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* General purpose detector at BEPCII, E_, ~ 2-4.6 GeV, L., =~ 10%3/cm?/s
e Versatile researches in t-charm physics 2



e Main tracking detector for the charged particles
position, momentum and dE/dx measurements

e Plays a key role in BESIII tau-charm physics research
e inner chamber (8layers)+ outer chamber (35 layers)

e Aging problems of the MDC

e High background. Reduce HV of the innermost 4 layers, gain decreased to 31%
for the first layer cell

e Cathode aging: Malter discharge
* Anode aging: gain dropped dramatically (39% for the first layer cells)
* Performance decrease, risk of not working
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Malter discharge : a self- Did not disappear even after stopping the
sustaining local discharge irradiation, until the HV was powered off

e 2000ppm water vapor @ 21 °C was added to the gas mixture to solve the problem

e Water attemperator is used to control the temperature of the water vapor system
in the variation range of 0.3 °C
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Noise occupancy after T/Q match
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Three options with different goals

e New inner drift chamber

e Cylindrical GEM inner tracker (CGEM)

e R&D of a COM pixel sensor tracker prototype



New inner chamber

« | New design

e Animproved new inner drift chamber
with multi-stepped end-plates

e Shorten wire length exceeding the
effective sold angle

* Reduce the background counting hits

(currents) of a cell, decrease the risk of
Old inner chamber wire broken
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e Tracking efficiency and momentum resolution are similar to the old chamber

e Spatial resolution in z improved a little bit since larger stereo angle




®  Mechanical structures assembly and measurement

@  Wiring, wire tension and dark current measurement

Quality control : =10% of the design value, 5nA/cell @ 2200V




®

Outer cylinder assembly for cosmic-ray test

®

Sealing and leakage test:

leakage rate < 0.1% / h @ 5 times operating gas pressure
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® Cable preparing and test
The connection between feed-throughs and preamplifiers

® Field wire grounding connector and cables preparing
12
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@ Gas, high voltage preparing
Electronics test (long-term crate class test)
@ Cabling and test
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Field wire grounding

ting

ifiers moun
@ Signal and HV cabling

@ Preampl
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@) Long term cosmic-ray test



. . * Noise rate measurement to determine the
e High Voltage setting final threshold
both 2200V and 2150 were tested Low threshold: 130, High threshold: 150
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Efficiency: >99% (HV = 2200V)
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* The performance meets the requirements of BESIII
e The new inner chamber is ready and can be used in the case of unexpected failure of

the old chamber
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Read-out

\nductio,
# " vansfer 5 '\\
L T R Ny Anode
Y 4 sransfer 7 N,
GEM 2

GEM 1

Cathode

Layout: three layers

Low Material budget: <1.5% of
X, For all layers

Momentum resolution: op;/P;
=~0.5%@1GeV

High Rate capability: ~10%
Hz/cm?

Coverage: 93%

Spatial resolution: g;.,: 130 -
150 m, g,<1mm

1 T magnetic filed

Operation duration: at least 5
years

Active area
e —L1length532mm
e —L2length:690mm
e —L3length:847mm

Inner radius:78mm
Outer radius:178mm
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Drift cathode : /

. — e Higher particle rates capability
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L.L Wang, CGEM-IT referee meeting, 15 Sep. 2017, IHEP
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e Spatial resolution in 7¢p & momentum resolution with CgemBoss665b is comparable to Boss665p01
e Spatial resolution in z is significantly improved with CgemBoss665b
e The efficiency for tracks with low transverse momenta which need improvement o)



L.L. Wang, CGEM-IT referee meeting, 15 Sep. 2017, IHEP

e Different single track : e, u, m, K, P
e Different reconstruction (benchmark channels studies):
K® 2 m*m reconstruction

P(3686)2>m+n-JApD>m+m-ete-

eeuuy @ 3.773 GeV
ee>ppbar

ee2Y2>D Dt @ 4.42GeV
Tag D'>K K'K" in ee>D'D’ @ 3.773 GeV
ee>AA>prprt

e Performance reasonable (comparable with Boss665p01,
dr resolution slightly better at low pt, significant dz
resolution improvement)

