Experimental status

> Introduction

> Charged Cosmic rays
> Nuclel
> Anti matter
> Electrons, Positrons

> (Gamma rays

Sylvie Rosier Lees — LAPP IN2P3/CNRS

AMS Workshop — Annecy, March 2010.
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Cosmic Ray fluxes measurements

TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT

Fluxes of Cosmic Rays
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12 decades

Energy (eV)

Different energy ranges and

Acceptance

> Nature of CR
> Origine of CR (sources)

> Propagation in different
medium, galactic or extra
galactic CR



Flux d®/dE, - E, > [m? sr' s™ GeV*]

Cosmic Rays spectrum
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Cosmic Ray flux, a first estimation

y=a+0=2.7

E-Y
Measured \

CR density N F-o

Source spectrum

E-0 /' a=2.0...24
Diffusion/confinement

time
5=03...0.7

> Measured spectrum index (y) results from :
> Production/acceleration mechanism (o)
> Diffusion term (0)



Nuclei from few GeV to 104 GeV

> Experimental devices

> Balloons PAMELA
> Satellites faunch
> Measurements 15/06/06
> Composition
> Diffusion parameters in the Galaxy: 16 Gigabytes
Energy dependence tmmié::f,:: fly to

path length
Diffusion time

> Propagation models could
be constrained/tuned from
measurements

> Necessary for any new
physics searches




Balloons :

Ft_ Sumner NQW Mexico
1 day 1999

" A‘*-—-

Direct measurement of the composition of cosmic rays from
0.5 to 10,000 GeV/amu with single elemental resolution

Transition Radiation Array for Cosmic Energetic Rays

charge

Scintillator

dE/dx
. Proportional counter
trajectory
energy
TR
trajectory Transgi:tr; Crta:)driation
energy
* Scintillator

o Cerenkov counter
suppress

low energy
particles

Geometric factor: 5 m? sr 1600 proportional tubes total

Specific lonization
in gas:
10 - 1000 GeV/amu

TRD:

400 — several 10,000
GeV/amu

Cherenkov:
0.5 —10 GeV/amu
{(n=1.49)

> Principle

> Energy measurement
over a large energy
range

> Charge identification
| 7]



Cosmic Ray Energetic and Mass - CREAM

15t CREAM flight

from 16/12/04 to 26/01/05
(42 days in the 2004 campaign)

2000 Jon 06 000135 | LOB Avarcics e xer CREAM

CREAM 1V trajectory: 21 days flight

-TRD gas lost < 10 % (100 days ok)
-Mean altitude 37 km, 4g/cm?2

Teo CREAM-III/IV/V sub-detectors '

@ Timing Charge Detector (TCD):
Z, vetoes albedo particles

@ Cherenkov Detector (CD):

CD

CherCam Z, vetoes non-relativistic particles
B — .
—— —scp @ Cherenkov Camera (CherCam):
yA

—— Carbon

— 7“"935 @ Silicon Charge Detector (SCD):
e z

“. } (f.\:;lgnén&e)r ° Eadronic calorimeter:

"




Spacecraft : Pamela P © p

TOF (s1). Trigger, ToF, dE/dx

ANTICOINCIDENCE
(CARD)

ANTICOINCIDENCE _
(CAT)

TOF (S2)

SPECTROMETER - -+

CALORIMETER  Electron energy, dE/dx,
lepton-hadron separation

-
2 ...'. $4
GF ~21.5 cm“sr ‘e,
. " NEUTRON
Mass: 470 kg Size: PR T DETECTOR

130x70x70 cm?



PEBS :Positron Electron Balloon Spectrometer

> Alternate or complement

to AMS

> Balloon - Flight > 2010

> ~ 100 days on 3 years:
> Acc : 2500-4000 cm2.sr
> Comparable AMS e+

e'lle” +e)
e @
N w

0.1

0.02

0.01

m(x:) = 84 GeV

DM signal boost factor: 27.1+/- 5.0

|~ | = == s GALPROP bkg.+ DarkSusy Signal
B Experimental Data
#  PEBS 100 days, 4000 cm?sr
1 1 Illllll 1 1 IIIIIII 1 1 Illllll 1
0.2 1 2 345 10 20 30 100 20

E [GeV]

Tracker:
Scintillating fibres
(d=250 um) with
Silicon Photo-
Multiplier (SiPM)
readout; power:
260W

Solar panels:
power for
subdetectors,
communications,
data handling
~600 W

Transition Radiation
Detector (TRD):

2 x 8 x ( 2cm fleece
radiator + 6mm straw
tube Xe/CO, 80:20 )

Magnet:

Pair of superconducting
Helmbholtz coils, Helium
cryostat,

mean B = 0.8T, weight: 850kg

Electromagnetic calorimeter:
70 x ( 0.5mm W + 6x0.5 mm
scintillating fibre + SiPM ) =

10 X0, weight: 600kg

Time-of-Flight
system (TOF):
2x2x5mm
scintillator, SiPM
readout; trigger
system!

