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GlueX overview

Use 9 GeV polarized photons on a proton target
to produce hybrid mesons with exotic JFC:

GlueX/Hall D Detector

* part of the JLab 12 GeV upgrade
(in Newport News, Virginia)

* data expected in 2014

* use 12 GeV electrons and a
diamond radiator to produce
9 GeV polarized photons

add Hall D
and GlueX

* 107 - 108 y/s on
proton target

add 5+5
“accelerating
modules . §

N/\N

* use “amplitude analyses” to distinguish JPC
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GlueX overview

Journal of Physics: Conference Series
New Insights into the Structure of Matter:

The First Decade of Science at Jetferson Lab
http://iopscience.1op.org/1742-6596/299/1
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Barrel Calorimeter - BCAL

CDC FDC Future TOF
D etector . ,Central Drift Chamber Forward Drift Chambers Particle 1D Time-of-Flight

E/_,.Jd.?"
i o

... 108

Photon beam
AVAVAVAVAVAY . o 185cm

BCAL A

Barrel Calorimeter

Solenoid: 2.2 Tesla

\

Wen——» FCAL

560am | Forward
Calorimeter

A 390 cm long Electromagnetic Barrel Calorimeter (BCAL) is inserted
into the solenoid which generates a 2.2 Tesla magnetic field to detect
particles in large angles. It measures energy deposition between 50
MeV to 5 GeV and provides timing and position information.
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BCAL — University of Regina

Barrel Calorimeter

* 48 modules arranged into cylinder
» Scintillating fiber + Pb_

» 12.5% sampling fraction
5.5%

B = @ 1.6%
(ol 5 / \/E 0
omm
e U7 = —F—
Z \/E
75ps
e ¢« O = P 33ps
. " VE Polished BCAL module
BCAL module being . 110 < o < 120° demonstrating optical
assembled from layers - clarity with cell phone
of fibers and Pb. « Double-ended readout held to opposite end
» 300 km of fiber
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BCAL Photodetector

BCAL
Module

Gain ~ 10°

Immune to strong magnetic fields
Noise = 24 MHz per array

Total SiPMs needed = 3,840

48 modules x 40 SiPMs x 2 sides

4x4 array of 3x3 mm? SiPM cells

50 um microcells

57,600 microcells per array

Photon Detection Efficiency (PDE) > 20%
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Hamamatsu SiPM array (512045(X))

( Front side )

( Cross section )

( Back side )
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Hamamatsu SiPM array

3x3 mm2 ce// ( Cross section) ( Back side )
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Requirement of SiPM for BCAL

» Major requirements:

0 Gain: (0.5 ~ 2.0)x10°

0 Photon detection efficiency: > 19 %

a Dark rate: <100 MHz

0 Gain and PDE variation in array: < 7.5%

0 Average gain variation among samples: < 7.5%
» Other requirements:

0 Geometry, size of active area

a Pulse width: < 100 ns

0 Sensitivity to magnetic field (exception 1)

0 Sensitivity to radiation (exception 2)
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Requirement of SiPM for BCAL

< Literature supports immunity to high magnetic fields

< Test of whole readout system needed as final check

0 Sensitivity to magnetic field (exception 1)
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Requirement of SiPM for BCAL

< Return to this issue later in talk ‘

Q Sensitivity to radiation (exception 2)
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SiPM First Article Test

> March 2011

0 Received 8o samples from Hamamatsu

0 Test key characteristics of all samples before
acceptance of full order (4000 units)

0 Gain, PDE, Dark Rate (Current), Response
Uniformity, Crosstalk (+ afterpulses)

0 Radiation sensitivity (neutrons)
0 Magnetic field sensitivity — in progress
» September 2011
0 Arrival of first production batch (500) of SiPMs

0 Need to characterize 16 at a time (256 elements)
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JLAB Workstation — Gain, PDE, Dark Rate, Crosstalk

_ Neutral Density Filters
Narrow Band Filter 0.0.1%,1%,10%,100%
47010 nm 20%,40%,60%,80%

Temperature <— SiPM Bias

Collimating ’
Lens MPPC Array
16 channels 4
Onboard U S B /v ME
preamp
* (x64/chn) DAQ
\
Diffuser
I l
— Pulse [ Gate V792 32ch
Generator QDC

D

(1]

Can also acquire waveforms for

further analysis —_>
dark rate, crosstalk, delayed pulses
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JLAB Workstation — Light Source Calibration

Narrow Band Filter Neutral Density Filters

0.100%,10%.1%.0.1%
470 + 10 ‘ ’ o210,V X
£ 20 nm 20%.40%, 60%. 80% Pico
Ammeter
Collimating Lens

.\ Hamamatsu S2281
Diffuser Calibrated diode
(100 mm?)

