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Qutline

Understanding of cosmic ray interactions (Standard Model physics)

* Reliability of interpretation of air shower data

* Cross section measurements
e Simulation tools and related questions

e Accelerator data

Searching for phenomena beyond the Standard Model

e Dark matter and anti-matter
* Monopoles, exotic particles
e Gravitational waves



Reliability of the interpretation
of air shower data
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Shower maximum: current situation
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Elongation rate theorem

Xo = 37 g/em?
{ ch}ad _ X()(l — B, — B?\.) J (Linsley, Watson PRL46, 1981)
= dIn Large if multiplicity of high energy particles
dInE rises very fast, zero in case of scaling
B L dAin Large if jon rises rapidly with
— t t
A Xo dInE arge if cross section rises rapidly with energy

Note: Do =log(10)D,



Electron-muon number correlation
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Number of muons NlLL (Eu>1 GeV)

Models differ in their predictions

Sibyll, proton
QGSJet, proton -
Sibyll, iron

QGSJet, iron
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Muons: current situation (very high energy)
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(Heck, 2006)
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Auger: test of interaction models
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Different methods:
* constant intensity cut (independent
of energy scale of experiment)
e golden hybrid events
* inclined shower (almost only muons)
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Auger: test of interaction models

Fluorescence detector
energy scale uncertainty
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HiRes-MIA hybrid measurement
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Sensitivity to physics of first interaction

Muon production:

E > Er \*
(fixsi) 0 o Eo

N, =n h —k ( )
‘u ° ( nggtrSt) Edec > EdeC

-

Muon number insensitive to changes
of high-energy interactions

~

J

Multiplicity increase by

factor of 2: 5 -7% more muons,

factor of 10: 25% more muons
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Possible fix for better inclusive flux predictions

Comparison with Accelerator

experiment
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Was the overall agreement
just a coincidence!
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EPOS: a new multi-purpose interaction model

Hadroni odels in CORSIKA and CONEX

(HDPM )

Old generation:  QGSJET01  SIBYLL2.1 DPMJET2.55 VENUS

All Glauber based ft
SO
But differences in hard, hard Attempt to get

remnants, diffraction ... NEXUS everything describe in
““““ a consistent way
| L \
New generation : QGSJET II-3 EPOS 1.6
Theory ++ : Phenomenology ++ :
-no energy conservation at - energy conservation at amplitude
amplitude level level
-Fan diagrams - effective treatment of higher orders
- diffraction - Nuclear effect

- High density effect (QGP)

ICRC'07 — Merida — July 5" 2007 T. Pierog, FZK, IK, page -4  |g
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EPOS has a different slope for N“ (~0.935, SIBYLL ~0.9)
AND a different scale : QGSJET01 +25 % or SIBYLL +50% at 10"%eV

o
A
— ‘-‘-‘--'-_ [L.).I. "-.o/-)
+ <@+ QGSJET 01 .
SIBYLL 2.1 b
—¥— EPOS 16
- - QGSJETII-3
I| | | IIIIII| | | IIIIII| | IIIIIII| | | IIIIII| | | IIIIII|
1015 1016 101? 1018 1019 1020

Energy  (eV)

ICRC'07 — Merida — July 5" 2007

(T. Pierog et al.)

Clear discrepancy due
to antibaryon number

and difference in R ...

p(600) (m™)

—

<

B Fe
i \\\\\\\q
— &« MIA stat+syst err
B *: '}’ ,-*‘p
\s _.-“"‘

E\ B QGSJET I1-3
- —— EPOS 16

] | |. ] ] ] ] ] ] ] |

17 18
10 Energy (eV) 10




80
70
60
50
40
30
20

800

600

500

inealstic cross section

400

300

200

pP+p

10 2
energy (GeV)

p+Air

10 ? 10 °
energy (GeV)

(T. Pierog et al.)

3 4
10 10

&
10

40

35

30

25

multiplicityiplicity (n)

20
15

10

2500
2 450
j= 1

% 400
350
300
250
200
150
100

50
0

- p+p [1)<25 !
1: 1 1 III| 1 Ll il | 1 Ll L 1i]
2 3 4
10 10 10
energy (GeV)
| . j' f
- ptAir | <25 .
- Iy
E Loy
F ---- QGSJETII I I-
- — EPOS 1.6 "
— I 7
- == QGSJETO1 , J
- /
g i SIBYLL 2.1 “'
= :
E |
3 5 6
10 10 10
energy (GeV)

0.1

.09

agfm:

0.08
0.07
0.06
0.05
0.04
0.03
0.02
0.01

1, 0.12

ap/=

0.1

0.08

0.06

0.04

0.02

comparison (EPOS, QGSJET,

SIBYLL)

I'Mllllllllllllllll

P+p

10
Energy (GeV)

p+Air

5 6
10 10
Energy (GeV)

21



Energy correction for fluorescence detectors

f=Etot/Eem
1.3
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Does the composition change (10'7 - 10'8> eV)?

