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Cosmic Ray Spectrum

Cosmic Ray Spectra of Various Experiments
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Fly's Eya - air fluorescence

» Cosmic rays follow a broken power law,
one at ‘knee’ and one at ‘ankle’

HiRas1 mono - air fuorescence

Flux (m? sr GeV sec)”’

HiRas2 mono - air flusréscance
HiR&s Starad - air fluoréscance
Auger - hybrid

- one explanation is that the knee marks the 1o _

point where galactic accelerators reach o
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o Knee .
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- the ankle marks the point where the 107
galactic cosmic ray intensity falls below
the intensity of cosmic rays from
extragalactic sources, the so called ultra
high-energy (UHE) cosmic rays (Swordy, .= % 5
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Propagation history of cosmic rays in

the Galaxy?

—

® CREAM-I

v ATIC-2

s HEAO-3-C2
TRACER 2006

« Measurements of the relative abundances
of secondary cosmic rays (e.g., B/C) in
addition to the energy spectra of primary
nuclei will allow determination of cosmic-
ray source spectra at energies where 107
measurements are not currently available.

B/C Ratio

 B/C ratio at these high energies to
distinguish among propagation models:

-0 107
X o K R Energy (GeV/n)

X E I h, R: Rigidi
o+ Escape length, RERIGIAYY ) Ay et al., Astrpart, Phys., 30/3, 133-141, 2008
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e Cosmic Ray - o
- measure cosmic ray elemental spectra usmg a series o LDB fllghts
- capable of precise measurements of elemental spectra for Z=1~26 nuclei

over energy range ~102 GeV to 10° GeV
- provide a key to understanding cosmic ray acceleration and propagation

« CREAM mission have had six successful flights over Antarctica from 2004 to 2010
- 1.1 million cubic meter balloon carried each payload to its float altitude of ~40 km
- after each flight the instrument was recovered and refurbished for subsequent flights
- cumulative exposure of ~161 days, which is the longest exposure for a single Balloon-borne
experiment, has been achieved
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CRE -1
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CREAM Instruments

CREAM Collaboration
- 7 Institutes, 4 countries

CREAM Instruments
- TCD (Timing based Charge Detector):
to trigger and measure charges of incoming particles
- TRD (Transition Radiation Detector):
to measure velocity for Z>3
- CD (Cherenkov Detector):
to trigger and measure charges of relativistic particles
- SCD (Silicon Charge Detector):
to identify particles charges for 1<Z<28
- S0-S2: Hodoscopes, supplemental particle ID, tracking
- S3: Trigger counter o
- CAL: Tungsten-SCN Calorimeter ’ B i -
to trigger and measure energy for Z>1 et i

Cherenkov

TRD2

SCD

S0/81

Target1

S2

Target2

S3

|

W20+SCN20



Silicon Charge Detector (SCD)

» Work in high backsplash from Calorimeter/Target

* Measure particle’s charge up to Z ~ 28

» Charge resolution dZ = 0.2

» 182 of 16 pixel 380 pm thick DC type silicon sensor with AC coupling readout

182 of CR1.4 ASIC chips (dynamic range 1:4000 ) with 16 bit ADC (2944
channels)

o 7 ladders, 26 pixel arrays/ladder,
UNIVERSITY OF
& MARYLAND




Charge distribution

Number of Events
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Hang test: Test in flight mode

Ballooncraft(2813 kg) = Instrument package(1086 kg) + support system(967 kg)+
Flight control and flight train(423 kg)+ Ballast(337 kg)
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tegration of CREAM-I at the Antarcti
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Williams Field
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Balloon diame

ter: 180 m

12

CREAM-I launch: December 15t 2004
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CREAM Operation Concept
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Parameters in CREAM-I flight data

CREAM Flight: Altitude and latitude {from 15 Dec 2004 to 26 Jan 2005
8 ( ) Temperature of Calorimeter (MB1,MB2,MB3 and MB4) and Hodoscope (MB1 and MB2)
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Cosmic Ray Elemental Spectra

« CREAM results span ~4 decades in ergy: 0 GeV to ~ 100 TeV
 Elemental spectral shape/fluxes agree with previous measurements
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Discrepant hardening of spectra

* Different spectra in proton and
* Discrepant hardening of all the observed spectra above ~ 200 GeV/n
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Motivation for ISS-CREAM
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» 3-year goal, 1-year minimum exposure would greatly reduce the statistical
uncertainties

 Extend to energies beyond any reach possible with balloon flights

* Provide keys to understanding the origin, acceleration and propagation of

cosmic rays
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Gamma Physics
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From CREAM to ISS-CREAM
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ISS-CREAM Instrument

