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Outline

[0 Motivation of STAR-iITPC upgrade
[0 Contents of STAR-ITPC upgrade

O iTPC MWPC prototyping

O iTPC MWPC testing with >°Fe X-ray

O Summary
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RHIC Beam Energy Scan (RHIC-BES)

Early Universe

Future LHC Expenments
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STAR key objective

Mapping the features of QCD phase
diagram.

Physical mechanism

Heavy ion collisions allow to explore the
QCD phase structure by varying the
collision energies.

RHIC-BES program (I->Il)
Goals
Study turn-off of QGP signatures

Research first order phase transition
Search critical point

Schedule
BES-I completed 2010~2014

There some important but inconclusive results.

v’ BES-Il in 2019~2020

Need detailed study at the key region.
0 Need detector upgrade
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STAR detector upgrade for BES Ii

Detector Developments for BES 11

nner / upgrade

vent 'lane | 'etector

f

Inner TPC upgrade :

v' Extend TPC acceptance|n|<1.0->n|<1.5
v" Improve dE/dx resolution

v' Lower py limit 125MeV/c->60MeV/c
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STAR TPC geometry

Sectors

Outer Field Cage
& Swupport Tube

Inner
Field
Cage

Outer Sector

Length of the TPC 420 cm

Outer diameter of 400 cm
Inner Sector( the drift volume
N Inner diameter of 100 cm

the drift volume
Distance: cathode 209.3 cm
to ground plane
Cathode 400 cm diameter

Cathode potential 28 kV

Drift gas P10

Sector

Support—Wheel Pressure Atmospheric

+2 mbar
Drift velocity 545 cm/ps
Transverse 230 pm//cm
- STAR TPC NIM, M. Anderson et al., Nucl. Instrum. Meth. A 499, 659 (2003).| diffusion (7) |
Longitudinal 360 um//cm
diffusion (o)

Number of anode 24
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143 x 6.7 = 958.10 mm

(— 31 x 20 =620.00 mm

Inner TPC upgrade

Produce and replace all 24 inner
sectors

v" Increase readout channels

- increase pad coverage 20%-100%

v" Renew all three wire grids
v"  New electronics for inner sectors

Inner Pads
2.85mmx 11.5 mm
Total of 1,750 Pads

Quter Pads
6.2 mmx 19.5 mm
Total of 3,942 Pads

6.7 x 20 mm Centers

-~
r—

649.90 mm

97 xB6.7

|

L
L

B 183 % 3.35 = 613,05 mm J
/
/
/

\

52.00 mm

6.70 mm CROSS SPACING
- (7 x48) + (5 x 52) = 596.00 mm —]
1271.95 mm from DETECTOR CENTER

20 mm RADIAL SPACINS
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87 x 3.35=29145mm

3.35 mm CROSS SPACING

— |— 48.00 mm RADIAL SPACING

Distance to pads, mm Note: All wires are Au-Plated

Distance between the same grid wires, mm

SHIELD

Be-Cu, 75um OD

~ ANODE

112 =z = o < W,2um0D

PADPLANE

Row 1 thru 8 on 48 mm Centers
Row 8 thru 13 on 52 mm Centers
Cross Spacing 3.35 mm

/ 600.00 mm from DETECTOR CENTER

Gain uniformity >90%
Detection efficiency >92%

Gas gain at operating anode
voltage(1120V) : 2000
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Construction of iTPC MWPC prototype

* PCB bonding * Wire mounts installation e Mounting wires

* Epoxying wires
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Events

Wire winding and tension measurement

control PC

by gy

— 2 W miram—— T steppér Mo (8P
e g : lead rait—=———r-
pptical bency

WireTensionDistribution_02

his

50— RN Er;t;es 18_8 o . .
E Time: 9:32~14:45/10M Ez"’:?'dl 522}21?5 D ere WIndlng SVStem
w) - Temperature: 17.0°C-19.3°C et meow ¥ Precise control — wire tension
_ Humidity:37.7%~27.6% \ Sigma 0.7142 £ 0.0485
- Required to be \ v’ General control — wire pitch
30— / \ . . . .
- 51.0+3.04 . 50.7x0.79g O Wire tension and wire pitch
o / T measurement system
L / \ . . .
ol Y, \ v' Measure wires tension and pitch between
- \ two wires
- /
ol v 1 |4<I‘ﬁ L
48 49 50 51 52 53 54

