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Space-based
experiments
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the observed spectral features are

The power law spectrum is broken
enhanced when the all particle (inclusive) spectrum isplotted as :

E2°5 x Flux
10
10 Two well known spectral index
E featuresto be explained :
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Standard Model of Origin, Acceleration and Propagation of

Sun-like star

Galactic Cosmic Rays

Supernova shock

Predictions
s Maximum energy ~ Z 10 eV
» Solar -like sour ce composition

 Depletion of " non-ionized” component




® A changein elemental composition above Z x 104 eV is predicted by aclass of models
(Lagage & Cesarsky, 1983) based on supernova accel eration shock waves.

® Cutoffsinindividual spectra are predicted

TTToemn T T T T T 1 o) T rorrng e L R EELL | LR | rrn

PROTON GYRORADIUS (B~3uG)
a

]

~ 100AU
- 1kpe

SNR accedleration limit

JL-*' (V. /c)® size of Supernova Remnant

a nee , -
= 10 iy : E. ..~ Z E,
S f 0O R [
GRS oo o O e
e ’ E.is the critical energy where the SN
o - T —— 1 . . . .
£ oy TNoaaT acceleration becomes inefficient :
10°F " e ’ E
. G g E.=10"... 10%eV
3 kL -~
TH L .
S (according to the model)
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Energy per nucleus (eV)
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Is there a composition change at high energies?
10° 1 [ 1 [

Protons
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p and He spectra from direct measurements

B, dI/dE, [m sec st GeV ]

5

107

|CRC — 2003 (Tsukuba)

MASS91 d
IMVIAX92 4
Swordy et. al. <

Grigorov
SOKOL
MUBEE

: ‘IRUNJDB‘ |

B BESSH9S

4 CAPRICE9S

10 10 10 10

Eq [GeV/nucleon]

T 1 7 3

10 10° 10
)
100 TeV/n

' University of Siena Sena - Gruppo Collegato

P .S Marrocchess  Slide 7 May 5, 2005



RUNJOBOL
RUNJOB 2 RUNJOB0S
RUNJOB03 RUNJOBUY
RUNJOBIO
RUNJOB11

\

K ———— T e T T '""-'-—n.-."-.-?n.
‘Mosco = %
< Moscow O it

CR Corhposmon
¥ and Spectra 7- 100 TeV
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0.25m2sr

ATIC {|1s00kg

350 W

Silicon Matrix :

charge identification from H to Fe

pad structure to fight "backscatter”" from calorimeter
4,480 pads (~2cm x 1.5cm) Hodoscopes

Silicon Matrix

Electronics
Bays

Target
3x 10 cm layersof graphite (1.6 X, and 0.751 ;)

3 Hodoscopes (one per target layer) :

each hodo is made of 2 crossed X-Y planes
of scintillators 2.0 cm wide and 1 cm thick

Calorimeter :
array of BGO crystals : 25x 2.5x 25 cm?® each
40 crystals per layer
10 alternate X-Y layers
22 radiation lengths
1.14 nuclear interaction lengths
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nergetics nd ass

- Univergity of Siena

INEN

Sena - Gruppo Collegato

« CREAM can measure individual
energy spectra and elemental
composition (1 = Z = 26 and
above) of cosmic rays from 1 TeV
up to 1000 TeV

e search for a cutoff Iin the
proton spectrum at E =100 TeV

e expected to reach 500 TeV

1 with 30% statistical accuracy with

3 flights

§ * measurement of B/C ratio up to

500 GeV/n (test of propagation
models)
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3 independent charge measurements :
e Timing-based Charge Detector (TCD) CREAM

e Pixelated Silicon Detector (SCD) Detector Concept
e Scintillating fiber Hodoscope

(1) TCD

| EZ view I ‘
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e Transition Radiation Detector (Z > 3)
e Tungsten Sci/Fi calorimeter (Z=1)

PHIAEAGOD
\

A IRCRCRCRONCRCRCRCRCN

In-flight cross calibration of energy scale

y N

2 independent energy measurements :
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Timing Charge Detector (TCD) :

« 5mm thick fast ( < 3 ns) scintillator paddles
* backscatter rejection by fast pulse shaping

TRD:
e 2 modules (120 x 120 cny)
» Cherenkov trigger layer to veto low energy particles
* polystyrene foam radiator ; Xenon proportional tubes
* measurement of Lorentz g for nuclei Z =3
e energy resolution at g=310% ~15% (C) ; 7% (Fe)
« In-flight cross calibration of energy scale
with calorimeter

Hodoscopes : 6 planes of 2 mm x 2mm
square scintillating fibers

Target : 19 cm densified Graphite
(0451 ,;~1X,); dant=30°

Tungsten-SciFi calorimeter .

e 50x50cm?activearea; 20 X,
 1cmlateral sampling

—

U Targs!
—m— ¢

— TargetZ

B )
| e — W

'.\';.-!.-I-:-QII','-JZ-'

W

Wao+scHag)

alorimeter
Maodule
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What is the history of cosmic rays in the Galaxy ?
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TRD Science Objectives

TRD Module

e The Timing Charge Detector (TCD) provides event trigger
and particle charge identification. The TCD has 2 layers of 4
paddles each.

