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Proton and helium spectra from the CREAM-III flight
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Abstract: The primary cosmic-ray elemental spectra have been mahbyrthe balloon-borne Cosmic Ray Energetics
And Mass (CREAM) instrument. CREAM has flown six times overtd@mtica since 2004. The CREAM-III payload,
comprised of a tungsten/scintillating fiber calorimetélican charge detector (SCD), Cherenkov camera, and timing
charge detector, flew for 29 days during the 2007-2008 Atitaseason. The flight accumulated significantly more
calorimeter data than the two previous flights at lower eiesrdue to a lower electronics noise level of the calorimater
improved read-out electronics with 16-bit analog-digitahversion. The SCD provided better resolution with reduce
electronics noise than for the CREAM-I flight data. In aduititwo silicon layers in the SCD provided two independent
charge measurements. Charge identification with the twegaddent charge measurements is included in this analysis,
as are estimates of efficiencies, backgrounds, and enenygision using updated Monte Carlo (MC) simulations (with
the CREAM-III flight detector configuration). These refinarteehad not been included in previously reported results.
Proton and helium energy spectra from CREAM-III flight aregented.

Keywords:

1 Introduction Light-nuclei Astrophysics [6]. More measurements above
TeV can address whether this hardening spectra will roll
Cosmic Ray Energetics And Mass is a balloon-borne expe®ff above~100 TeV or not, which many models suggest
iment to measure cosmic-ray elemental spectra using ultf@ay be the energy limit of shock acceleration [7].
long duration balloon flights in Antarctica [1]. The instru-During the third CREAM flight, significantly more
mentis capable of precise charge and energy measuremegiforimeter data were accumulated than for the two previ-
of elemental spectra from Z = 1 - 26 over the energy ranggus flights at lower energies due to lower trigger thresh-
~10' —10%%eV. old [8]. This improved proton and helium spectra with
The CREAM instrument has flown six times over Antarcdncreased statistics. Preliminary proton and helium spec-
tica since 2004. Elemental spectra from the first twdra were reported at a previous conference [9]. The charge
CREAM flights were reported in Ahet al. (2007, 2009, identification method was updated and event selection for
2010) and Yoomt al. (2011)[2, 3, 4, 5]. In particular, spec- the calorimeter calibration was refined. In this paper, pro-
tral hardening in heavy nuclei over 200 GeV/n, reported bjon and helium spectra and updated data analysis processes
CREAM [4], was confirmed for proton and helium spec-are presented.
tra by the Payload for Antimatter Matter Exploration and
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2 CREAM-III Instrument and Flight (STV) in each calorimeter channel, which suppresses the
pedestal, was lowered to about 2f the pedestal.

The CREAM-III instrument consisted of five sub-

detectors: a tungsten/scintillating fiber calorimeteruald .

layer SCD, Cherenkov Camera (CherCam), Cherenkov Dg’— Data Analysis

tector, and a Timing Charge Detector (TCD), as shown o .

in Figure 1. The calorimeter measures the energy of irf>/tér preliminary proton and helium spectra from the

cident nuclei that interact in graphite targets located di¢REAM-IIIflight were reported [9], MC simulations were

rectly above it. The calorimeter is comprised of a stac@énerated with the CREAM-IIl detector configuration.

of 20 tungsten layers with an overall 20 radiation length4SO, the event selection methods in calibration beam data

(X,) depth and 20 layers of scintillating fibers. The duafnalysis were modified to have more events in low gain

layer SCD, CherCam, and TCD provide charge identificgehannels. In addlthn, telemetry and archived flight data

tion of incident particles by measuriag /dz in the silicon ~ €Vent selection was improved.

layer, Cherenkov radiation, antF'/dx in the plastic scin-

tillator, respectively. The dual layer SCD (top and botton8.1 Calorimeter Calibration

SCD) provides two independent charge measurements with

a resolution of~0.2 ¢ for p and He. They are segmentedThe conversion factor from analog-to-digital converter

into pixels with an area of 2.12:2 each to minimize hits (ADC) units to MeV in each channel was estimated by

from back-scattered particles. More details about individcomparing the beam data signals with MC simulation re-

ual sub-detectors can be found elsewhere ([8, 11, 12, 13§ults. Previously, the ribbon position with maximum signal

In this analysis for proton and helium spectra, an energyas estimated in each layer. When that ribbon position was

measurement from the calorimeter and two independentatched with the expected position, the maximum signal

charge measurements from top and bottom SCD are uses used for the distribution of expected position. In this

while previous CREAM-III preliminary results were basedway, some channels in a layer did not have enough events

on charge measurements from a single layer (top layer) diie to low gain or unstable neighboring channels.

