




















































































































Albert et al., Science 320, 1752 (2008)

3C279 at z=0.538

3c279, measured

systematic error band

EBL-corrected, Primack, o =2.94 + 0.91
EBL-corrected, Stecker (fast), o* = 0.49+ 1,19
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Albert et al., Science 320, 1752 (2008)

Gamma-ray horizon tested

— — — Kneiske et al. 2002 (modified) Primack et al. (2005)
Energy Threshold of MAGIC - Stecker et al. (2006)
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Blazar distribution model

Inoue&Totani, arXiv:0810.3580 / private comm.
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http://fermi.gsfc.nasa.gov/

Fermi Gamma-ray Space Telescope

100 seconds v

20086 H11H = OE= () @ ‘
j:-.l_ J: Jﬁljj \\;‘~-,, . ‘_‘.(,./.
il
GLAST/LAT EGRET g .
y N
Energy Range 20 MeV ... 300 GeV 30 MeV ... 10+ GeV [
Energy Resolution 0.1 0.1 \
Effective Area 9000 cm? 1500 cm? 1 day e
Field of View 2.2 sr. 0.5sr.
i 3.5@ 100 MeV 5.8@100 MeV
Angular Resolut
Mt 0.1@10 GeV 0.5@10 GeV
Sensitivity (>100 MeV) 3x10° em2 g1 ~107 cm*? s
Deadtime 27 us 100ms
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. == Large Area Telescope
Fe r I I l I ® Silicon Strip Tracker (TKR) @ Anticoinc Detector (ACD
v Measure the photon direction v mmic_éays_l

v ldentification of the gamma-ray shower v’ Plastic scintillator tiles and ribbons
v 36 planes of Si strip detectors (228 um)

Large Area
I* Telescope 3
(LAT) N
@ Calorimeter(CAL) =D K e i
v Measure the photon energy ) LR @ Data Acqui. System
v Image the gamma-ray shower - v Max data rate. min dead time
v Csl(TIl) crystals in 8 layers. v Flexible trigger & software

GBM

Nal Detector
filters.

GBM Detectors  (12)sedivmiodide (Nai)

Bismuth Germanate (BGO) Scinfillation Detectors

Scinfillation Detector

GBM

BGO Detector

T.Kamae, RESCEU symposium, Nov.2008 Provides spectra for GRB from 10 keV to 30 MeV.

Provides wide sky coverage (8 sr), enables autonomous repoints to allow for high
th Y g P g
‘J'MCEnery’ 4™ NH EGE’ Elba’ Italy' 2006 energy afterglow observations with the LAT.




T.Kamae, RESCEU symposium, Nov.2008

Fermi LAT event sample

/’
Tzem Event Reconstruction on Ground

» Pulse heights at all TKR Si strips, CAL Csl logs and ACD tiles/ribbons
with signals are recorded with time stamps (dt~25us).
» Candidate gamma-ray events are reconstructed on ground (see Figs).

» Charged particle cosmic-ray events are also sampled and recorded for
monitoring and calibration purpose.




http://fermi.gsfc.nasa.gov/

Fermi Firstlight skymap

With AGN catalog

OES 234 L Lacertae
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J.McEnery, 4" NHEGE, Elba, Italy, 2006

Simulated Fermi skymap
50 Sources from Simulated

One Year All-sky
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Baltz et al., arXiv:0806.2911

Fermi sensitivity for dark matter

N W ErRRe: @l
10 % e

T LA | T g

av (107 em’s™

20

Pa—
<

3 L1/ ;
bnergy(Gel ] Neutralino Mass (Ge¥)

) I ‘ . Figure 25. MSSM and mSUGRA models in the < v >, mwrarp plane. The models
Figure 20. “Optimized” diffuse hackground and a 5¢ signal at 200 GeV. The black = included in these regions are consistent with accelerator constrains and WMAP data.

dots and open squares correspond to the diffuse background and the diffuse background ~ The lines represent the 5 ¢ sensitivity from the GC (upper) and the 5 ¢ sensitivity
s MO éizial respeotively. Full and dotted ling s it from a Galactic halo analysis (lower) corresponding to the best and worst sensitivities

plus MC signal, respectively. Full and dotted lines correspond to the signal plus © o oo as " thie Daner for a NFW profile.

hackground fit to 62 and @1462, respectively. < Ay? »=25.0 for this run.
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Abdo et al., Science Express, 16 Oct 2008

First paper: pulsar in SNR CTB 1

Freq — 3.165922 (Hz

=g
i 5 1015 20

A RN RARRS LRRRS RRARY RRRI

~_
| —
—

.
JEG JOO10+7308 95% ermor boRT———-_ J

RX J 00070+7302
Fermil LAT 95% error box

?‘.
S
z
S
=
=
=
1=
[~
=

P—dot — 3.6162e—13 (s/s
F—dot + 3.6245e—12 (Hz

o* 20 120° 119°
RIGHT ASCENSION (J2000)

