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* Physics goals

= CREAM-1:
- instrument configuration
- results: B/C abundance ratio
N/O abundance ratio
H & He energy spectra

* CREAM-2
- instrument configuration
- data analysis
- Heavy nuclei energy spectra
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Standard Model of Origin, Acceleration and Propagation of Galactic Cosmic Rays

Supernova remnant

Open questions:

- is there a SN acceleration limit ?

» does CR elemental composition change with energy ?

* what is the energy dependence of the confinment
time of CR in the Galaxy ?




® A change in elemental composition above Z x 104 eV is predicted by a class of models
(e.g.: Lagage & Cesarsky, 1983) based on supernova acceleration shock waves.

® Direct measurements at 10 eV by JACEE (nuclear emulsions, balloon flights)
favours light elements while heavier elements (e.g. Fe) are expected above the knee.

_  PROTON GYRORADIUS (B~3uG) 1 An SNR acceleration limit
=T (4] 7 . . -
S 8 £ might imply that each chemical
o JL-"- (V. /c) % size of Supernova Remnant SpeCIGS haS a CharaCterIStIC (Z
< 105h A nee { dependent) cutoff:
[1+] H T ]
= * [ - 14
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- .
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*}-c Qo T
= ! However, more recent models of
CR acceleration predict an SN
s | acceleration limit for protons
g 1 above 10*° eV
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Propagation of nuclei through the Galaxy

In absence of continuous energy losses (or re-acceleration) : Na(Ek) [(GeV/nuc:Ieon)‘1 cm‘3]

AN, - . ) ) 1
a - — V (D v*\’-&l) + ”‘Egaiwa = {a + Z 'ﬁ-l’ﬂ'bﬂiwb — ;'T\u"a
ot I b Tdec
I pet} a
Diffusion in 3-dim sources [ I
Losses due to the spallation b - a decay of unstable
Leaky box model collisions with the ISM nucle

(total inelastic cross section:
spallation on H and He)

\Y, (D C“_-"*.-';) s \;:c confinement time
g in the Galaxy ~ 107 y

<E>= <p>Vr1

o~ 50 cm? “grammag_e” [gcm-2]:
average thickness of ISM
traversed during propagation
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Dependence of t.. on energy
) N
In the leaky-box model: D(E)V"N ~ T © =
where the escape length <p> v 1., decreases with energy: | 7...(E)oc E 0

For primary nuclei: N(E) + N(E) = Q(E)

z-esc(E) z-int(E)

. <1, |IN(E) = Q(E) r..(E)

In the limit of high energy: =

N(E) =Q(E)<cE ™ source spectrum

N(E) = Q(E) Tesc(E) oc E747° observed spectrum
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The secondary-to-primary ratio S/P

05— T
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Kinetic Energy (MeV/Nucleon)

The measured secondary-to-primary ratios, as a function of E/nucleon, are
incompatible with an energy independent <,

At high energy ( E > 100 GeV/n ) the S/P ratios measure the energy dependence of
the escape length:

Ns () =P, =, g
NP

int
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Flux (m® sr s Gey)™

CREAM main science goals

Primary cosmic ray spectrum (inclusive)
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- search for a cutoff in the proton
spectrum at E =2 100 TeV

- search for a change in the
elemental composition
approaching the “knee”

- measurement of
secondary-to- primary ratios
(test of propagation models).

y

py

CREAM can measure individual energy
spectra and elemental composition
(from H to Fe) of cosmic rays up to
1000 TeV
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Detector Systems in CREAM-1

Timing Charge
Detector

— Trigger and Charge

Detector

— Tracking
— Lorentz Factor forZ >3

calorimeter <
module
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Cherenkov

Cherenkov _ DeteCtOr

— Charge/Velocity for Z > 3

Silicon
- Charge
—— Detector

___Target2

S3
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3 independent charge measurements :

+ Timing-based Charge Detector (TCD)
» Pixelated Silicon Detector (SCD)
» Scintillating fiber Hodoscope (HODO)

|XZ'VH?HI

CREAM-1
Detector configuration

TCD

W

Tr'ackinq —— Top TRD —S88—

above the TRD | ? Upper TRD Module |
target is -> c» .E" —— e
provided — renkov Layerg

by TRD —

and HOdO S — SCD amover TRD Module

ooo0a00n
000000  BBOT|SE B0 0000000000

1 00000000000000

SCD 2
HODO

2 independent energy measurements :