WireTension
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Wire pitch control and measurement

0 Wire comb and pitch control

Wire Comb

Wire comb

M Wires pitch and height control schematic diagram

O Wire pitch measurement results:

Wire Pitch Distribution of AnodeWires - Wire Pitch Distribution of Anode Wires his
@ is2 P = I
T 8 Entries 158 §45__ Entries 158
g 8- =
o E Mean 3998 woE Mean 3996
£ On frame AMS 23 o= After using thelcomb  |rvs 2691
= - x2/ ndf 37.38/55 = 2y
= E . 22/ ndf 12.45/7
o« RMS™32um Constant 2:861+0.374 *= Glued on wire mounts |~ "
- Required 10 um Mean 3996 + 6.1 = o
5 q Kmi. Sigma 458486 E RMS"'3.7p.m Mean 3995 +0.3
C 25— Sigma 3.675+£0.320
4 =
C 20—
3; C
E B 15—
2; 102—
= | 5
F o b [ T \N\ I B R E PR T T NI IN SRR AR N | FERIR I AT T T N R
00 3800 3900 4000 4100 4200 4300 Froo 3800 3900 4000 4100 4200 4300
Wire Pitch Wire Pitch

2/25/2017 -Fuwang Shen-



Test system setup with >>Fe X-ray

o NISTAR DAQ

= ! : >Fe @ 5mm
\I".’ (\‘ ‘v ) s , > 2 : 24 ‘ -
* ol | , A .- . 5 , Anode Wires\l\/Zl\b‘N
as SySte —— e y / ;‘ 5.9 KeV X-ray
: Inner Sector Pad

iL

'\ O DAQ setup
v' Trigger: random @2kHz
v' Anode voltage:

@lwn»«\\' — - ® Two Axis Stepper 7 1070-1320V

“““Trigger For RDO

L,

] 5°Fe source
v'Activity ~1mCi
v'® 5mm
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Anode wire readout with >>Fe X-ray

Charge Distribution

©200 h1
= r Entries 7354
180 Mean 0.8208
= RMS 0.2098
1601~ 22/ ndf 100 /69
140/ PO 47594218
- p1 0.4717 +0.0045
120 p2 0.08465 +0.00535
- p3 159.8 +3.2
100[— p4 0.8753 + 0.0023
C p5 0.1268 + 0.0026
80
60 1295V
40—
20— \
0 ﬁ | 1 L1 1 1
02 04 dgj 0.8 \N 12 14 16 1.8 2
PC

0.47PC 0.87PC
0 DAQ with oscilloscope and LabVIEW

Anode Voltage Versus Gain

program 8.l
O signal from one anode wire
v’ Gain=0.87 *6.24 * 10%/225 = 24,280 10° - :
v' The ratio of main peak charge to escape peakf,,/f’
charge is 1.85 ot
) ) ) _F Blue Line: G=e®(-Y0) (from STAR note 263)
v’ Gain and ratio of main/escape peak are N[ Green Points: Main Peak Gain(anode readout)
reasonable agreement with STAR note 10° Red Points: Escape Peak Gain(anode readout)
v’ Detailed study is planned to be done T T

Anode Voltage
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Gain measurements with different wires

Main Escape | Ratio Energy
m e vy | rest) (/5| o | neteton

20.7 °C 1.028 0.6065 1.69 28516 35.5%
106 21.2 °C 1.092 0.6387 1.71 30292 33.9%
107 21.6 °C 1.101 0.6448 1.71 30541 34.4%
108 1320V 21.7 °C 1.116 0.6505 1.72 30957 35.3%
109 21.8°C 1.118 0.6571 1.70 31013 34.1%
110 21.4°C 1.109 0.6632 1.67 30763 37.9%
111 20.5 °C 1.086 0.6124 1.77 30125 38.8%

Gas Gain Variaton
z_ O The difference between maximum and

sso00f- minimum is ~ 8.7%.