1.~10%r ~ SNR age




T.Kamae, RESCEU symposium, Nov.2008

Some initial results

R R A RAR

/N)LH— © SNR CTA1, Light curve (Crab,
Geminga), Glitch in PSR1706-44
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A revised EGRET Catalog

— Hartman etal. ApJS 1999
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Thompson, Rep.Prog.Phys. 71, 116901 (2008)
-~ — H
EGRETHA o D & &E

SRIILEN T N FEDIERIE? (4FIZGeV excessDRE)

£R A1 AT 1 cold dark gas#dark matterO FENM Y & D H\?
WL —IZHB T HRFIMRIEES TR DTWVDIDOMN?
BRTHEWNAIBENLT—IEZEDLLBWNHBEDMN?
EDOEOIBEEZRNT Y TIERIZERD DH?
BIZERAIRD ED K S ERENT > TERRE D H?

Blazar) Z B REACHBZHEHN O Ty POMEENE ZF T
Hh b m?

DA DE R TFERCYEZEDFRNGFON D DH?
MIZRNDED K S BRRAENH 2 RERBRRDN?

TNEET U XBEEIEZHOKREDEFTY THATES D
M. MDA B D DH?

HORBN—AMDEZLIZTEIRILET—HEINEEDS DH?

AGTLT7HDDEIRILF—H RO REFKEZEEDE
BRIZ DA% DM?

HORBORZIZEFH L WVEZZFEHDIOMN?

57



Radio IR Ogptical X-Ray
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Hinton, Gamma2008, Heidelberg

Techniques

Air Cherenkov Shower Particles

¢ N ¢ %

Imaging Sampling FuII Enuerage Sparae

Temcupe Arrays Water Gherenk{w Carpei S{:ntlllatﬂr Arrays

J—

5 Ge\f 50 GeV 0.5 TeV 5 TeV 50 TeV 0.5 PeV

« Many different approaches have been tried
« Not all have stood the test of time
« Major projects planned using three of them
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Hinton, Gamma2008, Heidelberg

Limitations to sensitivity
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Hinton, Gamma2008, Heidelberg

Instrument concepts

« But the point-source sensitivity curve is not the whole
story - what kind of instruments do we want?

« A precision TeV instrument CTA/AGIS

« Excellent (<< 0.1° )angular resolution and background
suppression

« An “all sky monitor” HAWC/Tibet MD

« Very large FoV and duty cycle — sufficient area to be sensitive on
~day timescales

» ~10 GeV timing explorer 5@57?
« Low Threshold! (will be systematics dominated for long
exposures)
« 100 TeV instrument Tibet MD/TenTen

» Size. Reasonable (~0.1" ) angular resolution
« A broad energy range observatory CTA/AGIS
« Coverage 30 GeV - 100 TeV with good sensitivity on one site
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Hinton, Gamma2008, Heidelberg

CTA (Cherenkov Telescope Array)

» Concept

« An IACT array observatory y, ) ’

« an order of magnitude more B m o
sensitive than HESS: 1 mCrab - - & rEA

« wide energy coverage: froma ol ) . .
few tens of GeV up to the 100 B » Zﬁ
TeVrange, baseline design A L?;k 2 »
achieves this with a mixture =2 2 B /?f )
of telescope sizes & spacings ) “ ﬁ L

« sites in the South and North ST % L |

« Consortium - - R
« Largely European ../ = ]

« HESS + MAGIC + many others
» 15 countries currently

involved ~150 M€ price tag C T ,.
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Hinton, Gamma2008, Heidelberg

AGIS (Advanced Gamma-ray Imaging
System)

US led ~100 M$ project at concept stage
Goals are very similar to those of CTA

Oneidea is wide field of view + fine pixellation =
secondary optics (and ~100 GeV performance)

Baseline is a 1 km? array, ~50 telescopes
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Rowell, Gamma2008, Heidelberg

Multi-TeV IACT (“TenTen”)

Example Array: 9 x 5 tel. Cells  IEESSYENeENE

- 45 telescopes
-cell L = 500m
- intercell spacing
= 1500m
- 6pe,3pix trigger
8,4 cleaning

msw < 1.05
msl < 1.2

msnp < 1.1
alg3 direction reco.

scale in

- 0.2 km metres -2000 -1000 1000 2000

- 1.8 km
- 100ns time buffer
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Hinton, Gamma2008, Heidelberg

HAWC

* High altitude Water
Cherenkov detector

« Array of water tanks

« 900 tanks each 4.3 m high
and 5 m diameter 1 PMT at
bottom

* 150 m x 150 m array
» 75% ground coverage

« Site: Sierra Negra,

Mexico, alt: 4100 m W
lat: +19° ﬂ-' -
« cf MILAGRO 2630 m alt, 1 sgEl g

lat: +36° (5000 m?Z pond)
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Kawata, TAUP2007, Sendai

Tibet Muon Detector (MD) array

7.2mx 7.2m x 1.5m depth Water pool
20"®PMTx 2 (HAMAMATSU R3600)
Underground 2.5m ( ~5159/cm2~19X0)

Material:
O Concrete pool
O White paint .. A
192 detctors 7. ‘;\
Total ~10,000 m? ]
. 4/

Counting the number of muons accompanying an air shower
= Gamma/Hadron separation

10
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Hinton, Gamma2008, Heidelberg

Angular resolution

« Ata few TeV
we can reach
2 orders of
magnitude
better ang.
resolution
than GLAST
at ~1 GeV
using IACTs

« Resolution >
Science
« source IDs,

resolved
systems...

