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高エネルギー電子の伝播

Diffusion-loss equation

D: 拡散係数

A1: 電離損失
A2: 制動放射
A3: 逆コンプトン＆シンクロトロン損失
Q: 電子源
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高エネルギー電子のエネルギー損失時間スケール

Sturner et al., ApJ 490, 619 (1997)
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Why 高エネルギー電子？

到達距離が短い
○ 候補天体が絞れる、到来方向が異方性を持つ
× 関係する天体の数が少ない

寿命が短い
○ 候補天体が特定される
× 遠方まで測れない

高エネルギーで損失大
○ カットオフと距離が関連
× 統計が稼げない

電荷を持つ
○ 較正ビームが容易に得られる
× 到来方向を絞れない



宇宙線電子スペクトルの観測

modulation

Ohishi et al., ApJ 610, 868 (2004)



“Below the Knee” Working Group Report - Day 3
Binns, Hörandel, Mitchell, Moskalenko, Müller, Streitmatter, Takita, Vacchi, Yodh, et al.

ASPEN 2005



Reports at ICRC2005

Experiments Presenting Analyzed Flight Data, Active
Detectors

TRACER, ATIC, BESS, TIGER, BETS, CPDS, MARIE
Experiments Presenting Analyzed Flight Data, Passive
Detectors

RUNJOB, CAKE
Experiments With Recent Data, Analysis Underway

BESS-Polar, CREAM
Experiments With Advanced Hardware

PAMELA, AMS-02
New Experiments

CALET, CREST, NUCLEON, INCA

R.Streitmatter, ICRC2005 OG1 rapporteur talk



ATIC Public Summary, Oct 2005



ATIC Public Summary, Oct 2005



ATIC-1 and ATIC-2 flights

ATIC Public Summary, Oct 2005



ATIC results
ATIC Public Summary, Oct 2005

Feature??



R.Streitmatter, ICRC2005 OG1 rapporteur talk

Resurs
-DK1 



R.Streitmatter, ICRC2005 OG1 rapporteur talk
A Payload for Antimatter Matter Exploration and Light-nuclei Astrophysics



PAMELA detector
M.Circella, NIM A158, 513 (2004)

Overall mass: 450kg

Power consumption: 350W

0.48T magnet

Spectrometer: 20.5cm2sr



3-year PAMELA mission

Antiproton flux    80 MeV - 190 GeV
Positron flux 50 MeV – 270 GeV
Electron flux up to 400 GeV
Proton flux up to 700 GeV
Electron+positron flux up to 2 TeV
Light nuclei (up to Z=6) up to 200 GeV/n
Antinuclei search (sensitivity better than 10-7 in  

He-bar/He)

• MDR ≈ 1000 GV

• 90% Efficiency for electrons and positrons while having a 
proton rejection factor > 106

M.Bongi, IEEE Trans.Nucl.51, 854 (2004)



R.Streitmatter, ICRC2005 OG1 rapporteur talk

Cancelled fro
m shuttle

 queue?

Or ESA Freeflyer?



C.Lechanoine-Leluc, ICRC2005



R.Streitmatter, ICRC2005 OG1 rapporteur talk



S.Natale, TAUP, Sep. 2005



S.Natale, TAUP, Sep. 2005



Positrons
C.Goy, TAUP, Sep.2005



S.Natale, TAUP, Sep. 2005



R.Streitmatter, ICRC2005 OG1 rapporteur talk



CREST-1

“CREST-1 will be flown in late August, 2005 from Ft. Summer, New Mexico.”

96 scintillator crystals (50 mm dia. x 10 mm) 
surrounded by a veto system

A.Yagi, OG1.5, ICRC2005

Background level?



CREST-2

1600 crystals
ULDB or LDB 
balloon flight

A.Yagi, OG1.5, ICRC2005



Feature in the spectrum?
S.Torii, 2005 Jan



宇宙ガンマ線 vs 宇宙線電子

到達距離
γ 宇宙論的に大きい

(が、赤外線 (@TeV)・CMBR (@PeV)による吸収で限界）
ｅ エネルギー損失のため有限

寿命
γ 無限大
ｅ エネルギー損失のため有限

電荷
γ 持たないため直進
e 銀河磁場・地球磁場により曲げられる

識別
γ 荷電宇宙線はアンタイ層で排除 （人工衛星の場合）
e 荷電宇宙線は電荷の大きさでは排除不可

（符号、比電荷、相互作用などで識別）



ガンマ線の到達距離

Protheroe and Meyer, PL B493, 1 (2000)

Infrared background field
Mean free path for photon–photon pair 
production in the
infrared–microwave background radiation.