/ Blue LED \

Liquid Light Guide

Pulse

Generator Photons
> ) mme
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SiPM and Preamplifer
> 4x4 array of 3x3 mm SiPM

0 50 ocm pixel: 57600

Q16 outputs

Q 4 power Inputs

» Preamplifier for the test

0 16 individual
amplification
and outputs

0 High gain mode
(x67)

Thomas Jefferson National Accelerator Facili
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‘ Initial DAQ Se‘l'up ‘ /Con‘rr'ol bias

VME crate [DC power
PC - LabView, Kmax VM-USB controller amp + bias

V792 32chn QDC Diffuse LED
— Light source
USB

-~ =,

Labview Gate 16 chn <
Acquire data output

Monitor tfemperature -
Control SiPM bias

trigger
. Monitor
Il:lcil:';/c;;:'varr-\)s Kmax temperature
Maintain database [ PulseT ]
Feed to ROOT/PAW generator LED pulser
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‘ Initial DAQ Se'l‘up ‘ /Con‘rr'ol bias

DC power

25

PC - LabView, KVTI iffuse LED

ight source

N
o

Temperature

7/ 15

Labview
Acquire data 10
Monitor temperaty
Control SiPM bias

Average Temperature <4
23.0+04°C

5

quview = Kmax ture
Histograms )

Maintain database 0 20 40 60 80 100
Feed to ROOT/PA Sample # er

' Thomas Jefferson National Accelerator Facili . R 1S
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Data Analysis

> Flt lndIVIdual QDC SpeCtI‘a | ADC Channel #00 |

Ze(a >, (P(n.4)-P(mnAw),o(N) ~
n+m=N B
a G: Gauss distribution oL
a P: Poisson distribution oo
1 a: gain "

x2 ! ndf 1495/ 588
H 2.903 + 0.006
O signal 6.489+0.025
Amplltude 1.242e+05+ 225
A 61.67+£0.02
D edestal 8.585+0.038
Pedestal 601.9+0.0
Cross-talk 0.16+0.00

0 W: number of primary fired pixels

I IR
700

I R
800

1 ‘ 1 1 1 1 ‘ 1 1 11 | 1| 1
200 1000 1100 1200

ADC

0 Al: probability of cross talk + afterpulse in gate (1
Us)
0 o: width of individual pixel peaks

o6(N) = (0,
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Thomas Jefferson National Accelerator Facility

slide 17 @ (o



Photon Detection Efficiency

PDE (Photon Detection Efficiency)
per sample array

0.25
PDE 7-I
g1 AE: *H ®llril T# I
o ot {{iu it B
L - 11l
0-15 Average PDE
21+1% @ Gain = 6x10°
0.1 (Spec PDE > 19 %) At Nominal Gain
7.5x 10°
— 7O
oe PDE = 26%
0
0 20 40 60 80 100
Sample #
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Gain
(x 10°)

Gain

Average Gain (x 105) per array

Average Overall Gain

(5.7+0.1)x10°

@ Minimum Overbias

V -V =0.9V)
op br

20 40 60 80
Sample #

Thomas Jefferson National Accelerator Facility
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1.2
Dark Rate
(MHZz)

1

0.8
0.6
04

0.2

.geffe‘Zon Lab

Dark Rate

Dark Rate (MHz) per 3x3 mm? cell

ﬁ Lgde s ,T ﬁ""h&
L TEERE,

At Nominal Gain
7.5 x 10°
DR =24 MHz

Average Dark Rate / Array
15.0 £+ 1.6 MHz
(Spec DR < 100 MHz)

1

20 40 60 80

Sample #

Thomas Jefferson National Accelerator Facility

Factor x4 LESS
than original
prototypes

slide 20 @ A



.!effegon Lab

Cross Talk + After Pulse in 1 s

0.2

Crosstalk |1... | 1]

