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Abstract: The primary cosmic-ray elemental spectra have been measured by the balloon-borne Cosmic Ray Energetics
And Mass (CREAM) instrument. CREAM has ﬂown six times over Antarctica since 2004. The CREAM-III payload,
comprised of a tungsten/scintillating ﬁber calorimeter, silicon charge detector (SCD), Cherenkov camera, and timing
charge detector, ﬂew for 29 days during the 2007-2008 Antarctic season. The ﬂight accumulated signiﬁcantly more
calorimeter data than the two previous ﬂights at lower energies due to a lower electronics noise level of the calorimeter and
improved read-out electronics with 16-bit analog-digital conversion. The SCD provided better resolution with reduced
electronics noise than for the CREAM-I ﬂight data. In addition, two silicon layers in the SCD provided two independent
charge measurements. Charge identiﬁcation with the two independent charge measurements is included in this analysis,
as are estimates of efﬁciencies, backgrounds, and energy conversion using updated Monte Carlo (MC) simulations (with
the CREAM-III ﬂight detector conﬁguration). These reﬁnements had not been included in previously reported results.
Proton and helium energy spectra from CREAM-III ﬂight are presented.
Keywords:

1

Introduction

Cosmic Ray Energetics And Mass is a balloon-borne experiment to measure cosmic-ray elemental spectra using ultra
long duration balloon ﬂights in Antarctica [1]. The instrument is capable of precise charge and energy measurements
of elemental spectra from Z = 1 - 26 over the energy range
∼1011 − 1015 eV.
The CREAM instrument has ﬂown six times over Antarctica since 2004. Elemental spectra from the ﬁrst two
CREAM ﬂights were reported in Ahn et al. (2007, 2009,
2010) and Yoon et al. (2011) [2, 3, 4, 5]. In particular, spectral hardening in heavy nuclei over 200 GeV/n, reported by
CREAM [4], was conﬁrmed for proton and helium spectra by the Payload for Antimatter Matter Exploration and

Light-nuclei Astrophysics [6]. More measurements above
TeV can address whether this hardening spectra will roll
off above ∼100 TeV or not, which many models suggest
may be the energy limit of shock acceleration [7].
During the third CREAM ﬂight, signiﬁcantly more
calorimeter data were accumulated than for the two previous ﬂights at lower energies due to lower trigger threshold [8]. This improved proton and helium spectra with increased statistics. Preliminary proton and helium spectra
were reported at a previous conference [9]. The charge identiﬁcation method was updated and event selection for
the calorimeter calibration was reﬁned. In this paper, proton and helium spectra and updated data analysis processes
are presented.
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2 CREAM-III Instrument and Flight

value (STV) in each calorimeter channel, which suppresses
the pedestal, was lowered to about 2 σ of the pedestal.

The CREAM-III instrument consisted of ﬁve subdetectors: a tungsten/scintillating ﬁber calorimeter, a dual layer SCD, Cherenkov Camera (CherCam), Cherenkov
Detector, and a Timing Charge Detector (TCD), as shown
in Figure 1. The calorimeter measures the energy of incident nuclei that interact in graphite targets located directly
above it. The calorimeter is comprised of a stack of 20
tungsten layers with an overall 20 radiation lengths (X0 )
depth and 20 layers of scintillating ﬁbers. The dual layer
SCD, CherCam, and TCD provide charge identiﬁcation of
incident particles by measuring dE/dx in the silicon layer,
Cherenkov radiation, and dE/dx in the plastic scintillator,
respectively. The dual layer SCD (top and bottom SCD)
provides two independent charge measurements with a resolution of ∼0.2 e for p and He. They are segmented into pixels with an area of 2.12cm2 each to minimize hits
from back-scattered particles. More details about individual sub-detectors can be found elsewhere ([8, 11, 12, 13]).
In this analysis for proton and helium spectra, an energy
measurement from the calorimeter and two independent charge measurements from top and bottom SCD are used,
while previous CREAM-III preliminary results were based
on charge measurements from a single layer (top layer) of
the SCD.
The CREAM-III payload was launched from Williams ﬁeld
near McMurdo station, Antarctica on December 19, 2007
and the payload landed on January 17, 2008 after ∼29
days of ﬂight. Throughout the CREAM-III ﬂight, detectors
performed stably. For the calorimeter, no in-ﬂight adjustments were needed for values such as the high voltage for
the hybrid-photo-diodes or trigger threshold, while those
were adjusted in the previous two ﬂights to optimize data rates. The live-time fraction during data collection was
about 99%. The reduced noise level in the calorimeter
electronics allowed the trigger thresholds to be lowered to
about 15 MeV, whereas it has been about 50 MeV for the two previous ﬂights. In addition, the sparsiﬁcation threshold

Figure 1: CREAM-III Instrument; From the top: TCD, CD,
CherCam, top and bottom SCD, and Calorimeter.

3

Data Analysis

After preliminary proton and helium spectra from the
CREAM-III ﬂight were reported [9], MC simulations were
generated with the CREAM-III detector conﬁguration. Also, the event selection methods in calibration beam data
analysis were modiﬁed to have more events in low gain
channels. In addition, telemetry and archived ﬂight data
event selection was improved.