Adapted from Funk, Reimey Torres, Hinton 2008

—
i1

—_
Q
A
1111

—
=)
N
o
o
—_
=]

—_—
g
_—
c
Q
£
=
o
o
c
o}
o
32
o]
({}
—
O
-—
92
o
c
<

Energy (GeV)
See Poster 130

69



Hinton, Gamma2008, Heidelberg

Angular resolution

Expecting / hoping for: O(1000) sources (galactic + extragalactic)

German Hermann

“#e

6 deg FoV angular resolution: 0.2 deg (> 50 GeV)
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Hinton, Gamma2008, Heidelberg

Angular resolution

Expecting / hoping for :

O(1000) sources (galactic + extragalactic)

German Hermann

6 deg FoV

angular resolution: 0.05 deg (> 1TeV)

at



Expected sensitivity
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Positron excess by PAMELA

Adriani et al., arXiv:0810.4995
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FIG. 3: PAMELA positron fraction with other experimental data. The pmltron fracLF:m
meaaured b) the PAMELA experiment compared with other recent experimental data[.j 24, 30,
QLI 32 33{ l f 34] One standard deviation error bars are shown. If not visible, they lie inside the

data points.

Dark matter? Pulsar? Microquasars?...

T T T T T

General “dark matter”

T

10
E_. (GeV)

FIG. 1: Annhilations of DM directly into ete~ give the ™
line at about Mpar = 150 GeV. The secondary positron spec-
trum from decays into e’ of longitudinal (transverse) W
bosons is labeled WL W (W1 Wi ): the soft component of the
spectra are neglected for illustration. Including the soft com-
ponent {with spin-correlations neglected) results in a much
softer spectrum labelled W W that does not fit the PAMELA
data above 10 GeV. The solid curve is the expected back-
ground. The Med set of propagation parameters is used with
a cored isothermal profile for the DM halo.

Barger et al., arXiv:0809.0162

Gravitino dark matter

0,0 /(0,1 + )

| IIIIIII

|

vl
100
E(GeV)

FIG. 2: Positron fractions for the gravitino dark matter case.
Cravitino is assumed to decay only into the first generation
lepton (plus gauge or Higgs boson). We take ms,2 = 250 CeV,
500 GeV. and 1 TeV (from left to right). and 753, = 8.5 x
1079 sec X (1mig,-/100 GeV )~ '. The MED propagation model

is used.

Ishiwata et al., arXiv:0811.0250




Electron peak by ATIC/BETS
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Figure 3| ATIC results showing agreement with previous data at lower
energy and with the imaging calorimeter PPB-BETS at higher energy. The
electron differential energy spectrum measured by ATIC (scaled by E’) at the
top of the atmosphere (red filled circles) is compared with previous
observations from the Alpha Magnetic Spectrometer AMS (green stars)’’,
HEAT (open black triangles)’, BETS (open blue circles)**, PPB-BETS (blue
crosses)'® and emulsion chambers (black open diamonds)**?, with
uncertainties of one standard deviation. The GALPROP code calculates a Cheng et al., PRL 89, 211301 (2002)
power-law spectral index of —3.2 in the low-energy region (solid curve)™.

(The dashed curve is the solar modulated electron spectrum and shows that

modulation is unimportant above ~20 GeV.) From several hundred to

~800 GeV, ATIC observes an ‘enhancement’ in the electron intensity over

the GALPROP curve. Above 800 GeV, the ATIC data returnsto the solid line.

The PPB-BETS data also seem to indicate an enhancement and, as discussed

in Supplementary Information section 3, within the uncertainties the

emulsion chamber results are not in conflict with the ATIC data.

Chang et al., Nature 456, 352 (2008)

g

800 1000 1200
E (GeV)

FIG. 2 (color online). Predicted positron signals above back-
ground (light shaded area, yellow) as a function of positron
energy for mg =m, = m_ = 300, 500, 750, and 1000 GeV.




Summary

@ High energy window of the Universe is now
open!
* Additional 2-3 decades of the photon spectrum

» Wider variety of sources than expected
— Cosmic accelerators are ubiquitous!

* Much work left to understand their physics
» Also: cosmology, fundamental physics
(Hints for dark matter???)
@ Still lacking understanding their nature...
e Need more sensitivity / lower energy / higher energy!
e Huge scale detectors are planned.
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