: O The effects of temperature needs further
investigation. Gain increase 2~3% if

Gas Gain Variation temperature increase 1 degree Celsius(from

20000 the previous study of STAR).

o e e e b e b e
105 106 107 108 109 110 111
Wire Number
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Pad readout with >>Fe X-ray

Tb_ADC o ADC_distribution 200 Evt TbADC
=t . —LSingle pad & Single Time Bin 600
ADC Counts Distribution
1070V Data

40

Anode Wire Voltage - 1070 V| =
Without X-ray

Without X-ray

S

=]
IH\‘HH‘IIH‘HH‘\II\‘HH

1<)
=
\\II|I\\\-‘\\\\‘\\\\‘\\\\‘\\\Ilﬁ

200

: oot |2 Time Bins
Evt TbADC
8150_—
< L
140~
O Pad signal selection 12of- ~Sum over the pads
v' A noise band with ADC 5~10 -> cut 1: ADC>5 100> 1070 V
v’ The noise continued time bins <3 -> cut2: ConTh> 2
O A typical pulse signal 3
40—
v' ADC counts is the sum of pads . - — —
20—
0:.|...|,r,|...|.T|...|...
94 26 98 100 102 104 Timebin

A Typical Pulse
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ADC

Relative Gain
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Pad signal ADC distribution

Evt TbADC

MI \} |

1070V

4 8 8

o
&)

10 12 14 16
ConTimbinNum

Anode Voltage vs Relative Gain

10°

h 4
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Anode Voltage

Pulse_ ADC_Distribution =
i) F Entries 25048
S I Mean 2245
> - RMS 85.26
w250— ¥/ ndf 247.8 /226
L L M p0 146.4+ 2.7
C RN p1 1223+ 1.0
- il ” p2 38.81+ 0.71
! p3 2333+ 23
200 — LJ 1 p4 265.2+ 0.9
C “ p5 60.48 + 0.66
: I
150—
- 5'9Kéhuv Peak
100F [ u
Escap h
u K 1070V
L h
50 B L an
B | Wl
0 el R | Ll e
0 100 200 300 400 500
ADC

Pulse continued time bins VS pulse integral ADC
>3Fe X-ray spectrum in P10 gas
There are two clear peaks after 2 cuts.

Anode HV versus relative gain

The ADC of peaks increase exponentially with increasing
anode voltage

It is similar to the previous measurement results(STAR
note 263)
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Summary and outlook

O The 15t iTPC MWPC prototype was made

A laser based optical system was developed to check wire tension and pitch
0 MWPC test system with >>Fe source was set up, test results of 15t prototype
was obtained.

0 Mass production for STAR will start in April 2017.

O Testing plan for iTPC mass production:

(1) check the gain of all the anode wires, with MCA readout

(2) 3 point gain test over pads on each anode wire

Thanks !
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Back up



Data acquisition process

Pad output current
signals

CGated | = (_FEE (ID: 142) | &=
2 === | FEE(D:144) | &= @
Shield % == (rEE(D:145) | &= | &
Anode § === | FEE (ID:146) | = gj
=== |_FEE(ID:149) | &> %J_

Pad Plane [ — [ FEE (1D: 150) ]”

Standard NIM signal

l Signal generator (Tek) lq LTD (CAEN N844) \ '-[ Star trigger (TCD) ]
u

Optical
Fiber

DAQ (Linux OS, DMA
with RORC board)

DAQ process
The STAR electronics DAQ algorithm

Read out versus time bin (100ns each, 400 in total)

2 time bins ADC in a row >3 counts
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