Results on N, vs E .,

v Results on <X .. > Vs E
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Black disk scenario of high energy scattering

(Drescher et al. PRL 94, 2005)

Black Disk Model

* large number of minijets

* high perturbative saturation scale
e disintegration of leading particle
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Depth of shower maximum very sensitive
to high energy interaction characteristics

10"
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Fluctuations of Xmax to discriminate?
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The knee energy range as model challenge
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KASCADE: sensitivity to hadronic interaction modeils
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KASCADE result: EPOS in detail
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Normalized Number of Showers

GRAPES-3

Independent
test possible
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GRAPES-3: element fluxes
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Cross section measurements

33



Number of charged particles (x1 09)
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Model dependence

Different definitions of XI:

Ulrich et al.: theoretical value
HiRes (Belov et al.): effective
starting point of shower
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EAS-TOP and ARGO-YB| measurements

Frequency Attenuation: Constant N.-N, cuts

Primary Energy E, selected
using muon number
E| <E)<E; mup

Shower development stage Correction for

selected using shower size fluctuations and
N.; <N .< N, invisible cross

section part

v

(G.Trinchero et al.
l. De Mirti et al.)

Phys. Rev. Lett. 70, 525, (1993) 37

D(0) = Dyexp[- (x secO — d]'f;'“nbs ] b / k
@(0) / D(0) = expl- (x,3ec — 1) /A, ] P air /“obs




Cross section (proton-air) [mb]
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Simulation tools and related questions
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Giant air shower simulation

Monte Carlo

AIRES

e thin sampling (Rubtsov et al.)
e fully simulated showers (Rubtsov et al)

(I yr CPU for 10'8> eV)
* parallel computing (Kasahara et al.)

CORSIKA )
" COSMOS T
Y
/

ID hybrid

CONEX

3D hybrid

|

SENECA

I A

/

o

Hybrid programs are mature
and checked against CORSIKA

J
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—
o
E=S

LDF [Particles/m?]

10* |

LDF [Particles/m?]

—_
o
o

Example: SENECA-CORSIKA comparison

T
Seneca

10 Ee\:f Proton (Eleotroln LDF) Corsika - | (I A”en et GI)
10° . ; . .
electrons ] 10 EeV Proton (Muon LDF) Soneca —
107 | .
10’
NE i
2 10
% 10
-
102 1
10|oo zoloo soloo E 4;)‘00 — 10° | muons
Radius [m]
10 : ' ' |
: . N 1000 2000 3000 4000
10 EeV Proton (Photon LDF) Corsika = i Radius [m]
photons | - ~
More comparisons of
this type are needed
(AIRES-CORSIKA,
COSMOS-CORSIKA)
- /

1000 2000 3000 4000

Radius [m] (CONEX-CORSIKA: see Astropart. Phys. 26,2007) 4]



Calculation of radio emission in dense media

The radio technique

V interaction

"1 1'-
EM shower

Polar diagram E( o field

"y
AB()

.-...-.r Il-l: Wﬂw - | - |
I‘ﬁ nucleus HAD shower rs"" l[:t‘fl_" .. i
" T 1. Net excess charge
- Illl-- -’#}:ft__:_ .....
LB =56 2. A, > shower dimensions
MOON 2,
REGOLITH
~ 10'm
MHz - GHz antenna array
. L] ] L] L] L] . L]
AO

Diffraction by a slit
—~ {vL}d

J. Alvarez-Muriz et al. ICRC 2007, Mérida (México)

llllv’:p’"f;,‘}
» e

oo 00 0 F
oo 00O O OO

42



Calculation of radio emission from air showers

Pancake = e* e plasma \

Electric current develops
when plasma moves through
magnetic field of the Earth

electric current

-
—
Radiation emitted by moving ‘/j

Air shower

—->
lvs =-p,c2

hi <o —
@EE

~

3
Yh bserver
b

EGI""H"I. * d o

(O. Scholten & K.Werner)

Different from
calculation in

1 dense media

Pulse sensitive to shower development prior to maximum

z & —d2/20t 1200 v B N .
0 . A =36.7 glem?, expopential
1000 | A=10.0 glemy, fixed
. s % = ?8 g;cmz, ;!xeg
/ r —_ 3 =1.0 g/cm©, fixe
D ret L = ook
5 B E
d I S 400 f
E=(t,d) = < A" (t,d) B ———
dt 0 50 ct[m] 100 2 200F/
of
200 £

time [ns]

(T. Huege et al.)

