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Abstract: The Cosmic Ray Energetics And Mass (CREAM) experiment hasfltovn over Antarctica
for a total of 70 days, combining a record-breaking contursud2 days in the air with a second Long
Duration Balloon flight. The array of detection techniquéiaed by CREAM includes a Timing Charge
Detector, a Transition Radiation Detector, a Silicon Chdbgtector, and a tracking Calorimeter to obtain
the first direct charge and energy measurements of cosmscu@yto the knee using complementary
techniques in the same instrument. We are able to detedeh&om protons through iron in the energy
range~ 10'' — 10'° eV. These are of particular relevance when determiningcegs)y of cosmic rays
and their propagation conditions. In this paper, we focushencharge identification capabilities of the
CREAM experiment.

Introduction ther motivation, see [1]. To collect this data, we L
complementary charge and energy detectors or

The Cosmic Ray Energetics And Mass (CREAM) same instrument; cross-calibration thereof allo

experiment has measured the charge and energy ot!s to minimize systematics.

cosmic rays from protons through iron in an en-

ergy range~ 10'" — 10" eV over the course  cREAM Instrumentation

of two long duration balloon flights, totaling 70

days. With this data we can determine the ele- CREAM uses a Timing Charge Detector (TCI

mental composition and primary-to-secondary ra- and a Silicon Charge Detector (SCD) to meas

tios (e.g.boron:carbon) at energies approachingthe charge of an incident particle. The TCD cc

the knee. These will enable a better understandingsists of two layers of scintillator paddles orient:

of the origin, acceleration mechanism, and propa- at right angles to each other and sits at the tog

gation conditions of galactic cosmic rays. For fur- the instrument; the pixelated silicon detector li
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85cm below. Photomultiplier tubes connected to
fast electronics measure the scintillation light from 7 o5
incident particles in the TCD. An array of silicon SRR
PIN diodes allows the SCD to measure the incident
particle charge. Located between the two charge
detectors, a Transition Radiation Detector (TRD)
provides incident particle tracking and measures
energy. A Calorimeter situated at the bottom of
the detector gives a completmentary energy mea-
surement. Further details on the detectors may be
found elsewhere ([2], [3], [4]).

(¢

Charge Analysis: The TCD and SCD Zsco

We have analyzed the TCD and SCD data indepen-

dently to extract charge. The TCD was corrected

for varying gains, electronics non-linearities, and Figure 1: SCD versus TCD charge for events pe
light attenuation in the paddle. We removed the ing through the full TCD-TRD-SCD stack. Ident
pedestal and noisy channels from the SCD data andcally identified charges lie along the diagonal, w
then selected the pixels with signal withitm of B, C, N, and O most prominent. All remainin
the incident particle’s TRD track. TRD hit loca- €vents lie in the reasonable region of lower St
tions are distributed uniformly across the SCD and than TCD charge. Events along the TCD-identifi
TCD to ~ 10% and ~ 15%, respectively. Re- C and O lines correspond to charge-changing in
quiring that a good TRD track lie within the ac- actions within the instrument.

tive detector geometry selects 77% of the data

for the TCD; doing the same for the SC_D selects geen in the line of points with SCD charge near
~ 28% of the data as the SCD has an active area of ;o have a subset of events in which the SCD m

76 x 76 cm? while the TCD’s is120 x 120 cm?, sures a substantially lower charge than the TCLC
The TRD efficiently tracks particles with charge g |iely that these events contain a helium com;
Z > 3, thus we focus on the first flight's “high- ot

Z” charges with good tracks lying within both the

TCD and SCD active areas. As a particle passes through the instrument, tr

is a small possiblity, of ordez0%, that it will un-

dergo nuclear fragmentation. We see this most
Charge Comparison tably in the lower-charge SCD events appearing

the left of the most populous TCD-identified ce
Given a reasonable high-Z charge in each of the de-Pon and oxygen events in Fig 1. Fig 2 shows |
tectors, we can then compare them. Fig 1 plots the SCD values associated with TCD-measured car
SCD-determined charge versus the TCD charge. @nd boron events. As observed in the previous
Along the diagonal where the SCD and TCD the majority of the two independently measur
charges match, the boron-carbon-nitrogen-oxygen Populations correspond well.
group clearly stands out; the neon-magnesium- Lying approximately under the TCD peak corr
silicon group is also present. For the majority of sponding to boron, with SCD charge betwegr
incident particles, our complementary detectorsin- and 5, are TCD-identified carbon events whic
dependently measure the same charge. most likely fragmented into boron. As nucle
Nearly all the points off the diagonal lie above fragmentationmay include energy loss greater tl
it, implying that the SCD measures a charge no that assomatgd with through-going, multiple smé
greater than the TCD charge, as might be expected@ngle scattering and the SCD response depe
for particle interactions within the instrument. As Slightly on energy, we might expect such par
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Figure 2: SCD charge generally matches that of Figure 3: TCD-identified O, N, and C with goo
TCD-identified C and B events passing through the tracks inthe TCD and SCD active areas corresp
TCD and SCD active areas. TCD-identified C with to their SCD-determined charge. TCD O fragme
(SCD) Z ~ 4.7 are most likely incident C which  ing to N and C events are also visible. The lat
fragmented within the detector before reaching the are more prevalent due to resonance at alpha e
SCD. sion.

cles to appear to have slightly lower charge than lieve the peaks at SCLY < 3 seen in Figs 2
their counterparts. We indeed see this as the and 3 contain a helium component. Hydroger
carbon-into-boron events have 0.3e less mea- not readily identifiable by the SCD for this set
sured charge than those identified by both the TCD events.

and SCD a¥ = 5 boron.