+ TRD: Transition Radiation Detector (Z > 3)
+ CAL: Tungsten Sci/Fi calorimeter (Z =2 1)

In-flight cross calibration of energy scale

S0/S1
Targets

S2

S3
Calorimeter

Targets

180 cm
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Transition Radiation Detector (TRD)

» 512 Proportional Tubes
2cm Aluminized Mylar (100 um)
8 "X" and 8 "Y" Layers of 32 ftubes
Embedded in Ethafoam Radiator
Gas: Xenon/Methane (95/5%)
Dual Gain Amplex Readout
Sensitivity to Z > 3

e cerenoUN

i
U

» Cerenkov Detector
- lcm Acr'yllc Radla‘ror'
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> Energy measurement in different intervals:

1. Cerenkov signal 1.35<y<10
2. Multiple dE/dx sampling 10 <y <500
3. TR X-rays 500 <y < 20000

» Calibration at CERN with p, e and © beams.
= Geant4 based MC tuning

TRD Signal (au)
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Cosmic-ray nuclel identification

= ' -
e E
- 0 .
10° = B N E
- Ne Mg
: T 10
> Timing Charge Detector (TCD) = E Na Al
* 5 mm thick fast (< 3 ns) plastic scintillator paddles L
» charge measurement from H to Fe (o~ 0.2-0.35 e) 4L |Be _
* backscatter rejection by fast pulse shaping = L s . S .8 5 3

Number of Events

> Silicon Charge Detector (SCD)

» 2912 Si pixels, 380 um thick. Active area ~ 0.65 m? /1 .

= charge measurement from Z=1 to Z=26 (o~ 0.1-0.3 e)

10 15 20 25

ZSCD

Roma, 23 Aprile 2009 P.S. Marrocchesi
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Charge-ID with the Silicon Charge Detector

>

Projection of CAL track to SCD

>

0 12 14 16

The track is matched with the SCD pixel
hit by the incoming particle

>

18 20 322 24 26 20 30

col#
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> Rejection of backscattered particles

Charge identification of the incoming
particle ( a consistent charge assignement
from the 2 layers is required)

16



Example of charge distribution in SCD with TRD matched tracks
ZHT trigger and B ~ 1 selection from the Cherenkov

30

- Fese: o 220
% L .. o T
5000= _::'j e 200
B ¢ 0 e r 180
| o B
B - B 160
4000]— g 0 .
B - 120
: 2 L 100
3000 — u %
— 10 '_— o
B N C
B 40
2000}— r §
B y» = - 20
B B i — | I. | i i i | i | i i | L i i i I. | i i i I i | i i | L
B 5 10 15 20 25 30
1000 B SCD meas. charge
O B | L1 | | | | |
0 5
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\Carbon target (~0.51,,)

CREAM-1

Tonization Calorimeter %

<+«— Scintillator Hodoscopes S1, S2, S3

5 \ \ <

1 —

» Preceded by a graphite target é_

> Active area 50 x 50 cm? —
~ Longitudinal sampling : 3.5 mm W + 0.5 mm Sci-F [ e
> Transverse granularity : 1 cm (~ 1 Moliere radius) g = g
~ Total of 20 layers (20 X, , ). alternate X-Y g / g
» 2560 channels (3 gain ranges) readout by 40 HPDs |2 3
Roma, 23 Aprile 2009 P.S. Marrocchesi 18
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Calorimeter readout scheme

ungsen plate Sci-Fi ribbons
light mixer Fibers-to-HPD
clear-fibers optical
bundle interface o
""Cookie" Prlg)é(élrjryty
HPD

Total number of Hybrid Photo Diodes (HPDs) : 40
Total number of channels: 2560 (3 readout ranges) '

Shower particles Tungsten Scheme for Reggfhg Out Signals Generated in
ha Calarimeter

,.-"'}’ Light Guide ~ Clear Fiber

M HPCO#Aybrid Photo Dicde)
F
} \\ 'F o = = .‘. - w Readout Electronics

.
p— — / Signal from HPD t

Scintillatin
Scintillating Light . HY

Fiber Ribbon E.5.
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Calorimeter Calibration beam tests