3.1 Calorimeter Calibration
The conversion factor from analog-to-digital converter
(ADC) units to MeV in each channel was estimated by
comparing the beam data signals with MC simulation results. Previously, the ribbon position with maximum signal
was estimated in each layer. When that ribbon position was
matched with the expected position, the maximum signal
was used for the distribution of expected position. In this
way, some channels in a layer did not have enough events
due to low gain or unstable neighboring channels.
In the new event selection method, the ribbon position with
maximum signal was estimated with accumulated signals
of all layers in an event instead of estimating this in each
layer separately. Several channels with lower gain than
neighboring channels showed signal distributions. The
channels with low gains have a higher calibration factor
than other channels and the stability of those channels
was checked during the ﬂight. Calibration factors in most
channels were not affected by this change although several
channels showed a slight change due to increased events.

3.2 Flight Data Improved Selection
During the ﬂight, all calorimeter events and some fraction
of calibration events were transferred to the Science Operation Center in order to ﬁt within the limited bandwidth.
Since all the calibration events were archived to disk on the
instrument, transferred data and archived data were merged
after the ﬂight.
Some events lost due to missing packets owing to bad satellite connections were reconstructed with stored packets.
Furthermore, duplicated events caused by play-back were
removed. Play-back is a scheme for re-sending data to account for missing or lost data time ranges, including some
margins during the ﬂight.
The merged telemetry data was about 8.3 GB and the
amount of merged data was about 24 GB. After merging
data, about 4% of calorimeter events were duplicates and
thus removed. The number of collected calorimeter events
was 1.23×106 .
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3.3

MC Simulations

CREAM-III top and Bottom SCD Z

MC simulations are mainly used for estimation of efﬁciencies, backgrounds, secondary effects and energy conversion matrices. The MC simulation results, based on
GEANT/FLUKA 3.21 [14, 15], were generated with the
CREAM-III detector conﬁguration, while MC simulations with the CREAM-I detector conﬁguration were used in
the previous analysis. The CherCam was placed above the
top SCD in the CREAM-III instrument while the Transition Radiation Detector (TRD) had been above the SCD
for CREAM-I. The CherCam had greater material thickness (∼12 g/cm2 ) than the TRD in CREAM-I (∼7.6
g/cm2 ) and event interactions above the SCD are slightly increased, as expected.
Since the CREAM-III calorimeter had a lower energy
threshold than for previous ﬂight results, the MC simulations were generated at a lower energy (∼100GeV) than
MC simulations for CREAM-I (∼1 TeV). Efﬁciencies and
backgrounds were estimated at several ﬁxed energies and
energy bins with scaled simulation results.

3.4
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Charge Measurements

The two independent charge measurements from the top
and bottom SCD layers during the ﬂight are shown in Figure 2.
The charge of incident particle, Z, was deﬁned with charges
from the top and bottom SCD layers, ZtSCD and ZbSCD ,
as follows,


1 2
2
Z=
,
(1)
ZtSCD + ZbSCD
2

Figure 2: (top) Charge distributions of top (red dashed line)
and bottom (blue solid line) SCD and (bottom) their scatter
plot.

where the top or bottom SCD charge, ZtSCD or ZBSCD ,
is obtained by normalizing to a signal generated by a minimum ionization particle. The measured top or bottom SCD
signal was corrected to that of a vertical path-length inside
the sensor to account for the incident angle.

where the matrix element Pi,j is the probability that the
events in the deposited energy bin j are from incident energy bin i. The matrix elements Pi,j are estimated with
MC simulations with the CREAM-III detector conﬁguration. MC simulations for helium nuclei and heavy nuclei were generated with FRITIOF/RQMD/DPMJET-II interfaced to the GEANT/FLUKA 3.21 hadronic simulation
package (see Yoon et al. [5] for references and more details).

3.5

3.6 Absolute Flux

Energy Measurements and Spectral Deconvolution

Deposited ADC signals were converted to a deposited energy using calibration factors in each channel. The energy measurement procedure is the same as the one used in
obtaining the preliminary results, but a spectral deconvolution was used to get the incident energy distribution in
this analysis, instead of using a simple conversion using a
conversion factor [5].
Entries in deposited energy bins are deconvolved to incident energy bins using matrix relations. The counts Ninc, i
in the incident energy bin i are estimated from the measured counts Ndep, i in deposited energy bin j by the relation,

Ninc, i =
Pi,j · Ndep, j ,
(2)
j

The differential ﬂux (F ) at the top of the atmosphere in
each energy bin with size ΔE is given by
F =

Ninc
,
ΔE · GF · ε · T · η

(3)

where Ninc is the number of events in the incident energy bin, GF is the geometry factor, ε is the efﬁciency, T is
the live-time, and η is the correction for losses in the atmosphere.
Most of values used absolute ﬂux calculations were updated due to new MC simulations and the charge selection
method change. Efﬁciencies and backgrounds were estimated with MC simulations with the CREAM-III detector
conﬁguration. The geometry factor was estimated for particles passing through the active area of the top and bottom
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SCD layers and the calorimeter area. The charge selection
efﬁciency using top and bottom SCD layers was included
in this analysis.

4 Results
The proton and helium spectra will be presented at the conference.
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