« CREAM instruments consists of complementary and redundant particle detectors
- ionization Calorimeter determines the energy of the cosmic ray, provide tracking and
event trigger
- Silicon Charge Detectors provide precise charge measurements
- Boronated Scintillator Detector provides additional electron/hadron discrimination
using thermal neutrons produced by particles that interact with the calorimeter
- Top/Bottom Counting Detectors provide shower profiles for electron/hadron separation

= 4 layers of SCD
— « 525 um thick, 2.12 cm? pixels
e 79 cm x 79 cm active detector area

— «  Carbon Target
b 05 )\int
* Induces hadronic interactions

T, Calorimeters

» 20 layers W + Scn Fibers

,
=S

E.S. Seo, ICRC2013
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Top/Bottom Countmg Detectors

« Goals
- Electron/proton separation for electron and gamma-ray physics

- Provide redundant trigger for the Calorimeter
- Provide a low energy electron trigger

* By using a plastic scintillator coupled with photodiodes

electron proton

Photodiode

CosmIC l‘ay \ Plastic scintillator
\ «1
\
Calorimeter %

wd |7

Plastic scintillator Photodiode

2

Photodiode Plastic scintillator

Electron-hole pairs are produced by
scintillation light and penetrating cosmic rays



Top/Bottom Counting Detectors

 Instrument

- plastic scintillators (PS) coupled with 2- dimensional
photodiode arrays

- 5 mm and 10 mm-thick PS for TCD and BCD

- 2.5 x2.5¢cm? PD (650 pm thick) TCD

CAL

* Performance Specification

- Electron/proton separation capability better than 1000

- Redundant trigger capability

- MIP identification with S/N > 5 for ground
calibration of SCD and TCD/BCD

Carbon Target /

» Resource Allocations bea CAL base plate
- operation power not exceed 20 Watts
for each detector
- mass for TCD and BCD not exceed
13 kg and 16 kg




Critical Requirements for T/BCD

Critical requirements

Items

Real Budget
Mass (TCD/BCD) 9.6 kg / 15.6 kg 13 kg / 16 kg
Power 22 \W 40 W
Temperature 40 °C ~ 55 °C @10 Torr
range
Vibration Sine burst (max 25 G), Swept sine vibration (-3 dB, 0 dB),

Random (-12 ~ +3 dB), Low-level sine survey (20 ~ 2000 Hz)

Material

pass outgassing and residual magnetism tests




Design of TCD/BCD

Al Alloy 6061 enclosure -

Conductive epoxy btw PCB and PD & optical cement btw PD and plastic scintNlator

20 x 20 PDs 20 x 20 PDs
covers 50 x 50 cm? covers 60 x 60 cm?

Electronic components Plastic

PCB PD scintillator ‘ :
\ 7 /

Plastic PCB .
scintillator Electronic components




Mechanical Analysis

* Requirements

e Using SolidWorks
- Modal : > 100 Hz
- Strength : MS > 1.80
- Fastener Interaction : MS > 8.61 e
- Fail Safe Fastener : MS > 1.5 Ist 201.43 161.94

2nd. 215.83 203.25

von Mises (W/mm"2 (MPa))
50,0
' w8
L 417
. 318
. 333
L 282
B 20

. 208
. 167

1st mode 2nd mode

L 125

83
42
00




Photodiode Sensor

Biasing pad

Light entrance 138

n* layer

N type Si substrate

N+ edge field shaper

* A total of 6 photo-masks
- light-entrance layer was optimized for ARC
- field shaper was introduced

Edge Field Shaper
(input geometry for field calculation)

Strip & bias ring (-100v) Field shaper
(grounded)
/ N N Bl
- - - T

30
the plane where field strength is calculated

, |
/

(a) Opposite side electrode (grounded)

v

T. Ohsugi, et al., NIMA 436 (1999) 272-280



Photo-PIN Diode : Design and
Fabrication

PD1 (main)

- Double-sided polished

- Photo-diode
real size : 2.3 x 2.3 cm?
active area : 2.0 x 2.0 cm?

PD1 (main) : 18 EA/ wafer
* The PDs are fabricated at ETRI in Daejeon,

Korea
» Test patterns
PD2 (1.0 x 1.0 cm?) : 11 EA / wafer
16 ch. PD array : 2 EA / wafer
32 ch. PD array : 1 EA/ wafer




Measurement Equipments

. |
device control and

probe station for probing on both sides
P P & data storage PC

l
voltage source &
current meter

11‘%1@ t”ht b




Facilities-|

Wedge type wire bonders

'l!‘-




Facilities-l|




Leakage Current (nA /cm?)

20
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16

14

12

PD Characteristics
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——p2 05
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—#—P2_08
——P2_09
—p2 12
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——p2_16

P2 17

p2_12

field strength(Volt/m)

(b}

field shaper

without field sha

0-|1

N\
W

|i.| lillll\i\llll\

er

1600

1400 1200 1000 800 600 400 200 0

distance from the edge (1)

» PD sensors are fully depleted at 200 V and bulk capacitance is 110 pF at
operation voltage 250 V

« Leakage current is below 20 nA/cm?