, > {52 7 ndf 22.38 / 22 Jo 3
> September 1-8, 2003 H2 beam line = 10000H prob 0.4374 1 B
e@ 50,100, 150, 200 GeV 5 [a 191.8+1.535 Enl-
p@ 150, 250, 350 GeV :ﬁ* ——L -30.36 + 29.06 7
CREAM-1 CAL was fully calibrated o i _56
> November 1-8, 2003 H2 beam line = 5000:— s
CREAM-1 A/Z = 2 ions @ 158 GeV/n - a
4000/ 2
> September 22-29, 2004 H2 beam line - 3
CREAM-2 CAL was fully calibrated I; 2
i 1
120 I =
- 50, 100, 150, 200 GeV T T e ey
S 000 ++ CERN beam electrons 0 10 20 30 40 50 A
§ n —+—+ solid line : MC simulation
= gl + + lon beam test @ CERN
8 | + AlZ =2 @ 158 GeV/n
T : :
o Good linearity up to ~ 8.2 TeV
> 40—
o L
| -
® [
c 20
w -
o o U b b e b e by T
0 2 4 6 8 10 12 14 16 18 20
Longitudinal shower profiles #layer
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\
3

High gain antenna
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Flight I: Dec 04 - Jan 05

* 42 days - Balloon Record (now 54 days by ULDB)
* ~ 40 million Hi-Z Triggers




| EZ view I

000 00000

00 000000 O

20000 000000000000
Q0000000000000009

00000

0080 000000000000
g 0

000000 0 20 04 0 00 oo
oooooooo B0 @0 00@ 0000

00000000
000009

1 00000000000000
@I B0 0000000000

An on-line event: ~ 10 TeV Fe

20041 221-054208.dat - Event 14803?3'
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TRD-CD calibration with flight data

>TRD dE/dx vs. CD signal = calibration of the TRD response below the
minimum of ionization (m.i.)

»Scale factor to convert dE/dx from arbitrary units to MeV/cm is obtained by
matching the minimum ionization of O nuclei to MC simulated curve

= 06r 52.4
S
& L
L
= 0.551 22_2
Bls [ o
0.5 S 2
C o
- — 400

(=1
'S
2]
[
A
0o

:

300

0.35; * 14

200

0_3:....I....I....I....I....I 1_2

2 25
log(f v)

100

0.8

0.6 L1 | .1. 'rl 1 .-I.lr .I -I. 1 | L1l | L1l I I | I L1 1 | L1 1 | L1 1
1.2 14 16 18 2 22 24 26 28 3
Log(CER)

-
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TRD-CAL cross-calibration with flight data

10 10? 10° E [GeVIn]

EO-SS_ T T T T T LR T T T T L
& -
> -
[-¥] —
> 0.5
=1 R
0.45 _ ‘@1\‘“\‘!?
B &
- éﬂ &
0.4 — i
: ‘‘‘‘ & TRD -CAL cross-calib. {Oxygen)
| O TRD-CAL cross-calib. (Carbon)
0.35—
— GEANT4 simulation
0 3: | | B Naeslig ei al. Broc of SUTICRE val: 2 (2008) 333
"0 1 2 3 4 5 6 7 8

log(B )
> About 980 Oxygen and 750 Carbon events are used to cross calibrate in

the relativistic rise region (20 <y <400)
> TRD response is in excellent agreement with MC prediction

Roma, 23 Aprile 2009 P.S. Marrocchesi
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Preliminary proton and He spectra from 15t flight

Yoon et al. OG1.1 oral; Seo et al. Proc. Int. Workshop on CRs and HE Universe, (Tokyo), in press, 2007

[

—
]
()

(m?s sn) 1 (Gev)'*

2.5
k
o
LS

Flux * E

—

=
=

# 4+ = BE =31

Preliminary CREAM-I
RUNJIOE

JACEE

Ryan at. al.

ATIC

ATIC2

S0OKOL

Izhimura

Zatsapin

L]
L]
[

Hérandel's model (2093)

10° 10

10°

* Proton spectrum up to ~ 100 TeV

10°
Kinetic Energy (GeV)

10’

10°

- He spectrum puzzle : is it softer than proton ?
- ATIC1 vs. ATIC2 discrepancies suggest that systematic errors may play a role ?
- more data from later CREAM flights but systematics MUST be under control

Roma, 23 Aprile 2009
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Preliminary CREAM-I
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Secondary/Primary Ratios