‘—I'_' 3.5e-06 I I I T T I I I I 1100 | | | | | | I X %
S % 1050 | -
> 3e-06 -
= 1000 | -
[1v]
= 2.5e-06 - n -
£ — 950
9 2e-06 £ 900 .
= _ 2 850 | -
2 15e06 R=275m &
£ & 800 | -
>
g 1e-06 | - 750 | o -
_ 18 i 10°eV

2 56-07 | | g?c?ton y 1819 3 7 1o + proton 10;3 ev
ﬁ |+ gamma + 109 ev 650 | . gamma 100 ey -
) 0 | | | | | | | | | 600 H I I I I I

600 650 700 750 800 850 900 950 100010501100 3 4 5 5 7 3 9 10 11

-2
Xmax [g cm 7] E>75 m / E705 m at 32 to 64 MHz

43




Accelerator data
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drift chambers time-of-flight

scintillators

beam-muon
identifier

HARP

PS 214

electron
identifier

3-12 GeV

TPC + RPCs in
solenoid magnet

beam
< 13m > /TOF-GL
VERTEXMAGNETS ~ MTPCL S / NA6 I
- VTX-2
B7D'1 \—/ TOF-TL
e X . — ==
VIPC-2 TOF-TR
»/,/ RN X RCAL COLL VCAL
P ~BPD2 EDD\-e,? - . MTPC-R y\
(\a) AH-—DVO—SS{FQEI— ﬂs_s ) TOF-GR
~ _ -
T 30 - 350 GeV
MIPP

Main Injector Particle Production Experiment (FNAL-E907)

Time of Flight

30 - 100 GeV

I. P (140 maway)

14,000 GeV (cms)

Neutron Energy Spectrum
of 20mm Calorimeter at beam center

n

particle/b

0.0010

0.0005} ¢

| ! : J J |
DPMJET3

. QGSJETN -
B GIBY L

30% Energy
Resolution |

P N -
5000 10000
Neutron Energy [GeV]



d?c/(dp dQ) (mb/(GeV/c sr)) d’c™(dp dQ) (mb/(GeV/c sr))

d?c/(dp dQ) (mb/(GeV/c sr))

HARP: p+C—m

10
10
10
1
10"

1n'§
10

10
10
1
10"

102

3

102
10

1

10

:—I—X,

plab = 12GeV /¢

6 = 0.03-0.06 rad

m’;‘;—@—l—g—u
8 o O

4

0 = 0.06-0.09 rad

e

|—.—|_O_

$

06 =0.09-0.12 rad

0 =0.18-0.21 rad

0 =0.15-0.18 rad

0 =0.18-0.21 rad

| —T—
I 0 2000 4000 6000 8000 2000 4000 6000
0 = 0.21-0.24 rad p (MeV/c) p (MeV/c)
oo, positive pions
negative pions
% Systematic and statistical error added in quadrature
2000 4000 GOOOP(MeWBC(;OO (C Meurer et al. )

"8000
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HARP: comparison with models

400

w»

(=]
o
1

200}

d%7(dp dQ) (mb/(GeV/c sr))

100 |-

0 [ L L Il

0 = 0.06-0.09 rad

0

2000

4000 6000 8000
p (MeV/c)

400

d%(dp dQ) (mb/(GeV/c sr))

100

300}

200}

0 = 0.09-0.12 rad

2000

4000 6000 8000
p (MeV/c)

d%(dp dQ) (mb/(GeV/c sr))

d%(dp dQ) (mb/(GeV/c sr))

400

200}

100 |-

300[ .-

0 =0.09-0.12 rad

0 [ Il Il Il I Il I Il l- Il I i
0 2000 4000 6000 8000
p (MeV/c)
400
i 0 =0.12-0.15 rad
300[-

100

200} |:

0 I L L Il

0

2000

4000 6000 8000
p (MeV/c)

Positive pions

—— DPMJET-III

- - - - GHEISHA

Negative pions

p—I—CHTEi+X,

Plab = 12GeV/c

None of the models
describes data consistently

(C. Meurer et al.) 47



Al 12 GeV/c : a first (raw) comparison
with some geant4 hadronic generators:

- Gl

G-

2500.0F
2000.0%
t500.04
1) né-

so0.03

120150 Is0.180
roon. 0 i
] so0.0f
800,01 [
'. sonaT
600.0} |
a0l M 4‘]”-'5';
00k E= 200.0¢
0.01 0ol
an 20 40 &D 0o

plGeVie]

2000
ﬁﬂﬂ.ﬂ-::-

4oL

Q- £ 200

20 4.1 &0

I80-2i0

—

A

plGeVic]

LHEP
Binary
Bertini
FTFP
FTFC
QGSP

black points
are HARP data

(Catanesi et al,,
NOW 2006)



d*c/dpdQ [mb/(GeV/c sr)]

1000 |

100

10

1000

100 ¢

10 |

| +
Rinnl|
.

100—150]

Cryogenic target

data

p+N/O—7n +X

"N 1] \:?_;ﬁ plab = 12GeV/c
e { HARP el
150—200: - Pre||m|nar)// 200—-250]
i 1L P
: Other HARP data:
%% i+ e p-Be (8.9 GeV, MiniBoone)
3 ‘?‘ i % e p-C (3,5,8,12 GeV, large angles)
| | e p-Al (12.9 GeV)
- eki ik ! e 5-Ta (3, 5,8, 12 GeV)
'F\.*' il N~
| | P | | | TR T T | ...:_g: i B R T |
0 2 4 6 8 0 2 4 6 8
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Searches for physics beyond the Standard Model

Monopoles, exotic particles
Dark Matter
Gravitational waves
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Relativistic

monopole in
lceCube




Relativistic Monopole Flux Limits

24 days B ogoing: m > 10! GeV

(H.Wissing et al.)

MACRO
2 6 years operation

NS AMANDA-BI0
| 79 days livetime

BAIKAL

994 days operation
Proc. 29" ICRC (2005)




Subrelativistic monopoles:
nucleon decay catalysis,
Q-balls and nuclearites planned

-

® (90% C.L.) [em s Tsr!]

>

livetime

up-going: m >

—

—

Pt
i

—

—

Pt
i

>,
-

[ MACRO

N

[ work in progress
74 .

0.6 0.7 0.8

MACRO

2 6 years operation
AMANDA-BI0

| 79 days livetime

BAIKAL

994 days operation
Proc. 29" ICRC



Search for Light Magnetic Monopoles

* TIntermediate mass Magnetic Monopoles
* Strange Quark Matter -
* Q-balls

[}

2
9 -15,5
o)

Nuclear Track Detectors

n M fragment MM
CR39 ?
®
Aluminium
Makrofol r
v v v

Exposure of 4 years

13,0
135
14,0
P45 ]

G -15,0

-16,0 -
-16,5

-17,0

beta > 0.01

Parker bound

\

/'
MACRO + SLIM

5 6 7 8 9 10 11 12 13 14 15 16 17 18

l0g1o (M) [GEV/CZ]

D 4

(S. Checchini et al.) 54



Dark Matter
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Principle of indirect constraints on DM

X=y, BY,... W+, Z, v, g, H g*, [ Neutrinos

\ / (IceCube, Antares,...)

e direct production _ _
o 1 1 TeV p|‘|1\|yesv|vcs e From heavy particle decays Antiparticles

/ \owa hadronization (+ decay) (PAMELA, AMS,...)

) e Gamma rays
W= Z g H ql (GLAST, HESS,...)

A B.r.’s depend on the model (typical bounds are model-dependent)
 Occam’s razor requires only SM particles in the final state

d Since neutrinos represent the most elusive channel, v-based
pounds are the most conservative (general) ones

