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The beam |

(charged particles)

Energies arxd rates of the cosmic-ray particles
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Satellite Missions

PAMELA
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£osmic (B‘qy Observatory on the ISS”
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PAMELA
ayload for . ntimatter . = atter. ~xploration.and: “ight Nuclei ' strophysics
GF ~21.5 cm?sr
Mass: 470 Kg

Size: 130x70x70 cm 3

Launch 15/06/06

elliptical orbit 350 =610 km
/0° Inclination

Now Iin operation at 560 km
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PAMELA Instrument

« 81, 82, S3; double layers, x-y

* plastic scintillator (8mm)

* ToF resolution ~300 ps (S1-3 ToF >3 ns)
* lepton-hadron separation <1 GeV/c

TOF (1) Trigger, ToF, dE/dx * 51.82.53 (low rate) / S2.S3 (high rate)

ANTICOIMCIDENCE

* Permanent magnet, 0.43 T

*«21.5cm?sr

* 6 planes double-sided silicon strip
detectors (300 pm)

- SPECTROMETER Srllg:'ldﬂ:;cgggi, * 3 ym resolution in bending view »+ MDR
e ’ MDR 1.2 TeV

ANTICONCIDENCE

* 44 Si-x /| W [ Si-y planes (380)
Electron energy, |[*16.3X0/0.6L
caormerer | E/dX, lepton-  |. dE/E ~5.5 % (10 - 300 GeV)
hadron separation  , Self trigger > 300 GeV / 600 cm? sr

TOF (S3)

DETECTOR - 36 *He counters

-3He(n,p)T; E, = 780 keV
470 Kg | ~360 W -1 cm thick poly + Cd moderator
- 200 ps collection




Summary of PAMELA results
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The Alpha Magnetic Spectrometer (AMS) Experiment
on the International Space Station.

May 16, 2011

1ISS: 109 m x 80 m
Life time 20 years



AMS: U.S. DOE sponsored international collaboration
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L g “B5m x 4m x 3m
billions =~ /.5 tons




AMS: A TeV precision, multipurpose spectrometer

TRD

i | i i i TOF
Identify e *, e Particles and nuclei are defined by their O

charge Z) and energ;(E ~ P)

7)

‘ Z, P are measured independently by the
Tracker, RICH, TOF and ECAL
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Absolute fluxes of primary GCRs

Protons, helium nuclel, light nuclel, electrons



Proton and Helium fluxes
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Flux x R>” (m? s sr GV) 'GV?7

Proton and Helium fluxes
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p/He

10

Proton to Helium ratio
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AMS proton flux
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GV

Flux * R*" (m?s s

AMS-02/PAMELA fiux ratio

PAMELA vs AMS-02 proton spectrum
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- AMS Helium Flux ICRC 2015
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Solar modulation in the heliosphere
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& Gt 'Bre'msst_rahlung, Synchrotron,

\

. . Inverse Comipton.
deéay Y% i
- Vs : . :

CR secondary
- production

Secondary cosmic rays

Secondaries from homogeneously distributed
Interstellar matter (light nuclei)
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Boron and Carbon fluxes
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Boron-to-Carbon Ratio
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AMS-02 - status report
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AMS Lithium flux — current status
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Hydrogen and Helium Isotopes
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ISS-CREAMI Ihstrumenht

Carbon Targets (0.5 Q)
induces hadronic interactions

4 layer Silicon Charge Detector
- Precise charge measurements
- 380-um thick 2.12 cm 2 pixels

- 79 cm x 79 cm active detector area Calorimeter (20 layers W +

Scn Fibers)
Determine Energy

Top & Bottom Provide tracking

Counting Provide Trigger
Detectors
- Each with 20 X
20
photodiodes Boronated
and a plastic Scintillator
scitillator for Detectqr_
e/p separation - égdg;gﬂglne/p
- In(_jependent Nerl)Jtron
frigger signals

Launch 2017



Cosmie Rays and AnitzHarttctés

.\ Bremsstrahlung; Synchrotron, -
~ 4 - . Inverse Compton

'c'v \ v
Solarl\/lodulatlon Iower :

: b mterstellar cosmlc ray spectra
CR secondary

productlon = ~ : R e . -

S

credit: ESA




DM annihilations

DM particles are stable. They can annihilate in pairs.

Primary annihilation
S EES Decay Flnal states

2
ﬂUX X Uannmﬂation

astro& part|cle " reference cross section: B
CosSmo o =3-10"%%cm? /sec 1,= <dv>
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PAMELA Positron to all electron ratio
Nature 458, 697, 2009
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AMSO2

Positron fraction
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Positron Fraction Solar Modulation
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Positron Fraction
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Implicationss

A rising positron fraction requires:

1. An additional component of positrons with spectrum flatter than CR
primary electrons

2. Adiffusion coefficient with a weird energy dependence
(BUT this should reflect in the CR spectrum as well)

3. Subtleties of Propagation

Courtesy by P. Blasi
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PAMELA Antiprotons
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Bounds from PAMELA Antiproton Spectrum
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Dark Matter Explanation

—— AMS-02 data
—_— HTHT m, =60 GeY, {ovh =4 510 - Fem¥ s

10-2F ==== W W ~m, =1 TeV, {ov) =1 %10 Hem' /s .