22m

Positron
acceptance:
4000 cm?®sr

22m




GCR - AMS vs. Bess/Pamela

protons (range in GeV/n)
antiprotons
e-
e+
Anti-He/He
Anti-D/D

310° (0.2-200)
310* (0.2-4)

310°
510°

3 10° (0.08-700)

3 10* (0.08-190)

6 10° (0.05-2000)

310° (0.05-270)
7 10°

BESS-Polar PAMELA AMS-02
Acceptance 0.3 0.002 0.5
MDR (GV) 150 740 2500
Flight duration (days) 10+20 1000 1000
Flight Altitude (km) 36 690 350
Residual air (g/cm2) 5 - -
Weight (tons) 1.5 0.38 ~7
Power consumption (W) 600 345 < 3000
Magnetic field (Tesla) 0.8-1 0.4 0.87
Flight latidude (deg.) 80 +70 +52
Energy region (GeV) > 0.1 > 0.1 ~>0.5
Flight vehicule Balloon Satellite ISS

# of events for:

210" (0.5-2500)
3 10° (0.08-700)
6 10° (0.5-5000)
3107 (1-400)
110°
3107




Flux (m? sr-1 g1 GevV™?)

Nuclei abondance and y index
measurements
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Charge Z

y=oa+0~=2.7

Independent of Z ?




Pamela
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Nuclei abondance and y index
measurements

Does the energy cutoff

6 o .
o e depends on the CR composition ?
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Knee puzzle: from balloon to ground detectors extrapolation or/and Xcalibration ?



0 index measurements

B/IC
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0 index prospects

Last Measurements, including Pamela,
From Picozza, Blois 2008

'ofe//. I Cream, 300 days data taking
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Time confinement in the galaxy

Radioactive 1sotopes

12C+H->"Be stable secondary nucleus

10Be/Be will tell us about the
time spent in the galaxy for
nuclei

12C+H->1"Be unstable secondary nucleus
(tiifetime~4MYT)
Needs of :

> Charge 1dentification
It allows to break the

degeneracy between diffusion
strength (D,) and diffusion
halo size

> Precise mass measurement
on the wide energy range
(Am=1)
> Rigidity + Z -> momentum
> Velocity
> Am/m= Ap/p + y*Ap/p



Cosmic Ray Clocks

’Be °Be 1°Be
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Characteristics of AMS
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Anti protons

> Background

A,/ A, ~ 106
» protons ®,~ 10 * D,

107 _E = === Déclenchement
= Acceptance pour les
> electrons @e- -~ I 0 3 * @ p = 106 E s Confision de charge (protons)
— ;(71‘ E == Confusion de charge (protons, lim. sup.)
_ ol 105 E e ConfuS1ON e masse (&)
e_ p g E EVI e Confusion de masse (¢7, lim. sup.)
_ p R (= —Pp
—r £ =D
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TOF (8262) ) Rejection of events 8 le
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PAMELA 08 -
Pamela Coll. 2008,
submitted to PRL_|

L1l L 1 Lt 1 1 Ll 1 1111
1 10 100 1000
T [GeV]

About 1000 anti p,
collected,

Anti deuterium
The signal similar in shape as p
spectrum,
almost background free

-> GAPS: General Anti-Particle
System — test balloon 2010 ?




AMS Event Display

Positrons and electrons

Run 1265668323/ 97071 Mon Feb 8 23:43:10 2010
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positrons or electrons

Positron fraction
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104

Deviation from the
standard model
prediction, assuming
no primary source
of positrons

Separate spectrum
measurement for
both e+ and e-
needed
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E® dN/dE (GeVZ m?2 s sr)

electrons and positrons (elecposi)

HESS
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| O Kobayashi ) . .
b Fermi ® ATIC — Long Duration Balloon flight
® H .E.S.S. Silicon Matrix
| ® H.E.S.S. - low-energy analysis e
1 Systematic error . l _ N Bays

[ ] Systematic error - low-energy analysis

------------- Broken power-law fit
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electrons and positrons (elecposi) and electrons
from Pamela
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Different systematic uncertainties
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: proton rejection and Energy measurements
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Positron
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Positron or electrons
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CALET: CALorimetric Electron Telescope