* The efficiency for tracks with low transverse momenta
which need improvement

23



Long rail and supporting legs

N

=
f

MDC

Supporting legs |

#3

Long rﬂ

Material-| Length<| Thickness.| OD- ID+ | Weighte Deflection(mm)e-
Q345 (m)e (mm)e | (mm)e| (mm)e|  (Kg)e Span=9.2ms Span=3.8me
carbon Self- 100Kg Self- 100Kg _
steel» weighte| concentrated load-| weighte| concentrated logd-
9.2¢ 6 100- | 88- | 128+ | 6.37¢ 10+ 0.19- 0.7.




Inner MDC protection

Outer MDC protection

Supporting Frame: fix on the outer MDC and limit the displacement of steps during extraction



e Material : Carbon Fiber
e Thickness: 500pum-600um

e Dimension:
— Cylinder Outer R:183.2mm
— Cylinder Inner R:182.6mm
— ID of MDC (step #1): R183.5
mm
— CGEMR__:R180.7mm

Separation
Cylinder New ring  West flange

: _ glue
77X - \ \‘
E ] \\ |
— N [ s
East side West side

e West side: glue the cylinder to the new west ring

e East side: Gluing the cylinder with first step ring of MDC .



d=131mm

Supporting flange for CGEM:
had been checked and modified
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e Cooling

e Gas system

e Operating procedure
e Cable routing




e Electronics production completed: end of Dec 2017

e Detector construction completed: Feb 2018

» Electronics test completed: Feb 2018

 Mechanical assembly test of the three layers: Jan 2018 — Mar 2018.
e End of the installation readiness review: Mar 2018.

e CGEM -IT leaves Italy: May 1th 2018.

e CGEM -IT QC and assembly at IHEP: May —Jun 2018.

e Standalone cosmic run: Jun -Aug 2018.

e Ready for installation: July 1th 2018.

e CGEM installation begins not earlier than August 1th 2018

e Commissioning of the system

A referee committee, weekly meeting, workshop, good cooperation
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f Charged track
£

“passivation

e First domestic study on the development * Monolithic, sensor + readout electronics

of vertex detector or inner tracker « Density: ~20um pixel pitch, ~0.9Mpixels/chip

e Baseline design
* 3 layers detector with Mimosa28 chips
 Good spatial resolution (few pum) * Rating capability: “10°Hz/cm?

e Low material ladder structure « Material budget: ~50um thick
e Air cooling

e Spatial resolution: a few um

° iati .~ 13 2
« R&D project Radiation tolerance: ~1 MRad, 10* n,./cm
* institutions: IHEP+ SDU e Power consumption: 175mW/cm?

collaboration with IPHC * Room temperature operation

31
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- = MAPS Inner Tracker
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e Simulation to estimate the
performance of the whole tracker with
CPS inner tracker

e Improvement of the spatial resolution
" 0, : 0.18mm—0.10mm @ 1GeV/c
= o,: l.omm — 0.12mm @ 1GeV/c
: Improvement of the momentum
resolution and the tracking efficiency

Tracking efficiency

0.55[

° DC Inner Tracker

u MAPS Inner Tracker

0.35—

02 06
P (GeV/c)
1 A
: —m— e
0.95 e
[
B ——
0.9~ . DC Inner Tracker
B L MAPS Inner Tracker
0.85 ¢
T i i | ) . ) i | L L i L | ) L L i
0.8 0.1 0.2 0.3 04

