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EESsMIC fiay/s:
o high eneng leitfiromi H tor Fe;
o 10° eV tor =102 eV.

The Knee: &
Limit ter SN shock %celeration?

The Ankle:
Extragalactic compenent?

>1012 eV: 1 per (m2 second sr)

>1016 eV: 1 per (m?2 year sr)

>1020 eV: 1 per (km? century sr)
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Cosmic

Production

% « Interaction with ISM and fields
- o Escape, Reacceleration, Diffusion &

¢ Production of secondaries

Solar Modulation

Works only up to:

Geomagnetic Cutoff
Atmospheric Interaction

-

. = [ cleBL
(~101> eV = knee? rigidity dependent?)




Direct&wmosition Near the Knee

Hi spectrtiim) gt~ eV,

N

Under ﬁ SINFSHOCk aCCEIEratiONISCENario, expect charge-dependent knee, e.q.,
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(oS! assieEmposition Status

T

Improved‘_glirect MEeasurements can provide the foundation for studies at higher energies

UHE cosmic rays (Auder) extend a further 3 orders of magnitude in energy

Mect Indirect Indirect

Direct Iriferrad frorm Direct inferred from Direct inferred from
measurements el Spowers measurements  air showers measurements air showers
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T
Lo Ener yACOsmIC Ray Abundances

f
He andReaviE o melized to1Si;

-

Dur
Even-odd effiect;
IHe, CNG, NeMgSIimEERaiitant SpECIES.

RELATIVE ABUNDANCE
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>~
D DIECHEOmpPosItion Measurements

L

v
Directconposition
MEasUreEmentsy .
Spectrum measgement from

1022 — 1 QLsraV~
Elemental resolution;
Antarctic Balloon missions;

Redundant energy.
determination;

Target: 200 days Antarctic

exposure with a fully active
instrument with geometric

acceptance 2.2 m2sr.

E2AN/AE  (GeV em™@sr's™)
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2.2 masr trigger aperture
9/30

71" (1.8 m
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Timing Charge Detector (TCD):
m 8 thin (5 mm) scintillators in 2 layers, 16 fast PMTs;

m Light pulse amplitude and time structure measured = Q measured before albedo from
calorimeter, 3-8 ns after incident particle; provide Z>3 trigger; 11/30

m Charge accuracy ~0.2e for O, ~0.35e for Fe.




Cherenkov

W2 +3CH2
e [

l— W2045CN20

¢ Transition Radiation Detector (TRD):
m 512 thin-walled (100 um) proportional tubes (2 cm diameter) in 16 layers in foam matrix;
m Filled with Xe(95%)-methane(5%);
m Hit pattern = 3D track with cgys ~ 5 mm (ultimately 2 mm); 12/ 30
m dE/dx (+TR @ >1 TeV/n) yields E until saturation at y ~ 20,000; sensitivity to Li and heavier.




s
TCD
TRDA
Cherenkov

e ————

TRO2Z

SCD

S

Target1

< Silicon Charge Detector
m 26 ladders, each with 7 silicon sensor modules, each with 16 cells 2.12 cm?;
m Charge measurement, resolution ~0.1¢e;
m Segmentation reduces back-scatter impact.

13/30




HBGO5CoPE System

PIUS G@‘ﬁt@ liargets

© Hodoscopes
m 640 2x2 mm? scintillating fibers arranged in 2 orthogonal planes (exc. S3);
m HPD readout (bundles of 64 fibers), PMT readout for S3;

= Redundant charge measurement, plus trigger and tracking. g =0
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W

< Calorimeter stack
20 W plates, 3.5 mm thick, 1 X; ;
20 scintillating fiber layers, 1 cm wide ribbons (Moliere radius 9 mm), 0.1 mm dia. fibers;
HPD readout (40 HPDs, 2560 channels); fibers divided into low, mid, high energy readouts;
Tracking, energy measurement Z=1-26, E=~200 GeV-1000 TeV (45% resolution).
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| ".mﬁhildlng structure
| Weight 2900 Ib
L !(?1'300 kg)
\ Power 400 W
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'cRﬁx@wos,Flight




._ Mlﬂ ec 15,%04 _ Jan 26, 2005

. CREAMZ: Planned forBec 2008 flight.

Lde 220 0640l o Eveny | 1 EXTS

Estimated
10 TeV
Fe nucleus
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—
Energmbistribution

Nt allfcorrections Orrevent selection fimalized...
Eneray, deosited, conversion, tertetallenergy under way;
PowerEleWiappalient;

Events well above 100 TeV Calorimeter energy deposit
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P Heﬁé’ctra -

Steepé" 91010 SOUICE; SPECHUM?

High=ene tons depletedidue to
acceleration limic?

Statistics will improeye (C'R‘EAMl only: here);

Better anchorpoiiiior higher-eneray,
Indirect studies:
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IR/ arbit@mn/siux nermalization for now;
@ IG, Instrimentall corrections yet;
> Spectia sfagiec withHEAOrand CRIN data at low energy;
L GREAM data exteha'ﬁpé) >100 TeV.
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RELATIVE ABUNDANCE

Seco@ﬁ// Primary. Ratio

Secondary/prman/Aratio; (e:gy B/C)ivery sensitive to diffusion properties
(e.q. W constant: o, possible; reacceleration, etc).

e CR 0.07 - 0.28 GeV/amu; ]
e CR 1-2 GeV/amu; E
e Solar system abundances;

Li, Be, B not made in
stellar nucleosynthesis
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Secomry/ PrmeRy Ratio

Secm}dary/primary iauie) (ergr, B/C) very sensitive to diffusion properties
(e.g. dif&lggn constant o) PossIbIe reacceleration,
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ENENGY SPEE e, C, O up to ~200 TeV

(eventuall eV);

He spectrums harder than H above 10 TeV?
(first hint off accelerator limit on p’s?);

B/C measurements up to

~400 GeV/n faver 6~0.6 = cosmic-ray

source spectrum ~E-21:in-line with
supernova shock acceleration models.