» Stability test is performed during 5 hours and the leakage current at constant HV
has been stable



Photodiode : Photo-response

ra 425

Intensity (arb.units)

—Plastic Scintilator
EJ-200

Wavelength (nm)

Spectral response characteristics

Spectral response characteristics (Biased)

~PD-1em"2 —PD-2.3em"2

PD sensors for TCD/BCD

350 400 450 500 550 600 650 700 750 800 850 900 950 1000 1050 1100
wavelength (nm)

100%
| 0%
T 80%

2 T0%

E
E 60%

5
c

o

3

O 50%
40%

30%

Quantum efficiency

Quantum efficiency
—PD-1cmA2 —PD-2.3cmA2

N

PD sensors for TCD/BC

350 400 450 500 550 600 650 700 750 800 850 900 950 10001050 1100
wavelength (nm)

 The photo response for the wavelength range from 350 to 1100 nm of the fabricated
PD sensors is measured at KRISS(Korea Research Institute of Standards and Science)
in Daejeon, Korea

 The quantum efficiency is measured to be 60 ~ 75% for the wavelength range from

400 to 450 nm, which is the wavelength range of plastic scintillator (marked by orange

region)




Photo-diode : Radiation Hardness

» The PD sensor Is located-atthe of the proton beam exit ¢ dis exposed to

1.18 x 10 protons/cm? ( > 5000 rad)

« The leakage current is increased up to about 50 nA/cm? but the quality of the PD
sensor does not changed in our criteria for the good sensor (< 100 nA/cm?)

K02 PD2.3 IV / m’ K02 PD2.3 1/C%V
60 1E+20
9E+19
E 2 BE+19
— G6E+19
L o~
£ 30 Y 5E+19
|- .
'™ o
S o f oo
] +
g" 10 r ~4—hefore 2E+19 ~+—before
== after 24hr ~W-after 24hr
E after 96hr 1e+13 '
a 0 e | ) ) ) after 9&hr _
4] 50 100 150 200 a 50 100 150 200
Voltage (V) Voltage (V)

1 MeV neutron/cm? ®eq = (Beam current X Beam time) / (Charge x Sensor Area) x hardness factor(k)
AI/V = adeq = a = 0.0337%(10'7 A/cm)



PD Signal-to-Noise Ratio

htemp |signall Entries %72
400 Entries so00 | 200 I —
150 Maan 189.2 180
- RMS 70.82 Conuland B4 = ITH
308 dindt  erairs| 1 v Ml
Constant 2253 + 49,8 140
250 MPY 149+ 0.5 120 Sigma 700 £ BUAT
- Blgma 1528 + 0.26 -
200 100/
150/ EQ
- pedestal o8 pedestal
el 5 mean 5.79 sigma 1.29 wf mean 8.47 sigma 1.89
C I Y P e 1 | & i
LT 200 00 400 500 600 700 “u"'J' 0 w0 600 800 1000 1200

peak

« The signal-to-noise ratio of PD sensors are measured using °°Sr radioactive
source and cosmic ray muon
» The SNRs are better than 70 with commercial electronics



Readout Electronics Block Diagram

Housekeeping
Module

Temp. [ Blas
——

Power Module

W_ 1

Command
Module

. Charge pulse
Calibration

Data

5V +12V

Sparsification
Command/Clack

POWER

TA threshold

L;

Command

ASIC
(VNT A) Chargefrom PO

(FI—

HV for PDs

—=—\7/ A‘i.’_fﬂi—:{ N | 0

- VA/T eceive the charge
signal from the PD sensor, perform
signal amplification followed by
shaping, and provide trigger signal

- ADC digitizes the sample/hold
signals of VA/TA

- Commands from the Sparsification
and Command boards pass through
FPGA and control the VA/TA, ADC,
and DAC

- TA chip sends trigger signals to the
trigger module




Readout Electronics Design
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» Readout electronics consists of 2 mother boards and 4 daughter boards for each
TCD and BCD.

« A total of 28 VA/TA and 4 ACTEL chips are needed for both detectors.

* In one mother board, there are two DC to DC converters for PD biasing.
One DC to DC converter is redundant.