+ (e.g., B/C) are very sensitive to diffusion properties

oo oy ok I Boron
P

A : to Carbon
107 |— ratio

| [ HEAO3

B m Simon _

B Mahel )
0l | Lezniak v - :“ N

= Caldwell Predictions from

- | O Jullusson RSN diffusion model

i Orth

i ¥ CRN I Region of m’reres‘r’ Kolmogorov 5=1/3
Iﬂ—j 1 1 1 11 IIII 1 1 1 1 1 |||| 1 1 1 11 |||| 1 1 1 11 |||| KraiChnan 6:1/2

1 10 10° 10

10’
E [GeVin]
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Charge selection Reject events with

charge-changing

( @ Vile) Separation ) interactions in the apparatus

(]

~
\.‘ }r@.- :-. .-_:-. Y S
T . e
P R
TR - 3

II.JIrII.IIIII'|IlI !IIIlI.'IIIII_II'.I.IIII.IIII-I__II'IIIh
[ [ = - " 1 o oL

sqri(Scintillator Signal)

R W & O h -~ @ W o =

2 b D b b s b aa b bl yvpedvvpa oo sl ovn s loppo oy el wwwadny sl ilunns

2 3 4 5 B 7 8 9 10\11 12 2 3 4 5 8 7 8 9 10 11 12
sgrt(Cerenkov Signal) sqrt(Silicon Detector Signal)

Select ultra-relativistic
Incident nuclei
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B/C Ratio

Boron to Carbon abundance ratio

1_I| I IIIIIII| 1 IIIIIII| | IIIIIII| | II_

B Black circles CREAM-I 1 The lines in the plot represent leaky-
Red stars  HEAO-3-C2 1 box propagation model calculations
k 1 for various values of the magnetic-
rigidity dependence parameter, 5, in
escape from the Galaxy.

CREAM-|I measured the B/C ratio

up to an energy of 1.5 TeV/n [Ahn et
al., Astroparticle Physics 30 (2008) 133]

b
=

The results indicate that the
interstellar propagation pathlength
decreases fairly rapidly with energy,
with an energy dependence E-%in the

' \ range 5~ 0.5 - 0.6
- || i1 ||||||| 1 ||||||| ] | ||||||| | ] |

15 thin vertical bar = statistical error

2 3
1 L LY L gray vertical bar = systematic error
Energy(GeV/n)
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Consistency check: Carbon to Oxygen abundance ratio

—
=

C/O Ratio

I ‘} | CREAM-

E 1 I| 11 IIIIII| | IIIIIII| 11 IIIIII| L1
1o .
1 10 10° 10°
Energy(GeVin)

Consistent with unity as it should be for two primary elements
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N/O Ratio

10

Nitrogen to Oxygen abundance ratio

Ahn et al., Astroparticle Physics 30 (2008) 133

- N/O'=.5% &
- i
Black circles CREAM-I
Fed stars HEAO-3-C2
| | 11 111l ] 1 IIIIII| | | IIIIIII | | |
1 10 10° 10°
Energy(GeV/n)

The lines in the plot represent model
calculations of N/O ratio with the
escape parameter 6=0.6.

The different curves correspond to
different assumptions on the amount of
nitrogen in the source material.

CREAM-I measurement of N/O up to
1.5 TeV/n suggests a N/O source
abundance close to 10%, larger than
some previous estimates based on
lower-energy isotope measurements.

Roma, 23 Aprile 2009
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Tracking down the Source Index

N
(o)
T

/

27 Line of Constant Primary Index

2.6

urce Index

2.5

Illlllllllllllllllllll

2.4

2.3
RXJ1713 2.2

2.0
1.9

_IIII|IIII|IIIIJIIII|IIII|IIII|III1|I1I IIIII

1.8
SNR 01 02 03 04 05 06 07 08 09 1
Escape Index, o

Roma, 23 Aprile 2009 P.S. Marrocchesi 35



TDRSS
omni

antenna _ y —
o I & ~ TDRSS hi-gain

antenna
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CREAM-2 Instrument

»Timing Charge Detector (TCD) (Penn State Univ.)
* 5 mm thick fast (< 3 ns) plastic scintillator paddles

» charge measurement from H to Fe (o ~ 0.2-0.35¢)

* backscatter rejection by fast pulse shaping

No TRD on CREAM-2

> Cerenkov counter (University of Chicago, GSFC)

* 1 cm thick plastic radiator with blue wavelength shifter
* low energy particles veto

|
«

> 50 x 50 cm?