* The above figure compares TRD
data expected from a 40-day flight
(black circles) with prior data

* The Transtion Radiation Detector (TRD) has 2 modules

separated by a Cherenkov threshold counter * The TRD is expected to provide

thefirst B/C ratio inthis energy
range in more than a decade
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TRD2

125 |
- | CREAM
TCD R
TRD1 Vo S .
Cherenkov . ¥ 1

=

| — licon Charge Detector (SCD)

S0/81

i
\__m ~ 2 cm? pixels
——

L i,
e

52

i — 16 pixels / sensor

| —— —

e o SCN1
W2+45CHN2

W20+SCN20

e 79 X 79 cm? active area

W1
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MC SIMULATION Incident position reconstruction

 calculating entrance position at the top of carbon target

1 TeV Proton initiated shower in CREAM 120
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154

. . Distribution of the difference between reconstructed and
SC' nt|||at0r HOdO&OpeS SO/S]— ) 82; 83 generated incident positions

(not in scale)
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S2 HODOSCOPE
FLIGHT MODEL
(PISA - JUNE 2002)

HPD cookie +
elastic bellow

Clear fibers
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Silicon Charge Detector (SCD)

A layer of Silicon
PIN diode array
(56*52 pixels)

Between Hodoscope
and TRD

Bias : 100 V

E o "'H\ Readout with

CR1.4

26 analog boards
(13 boards each
side)

=~ Controlled by two

P .S Marrocches

ACPs

Side 18  May 5, 2005



Fabrication of Silicon Sensor

Gap between sensors

3 Guard Rings

Fabricated sensor on 5 inch wafer
Pixel size: 1.55 x 1.37cm?

Step 3

v

Wire (wedge) bonding,

glob top ; DCE, DP100, 5 min epoxy

Kapton cable for connection with electronics
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Module Frame

MeChar”C a| W' ', = Gand Strctureﬁ

N, PCB (Analog

L - \ o 3
 Total size =818.39" 818.39 " 7 (mm) H ﬂ

e Total sensor area=779" 797 (mm)
» Active area=777" 795 (mm)
*Total Height = 21.5 mm (include shielding box)

Overlap




Beam Test Results
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Charge Distribution of Beam Fragments
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Excellent Charge Indentification to Z=33
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Z<10 10<Z<26 28<Z<40
Mo 301 1000~ Mot 1452 nm-zul
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| SCD charge Z>=10 |

Ne

Very preliminary charge
distribution in SCD

Entries 28481
Mean 15.09
RMS 5.376
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Z{Cherenkaov)

Preliminary charge correlation

in the Cherenkov and SCD
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Exploring Supernova Acceleration Limit

S5 Seintillating

fiber " Silicon £ Calorimeter Module

hdo®ope L” S S ) chargell

e The Silicon Charge Detector (SCD)
provides particle charge identification

LN

» The 20-layer tungsten-scintillating
fiber calorimeter providesits own event
trigger and x,y,z tracking coordinates

» Thescintillating fiber hodoscope
provides x,y tracking coordinates at fixed
z above the calorimeter

£ E

g i‘ 1 T . : = -.: . l ‘; 1 H . H

8. :_jwj;&@ﬁﬁ@%maa@&mm‘ e Calorimeter Science Objectives
—.; L [ - | ‘ " B » The Figure (left) shows p and He spectra measurements
& | . ¥L o] with the Calorimeter as expected from a 40-day flight
NE ﬂ'.l:II E g o qa_.m-ﬁ:c#g;t D; é

o ?f“%”-f"*.-:{ it LN « Simultaneous measurements of Z > 3 particles provides
‘i‘;: ! ‘ inflight cross calibration of Calorimeter and TRD

5 1° 100 _ 10°_ 10°

= Kinetic Energy (GeV/n)

Comparison of Calorimeter data (red squares) for
protons (upper) and Helium (lower) with prior data
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Tungsten/SciFi calorimeter