J. Beacom, N. Bell, G. Mack, astro-ph/0608090




The Galactic halo DM flux

234 m1II|on-part|cIes htp / ck.org/~diemand/vl

dby, 1 dNL(E) (Tann?) / |
1F it dE 2m5 Lo,




EXx: isotropic propagation model with DMA

DeBoer et al 2003

Reconstruct DMA effective

107" m
EGRET excess % 1 profile (clumps distribution)
interpreted as a "t f rom ang ular profies
DMA signal S 1 B |
(SUSY neutralino) “c -
Boost factor ~50 = 10 Bl
-> DM clumps w g
N 1 & ]
“dmpb 1000 | / L% %
e, IC,Bremss. . VN5 ] e
.-'-r-_'_'__,-l-"_'-'_-'_-'- | .H'-H_ ﬁ'ﬂm Bﬂﬂ e Jlllll III - - :::_h.._- L A —
aat R | .ﬁ'"-. -5 | b L e e v e sl b 1 |..|-'|||_ 30 a0 ::;;-.-"'--u I L ol T £ 1:,'“}
onsy N ! " : : 2 107 10"  10° ] Fle O an Tl Bn 0 0
[ P R v “ &%Mmev Explains rotation curve
= 3 But too many p” and e’ from DMA in isotropic CM
s N this can be suppressed in confining in DM clump
'”Jlbﬂ""-__‘. H“‘h\ T Inﬂtlprmnnll ‘@ T T T L
5 ) T EJ *' - . ‘_:.: positrons
. ey M0 = 10 ., oM CY . — i
-iﬁs T o fhibyg N amenm - ChA+ DA
E'H‘I- A4
i 16t
DMA antiprotons(1GeV) in CM o
DM rings like structure = HEAT 57
from '"EGRET' profiles 10 o s oe
(GALPROP+DMA) o N T S SR
107! v b 1 10 Einég"l.j'
30 ICRC, Merida, 10.07.2007 V.Zhukov




Ex: DMA in model with inhomogeneous medium

Decouples locally observed CR from gamma rays

GALPROP numerical code modified with :

. including DMA in charged components and gamma rays

. adjustable grid up to pc scales

. anisotropic nonuniform propagation (AD+DMA) dD/dx, dVc/dx

f or.ex. L2d=200pc D=1 0?%em? s n(r.z), snr(r.z) (Lorimer et al)
can build a consistent model with DMA Zh=4kpc D,=10°* cm’ 5, Ve=z*dVidz=20 km/sikpe
Gamma rays B/C anfiprotons
4 B b O beidl S il S 300 Bl I55.5 a5
% o - . E HEMAL] E 1
= e} | o e acH e
il + 0.4 _m o’ ] ’ .
" =350 MV — " =650 MY
& 0,35 o, o
Er I i} 3 . ._l E.IU.-' P & - l.‘J -\\ 'I:
TR ﬁ,«’/ 0.25 T Y, = AN
_.I:" gamma »Y , - v
Ll .= _ ‘\\ Rel antiprotons
— CM 01im B/C e -
- -« CM+DMA, 0.1 — CM -\ 10°F .- CM+DMA "li.
AD+DMA 0.05 ADL+DMA AD+DMA, H‘H
107 _ 10° b
. ' 4 ' 107 107" 1 10 107 ' -'
- e E. MeV E, GeV o 1 © E GaV

see discussion of EGRET calibration

30 ICRC, Merida, 10.07.2007

Stecker et al.,0705.4311 [astro-ph]

V. Zhukov




7Y




AMS-01: positron identification

Positron Identification
with AMS-01

Primary
Positron

Photon
Secondary Secondary
Positron Electron

Phys. Lett. B646 (2007), 145-154

o |
> M.
° R I
. i |
107 ;ﬂ# ﬂ
— \s s [ ]
- i ! + !
TIME OF FLIGHT - i<
SZINTILLATORS B T
0O AMS-01 single track )
B ® AMS-01 bremsstrahlung conversion
u HEAT-e" / HEAT combined
O CAPRICE
SILICON TRACKER v Ts93
LAYERS _2 | 1 | llll 1 1 llllll | 1 1
2x10" 1 2 34567 10 20 30
Energy [GeV]
4 I
TIME OF FLIGHT Possible POSitI’Oﬂ
SZINTILLATORS
excess supported
- J

(S. Schael et al.)
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PRIMARY & SECONDARY ANTIDEUTERONS
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...with neutrinos

Neutralino signal

* rate depends on SUSY parameters

* 50 GeV <M, <5000 GeV
hard (W+W-) & soft (bb) annihilations

e vertically upward (Earth) S

~horizontal (Sun)

Atmospheric background

* muons ~0O(10%) events/year
downward going

* neutrinos ~O(103) events/year
all directions

30" International Cosmic Ray Conference 2y Daan Hubert for the IceCube Collaboration
Merida, Yucatan, Mexico, July 3 - 11t 2007 ‘ Vrije Universiteit Brussel, Belgium

lceCube



Muon flux limit = Sun 2001
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THE DRACO DWARF GALAXY oy

ICRC 2007, Merida, Mexico

<GV> J

| N,
FLE > )=
( )= 871' m2 SAQ a0
Draco: |

Dwarf spheroidal galaxy, accompanying the- Milky Way at
a galactocentric Distance of 82 kpc, (drstance to ea-rth:
.86 kpc) : _ N