0.16

0.1

0.05

Average Crosstalk Factor

per sample array

Average Crosstalk factor

16+1% @ Gain = 6x10°

20

Thomas Jefferson National Accelerator Facility

40

80 100
Sample #
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leakage current (-pA)

Radiation Tolerance - Gamma

T.Matsubara et al, PoS (PD07)032, 2007

® 240
® 200
160
®:120
:80
@® 40
@0
[Gyl

Time variation of |, | |
(after ¢°Co y-ray irrad.) ; \ |
irrad. 2
0 0 |

irrad. irrad.
B I S
time (hour)

40 Gy

For GlueX => < 2 6y/10 yrs

.geffe:?son Lab

Thomas Jefferson National Accelerator Facility

Toru Matsumura
KEK Detector Technology Project
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Irradlatlon with Cs-137 source to 20 Gy

rad) vs Temperatur
9

g o HEeama=a=E b‘% Dark Current (20°C)
8.4 ' T +/ g 8.4
| - /4 | =
82 | | | [0 g
| I | =3
Jease / Yy T
| | ] ' )|
”/L{_ EREE I I {
e S {0 N NN
7'619 19.5 20 20.5 21 215 8 L + 1 T s
1 ¢
Renorm dark current vs T !
and apply to Irrad Data
7.8
7.6
No discernible 10 100 1000
effect Total Dose [rad]
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Neutron Irradiations

= Literature shows high energy neutrons can be ~ x10 worse
in their damage on silicon device vs photons

* Tnhouse JLAB simulations shows ~ > 108 cm-2 (1 Mev eqv)
heufrons per year

= Variety of initial neutron irradiations at JLAB - both

uncontrolled (Hall A background) and with controlled AmBe
source

= PDE and Gain don't seem affected

= Dark noise rises linearly with dose

= Dose rate - can anneal out some damage to residual level
= Anneal rate strongly temperature sensitive
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SiPM Neutron Radiation Test

12 —*Raw | 2" Irradiation
~#-Recovered

10

1st Irradiation

Relative Increase of Dark Current

0 5 10 15 20 25 30 35

Neutron Fluence (10°n,.,/cm?)

Neutron Fluence with 10® g/s on LH, Target with 1/3 efficiency
->3x10® n, /cm?/year
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SiPM Neutron Radiation Test

Relative Increase of Dark Current

12 1

10

~#-Raw

~#-Recovered

| 2" Irradiation

1st Irradiation

Dose rate
dependent

10 15 20 25 30 35

Neutron Fluence (10°n,.,/cm?)

Neutron Fluence with 10® g/s on LH, Target with 1/3 efficiency

,geffgzon Lab

Thomas Jefferson National Accelerator Facility

->3x10® n, /cm?/year
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SiPM Neutron Radiation Test

Relative Increase of Dark Current

12 1

10

~#-Raw

~#-Recovered

2"d Irradiation

1st Irradiation

This step depends
on temperature
~ 1 day @ 40°C

10 15 20 25 30 35

Neutron Fluence (10°n,.,/cm?)

Neutron Fluence with 10® g/s on LH, Target with 1/3 efficiency

.geffgzon Lab

Thomas Jefferson National Accelerator Facility

->3x10® n, /cm?/year
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Radiation Damage

» Two first article samples were irradiated by AmBe
neutron source (provided by JLAB RadCon group)

0 Total dose: 43.3 rem (~ 5 years high luminosity
running on LH, target in Hall D).

0 Both samples were then annealed at 40°C
25

o ——Previous Sample
-#-SiPM_o1

A -+-SiPM_o3

N
o

Dark Rate (MHz)

SAME damage slope

compared to
previous sample!

\

o

0 10 20 30 40 50

Neutron Dose (rem)
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Life Time of SiPM in Hall D

Neutron energy spectrum at SIPM area with LH target |

o Current margin for the increase of
dark rate: factor of 5.