20 radiation length

~ 0.7 nuclear interation length

50 x 50 cm? active area

Target2

53

Il

W1

SCN1
{ W2+5CH2

W20+SCN20
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Tungsten/ Sci-Fi - CALORIMETER

® |ongitudinal sampling: 3.5mmW (1 X,) + 0.5 mm scintillating fibers
® total of 20 superlayers (20 X,) : aternate views x-vy

® transverse granularity : 10 mm (20 fibers) (Moliereradius ~ 9.0 mm)

10 mm

—>

f = 0.5 mm scintillating fibers

N\

3.5mm
e HHH
layers
fiber LIGHT GUIDE
ribbons ‘
H“H“ bundle of small diameter clear

fibers
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Tungsten plate

Scinti-Fi ribbons

Ilght mixer Fibers-to-HPD

optical interface

clear-fibers bundle

" Cookie" Proximity focus
(73 pixels) HFD

ading Qut Signals Generated in

Shower particles Tungsten Scheme for B .
the Calorimeter

x .f Light Guide Clear Fiber

ybrid Photo Diede)

} \\ 'F Readout Electronics

I N . |
\“ Y ¥ |
Scintillatin e- Q
Scintillating Light . HV _/L

Fiber Ribbon P.5. L 1 l 7

e Signal from HPD
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CREAM calorimeter hbeam tests @ CERN

> September 2003 in the H2 beam line
= e @ 50, 100, 150, 200 GeV
=p @ 150, 250, 350 GeV

» November 2003 in the H2 beam line
» heavy ions @ 158 GeV/n

> September 2004 (electrons + protons)

CREAM-2 calorimeter was fully
calibrated for the flight :

= complete horiz.+vert. scan for
channel equalization

" energy scan
= angular scan
= HV scan

150 GeV «*'s

+Pb (back)‘.' ®

100 GaV

2t o’ 150 GeV
“+ Pb (in front)

' University of Siena Sena - Gruppo Collegato

P .S Marrocchesi
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Beam Test . Calorimeter response to Heavy lons

> 158 GeV/n primary Indium beam + fragmentation target b A/Z=2 fragments
Simitar IN COMpPOSITION T0 COSMIC Tay'S| (CERN—2003)
> % ndt 2238122 do0 3 Loy
2 10000{| prop 0.4374 @ 1 B QIEQ i
5 [l 191.8+1.535 P B e
E aunni b -30.36 + 29.06 _? 11__ |
5 8 ;E
1] r I
> 6000 s u.a!r— {
[ B
L —14 D.Ei_ .
4000 : i "1
F 13 - 1
; 2 0.4— e & e
[ —2 L L ,
2000~ ! 02 bad o444 ‘i
: ; .: [ L) [ | g g g Ly g
QA b i Lt k1o 0 10 20 30 40 0
A
Good linearity up to 8.2 TeV total particle energy
Resolution » 20% for lron @ 158 GeV/n
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Very preliminary : energy deposit in
the calorimeter

(CAL + ZLO) .OR. (CAL + ZLO + ZH1) triggers

" o] I T T W E e
CAL Energy Chstribation | — ;
M LN o
o = M5 aara
— Uikl 1m:
= et o a
= =g P ]
10" —
I [4] =2
1 =
el RN TR AR TN NGRS SN SHN TR SR NN TN SN TAU SN NS SN SN THCUR SN SN SURE SN SR S
a5 3 35 4 1.5 5 55 &

Le 1 0iEnergy Depasit Mey)
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CREAM Flight Data: Trajectory
Covering period fram: 2004-12-15 23:22:66 to 2005-01-27 02:00:31

January 16, 2005 . B
Break the record [|7 'z . L
of 31 days and 20 T '

hrs

January 27, 2005
Landing 417 miles
from McMurdo

| after 41 days and
21 hrs

December 16, 2004

CREAM is launched

Current Altitude; 13828.7402 feet
from MCMurdO Current MET: 41 days 21 hrs 31 mins 30,783 sec since launch
Current Lon: 157%527547 Current Time: 2005-01-27 02:00:31 UTC
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Launch operations Dec 16, 2004




Flight pro

file
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® CREAM Flight Operation

/

IRIDIUM

ARGOS
GPS

!
i

, OCC
Science Palestine
Operation

Center
UMD




Instrument functions well

An example event: ~10 TeV Fe

| 20041 221-054208 dat - Event 1480073

TZ view
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Thermal history

40 e
CAL MB#4
HOS MB#E
SCD LDR#15
35  TCD3 i
30 | Calib Stack ! I
—— 25 I I
<
'
3
o 20 F -
]
[
E
7
E= 15 L L
10 F :
E - -
D L L " . L L ] L L e . l L L — I e L L — l L — L M
12/11/04 12/18/04 12/25/04 01/01/05 01/08/05 01A45/0¢8
Time (MM/DD HH:MM) GVT
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Impact site




