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| will focus on:

» Future experiments which are going to
measure e* and e- CR in the forthcoming
years.

» Experiments which results will improve our
knowledge on CR source & propagation
mechanisms.

$ Estimate primary, secondary and exotic e* and e- flux

. _/

-> see this morning presentations
This talk : AMS02 - CREAM - CALET - CREST




e*- e Measurements

Experimental challenge

(> Rare signal -> large acceptance )
-> long exposure time

» Huge background from p component
elp ~1% @1 GeV,~0.1% @ 1 TeV,
e*le-~0.1

- optimal e/p separation
-> charge sigh measurement
» Secondary production in atmosphere
- stratospheric balloon

\ -> space )
Experimental measurements
[« All electron spectrum (e* + e’). = el/p, acc |
- Positron fraction (e*/e"+e*) => elp, charge
 Absolute fluxes e*,e- => elp, charge, acc.




AMS02

Matter Antimatter

Magnetic Spectrometer on ISS

AMS experiment is to perform accurate,

high statistics, long duration
measurements in space of

- Energetic (0.1 GV - few TV) charged CR
- Energetic (>1 GeV) gamma rays.
- y,




AMSO02 detector

Matter Antimatter

a )

» Measurements of particle:

» Rigidity: Silicon Tracker in super
conducting magnet (0.9 T)

= e-yenergy: Electromagnetic
Calorimeter (ECAL)

= (e/p) rejection: TRD & ECAL
» Charge: TOF, Tracker, RICH
= Velocity: TOF, RICH

'~2 m

< [
<

Geometrical acceptance: 0.45 m3sr



AMSO02: Status

a )
> AMSO02 back in the official NASA &2

schedule (manifest) 103

124 (1))
5/31/08
JEM PM

Launch date : July/Sept. 2010

104 AMS will be |

>All AMS detectors validated with 2] launch

cosmics muons and testbeam. St | ready by
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»AMS Magnet under test @ CERN o
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AMSO02: e* and e-
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QPossibility to study the anisotropy in e- and e* arrival direction

»AMSO02 will provide precise absolute flux for

High convidence level (e*/p rejection factor > 10° up to 300 GeV)

Simulation of 1 yvear of AMS-02 data taking

| xtx—>X—-e"+e

— Signal+bkg
bkg Moskalenko-Strong

— --- DM signal

N *» AMS-02 1 year
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+Simultaneous measurement of p and search d




AMSO02 : Elemental flux and ratio

/> AMSO02: charge identification from: \

TOF, Silicon Tracker (Energy deposit) and RICH (Cherenkov light)

30 : : : T ! 04

: : : : A - * AMS-D2 (6 months)
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> High-precision absolute flux measurement for all elements up to Z~30 and
for 200 MeV/n <E <1 TeV/n

ﬁ Complete set of data to constrain propagation models




AMSO0Z2 : Radioactive Isotopes

K> Confinement time of CR 0.6 | * AMS-02 \
> Breaks the degeneracy between diffusion 0.5 © ACE
strength (D,) and diffusion halo size. 0.4} I‘géﬁ:‘:‘(
» Very important for DM annihilation flux @ 3| ¢ Vovager 4
estimate. L * ISEE3 |
» But an instrumental challenge: mass ‘dn: 0.2 } L } K
identification o — R
* Rigidity (Tracker) + Charge (Tracker P
/RICH) -> Momentum o1 |
= Momentum + velocity (TOF/RICH) -> 3:33|

Mass A e ——

10 1
$ Isotope identification relies on accurate mass Kinetic Energy (GeV/n)

identification (Am < 1)

Am  Ap , Af

@ 5>
AMS02: m__p p

* Precise °Be/°Be measurement up to 10 GeV/n
\ = But 26Al and 3¢Cl not measurable with AMS02 J




AMSO02: The quartet

4 h

> Lightest nuclei in CR: p — d — 3He — “He
B Additional Secondary/Primary ratio: d/p and 3He/*He
» mass identification needed (RICH)
d/p | *He/'He
c"‘b. +++ #
L 0\‘\ —+—
bt
o Exin lee{l"fnlIC ) : Iiﬁ.m ff}c\'ln'?mcl
d/p, 1 week / 1 day ‘He/*He, 1 day

\ Provides additional inputs to test CR propagation models /




The CREAM experiment

CREAM (Cosmic Ray Energetics and Mass):

» Balloon borne experiment, dedicated to high
energy cosmic ray measurements between 1 TeV —
1000 TeV

> 4 LDB flights achieved: CREAM I-IV
>100 days of cumulative exposure

> Instrument:

.Energy measurement: Tungsten-calorimeter PEXVR] 2009 Jan 09 00:01:35] LDB_Antarctica_2006-2009_CREAM
. - . CREAM 1V trajectory: 21 days flight
*Charge identification: L J y ys Hig

-Silicon detectors

-Imaging Cherenkov Camera
*No e/p identification
»Elemental spectra measurement:
* Extends direct measurements to ground-
based air shower energies.

