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Out Line
m Final results of RUNJOB experiment

e individual elements spectra
e all-particle spectrum and average mass

V.A.Derbinaet a., submitted to ApJL

m Comparison to propagation models

° diffusion + no halo edge galaxy (Shibata et al., ApJ, 2004)
° leaky box (Gupta and Webber, ApJ, 1989)
° diffusion + reacceleration (Seo and Ptuskin., ApJ, 1994)
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Flight Summary

. 1995 1996 1997
Flight Number ] > 3 4 5 5 Z
Exposur e time/hour | 130.0 | 167.0 | 134.0 | 1475 | 1395 | 139.5
altitude[g/cm’] 100 | 96 | 98 | 102 | 105 | 107 | ..
Chamber area [m’] 04 | 04 | 04 | 04 | 04 | 04
Chamber weight [kg] | 230.0 | 230.0 | 260.0 | 254.0 | 260.0 | 260.0
. 1999
Flight Number 3 9 10 T
Exposur e time/hour | 141.0 | 145.0 | 148.0 | 146.0
altitude[g/cm’] 95 | 92 | 92 | 90
Chamber area[m’] 04 | 04 | 04 | 04
Chamber weight [kg] | 227.0 | 227.0 | 227.0 | 227.0

Total flight time = 1437.5 [hour] ~ 60 days
Total exposure factor =575[m?- hour]
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Chamber Structure
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layer 5 (primary CNO) layer 28 (top) RJOg B'bl OCk

event no.11
MR et Sl primary charge: CNO
e R zenith angle : 50 deg
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layer 40 (bottom)

Analysis methods of RUNJOB
Apanasenko et al., Astrop. Phys, 2001
Hareyamaet a., NIM, 2003

100pm ]
target mod. calorimeter mod.
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10! 102 10 10* 108 10
kinetic energy Ey [GeV/nucleon]
*a PeV proton was detected in 1995 e<He flux is half of those given by
sparallel spectra JACEE and SOKOL, while MUBEE
IS consistent.
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helium/proton ratio

helimn/proton ratio
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& BESS-Tev @ RUNJOB(this work)

kinetic energy Ey [GeV/nucleon]

e constant ratio from 10GeV/n to 100TeV/n

101 107 10? 10%

10°
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TeV/n region data were shown
but, big contamination correction for
fragmentation in atmosphere
(70% for Li-B and 45% for sub-Fe)



summary of individual spectra
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E, ~dL/dE, [m “sec sr (GeV/nucleon) ]
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particle spectrum

¥ Grigoroev

A SOKOL
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{this worlk)

: sumunation of fluxes for individual primary
elements ebtained by previous dirvect observations

10° 10* 10° 10° 10

primary energy Ep [GeV/particle]

e 40% intensity less than other group
e spectral shapeisamost same more than 50TeV

region (flattering?)



average mass <In A>

' f\‘incﬁudi ng a PeV proton
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31 (this work) 7
[ T .
2 L not including a PeV proton - ]
1k
[ : Average mass number for individual prim
[ elements obtained by previous direct observations
i) T 1 TN NN T R T
107 10° 104 10° 108 107

kinetic energy E, [GeV/particle]

e constant value (He ~ Li) from 1 to 1000 TeV/n
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Companson to propaganon models
m Shibataet a., ApJ, 2004
diffusion model + no halo edge galaxy
a=12anda =1/3
m Gupta and Webber, ApJ, 1989
Standard Leaky Box Model, a = 0.6
m Seo and Ptuskin., ApJ, 1994
diffusion model + reacceleration, a = 1/3

o : index of energy (rigidity) dependency of propagation



propagation model
T.Shibataet a., ApJ, 612, 238-261, (2004)

no halo edge galaxy model ‘
A

Diffusion coefficient : D(r) = D(r, z) = Dy exp [+ (L + —)}
D 2D

Gasdensity : n(r) = n(r, z) = ny exp [— (L + i)}

Fn Zn

Source density : Q(r) = Q(r, z) = Qo exp [_ (L i i)}

CR source spectrum o« R77
rigidity dependency of D, o R“

Not taking account to low energy effect (ionization |oss,
reacceleration, solar modulation ...)
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comparison with 1-ry spectra

E,25 dI/dE, [m2seclsrl(GeViparticle)™5]
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10,4 M EETT BT T BT T BT T T B ST B T 10,4 T L P PR
10t 104 10° 10 10° 109 107 10t 104 10° 10 10° 109 107
kinetic energy E, [GeV/particle] kinetic energy E, [GeV/particle]

B=y+a=27~28

Model : diffusion + no halo edge galaxy (Shibata et al., 2004)
normalized to AMS for p and He and HEAO-3-C2 for heavies at 10 GeV/n



He/p ratio Is constant
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secondary/primary ratio
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comparlson with 2- ry/1 ry ratlo
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In order to confirm a,

we need more data
1 with good accuracy In
| >100GeV/nregion.

a = 0.6, leaky box (Gupta and Webber, 1989)
a = 1/3, diffusion + reacceleration (Seo and Ptuskin, 1994)

_____ a = 1/3, diffusion + no halo edge (Shibata et al., 2004)
---------------- a = 1/2, diffusion + no halo edge (Shibata et a., 2004)
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Summary 1

Final results of RUNJOB observed by 10 long
duration balloons (about 60 days).

m Proton and Helium

The both spectral index are amost parallel (= 2.7 ~ 2.8)
Helium flux of RUNJOB is half of those obtained by JACEE
and SOKOL, while MUBEE is consistent.

A PeV proton was detected directly.

Help ratio is good agreement with propagation models such as
Seo-Ptuskin and Shibata et al.



Summary 2

m  Heavy components

The intensities decrease monotonically with energy getting.
RUNJOB data are in good agreement with extrapolated line
form CRN data

TeV region data of 2-ry/1-ry ratio are shown, though the ratio
need to be viewed with large uncertainties in mind.

m All particle spectrum and average mass

RUNJOB is40% of intensity less than one of other direct
measurements.

Any spectra obtained by direct measurements look like same
shape (flattering?) in the energy range more than
50TeV/particle.

Average mass is amost constant value , <InA>~ 1.5
corresponding to He or Li, inthe energy rage from afew TeV
to 1000 TeV.



RUNJOB
final results
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