 NSF/OPP set up field camp at impact site

e Payload was disassembled to fit inside the
Twin Otter aircraft and getur,ned to McMurdo
with five flights '
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CREAM Measurement Capabilities

* Element Coverage H to Fe (Z=1 through Z = 26) and above
- Calorimeter Z=1
- TRD Z>3

» Charge Resolution : Individual elements Z < 15

Individual or element groups Z =15

Energy Resolution : CAL : Better than 50% (E independent)
TRD: ~15% (C) ; 7% (Fe)

Collecting Power :
0.3 m?sr for Z=1 & 2 (considering interaction fractions)

1.3 m?sr for Z > 3 (efficiency not included)
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Expected energy reach after the first flight

1

e
k = . .
T— i = T
= Prntﬂns M 11l 3 [ i.Tamaymsass® O
E o'l }?..;::«*;1 800 ;#Dﬂl tmfﬂ%‘% ; B & [37 7 %e .0
=1 | 1] 1L = T @]
E Helium ; | T z 10} Al
o 3 o - : , TTL % 2
EW Mmﬂmﬁut’{ "'“Icliui # + Y E ?irﬁ'l? il i e
W o b
i o 2 e :II N 4 i EI ﬁ
] 10 10 10 10 x 9 L -
i Kinetic Energy (GeV/n) E 10° 10° 10}

Kinetic Energy (GeV/n)

* The left Figure compares simulated data (red squares) for protons (upper) and
Helium (lower) from a 40-day flight of the Calorimeter with prior data

- These are the highest energy direct measurements of p and He

- These are unique Calorimeter data below the TRD threshold

* The right Figure compares simulated data (red squares) for Oxygen (upper)
and Iron (lower) from a 40-day flight of the TRD with prior data
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ULDB Flights

Ultra Long Duration Balloon (ULDB) Project :

 NASA development of super-pressure
balloon systems for 100 days flight duration

 Still under development

¥« Possihility to fly around the Artic ?

e Test flights from Kirunain 2005

CREAM has been designed to be

the firss ULDB mission

- ! University of Siena m Sena - Gruppo Collegato P .S Marrocches  Slide 44 May 5, 2005



Cumulative Energy Reach of CREAM

10

Protons

\

- T |
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CREAM

Two Instrument Suites

CREAM 11

TRD1

Cherenkov

e ——————

TRD2 Cherekov
Charge ™
Detector

SCN1
W2+SCN2 > -
-l-—_____{ : >
W20+SCN20
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N Assembly of 2 frames (X-Y pair)
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cintillating Fibers ribbon ( 20 fibers f = 0.5 mm

lear fibers bundle ( 48 fibers f = 0.135 mm




Scintillating
Fibers
Ribbons

being glued in
Siena
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Optical division and 3 ranges

Calorimeter:

Optical Division for High Dynamic Range H

[ncoming signal from light-mixer split into three ranges:

Low range : 42/48
Middle range : 5/48

High range : 1/48 (5 ribbons)
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N

Clear fibers bundle ( 48 fibers f =0.135 mm

Caorimeter cookie
(73 pixels)

HPD Optical Interface (73 pixels)
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Optical fiber bundles are glued
to thelight guides ( 25 per side)
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CREAM-11 Calorimeter Calibration
at CERN, Sept. 2004
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The VA32_HDR14 chip is designed to work for positive and negative 32 32 R ||
input charges, but it is optimized for negative input signals. l l -
It can be used, for example, for the readout of: - I_b' d I
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It is a 32 channels charge sensitive preamplifier-shaper circuit with:

low noise (~0.8 fC),

low power dissipation: ~109 mW (~3.4 mW/channel),
large dynamic range: -15 pC to 10pC,

less then 2% non linearity in range -8pC to +8pC
peaking time: 1.85ns

simultaneous sample-and-hold,

multiplexed analog read-out,

calibration facilities,

gain: 73mA/pC
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VA32_HDR14 test board

e two stage r/o : voltage feedback amplifier for
current to voltage conversion + fully
differential input and differential output device

16 bit, 1 MSPS, fully differential ADC
linearity within 2.5 % up to +10 pC

rms noise ~ 1.1 fC (inclusive : chip + board)
dynamic range ~ 12500

Residials %

b Linearity

g | (residuals)

—1t25%

wf ) - 2.5%

Input Charge (pC)

10 PC
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HDR14 ASIC-board 64 chans - 16 bit ADC
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