« Secondary/Primary ratio at high Energy: ; (’ . i\
“direct” constrain on the diffusion index (0). )/ ‘“lﬂﬂ' mL ,’}‘i.“

\ J CREAM Coll. : US, Korea, Italie, Mexico, France




CREAM

>»CREAM I: B/C and N/O Ratio
g M o A I 1
© | 1] ©® [
o |1 @
Q 19
m {1 2
10“: 1 107F
T T e e T T
Energy(GeV/n) Energy(GeV/n)
> CREAM IlI: Elemental flux measurement to be released soon
»CREAM Il & IV: Analysis in progress...
»CREAM V: Next flight campaign this (Antarctic) summer

ﬁ Mid-long term future : Ultra Long Duration Balloon (ULDB) flights



ULDB

o

NASA Balloon Program is developing a Super Pressure Balloon.
»Sealed and pressurized to maintain constant altitude night and day
»>0.6 million m3 balloon able to carry a one-ton instrument for 100 days

L

Test flight during the Antarctica campaign 08-09
»>0.2 million m3 balloon (scale 1/3 model)
»>Sets new flight record of 54 days

0

[eli¥p] 2009 Mar 02 20:16:05| ULDB_Antarctica_2008-2009

Image of the SPB taken through a telescope

\_

ﬁ First ULDB scientific flight in forthcomingoa/ears

L. Derome, Tangt3 May 4-6th 9



CALET: CALorimetric Electron Telescope

a

CALET Mission Concept

»Instrument:
High Energy Electron and Gamma-Ray
Telescope Consisted of
- Imaging Calorimeter (IMC)
- Total Absorption Calorimeter (TASC)

»>Launch:
HTV: H-lIA Transfer Vehicle

» Attach Point on the ISS:
Exposed Facility of Japanese
Experiment Module (JEM-EF)

»Life Time:
>3 years

»Mission Status
Launch around 2013 in Plan

J

CALET Payload:

> 1GeV ~ 10 TeV for electrons (e*+e’)
» 20 MeV ~ TeV for gamma-rays

> Several 10 GeV ~ 1000 TeV for nuclei
» Geometrical Factor: 1 m2sr

J

Japan/USA/ltalie/China (PPB-BETS coll.)

L. Derome, Tango, May 4-6th 2009
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CALET: All electron flux
a iy )
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»>All electron (e + e*) flux up to 203
TeV

* Precise flux from GeV to TeV range
* Above 1 TeV, sensitive probe of
nearby accelerating sources.
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CALET: Elemental flux

( two independent charge-measurements from Silicon Array Background from calorimeter albedo
\ . . » ‘\'
O—O s
\/ N \_/
x Imaging Calorimeter
»CALET will also measure T W S
T 4 Xo

proton and heavier nuclei flux.

TASC calorimeter
12 layers
25cmx 2.5cm BGO

- - 27 Xo 141
»Secondary/Primary ratio up to several TeV/n
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bCALET

Center

»bCALET-2 (1/32 scale of CALET)

In preparation

(_
bCALET : CALET on balloon

»bCALET-1 (1/64 scale of CALET)
Was flown in 2006 from Sanruki Balloon

~

»bCALET-3 (1/4 scale of CALET)
Long Duration Flight
- 30 days with bCALET 3
= - 3 Rockstroh et aI (Radio) 1978
= B a2y TeSR 0y Golden et al. 1984
% D0=2x10”(cmzs 1) ¢ Tang 1984
1] Golden et al. 1994
- + Boezio et al. 2000
'\‘5 10\ | ?Istant Componenl excluding o Duyernois et al. 2001
- <1x10°yr and r=1kpc v Torii et al. 2001
& Aguilar et al. 2002
'E 8 v Grimani et al. 2002
'y ..‘Q ® Kobayashi et al. 1999
g TR ey o9 o9 ® Our detector Vela
< P11 A, ; O 0 % '
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o s 1
4 Monogem . Cygnus
o k. . «—Loop
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\ Electron Energy (GeV)
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CREST

Cosmic-Ray Electron Synchrotron Radiation Telescope
Extend all electron (e-+e*) flux measurements up to 50 TeV

é Synchrotron x-rays from electrons in earth’s
magnetic field

Indiana University (Musser)
U. of Chicago (Muller/Wakely)

electron U. of Michigan (Tarle)
Penn. State Univ. (Coutu)

»>Key Idea: Effective Area > Physical Detector Size

(mz-sr)

10

E, > 40 keV, n,>4

0 0 20 30 A0 S0
Electron Energy (TeV)

»Detector: 1024 BaF, Crystal+PMT Array position sensitive detector
(2.5x2.5m)

*Event selection via fast timing and geometry

*Electron energy from x-ray photon energy )

.




CREST

CREST calendar:

»CREST test flight is currently

taking place (Ft. Summer)

»>LDB/ULDB Flight in Antarctica in

the forthcoming seasons

»Long-term future : CREST in Space

No atmosphere, lower x-ray
threshold, longer exposure

\| Expected result: 100-day CREST exposure for two
extremes: no local source, and for a uniform
source distribution

—~ 107
q - Electron Fluxes
=
C
E
T ) *
i 10°
i - n [’ E
o f 3
-® No source nearer than 2kpc,
@ Uniform Source I
) I 1 IllllllI 1 Illlllll 1 llllllll - III]III 1 1
| 10 107 10° 10* 10
Energy (Gev)
About 2 events/day above 2 TeV

\_ Assumes E=33 spectrum with no cutoff

_/




Conclusions

» Current and future experiments in the forthcoming years:
= Space experiments : PAMELA - FERMI - AMS02 - CALET

» Balloon experiments : ATIC — CREAM - bCALET - CREST
® ULDB : research platform for the future

» They will provide new e and e* measurement with:
= More statistics
= Absolute fluxes for e*, e-
= Extended energy range

» These new data should confirm (or not) the e* and e- excess and allow
to investigate their origin.

» New nuclei (elemental and isotopic) precise flux measurements
é Very important data to understand source & propagation
mechanisms:
=Better constrains on propagation models.

=Better estimation of primary, secondary and exotic e* and e- flux.

\_
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