\ v
<
Z
>

499 mm / 600 mm

Y.. .4 A J
@ 3

W)
@
—+
o
O
@
0
®)
>
<
()
=
—
(1)
=

D 20 X 20 PD array

&
<




Detector Parts of TCD/BCD




Top Counting Detector

. PChoard + Photodiode + Plastic scintillator

+ Reflector (YM2000 ESR film)

e Dimension: 901 mm X 551 mm x 30 mm
* Weight: 9.6 kg




Bottom Counting Detector

PChoard + Photodiode + Plastic scintillator
+ Reflector (VM2000 ESR film)

. ~

 Dimension: 950 mm x 650 mm x 33 mm
» Weight: 15.6 kg




Proton Beam Test : Set-up

Charge Amp. PD + Plastic scintillator




Proton Beam Test : Results

g 1K 5 10
o i )
C 1 ADC = 400 e-rms = "
0 eo:—
80| wf_
wl Mean: 17.260 o an: 2031.840
wh Sigma: 19.643 ”EN\M Sigma: 171.150
C 1 ~ hﬂ‘l j M‘WJ
o a8

ADC counts

ADC counts

» Test conditions : HV (-120 V) supplied, Gain 20, and Shaping time 3 us

45 MeV proton beam current : 1 nA

2031.84-17.26
SNR = =102. 57

19.64




TCD/BCD Prototypes for Beam Test

thick Plastic scintillator
15.0c
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Test Configurations

S ~oyN 10 - . 1
Beam . Beam

on target

I BSD BSD
TCD
BCD

s © PD sensor + plastic scintillator position



CERN Beam Test in H2

; 1§DBED
tm
Low powgrrt\)\oard
HV power supply

R ‘ - (',‘-‘
S\ power supply , ‘ Tungsten

"BEAM
| Pallet'of CAL




Test Configuration 2

. | A l,
Xilink DAQ baar
P d74
\ Low l?ower boar

' “Low power suppiy> - H¥ipower supply

for Event number boaré




Blue : signal 50k events
Black : pedestal 2k events

MIP measurements

91.5 |
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Vibration Test

O Identify mechanical shock to the instrument during the rocket launch.
O Design instruments based on the analysis of the mechanical stress coming from the
identified shock levels.

bl Perform vibration test of components/instruments to confirm the design parameters:
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* Rigidity check by comparing distributions of resonant frequencies and by
functionally test before/after each Sine burst test

» The modules are normally operated during the test, and no crack and no broken
parts were seen after test



Thermal-Vacuum Test

O Identify parts with thelroperatlon/suwwa temperature
O Design heating/cooling of instruments based on the temperature analysis.
O Assemble components with better heat dissipation.
O Test components/instruments in a thermal cycle of hot and cold temperature at vacuum
to confirm
baking

» T/BCD operated normally
during the thermal cycles (76
hrs) and any changes in noises
were not observed before and
after the tests

|
3 hrs 3 hrs

40°C Cold Su 3 hrs
e

Thermal Vacuum graph [ref. CVP-101]



Integration with Payload @WFF




Integration with Payload @WFF




EMI and EMC Tests @GSFC

* Electro-Magnetic Coibiﬁﬁﬁf‘(ﬁm C)test
- ISS-CREAM instrument should not have any damages from other instruments in

Space After EMI & EMC Test
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Vibration Test @GSFC

- Verify the fundamen
- The test levels exceed the maximum expected launch environments

After Vibration Test 2 . -
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Cosmic Ray Test

Cosmic ray muon responses in the experimental data for the TCD (left) and BCD (right)

10%
£ g F
g :
] 2
S S
e -
1] a 10—
T 10 £ E
= = 3 r
= n 2
:I Ll “ | ”ﬂ | ﬂﬂ | |“| 1 L4 "I x10? E PR T S R R T [||- %107
0 01 02 03 04 05 06 07 08 0 06 07 08
Energy [GeV] Energy [GeV]

» These results show that the TCD/BCD

have possibility for providing low
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Normalized number of events

Normalized number of events

MC Simulation : Cut Criteria
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Summary of MC Study

==y

- Capability of the T/BCD; tb—szrﬁgra:t:e éigb?r?c—)nsfrom protons has been
studied with GEANT simulation

- The proton rejection power is 1.96 x 10% and the electron efficiency is 71.4 %
for 300 GeV electrons

e The ISS-CREAM can measure 24,700 electron events with 300 GeV ~ 600 GeV
during 3-year goal exposure date

JeongMin Park




KNU ISS-CREAM Members




ISS-CREAM (CREAM at the ISS)

".

Will be deployed as an attached payload on NASA’s
share of the Japanese Experiment Module Exposed
Facility (JEM-EF) in the ISS

57



Summary

« CREAM has had six very successful and
rewarding flights with about 161 days.

I L= =}
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« [SS-CREAM will extend the CREAM energy
reach to higher energies to have enough overlap
with ground-based indirect measurements

Flux {m® sr 5 GeV)™

« The CREAM instruments have improved
performances with new electronics and detectors.

« The CREAM instrument at KSC is now being
prepared for the ISS (International Space Station) to
reach higher energy and more accurate measurement.
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Energy (eV)

« The CREAM is scheduled to launch to the ISS
on August this year. ‘
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