—_
[=]
T'IIII| T

-

Rate [1.rs;mn’.fLogm(E i

0 Dose simulated in Hall A:
O 34rem - 8.2 x10%n,/cm? =l

-
=
T

o Rates through downstream BCal =
SiPMs in Hall D with 108 y/s: e o oo i

e 1”‘1'3415"15“’1;‘10'“10“" o 100 1 I1J'J .g.'%';g}'f:fe‘ﬂ
|_Neutron energy spectrum at SIPM area with LHe target
O H,:4.3-3.3 mrem/H _ et |

O He: 6.5 —4.9 mrem/H MW | \m
S

o H,: 0.9 1.1years :

O He: 0.6 — 0.8 years L= 1 R

=
[

=Y

Rata [1Is.'om’|l'Logm[E |
[

Life time for 100% efficiency:

—
o
|

0 Upstream rates are 4 times lower. w5 o o o o i o 50 g e
l1rem - 2.6 x10"n_/cm?
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How to Extend the Lifetime?

+ Expected Running efficiency = 1/3
* Run SiPMs at lower temperature

- 5° Cwith 1/3 Dark Noise

* During Beam downtimes - run at elevated temperature
(~40°C) to rapidly anneal to residual level

» Cool down to 5°C for Beam On and continue
* With this prescription, expect:

- for H, target = 8-10 years

- for He target = 5-7 years

+ OK- but need further R&D work on rad-hardening of
SiPMs - DOE/EIC grant to pursue this now
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SIPM Readout includes Temperature Control

> SiPMs will be cooled to 5°C
> This will reduce dark noise and minimize effects of neutron irradiation

Cooling Plat
(5 d;g’jee g Je Insulator
Ho.'dmgTrax l PreAmy
N2 B
Gap\
\‘
1 <+— Module Chassis

Light Guide Ambient (25 degree C)

Thermistor

Hamamatsu SiPM <— Quiput Signal Cables

510985

N2
Cooling Pipe ™

—— N

Pre-amplifier PCB Heat Spreader
Thermal Mat

» Downtime = SiPMs will be heated to ~40°C
» Achieve post-irradiation anneal o residual level
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Summary and To-do List

> First article of SiPM from Hamamatsu showed very
good performance and has been approved

» Much lower dark rate with new samples

» Increase of dark rate due to radiation damage
unchanged

> To-do list

0 Preparation for the production test

0 4000 units - 1/3 @ JLAB, 2/3 USM (Chile)

o Test 16 or 32 SiPM arrays at a time - all channels
0 Development of full readout/cooling setup

o Temperature dependence test
o Test of readout module sensitivity to magnetic field
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Original SiPM Array Prototypes

Hamamatsu MPPC SensL. SiPM4

Thomas Jefferson National Accelerator Facili
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Linear Response of Array

1.2 10"

ADC .
Counts SiPM Charge Response r

110"

8000

6000

4000

2000

Ll

0 5000 110

4

1510 210 *

2510 310

Photon Number
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Implication for Temperature Stability

§' 120 | -

o Hamamatsu
g— < .t56ImV—> loc -> 56 mv
g 110 A . in V,,

s

(14

100 l

% 10% change

v in amplitude
90 |
80 N
| L
-0.15 -0.1 -0.05 0 0.05 0.1 0.15
Vop V-V

) Thomas Jefferson National Accelerator Facili
.gef£e20n Lab Y @ €JSA



Temperature & Stability

*At Constant Overbias = Gain independent of Temperature
m=) Same goes for PDE
*Gain varies rapidly with Overbias (1-4 volts)
» Output Response strongly dependent upon Temperature
» Temperature should be stable for Stable Output

*Dark Rate dependent upon Overbias
*Dark Rate decreases rapidly with decreasing Temperature

»Dark Rate can be improved with Temperature Control

Thomas Jefferson National Accelerator Facili 5
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Test Setu
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DAQ

» HP8116A pulse generator
a Drive LED with sns wide pulse

0 Send trigger signal to DAQ

» Wiener VM-USB VME controller
0 USB interface |
a LabVIEW driver
a Produce 1 us gate to QDC

» CAEN V792 QDC
0 12 bit

Q 32 channels
Q Low noise

Thomas Jefferson National Accelerator Facility
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LabVIEW Con

» Controls
a Bias Voltage

a Pulse frequency
a DAQ parameters:

o Gate
o Delay ...