—— Background
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J. Kopp, Phys. Rev. D 88 (2013)
076013; arXiv:1304.1184
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Pulsar Explanation

D.20 1 I N - D. Hooper, P. Blasi, and P. Serpico, JCAP
— 0901:025,2009; arXiv:0810.1527
Contribution from diffuse mature
410 i . &nearby young pulsars.
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SNR Explanation
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P.Blasi, PRL 103 (2009) 051104 (see also Y. Fujita et al., PRD 80 (2009) 063003, M. AhlePské&r 80
(2009) 123017) Positrons (and electrons) produced as secondaries in the sources (e.g. SNR) where CRs are
accelerated

But also other secondaries are produsgghificant increase expected in the p/p and secondary nuclei ratios.



AMS p/p results
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p/p ratio

Antiproton to proton fraction

Secondary production
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Cosmie-Ray AnttprotonsandDMMinitsits
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Propagation
I Primary slopes
" Solar modulation
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G. Giesen et al., JCAP 1509 (2015) 023,
arXiv: 1504:04276
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Electron (e +e*) Spectrum
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CALET
CALorimetric Aectron Telescqpe

IECTAG

Main Telescope: CAL (Calorimeter) |

CHO . FEC Sela
450 mm
> CHD Expected Performance
(s = =1 ( from Simulations and/or Beam Tests)
7S s 50
VA Chp Aswy Y
e 15 ‘ — IMC 1200 cm?sr for electrons, light nuclei

1000 cm?sr for gamma-rays

1GeV 210TeV

4000 cm?2sr for ultra-heavy nuclei*
* for E > 600 MeV/nucleon
* AE/E:
o THhIE ~2% (>10 GeV) for e’s, y's
~30 % for protons

* e/p separation: 105
* Charge resolution: 0.15-0.3 e

* Angular resolution: ~0.1° e’s, y’s
~ 1TeV electron shower

CHD IMC TASC
(Charge Detector) {Imaging Calorimeter) (Total Absorption Calorimeter)

Function Charge Measurement (Z=1-46) Arrival Direction, Particle ID Energy Measurement, Particle ID
Sensor Plastic Scintillator : 14 x 1 layer (x,y) sl 448 x.8 Iaye:s (xy) =7168 PV\_IO_Iog.: 262 6 buyars a4 152
(+ Absorber) Urit Shes 30t TOn K ASDrm Unit size: Imm?* x 448 mm Unit size: 19mm x 20mm x 326mm
Total thickness of Tungsten: 3 X, Total Thickness of PWO: 27 X,
APD/PD+CSA
Readout PMT+CSA 64 -anode PMT+ ASIC PMT+CSA ( for Trigger)

January 4, 2016 COSMICsig @ AAS 5



DAMPE -Dark Matter Particle Explorer

Plastic Scintillator Detector
Silicon-Tungsten Trackem
BGO Calorimeter

5 GeV +10 TeV for electrons
100 Gev - 100TeV CR

i e
e
e

— o

Neutron Detector

W converter + thick calorimeter (total 33 X )

+ precise tracking + charge measurement F
high energy Jray, electron and CR telescope
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500

electronics

$1 (TOF)

Oh

Navigator
connection

truss

AC zanticoincidence detectors

C zConveter-Tracker

S1, S2 +ToF detectors

S3, S4 calorimeter scintillator detectors

CC1 ximaging calorimeter (2 X,)
2 layers: CslI(Ti) 1 X, + Si(x,y) (pitch 0.1 mm)

CC2 - electromagnetic calorimeter
CsI(TI) 20 X, 3.6x3.6x3.6 cm3 +22x22x10 = 4840



HERD Desigm O3D Calo &S}-Sld&z Semsﬁtvee_ )

About a factor 10 increase in statistigs:
respect to existing experiments with
weight 2.3 T ~1/3 AMS

STK(W+SSD)
Charge

gamma-ray direction
CR back scatter

3D CALO

e/G/CR energy !
STK(W+SSD) e/p discrimination

Shuang-Nan Zhang, 3" HERD Workshop, XiAn, Jan 2016
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Cosmic rays In the heliosphere



Solar Modulation of Galactic Cosmic Rays
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Solar modulation in the heliosphere

I 1

protons

increasing
fluxes

I electrons

O. Adriani et al., ApJ 765 (2013), 91,
M. S. Potgieter et al., Sol. Phys. (2014), 289

Decreasing
. solar activity




The PAMELA electron and positron spectra over
the last solar minimum

Variation of the g € and p flux
between Jul 2006 and December 2009



Cosmic-Ray Antiprotons and DM limits

D. G. Cerdeno, T. Delahaye & J.
Lavalle, arXiv: 1108:1128

Antiproton flux predictions for a 12
GeV WIMP annihilating into different
mass combinations of an intermediate
two-boson state which further decays

into quarks.

See also:
M. Asano, T. Bringmann & C. Weniger, arXiv:1112.5158.

M. Garny, A. Ibarra & S. Vogl, arXiv:1112.5155
1R. Kappl & M. W. Winkler, arXiv:1140.4376






Anti-proton radiation belt

\

O. Adriani et al., ApJL 737 (2011), L29



Antimatter limits






PAMELA limits for SQM

PRL sept. 2015



The PAMELA electron and positron spectra over
the last solar minimum

Variation of the g € and p flux
between Jul 2006 and December 2009