We do a similar analysis faf = 8 oxygen events
seen in Fig 3. Again, we have the majority of
events identified as oxygen in the TCD identically
identified in the SCD. We also observe peaks in the
TCD oxygen spectrum identified as lower charges
in the SCD, noteably as nitrogen and carbon. The
similar shift in nitrogen and carbon fragment peaks
to slightly lower than their expected SCD charge
strongly suggests that this does indeed follow from
an increased energy loss during fragmentation. We
might also expect the observed excess of oxygen-
to-carbon events over oxygen-to-nitrogen ones as
alpha emission is energetically favored over single

Interaction Fraction

We can quantify these charge-changing event:
an interaction fraction within our instrument by r.
lating the number of events with a certain TC
charge at the top of the instrument to those w
a different charge at the SCD, near the bottc
For our numerator we defin¥;, as the number of
charges identified ag; in the TCD andZj, in the
SCD, with Z;, < Z;. For a single-fragmentatiol
process with no error, we would then compare t
to the total “beam” of particled’; identified by the

proton loss. TCD satisfying
Likewise, we might expect a fraction of the light B N
fragments, mostly hydrogen and helium, to travel Nir = FigNi = Fheam = N, @)

along the same path as that measured for the in- ) )
cident particle. These events would again appear for @ given component. In a multi-component sy
spread in charge at somewhat less than their ex-{e€Mm. such as oxygen fragmenting to nitrogen &

with conservation of number of events to det
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mine the appropriate “pure” fraction: in line with the population expected from the inte
action fractions’ differences.
1- Z Fim

m#i,k

2 Future Stud
i 0 y

Fpurc = Fik =

_ By improving our SCD charge analysis, we shot
where the indexn runs over all components other  pe petter able to identify the helium compone

than the primaryi) and the secondary:f charges  present at SCI¥ ~ 2. We will also improve our
of interest. In an error-free systent,... = interaction fraction with better overall SCD chari
Fheam- We use these in the carbon-to-boron frac- resolution. We also anticipate extending the an:
tion as well as in the oxygen fragmentation case g;s to heavier, less prevalent elements such as
as the SCDZ ~ 2 events contribute in a fashion  anqd examining the interaction fraction as a functi
similiar to a second component. of energy as those analyses become more matt
The table below shows the results of these two

fragmentation fractions for carbon and oxygen. .

As expected from theory, all individual interaction Conclusions

fractions are of ordet0% and fragmentation af-

fects abouR0% of incident events. The oxygen- The CREAM subsystems provide various mez
to-carbon fraction slightly outweighs the oxygen- for cosmic rays’ charge and energy identificatic
to-nitrogen one due to energetically favored alpha By comparing the TCD’s charge identification |
emission, as noted for Fig 3. The statistical error that of the SCD beneath it, we demonstrate t
on the full data set;> 0.1%, is an order of mag-  both detectors independently identify the major
nitude below the systematic error observed as an of the high-Z events¥ 90%) as the same charg
~ 1% excess iNFpy.. OVer Fyeqm. This arises Having confirmed the detectors’ status, we tr
from simple charge misidentification between the experimentally determine the probability of inte

TCD and the SCD. action within our experiment, which matches tt
predicted from theory. This is invaluable for ca
Interaction fraction%) (PRELIMINARY) rectly calculating the observed cosmic ray flux.
| Fpure | Fream | Ostat
C B | 894 | 818 | 0.047 Acknowledgements
C—-He* | 9.84 | 9.01 0.050
O— N 598 | 5.20 0.037 This work is supported by NASA, NSF, INFN, Kl
O-C 7.44 | 6.49 0.042 COS, MOST, and CSBF.
O He*| 153 | 135 0.063
N— C 11.8 10.9 0.093
N He*| 137 | 128 | 0.102 References
*SCD Z ~ 2, including helium component. [1] E. S. Seo, et al.Adv. $p. Res. (COSPAR),

33:1777-1785, 2004.
[2] H.S. Ahn etal.NIM A, 2007.

We can verify this random charge misidentifica-  [3] J- J. Beatty et alSPIE, 4858:248, 2003.
tion by examining the number of charges identified ~ [4] I. H. Park, etalNIM A, 570:286-291, 2007
as higher in the SCD than as lower in the TCD:

N(Zy > Z;) ~ N(Zy, < Z;). We use the for-

mer, (unphysical) charge-gaining mode (doubled)

to estimate the misidentified population at approx-

imately 8% of the total data andl — 2% of a given

TCD element’s data. This is an order of magni-

tude lower than the fragmented populations and is
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