> Records
0 QDC readings
a Temperature
Q Bias Voltage

Q Draw current

.!effegon Lab

rol and Logging

I3 pAQ_Contralwi

Mol = |
FIFO Length
B o
Gate Width (ns)
£00

Gate Delay (ns)
0

V792
Change Setting

Disable Threshold

-

Threshald

[}
Threshold Range

18 (Full)
Pedestal Current
255

Channel Disable

[N e

Ch12-15

' '
1000 1300
ADC

Channel 14

| '
1000 1500

(Histograrn)

o v |
2000 2300 3000

{Histograrn)

T ' |
2000 2300 2000

Ch24-27  Ch28-31

Channel 13 (Histogram)
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ADC

{Histagrar)

' ' i 0 '
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ADC

o=
USB-VM 8 Save Data
SiPM DAQ Control ¥ s samstisbor> Pulser Fraquancy () 2000 S @
Trigger Input . .
NIMInput1 Histagram Min  Histogram Max SN _string Firmware Base Address Handle 9 C\SiPM_Test\Data\QDC h]
] 3000 WMO157 [iBro00303 [ 11110000 [40B1878
Gate Output

Sub Directory 20110221 1601

T ) Averaged Temp (C)
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Bias at 25C (W)  Prefered Bias ()
|71 70,8783

Auto Voltage  Set Voltage ()
= s

Power Supply ON  Outputaltage ()

Draw Current [nA) |2.54E—ﬁ

DAQ Time (s)
START
10

Comments

Test

Starting Time Total Events
4:01:45.853 PM 300836
2/21/2011

Elapsed Time ()
EventNumber 10009

18806 :
=
18806

-
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Temperature and Voltage Correction
» The operational bias voltage of SiPM array
specified by Hamamatsu is for 25°C

» Corrections are applied to the extracted quantities
to get values at 25°C and specified bias voltage

» Correction coefficients are obtained from previous
measurement or Hamamatsu spec sheet

00000

n "

N %
®
= ’
E 1000 * - Previously measured temperature
S m ¥ dependence of dark noise
=<
Y
o
-

Temperature (°C)

i Thomas Jefferson National Accelerator Facili -
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Dark Noise and PDE

> Five filter settings: dark, 1%, 2%, 4% and 6%

» The LED light intensity was calibrated using a
Hamamatsu calibrated photodiode

ﬁ S Pixels fired per tile
S-S0 S - m

(98]
T

! ! :r
T R
‘ ’ , i
i 10 t 0| |
i i bl n
% R =
=)
=N a~
Number of pixels
N
— 1] 9]

¥Z 1 ndf 0.002097 /3
po 1.095+ 0.08712
p1 0.2194 £ 0.0195

| | | | | | | | |
6 8 10
Number of Photons

—
o
L LI LI LI

N LN\
; Thomas Jefferson National Accelerator Facili -
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Photon Detection Efficiency

» Variation among samples: 3.6 %

» Uniformity in an array: 4.0%

» Overall uniformity: 5.5%

pde

70

60

50

40

30

20

10

.

. 1T
q..\l

0.18

.geffe:?son Lab

0.19

0.2

0.21

0.22

1280
Mean 0.21
RMS 0.01148

Entries

0.23

0.24

Photon detection efficiency

0.19

0.195

0.2 0.205

0.21

0.215

mean
Entries B0
Mean 0.21

RMS 0.007622

0.22

0.225

Mean photon detection efficiency of individual array

uniformity

Thomas Jefferson National Accelerator Facility

3.5

4

4.5

5

Entries 80
Mean 4.025
RMS 0.8327

5.5 6

Uniformity of individual array in percent
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Gain and Its Uniformity

mean
Entries 80
Mean 5.66
RMS  0.09685

» Variation among samples: 1.7 %

8

» Uniformity in an array: 4.5%
» Overall uniformity: 4.9%

23]
III|III|III|III|III|II

gain 2
= Entries 1280
20 - Mean  5.66 054 : 5.6 57 58 59
- Mean gain of individual array (= 107)
- RMS 0.2785
60— uniformity
- - Entries 80
- 3 Mean  4.503
50— = RMS  1.009
- 75
40 =
- B
30F 5E-
- iF
20 _— 3 i_
= 2
10 =
= ot 4 5 3 7
4.8 5 5.2 54 5.6 58 6 6.2 6.4