M/L > 200 oA

After L. Mayer et al. (Nature, 445, 738, 2007):

Highly DM domipated -

-
.
B
E
E\Iu
-
2]
]

<JiW)>
Al g

The DM halo is'modeled by a power-law with an The factor J(V) for the and core
_exponential cut off: 2 ’ profile
Pou = Cr " exp| ——.
4 | [ INAR
- With the following values for C, a . rkpel
-and-r, (Sanchez-Conde et al,  LEEC 3 2P0
2007) ! 3.1 ><107Me kpCf2

core 0.238 0)

Michael Rissi, Institute for Particle Physics, ETH Zlirich
for the MAGIC collaboration




FLUX FROM NEUTRALINO , @
ANNIHILATION | D e

Particle Physics

ICRC 2007, Merida, Mexico

N SONZL BQ)AQx[ p*(0.w.s)ds

87i'm;2( AQ JAG

F(E>E,)=

— 10_22 -1 1 ¢ : @ r I I I I T I K -. " : L : A ® 5
P | | core or cusp (0.1° gl predicted cross-section for parameters

K<o V> [C

T ) S/ IR -.line: 50 sensitivity curve for-50h of
',._;'._gnmwmﬁ“ |

105
109" i
1 0—28

observation by MAGIC. (Tasitsiomi,
- 2002) ' '

10‘29 f; . _. ¢ Al I i
W § o mge2aleV
1000 ¥ :. I f €f ;
aF ¥ | S f.or B Scalar mass m, < 6 TeV
ol WL (iIf Q.h*<0.098) Trilinear coupling -4 TeV < A, <4 TeV
10° 10° tanB < 50
m, [GeV]

Michael Rissi, Institute for Particle Physics, ETH Zirich
for the MAGIC collaboration



Gravitational waves
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LIGO LIGO Detectors LSC

LIGO observatory contains 2 km and 4 km interferometers at

Hanford, WA and a 4 km interferometer at Livingston, LA They are

designed to detect gravitational waves from astrophysical sources.
Hanford |ivingston

e

ent Sensitivity

Efficiency Estimate :

— 70 Hz
— 153 Hz E @ H th 500
235 1y gw 1.53 Z Wlt”ElD.-"a
detection probability:
— 554 Hz
_ 849Hz . 2x 108 Mgc? at 10 kpc
Inside the — 1053 Hz
LIGO control ~0.05 Mgc? at16 Mpc
room

|-| I
AE

ahe
LIGO-GOT0415-00-Z 2 Al “.' :

Core-collapse Supernovae : Oti et al, PRL 96, 201102 (2006)

Science run 5
since Nov 2005 Binary Black Hole mergers : Baker et al PRD 73, 104002 (2006)

(End fall 2007)

8
(S. Desai, LIGO Collab.) 68



GAPS
Outlook (2009/2013)

A Prototype Flight will Provide a Crucial
Science & Engineering Demonstration

Balloon Prototype Goals:

¢ Demonstrate stable, low noise
operation of the Si(Li) with its
polymer coating at float
altitude & ambient pressure.

e Demonstrate the Si(Li) cooling
approach & deployable sun
shades. Verify thermal model.

e Measure incoherent

background level in a flight-
like configuration.

4

* Neutrino telescopes

\f

 Gamma-ray telescopes
 PAMELA, 2006

2009 Flight planned from Japan
with ISIS/JAXA participation

Jason Koglin = ICRC = July 10, 2007 a8

GLAST, 2007 AMS02, 2009

GLAST and the LAT detector Construction of the detectors is complete

GEM

correlative
observations of
transient events
Orbit

LAT TED Matter Antimatter Time of Fli ght

sky coverage
20% of the sky

(~2.4 sr)
565 km, circular
periode ~95 min deadtime
Inclination as low as 25 us
28.5°
Litetime Observing modes

5 years (min) All sky survey
Launch Date
late 2007

Launch Vehicle

Pointed observations

Delta 2920H-10 Re-pointing

Launch Site : &, Capabilities
Kennedy Space Autonomous

Center GBM : ~10 keV - 25 MeV Rapid slew speed
S (75° in < 10 minutes)
LAT : ~20 MeV - ~300 GeV ;
Size: 3m x 3m x 3m
Eric Nuss on behalf of the GLAST LAT Collaboration ICRC 2007 Merida — July2007 ] 7 (Geometrical acceptance : 0.5 m2.sr