Japan/USA/italie/China (PPB-BETS coll.) CALET MiSSiOIl'

CALET Payload:
> 1 GeV -10 TeV for “elecposi” (e™+e")
20 MeV — TeV for gamma rays

>
> 72 measurement
> Acceptance 1 m?sr

Launch HTV: HIIA Transfer Vehicle

Attach point on the ISS: exposed Facility
of Japanese Experiment Module (JEM-
EF)

Lifetime > 3 years
Mission Status Launch around 2013

— — Imaging Calorimetar
W+ SciFl

4 Xo

TASC calorimeter

12 |ayers

2.5¢mx 2.5¢cm BGO
2T Xo 144




CALET and bCALET : et e-

et & e- 10

> Precise flux from the GeV to 20 TeVg
> Above 1 TeV sensitive probe of & 0
nearby source -
> Sensitive Anisotropy >15 % §
o
Z 1
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bCALET 1(1/64) 2006 =
bCALET 2(1/32) in preparation .
bCALET-3 Long duration flight
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CREST : e+ & e-
Cosmic Ray Synchroton Radiation Telescope

e+ & e-: X-ray synchrotron radiation

in earth’s magnetic filed

. . Indiana University (Musser)
> Effective acceptance > Physical U. of Chicago (Miller/Wakely)

- electron . igan
detector size g ;m U'gm )
> 1024 BaF2 crystals read by PMT

Nghotons

<
4
Eq
<
E, > 40 keV,. n, =4 o o
: position sensitive detector
(2.5x2.5m)
w'
‘A.A.‘A.. .‘é.AA-i.AAé..Aﬁ.A



CREST : e+ & e-
Cosmic Ray Synchroton Radiation Telescope

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

T ol =
> First Crest test flight done ¢ L
last summer g e 1
> Long and very long flight ¥ 02k &3 ,
foreseen in the coming years I AT ;
> Long term: a CREST in : . t ¥
space, with all the '
advantages (longer O {
exposure, no atmosphere, R
lower x-ray threshold) LW Uniform Source I
1 ek sl ki

2

| 10 10° 10° ot 10®
Energy (Gev)



Dark Matter: positrons, anti protons and
Gamma rays

> Astrophysics and Source study : Fermi and Cerenkov telescopes

> One DM channel could be combined with other searches

¢, p+9 oo
e’ p- anti D, y

Y messenger: g
Neutral Access to the direction of the source and initia o
spectrum for non distant sources —=Measurement of the index
o

Neutral can not be accelerated
—1s an indirect test of the CR acceleration mechanism,

Ndbuleuse du Crabe SN2006- parameters will be needed
reste de SN




Non-thermal Radiation
> Tracers for relativistic electrons X/y-ray Satellites

Cherenkov
Telescopes

and hadrons

> Radio
> Hard X rays
>y rays

Dust

Inverse Compton
Heavily Scattering
ADSOIrPE(

Infra-red

B — e —————————————————————



Near Future: CTA

[10-100 TeV]
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Conversion in the

Gamma rays
Tracker

A pams05
Tracker Display (on pepocd)

) wpications Places system ] @

Fle Event Window

i}) ams Mon Feb 8, 8:03 PU
TEY

Run: 1265653634 Event: 5705 nTrack:2 nHit: 81 nCls: 65

Run: 1265653634
Event: 5705

FineTime: 15

Tests Faisceaux CERN,
Février 5-9 2010

nHit: 8 nHitXY: 6 Rigidity : 1.83 Chi2: 4781.74
6 nHitXY. 6 Rigidity : -1.79 Chi2: 100.14

£ Run 1265653634/ 5707 Mon Feb 8 19:27:57 2010
| side | | | ]

Open file Open URL.
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Conclusion

> A lot of pressure/projects everywhere, 1n
particularly from the balloon side, where 100
day long flights will be possible soon

> Ultra Long Duration Balloon flight

0.6 million m° balloon able to carry a one-ton instrument for 100 days

D

> The multipurpose AMS experiment has to
take data urgently



#(T) (m? s sr GeV/n)!

Ant1 Deuterium

The signal similar in shape as p spectrum,
almost background free

100 ——— T ——
10-! m, =50 GeV
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104
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0.1 1 10 100
T (GeV/n)

15 evts per year and GeV/n in AMS (g = 100%)

36

GAPS: General Anti-Particle System

T 30 keV TC

Antiparticle capture : formation of a
“protonium” in excited state
Characteristic Xrays of de-exitation
Charged particles when annihilation

Test flight in

A Prototy
balloon : 2011 ?

Science

Nal Crystal to detect
X rays around target