P, (GeV/c)
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e Prototype layout
e 1/10 Coverage of the inner tracker (~ 720cm?—180 chips—180M pixels)
e ¢ direction: 2, 3 and 4 ladders for the 1st, 2nd and 3rd layer respectively
e Zdirection: 2 sets of ladders each layer
e 10 Mimosa28 chips with dimension of 2cm X 2cm in each ladder

e Chip -ladder ->sector - layer ->prototype

33



transfer board

pixel chips

adhesive /
wire bonds
capacitors

kapton flex cable

adhesive

composite CF backer

Mimosa2g chips (50pm ) ‘

acrylic film adhesive(50um) |

17.8um Cu( % 0.87)
flex cable 28pum adhesive

100pm Kapton

28pm adhesive
17.8um Cu(>0.23)

acrylic film adhesive(50pm)

sandwich support structure:

carbon fiber plate and
PMI foam (equivalent
thickness: 350pm CF)

Chip probe test

Caber Fiber Readout

Electrically tested
low mass cables supporter dimension
check

T =

board test

* lLadder

Ladder assembly

e Ladder: the basic building y
block of the detector, key
issue for the prototype

* 10 Mimosa28 chips
(thinned to 50um) }

e Aflex cable b
e A carbon fiber supporter '

characterization
Reworking and
troubleshooting
Quality assessment
Initial validation

Full functionality test

hias optimization
Threshold scan

Normal readout mode
test

Accidental hit rate scan

¥

Ladder wire bonding

-

Wire bond
encapsulation

Full functionality test

Completed ladder

Quick test
» Threshold scan
@ nominal bias
settings

34




- ]

4
i ; [5%

Stabilized j_
Voltage Supply §

Probe Station

e A probe testing system was set up for the chip functional |
verification and preliminary performance test

e pin-pad touched check, power consumption test,
data check, clamp voltage scan, threshold scan
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Threshold voltage/mv
45 All frame
40 Entries 51200

0 200 600
Columns

e 6 wafer chips were delivered, 4 wafer chips were tested

el

800 1000

e Typical yield is about 65%

ADC difference distribution

8 1 TN/mV
6 Entries 148
4“_ Mean  1.08
I RMS 0.4905
2r
O
8
6_
4—
: Pk
1 N R 1 I
b— 05 1 15 2 25

FPN/mV
Entries 148
Mean (.2297
RMS  0.1998

T L L

0.5 1 15 2 25
FPN distribution of the wafer

Not Test

EL

Chips Good
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e Ladder assembly was operated at a special platform to
ensure the location accuracy of the chips




* Low material, high precision ladder
» Material budget: 0.37% X, /ladder, 0.51% X, /layer (ladder + supporter)
e Chip location precision: < 10pum




* The ladders together with the readout electronics were test by >>Fe X rays and
90Sr B rays

e The threshold scan, the crosstalk, the imaging performance, and the hit
reconstruction algorithm were studied
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Power Supply

/\/\ ' DDR3 X2 |
F‘I System s
CLOCK Monitor
Sensor Bufffers SEP X 2

FPGA SFP
o | T e XC7K325T
FMC Calibration -2FFG676

Processing
FCB

Readout Board

BT

""" Switching
Readout board
(TCP/IP)

data configure
D
Qt Control . s data Online
pannel [ PR histogram
command - 2roaram

75T\
| caving \ 'gaf;ff:ggﬂ‘;" | forlog s

Distributed system

Ladder - FCB - Readout Board - Switching - PC

SiTCP : high-speed and highly reliable data transmission

Readout speed: 30~40MB/s/ladder
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e Pixel response
test by >>Fe X rays
and 29Sr B rays

e Crosstalk between
two neighboring
chips test

e |mpact of the chip
temperature on
the noise level
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Charge collection by
thermal diffusion

Charges induced by
one hit can be
sharing with several
pixels, be benefit to
special resolution

Digital readout: no
seed signal

Reconstruction
algorithm :
comparison method
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e Deeply consideration and studies was carried for the
inner MDC upgrade

 The construction and test of the new improved inner
char(?bder were completed. It is ready for being used if
neede

* The CGEM is under construction as planed. The _
replacement is considered and well designed in details
to ensure the successful upgrade

 The development of CPS prototype going smoothly. We
gain the ability and experience on the key technology
and method in the construction of Si pixel detector for
the BESIII or future high energy physics experiment.

Thanks for your attention !
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