Uniformity of individual array in percent

Gain (x 10°)
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» Variation among samples: 8.8 %

» Uniformity in an array: 6.4%
» Opverall uniformity: 11.3%

> 4 times lower than previous samples!
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Cross Talk + After Pulse in 1 us

» Variation among samples: 6.1 %

» Uniformity in an array: 10.6%

» Overall uniformity: 12.4%

xtalk

70

60

50

40

30

20

10

o IIII|IIII|IIII|IIII|IIII|IIII|IIII|II

1 0.12

.geffe:?son Lab

0.14

0.16

0.18

Thomas Jefferson National Accelerator Facility

0.2

Entries 1280
Mean 0.1567
RMS 0.01941

0.22
Crosstalk

mean

Entries B0
Mean 0.1567
RMS 0.009591

0.135 0.14 0.145 0.15 0.155 0.16 0.165 0.17 0.175 0.18
Mean cross talk of individual array

uniformity

10
Uniformity of individual array in percent

Slide 21a @ &HA

12

14

Entries 80
Mean 10.56
RMS 2.361

16



Total Amplitude: gain x PDE x (1+X-talk)

» Nominal amplitude: 1.38x105 e/y

» Variation among samples: 5.7 %

» Uniformity in an array: 9.5%

» Overall uniformity: 11.2%

amplitude

60

50

40

30

20

10

1 1.2 1.4 1.6

Entries 1280
Mean 1.379
RMS 0.1543

1.8

Amplitude (x10° e/y)

.geffe:?son Lab

N @ o = o
BETTT [T T T[T T T [ TTT[TTT[TTT]]

2

=]

mean
Entries 80

1.3

1.35

1.4

1.45

Mean 1.379
RMS 0.07864

1.5 1.55

Mean amplitude of individual array (x10%/y)

uniformity
Entries 80

Thomas Jefferson National Accelerator Facility

10
Uniformity of individual array in percent

@ &

12

Mean  9.459
RMS 2.016

14



Bias Voltage Dependence
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Typical Uniformites of an Array
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Minimal Effect from vy Irradiation

Pulse Height [mV]

Pulse Height (mV) vs Total Dose (rad)
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SiPM Neutron Radiation Test

> Test condition
0 Two irradiations with AmBe: 4.3 and 5.2 rem.
0 Recovered at o, 25, 40 and 60°C.

» Conclusion
0 Higher temperature brings faster recovery:
o T ~ 5 days for 25°C
o 1 <1day for 40 and 60°C

0 Damage independent on previous radiation dose or
recovery condition.

0 Recovered dark current goes linearly with the radiation
dose.

: Thomas Jefferson National Accelerator Facili
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.geffggon Lab

Irradiation Setup

With six Peltier
effect chips, the
device can cool six
SiPMs to -10°C at
25°C room

temperature.

Thomas Jefferson National Accelerator Facility
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Power
Supplies

.geffggon Lab

Irradiation Setup

Temperature
Meter

Thomas Jefferson National Accelerator Facility
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Hall D Collaboration FJ Barbosa BCAL Readout _—

BCAL Readout Cooling Concept

Curaway View Cooling Flate Insulator
Single SiPM Shown (9 degree C)
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Prototype to test cooling concept

Exit: Holes for exiting
dry gas and

thermocouple feed
through’s
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Temperature Test

> A coolling box is beipg built for such a test

z\'/x
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Large-scale testing of SiPMs at USM

* Chilean import issues now seem to be under control
Small percentage charged monthly

* Finishing design of second prototype board for mounting SiPMs
More modular design; quickly-replaceable amplifiers,
daughterboard for current measurement function

* Providing for test of up to 32 modules at a time

* Optical box under construction, will be completed in ~1-2 weeks

* Chiller for temperature control in house, tested

Thomas Jefferson National Accelerator Facili °
.!effegon Lab Y @ @JSA



Reminder: testing facility concept

Cooling water

Dark box, 0.5 m long
32 MPPCs mounted

inside

Fans for air coolin
of electronics

= Pavlo Bazalyeyey,
new technician,
with student
holding copper
plate

Card edge slots

Materials seen are
for dark box
construction
(aluminum plate).
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