»>3.5mm W (1X,)

> 0.5 mm Sci-Fibers

» 1 cm granularity

» 20 layers 20 X, , ~ 0.7 A ¢
» 2560 channels (40 HPDs)

> Silicon Charq Detédctor SCD)

(Ewha Womans University) [ iy ﬁ" S e B

. 2 planes, 2916 Si pixels each Active area ~ 0.65 m? . .. : \ o

. charge measurement from Z=1 to Z~33 (c ~ 0.1-0.2 e) TU nQSten-SCiFi Ca|orimeter (| N FN)
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Silicon Charge Detector (SCD)

. particle-ID by charge measurement fromZ=1t0Z~33 (c~0.1-0.2¢e)

- 2 layers of sensors

pixel size ~ 2.1 cm?

16 pixels per sensor

380 mm thick Si sensor

depletion at 70 V

Active area per layer ~ 0.52 m?

2496 chans/layer were readout

CREAM-II
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Trajectory reconstruction

250

Flight data

Counts

Constant

Mean

Sigma

2280z a0

-O7525 T 0dl

OLa6d 1 = 00106

» Two steps algorithm:

1— CAL tracking. Shower axis is projected
back to SCD planes. Search for hit pixels
in the circle of confusion (R ~ 3 cm)

2 — new fit including the matched SCD

pixels = This improves the accuracy of the

pathlength correction

» 1000
E M C Constant 9224+ 9.7
o suu_— Mean 0.1174 + 0.0057
: Sigma Ma7E7 + 0050
60—
4(}0_—
with the highest count. < 7mm 200
» Accuracy on zenith angle: 0.7° > . el L
0 91(} -8 -b -4 -2 4 6 ] 1
(estimated from MC) B,ec-Opyc [°]
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Counts

180

160

140

120

100

30

60

40

20

|||||T||||I|II||III|III|III|II|||II||

Charge measurement with SCD

i-.
o [ Sigdi
M Tl
5 [ L e
s Mg 2
- .:i:!.".l.;l-
i Ne 377
i af,
10— e
5 —
i o En
T
s N
NOT representative of -
elemental abundances. . i &
6_
EI . | Lo 1y
4 0 12 14

Z- bottom plane

12 14
Charge Z — combined top & bottom planes

Excellent charge resolution: ~0.2 e from Cto Si
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Charge measurement with SCD (up to Fe)

300

250

200

150

100

50

Lovelooile i LI ot bl MEIRE Lo s L)
Charge (7)
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Willie Field -
Balloon launch facility

CREAM-2 hang test
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CREAM Flight Data: Traject .
Cavering period framm: 2004-13-15 232255 to 2005.01-27 0200:3 NASA Long Duration Balloons (LDB)Z

CREAM-1 Payload ~ 1300 kg. Science Instrument power ~ 400 W
tl’ajeCtOI'yD'O

-

Altitude 38-40 km. Atmospheric overburden ~3.9 g/cm?

CREAM-1 42 days (Dec.16 - Jan. 27 2005)

S

CREAM-2 28 days (Dec.15 - Jan. 12 2006)

January 16, 2005 | .j:_ 2 ........
Break the record

of 31 days and 20 hrs 85 kbps telemetry (TRDSS) of the high energy data

during the flight. Lower energy data were recorded on board.

CREAM Flight Data: Trajectory
Covering period from: 2005-12-13 20:51:10 to 2006-01-13 01:52:01

CREAM-2

December 16,2004 | L 0 AN
CREAM is launched \ﬁl January 27, 2005
from McMurdo ¢/ Landing 417 miles from McMurdo
after 41 days and 21 hrs

trajectory

Collected data:

CREAM-1 4x107 science events (60 GB data)

CREAM-2 1.5x107 science events (57 GB data)

Current Speed: 47.91 knots
Current Course: 112.7° Current Altitude: 20335189 fest
Current Lat: -74"21°57 67 Current MET: 28 days 9 hrs 40 mins 0.78295 sec since launch
Current Lon: 157°27°24™ Current Time: 2006-01-13 01:52:01 UTC
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Absolute differential flux measurement

O(E™) = N X .
AE. & xTOIxTOAxSQxT

= N, are the unfolded counts in energy bin i. They are obtained by correcting the
measured counts for overlap with neighbouring bins (energy deconvolution)

= AE, = energy bin size, choosen larger than the energy resolution of the calorimeter

= Emed = median energy of bin i calculated according to definition given by Lafferty &
Wyatt NIMA355 (1995) 541