Pair Compton telescope

  CalorimeterCalorimeter
  (energy measurement)(energy measurement)

Conversion Conversion 
foilsfoils

γ

e+ e-^̂̂̂̂̂̂̂ ^̂̂̂^̂ ^̂̂̂̂̂

Particle Particle 
tracking tracking 
detectorsdetectors

Charged particle Charged particle 
anticoincidence anticoincidence 
shieldshield

Principle of OperationPrinciple of Operation

LAT

L.Rochester, NewHEGE3, Cividale del Friuri, Italy, May 2005



SAS-2/COS B/EGRET

225 
cm

540cm2

Derdeyn et al. 1972

Bignami et al. 1975

SAS-2

COS B

Fichtel et al. 1978

CGRO/EGRET



GeV gamma-ray sky by EGRET

Tangent points of the local arm

Galactic ridge High latitude (halo?)

Inter-arm region

S.Hunter, GLAST meeting, Oct.2004



3EG catalog map
Third EGRET catalog

E > 100 MeV

R.C.Hartman et al, ApJS 1999



Dark gas contribution?

Grenier & Casandjian, GLAST meeting (Aug. 2005)

Grenier, Casandjian & Terrier, Science 307, 1292 (2005)

Clouds of dark gas (39σ)! 
with N(H) column-densities
comparable to N(HI) and 
2N(H2)



AGILE
M.Basset, NewHEGE3, Cividale del Friuri, Italy, May 2005

ASI (Italian Space Agency)
small scientific mission, started in 1998.

Detector
mass = 120 kg
Total satellite
mass = 330 kg



AGILE performance

M.Basset, NewHEGE3, Cividale del Friuri, Italy, May 2005



AGILE status
M.Basset, NewHEGE3, Cividale del Friuri, Italy, May 2005



GLAST
(Gamma-ray Large Area Telescope)

GLASTGLAST measures the direction, energy measures the direction, energy 
and arrival time of celestial gamma rays.and arrival time of celestial gamma rays.

•• Large Area TelescopeLarge Area Telescope ((LAT)LAT)
measures gammameasures gamma--rays in the energy rays in the energy 
range ~20 MeV to 300+ range ~20 MeV to 300+ GeVGeV. . No other No other 
telescope currently covers this range.telescope currently covers this range.

• GLAST Burst MonitorGLAST Burst Monitor (GBM)(GBM)
provides correlative observations of provides correlative observations of 
transient events in the energy range transient events in the energy range 
10 10 keVkeV –– 25 MeV.25 MeV.

GENERAL DYNAMICS

Spacecraft Partner:Spacecraft Partner:

L.Rochester, NewHEGE3, Cividale del Friuri, Italy, May 2005



Comparison of EGRET and GLAST

Field of View: ~40X40 degField of View: ~40X40 deg22

Area: ~1.4x1.4 mArea: ~1.4x1.4 m22

Field of View: ~140X140 degField of View: ~140X140 deg22

~0
.6

m

CsI

Silicon strip 
Silicon strip 

detectors
detectors

EGRETEGRET LATLAT

~I
 m

NaI

Spark Spark 

Chambers
Chambers

Area: ~0.5X0.5 mArea: ~0.5X0.5 m22

L.Rochester, NewHEGE3, Cividale del Friuri, Italy, May 2005



Comparison of numbers

Energy                  20 MeV Energy                  20 MeV –– 30 30 GeVGeV
Energy Resolution                  ~10%Energy Resolution                  ~10%
Peak Effective Area          1500 cmPeak Effective Area          1500 cm22

Field of View                          0.5 Field of View                          0.5 srsr
Sensitivity (1 yr)      ~10Sensitivity (1 yr)      ~10--77 γγ cmcm--2 2 ss--11

Localization                                15Localization                                15’’
DeadtimeDeadtime 100 ms100 ms

20 MeV 20 MeV –– 300+ 300+ GeVGeV 1010
~10%                                   ~10%                                   11
>8000 cm>8000 cm22 66
>2.0 >2.0 srsr 44
<6 10<6 10--9 9 γγ cmcm--2 2 ss--11 2020
<0.5<0.5’’ 3030
<50 <50 µµs                        s                        >2000>2000

LAT SimulationLAT Simulation

E > 100 MeVE > 100 MeV
33rdrd EGRET Catalog EGRET Catalog 

E > 100 MeVE > 100 MeV

FactorFactor
11

L.Rochester, NewHEGE3, Cividale del Friuri, Italy, May 2005



Overview of LAT

Systems work together to identify and measure the flux of cosmicSystems work together to identify and measure the flux of cosmic
gamma rays with energy 20 MeV gamma rays with energy 20 MeV -- >300 >300 GeVGeV..