the SCD. In the new event selection method, the ribbon position with
The CREAM-III payload was launched from Williams field maximum signal was estimated with accumulated signals
near McMurdo station, Antarctica on December 19, 2008f all layers in an event instead of estimating this in each
and the payload landed on January 17, 2008 af29 days layer separately. Several channels with lower gain than
of flight. Throughout the CREAM-III flight, detectors per- neighboring channels showed signal distributions. The
formed stably. For the calorimeter, no in-flight adjustnsentchannels with low gains have a higher calibration factor
were needed for values such as the high voltage for thban other channels and the stability of those channels
hybrid-photo-diodes or trigger threshold, while those everwas checked during the flight. Calibration factors in most
adjusted in the previous two flights to optimize data rateshannels were not affected by this change although several
The live-time fraction during data collection was abouthannels showed a slight change due to increased events.
99%. The reduced noise level in the calorimeter electron-

ics allowed the trigger thresholds to be lowered to about : :

MeV, whereas it has been about 50 MeV for the two pri:g'2 Flight Data Improved Selection

vious flights. In addition, the sparsification thresholdsal pyring the flight, all calorimeter events and some fraction
of calibration events were transferred to the Science Oper-
ation 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 satel-
lite 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 ac-
count 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 % of calorimeter events were duplicates and
thus removed. The number of collected calorimeter events
was 1.23<109.

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



32ND INTERNATIONAL CosmiC RAY CONFERENCE BEIJING 2011

3.3 MC Simulations [ CREAM-III top and Bottom SCD Z |
8000 I

MC simulations are mainly used for estimation of effi-
ciencies, backgrounds, secondary effects and energy cc
version matrices. The MC simulation results, based o
GEANT/FLUKA 3.21 [14, 15], were generated with the 59
CREAM-III detector configuration, while MC simulations 4000
with the CREAM-I detector configuration were used in the 3000
previous analysis. The CherCam was placed above tl 2000
top SCD in the CREAM-III instrument while the Transi- 1000
tion Radiation Detector (TRD) had been above the SCI ) . S S RS A E T A s
for CREAM-1. The CherCam had greater material thick- 05 1 152253 S‘ECD 24
ness (12 g/cm?) than the TRD in CREAM-1 7.6  —cagawiiTop ve Bofom 5657 |

g/cm?) and event interactions above the SCD are slightl o,
increased, as expected.

Since the CREAM-III calorimeter had a lower energy £
threshold than for previous flight results, the MC simula: 3
tions were generated at a lower energylp0GeV) than
MC simulations for CREAM-I {1 TeV). Efficiencies and
backgrounds were estimated at several fixed energiesa 15
energy bins with scaled simulation results. 1

7000
6000

o

SCD
[s3]
o

el b b b L
3 35 4
Top SCD Z

3.4 Charge Measurements 0

o
(=]
&}
-
e
(5]
o
o
(9]

The two independent charge measurements from the top

and bottom SCD layers during the flight are shown in Figrigure 2: (top) Charge distributions of top (red dashed)line
ure 2. and bottom (blue solid line) SCD and (bottom) their scatter
The charge of incident particle, Z, was defined with charggsot.

from the top and bottom SCD layer8;scp and Zyscp,

as follows, . _ .
where the matrix elemen®; ; is the probability that the

1, , 5 events in the deposited energy bin j are from incident en-

Z= \/§(ZtSCD +Ziscp); (1) ergy bini. The matrix elementd’; ; are estimated with
MC simulations with the CREAM-III detector configura-
where the top or bottom SCD chargé,scp or Zpscp, tion. MC simulations for helium nuclei and heavy nu-
is obtained by normalizing to a signal generated by a minglei were generated with FRITIOF/RQMD/DPMJET-II in-
mum ionization particle. The measured top or bottom SClgerfaced to the GEANT/FLUKA 3.21 hadronic simulation
signal was corrected to that of a vertical path-length iesidpackage (see Yooet al. [5] for references and more de-
the sensor to account for the incident angle. tails).

3.5 Energy Measurements and Spectral Decon- 3.6 Absolute Flux
volution
The differential flux ) at the top of the atmosphere in
Deposited ADC signals were converted to a deposited eBach energy bin with sizAE is given by
ergy using calibration factors in each channel. The energy
measurement procedure is the same as the one used in ob- F— Nine 3)
taining the preliminary results, but a spectral deconvotut AE-GF-¢ -T-7n’

was used to get the incident energy distribution in this-anal ) . -
9 9y \p{herech is the number of events in the incident energy

ysis, instead of using a simple conversion using a convebin GF is the geometry facto: is the efficiency? is the

sion factor [5]. S . ) .
o ) . . live-time, andn is the correction for losses in the atmo-
Entries in deposited energy bins are deconvolved to '”Cé'phere.

dent energy bins using matrix relations. The cou¥is., ;

in the incident energy bin are estimated from the mea-
sured countsVy,,, ; in deposited energy bip by the rela-
tion,

Most of values used absolute flux calculations were up-
dated due to new MC simulations and the charge selection
method change. Efficiencies and backgrounds were esti-
mated with MC simulations with the CREAM-I11I detector

configuration. The geometry factor was estimated for par-

Ninc,i:ZPi,j'Ndep,jv (2)
! ticles 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 con-
ference.
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