, the magnet reached 1T
Field mapping: Ar< 0.5 mm, AB<0.1%
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Muon Detector
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« Beam pipe

 Electronics, Slow Control and Grounding
 Trigger system

 DAQ system

 Software and data flow



Sub detector Design Performance Achieved Performance
MDC orp = 130um orp = 115um
Ap/p = 0.5%@1GeV (B=1T) Ap/p = 0.5%@1GeV (B=1T)
Oak/dx = 6% OdE/dx = 6%
TOF Barrel or = 80~90 ps or = 68ps
Endcap or = 110~120ps (before upgrade) or = 110ps (before upgrade)
80ps~100ps (after upgrade) 60ps (after upgrade)
EMC AE/E = 2.5% @1GeV AE/E = 2.5% @1GeV
o = 6 mm/VE o = 6 mm/VE
MUC orp = ldmm~17mm orp = ldmm~15mm
o,~17mm o,~17mm

BESHI & F RN 251 AE X BB et Fads, 1EITE KK 2



system BES Il BES |1 CLEOc Belle
o, = 115pm 250pm 130um 130pum
MDC AP/IP (%) = 0.5 %(1 GeV) 2.4 %(1 GeV) 0.5 %(1 GeV) 0.5 %(1 GeV)
Cyg/gy (Y0) = 6% 9% 6% 7%
EMC AENE(%) = 2.5 %(1 GeV) 20 %(1 GeV) 2.3 %(1 GeV) 2.2%(1 GeV)
AB=5 mrad(1 GeV) A6=25 mrad(1 GeV) A6=5 mrad(1 GeV) AB=5 mrad(1 GeV)
TOF o (ps) = 68 ps Barrel 180 ps Barrel 139 ps 90-100ps
110 ps endcap 350 ps endcap
60 ps new MRPC
endcap(2015)
[ counter 9/ 8 layers 3 layers 3 layers 14 layers
Magnet 1.0 tesla 0.4 tesla 1.0 tesla 1.5 tesla
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g MDC : G.é_ ...N"...unu.
* No broken wire. 43 dead channels in total, 40 channels can 085 Round 15
be repaired due to preamp issues o 07h Round 16
e Hit efficiency: 90%~97%, except for the first 3 layers g 06—
« EMC: 5
* No dead crystal module. 27 unglued modules, light yield T ..~ MDC hit efficiency vs layer
of 5 modules dropped to about 60-70% 0af-
e Efficiency : Almost 100%, except for the 5 unglued modules m—
e BTOF: R SR TR T leoaye:|5 0390
* No dead channel 110 -
* Efficiency : 95%~97% for single end " BTOF efficiency  » essiens
105 Bl
g ETOF: g + Double Layer
e 6 dead channels can be repaired due to preamp issues & 1007
e Efficiency : 98.5%, except for the dead channels % 95
e MUC: TR AR
e 1 module dead (east endcap layer0) E
* Efficiency : >90% 8or .
80 -
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TOF Counter Number
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e Gains of inner chamber dropped, about 50% for the first layer cells
* No significant change in gain for outer layers

e Gain decreased by about 3% /year for layerl and layer2, but slowed down
in last three years
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* Integrate currents of each cell to get
accumulated charges

 Total charges are about 280mC/cm for
the first layer

e Total charges decrease rapidly for the

cells far away from the IP
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* The resolution of the inner chamber has significantly decreased
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e Decrease in gain caused by aging
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e Low voltage setting leads to low gain for the first four layers
 Almost no changes for the outer chamber
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* No significant decrease for most layers
« Hit efficiency of the first three layers decreased year by year
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» The efficiency of the first three layers are nonuniform

e Some region is quite low (~20% ), Signals are lower than threshold
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e Built a 3-layer cylindrical GEM inner tracker for
inner drift chamber upgrade (INFN and IHEP)

* High counting rate (>10% Hz/cm?)

Read-out
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e Strong anti-aging ability - AN T NG venion &by, N\ o2

s\ N
Cathode

e Significantly improve z-direction resolution
(~¥1.5 mm ->~0.5 mm)

ME MG AR N ZFFEBESI_EHEH XIEH COEMAT NIMA 824, (2016)515-517

| Layerl, 2, 3 I~ Assembled three layers together for cosmic-ray tests
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