e+ e–

γ

ACD 
[surrounds 
4x4 array 
of TKR 
towers]

Calorimeter

Tracker
Precision Si-strip Tracker (TKR) 
18 XY tracking planes with tungsten foil 
converters.  Single-sided silicon strip 
detectors (228 µm pitch) Measure the 
photon direction; gamma ID.
Hodoscopic CsI Calorimeter(CAL)
Array of 1536 CsI(Tl) crystals in 8 layers.  
Measure the photon energy; image the 
shower.
Segmented Anticoincidence Detector 
(ACD) 89 plastic scintillator tiles.     
Reject background of charged cosmic 
rays;  segmentation mitigates self-veto 
effects at high energy.
Electronics System Includes flexible, 
robust hardware trigger and software 
filters.

L.Rochester, NewHEGE3, Cividale del Friuri, Italy, May 2005



Gamma-ray simulation

L.Rochester, NewHEGE3, Cividale del Friuri, Italy, May 2005



LAT performance

Angular resolution 
improves rapidly as 
a function of energy.

Less dominated by 
background at higher 
energies.

Effective area 
remains flat from 1 
GeV up to at least 
300 GeV

Back

Front

J.McEnery, UCLA workshop, Oct 2005



LAT field-of-view
The LAT is self 
triggering and has a 
large aspect ratio, 
this results in a very 
large field of view.
The angular 
resolution also 
varies as a function 
of inclination angle, 
this effect is 
stronger at lower 
energies.

J.McEnery, UCLA workshop, Oct 2005



LAT sensitivity - I
Sensitivity for 1 year (red) and 5 
years (blue) in survey mode 
(does not include electronic 
deadtime and SAA passages).
Assumes a source with -2.1 
spectrum.
Assume a diffuse background 
flux of 1.5e-5 phcm-2s-1

Peak sensitivity is at a few GeV.
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J.McEnery, UCLA workshop, Oct 2005



LAT sensitivity -II
A single curve does not tell the full story.
The sensitivity is a function of spectral index.
Sensitivity will be a strong function of position with respect 
to the Galactic plane.
As one moves to higher and higher energies (and shorter 
timescales) this becomes less true (no longer background 
dominated)

J.McEnery, UCLA workshop, Oct 2005



Simulated GLAST sky

GLAST

1 year

EGRET

Phase 1-5

http://glast.gsfc.nasa.gov



GBM (GLAST Burst Monitor)

Simulated GBM and LAT Simulated GBM and LAT 
response to timeresponse to time--integrated integrated 
flux from bright GRB flux from bright GRB 
940217940217

Spectral model parameters Spectral model parameters 
from CGRO widefrom CGRO wide--band fitband fit

1 1 NaINaI (14 (14 ºº) and 1 BGO (30 ) and 1 BGO (30 ºº))

GBM
LAT

LAT FoV

GBM FoV

Provides:Provides:
spectra for bursts from 10 spectra for bursts from 10 keVkeV to 30 MeV, to 30 MeV, 
connecting frontier LAT highconnecting frontier LAT high--energy energy 
measurements with more familiar energy measurements with more familiar energy 
domain;domain;
wide sky coverage (8 wide sky coverage (8 srsr) ) ---- enables enables 
autonomous autonomous repointrepoint requests for requests for 
exceptionally bright bursts that occur exceptionally bright bursts that occur 
outside LAT FOV for highoutside LAT FOV for high--energy energy 
afterglow studies (an important question afterglow studies (an important question 
from EGRET);from EGRET);
burst alerts to the ground. burst alerts to the ground. 

L.Rochester, NewHEGE3, Cividale del Friuri, Italy, May 2005



S.Ritz, GLAST meeting, Aug. 2005



L.Kleisner, GSFC Monthly Status Review, Nov.3 2005



S.Natale, TAUP, Sep. 2005



S.Natale, TAUP, Sep. 2005

AMS-02



Gamma-ray sky sensitivity & coverage



Summary

宇宙線電子

到達距離が短いため近傍の情報を持つ。

GeV領域はe+/(e++e-)比を含め精密測定されていくであろう。

TeV領域の観測計画は少ない。

ガンマ線
GeV領域は宇宙論的な到達距離を持つ。

GLASTはGeV領域の良いMapを作るであろう。

「10-100GeV gap」問題は宇宙から？地上から？
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