» SQQ = geometrical factor

= TOIl = Top of instrument correction, i.e. fraction of primary nuclei of each species
reaching SCD without interacting in the above apparatus (TCD/CER/support structure)

» TOA= Top of atmosphere correction, i.e. fraction of primary nuclei of each species
reaching the instrument without interacting in the air

= T = Live time

= g = selection cuts efficiency in energy bin i
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Monte Carlo simulation

» A detailed MC simulation of CREAM-II instrument has been done to
estimate:
- the trajectory reconstruction and charge assignment efficiencies
- the energy deconvolution (mixing matrix)
- the survival fraction of primary nuclei of each element reaching
SCD (TOI correction)

» MC based on FLUKA 2006.3b with hadronic package DPMJET-III
» |sotropic generation of nuclei with energy extracted from power-law
energy spectra in the range 0.1 — 200 TeV.
Spectral indexes from Horandel compilation Astropart. Phys. 19 (2003) 193
» About 102 events with C, N, O, Mg, Ne, Si, Fe nuclei were generated

» About 0.1% of generated events fit the detector acceptance and are
reconstructed with the same analysis procedure used for flight data.
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Selection cuts efficiency
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Reconstruction efficiency includes:
- trajectory reconstruction: ~95% @ E>1 TeV
- charge reconstruction ( including effects of SCD dead/masked pixels)
= steep rise below 2 TeV
"nearly flat @ E>3 TeV: ~80% (~65%) in TCD-CAL (SCD-CAL) acceptance
» nearly Z independent
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Energy deconvolution

= N; = no. events in bin j of primary particle energy scale

M . ZA N = M. = no. events in bin i of CAL energy deposit scale
i j = 7]

j = A; is the mixing matrix. Its elements are determined by analyzing
the MC generated statistics with the same procedure applied to

flight data. . :
Example of mixing matrix

3
20
8 [
An element A; of the mixing §' -
matrix represents the probability — 3
that a CR particle, carrying an g -
energy corresponding to a given iOJ._
energy bin j, produces an energy S E
deposit in CAL falling in bin i. -

II]II II|

3 g -
10 1% timary Energy [G3%)
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TOIl and TOA corrections

> TOI (Top of Instrument) correction: ~ 5 g/cm? of materials above SCD

> TOA (Top Of Atmosphere) correction estimated by means of a Fluka based

MC of the residual atmosphere overburden (~3.9 g/cm?).
Zenith angle distribution of nuclei within CREAM acceptance is taken into account

> At TeV scale the survival probabilities are nearly independent on energy
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o
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Spectral indexes

CREAM-II measured the absolute intensities of C, O, Ne, Mg, Si, Fe in the

particle energy range 800 GeV - 100 TeV.

Energy spectra are well fitted to power-laws ¢(E) = ¢, x E» Wwith very similar

spectral indexes.

-2.31
2.4 [0 Hoérandel Astropart. Phys.
- 19 (2003) 193
w 2.5
- ¥ TRACER+ CRN
S 26— i %3 M. Ave et al., ApJ
— c} Jlj ,% . 678(1) (2008) 262
S FU ;
E -2.7— | %, ® CREAM-II
28 ] CREAM-II
5 9:_ Average spectral index
B of abundant heavy nuclei
— =2.66 £ 0.04
-3 C 0 Ne Mg Si Fe
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CREAM-3 g
trajectory &

NASA Long Duration Balloons (LDB)
Payload ~ 1300 kg

Science Instrument Power ~ 400 W

4 flights from McMurdo in 5 yrs (2004-2009) :

Altitude 38-40 km. Atmospheric overburden ~3.9 g/cm?

2008 Jan 23 22:00:10 | LDB_Antarctica_2007-2008_CREAM

CREAM-1 42 days (Dec. 16! 2004 - Jan. 27! 2005)

CREAM-2 28 days (Dec. 15" 2005 - Jan. 12" 2006) CREAM-4
CREAM-3 28 days (Dec. 19" 2007 - Jan. 17" 2008) tral2eiii
CREAM-4 19 days (Dec. 18" 2008 - Jan. 7" 2009)

o i Expected

240 days
- energy reach
. | < gy

ammmmaEEEEEEEE for protons
4
0
.:1000 days
3 4 5 6

10° 10 10" 10 GeV

Flux x E275




Impact site




Recovery operations
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