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The beam !
(charged particles)

Energies arxd rates of the cosmic-ray particles

CAPRICE —&—
MASSS1
/ / / AMS —e— _
: " IMAX —e—

/ /BESS98 —a—

U U
1

,ﬁyan etal. ——1 |
' / Grigorov ——%—
/ JACEE H———
PAMELA R % Aé(eno a4 7
CREAM '» / Tien Shan —*—
e S ; MSU ——x—
FERMI E DICE +—e—
AMS-02 ~ 2 HEGRA —&8— -
(i) CasaMia —e—
@] Tibet —&—
. HFIy Eye —e— |
CALET ar=. Haverah —=——1
L A AGASA —a—
o .
DAMPE T 2 - ]
GAMMA-400 Y AT
HERD / | .
10‘4 L ,,' IIII '. 3y a
/ Fixed target : ﬁ
/ HERA
RHIC TEVA'IlRON LHC : L
10-6 | '/l | l | l | o
10 10% 10* 10° 108 10'° 10
Evin (GeV / particle)



secondary
. production

ISM.gHS
& .

Synchrotron ECS /
: CHANDRA ¢
bremssIC = _ _ - : ‘;

I 1 _ AGILE
- g

SR Ik :
oD GLAS(W‘

Solar modulation . -
lower the IS CR
spectra :

{ . ‘& ) -

75 A)
]
S48

/ d’] % l' : :
AGE PAMELA




Satellite Missions

PAMELA
15-06-2006




“Cosmic (qu_y_ Observatory on the ISS’
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CALET Launch
August 19, 2015




PAMELA
ayload for ntimatter atter xploration and ight Nuclei strophysics
GF ~21.5 cm?sr
Mass: 470 kg

Size: 130x70x70 cm?

Launch 15/06/06

elliptical orbit 350 — 610 km
70° inclination

Now in 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

ISS: 109 m x 80 m
Life time 20 years



AMS: U.S. DOE sponsored international collaboration
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AMS: A TeV precision, multipurpose spectrometer
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Identify e, EOE
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Particles and nuclei are defined by their
charge (Z) and energy (E ~ P)
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Absolute fluxes of primary GCRs

Protons, helium nuclel, light nuclei, electrons



Proton and Helium fluxes
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Proton and Helium fluxes
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Zatsepin et al. 2006 (fitted to data)

GALPROP ¢=450 MV
Zatsepin et al. 2006
Single power law fit

10 10°

10°

10°
R (GV)




p/He
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Proton to Helium ratio
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Zatsepin et al. 2006 (fitted to data)
GALPROP =450 MV

Zatsepin et al. 2006

Single power law fit
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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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0.9884 + 0.004705

O. Adriani et al, Phys. Rep. (2014)




- 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-to-Carbon Ratio
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AMS Lithium flux — current status
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Hydrogen and Helium Isotopes
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ISS-CREAM Instrument

Carbon Targets (0.5 ;)
induces hadronic interactions

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

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

Scn Fibers)

- Determine Energy
- Provide tracking

- Provide Trigger

Top & Bottom

Counting

Detectors

- Each with 20 x
20

. R g A‘ Boronated
g::gt:dﬁgﬁi LR A Nl ’ Scintillator
scitiIIaFt)or for A g H Detector

- ALt e S - Additional e/p
e/p separation | | M sebaration
- Independent et Ne?xtron

L aunch 2017



Cosmic Rays and Anti-Particles
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DM annihilations

DM particles are stable. They can annihilate in pairs.

Primary annihilation
channels Decay Final states

2
ﬂUX X Uannmﬂation

astro& part|cle " reference cross section: 3
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PAMELA Positron to all electron ratio

Nature 458, 697, 2009
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AMS-02

Positron fraction
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Positron Fraction Solar Modul ation
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Positron Fraction
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Implications

A rising positron fraction requires:

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

2. A diffusion coefficient with a weird ener gy dependence
(BUT thisshould reflect in the CR spectrum aswell)

3. Subtletiesof 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
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Pulsar Explanation
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D. Hooper, P. Blasi, and P. Serpico, JCAP
0901:025,2009; arXiv:0810.1527
Contribution from diffuse mature
&nearby young pulsars.
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H. Yuksel et al., PRL 103 (2009)
051101; arXiv:0810.2784v2
Contributions of e~ & e* from
Geminga assuming different
distance, age and energetic of the
pulsar

P. Blasi & E. Amato, arXiv:1007.4745
Contribution from pulsars varying the injection index
and location of the sources.



SNR Explanation
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PBlasi, PRL 103 (2009) 051104 (see also Y. Fujitaet al., PRD 80 (2009) 063003, M. Ahlers et al. PRD 80
(2009) 123017) Positrons (and electrons) produced as secondaries in the sources (e.g. SNR) where CRs are
accelerated.

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



AMS p/p results
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Cosmic-Ray Antiprotons and DM limits
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CALET
CAlLorimetric Aectron TelescoEe

CHO . FEC
CHD Expected Performance
i ( from Simulations and/or Beam Tests)
=50 ¢
VA Chp Aswy
e e — IMC 1200 cm?sr for electrons, light nuclei

1000 cm?sr for gamma-rays

1GeV - 10TeV —

4000 cm?2sr for ultra-heavy nuclei*
* for E > 600 MeV/nucleon
| - AE/E:
g e | = = > TASC | ~)9 (>10 GeV) for e's, y's
e ~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) e 448 x.8 laye:s (xy) =7168 PV\_IOllog.: 25§ s [ )= 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 Tracker\k

BGO Calorimeter

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

e
3 e
———

Neutron Detector

W converter + thick calorimeter (total 33 X,)
+ precise tracking + charge measurement =

high energy y-ray, electron and CR telescope
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Electrons: Dark Matter vs Nearby Sources
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GAMMA-400

500

electronics

$1 (TOF)

Navigator

AC - anticoincidence detectors

C — Conveter-Tracker

S1, S2 — ToF detectors

S3, S4 calorimeter scintillator detectors

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

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

connection

\ :':\ truss



HERD Design: 3D Calo & 5-Side Sensmve )

About afactor 10 increasein statistics
respect to existing experiments with a
weight 2.3 T ~1/3AMS

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, 34 HERD Workshop, XiAn, Jan 2016
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Solar Modulation of Galactic Cosmic Rays

Intensita Neutron Monitor di Roma (dati mensili)
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Solar modulation in the heliosphere
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Cosmic-Ray Antiprotons and DM limits
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See also:

10*

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

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

*M. Asano, T. Bringmann & C. Weniger, ar Xiv:1112.5158.
M. Garny, A. Ibarra& S. Vogl, ar Xiv:1112.5155
* R. Kappl & M. W. Winkler, ar Xiv:1140.4376
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Antihelium/Helium upper limit (95% CL.)
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Search for New Matter in the Universe:

An example is the search for "strangelets”.

There are six types of Quarks found in accelerators.
All matter on Earth is made out of only two types of quarks.

"Strangelets” are new types of matter composed of three types of
quarks which should exist in the cosmos.

Carbon Nucleus Strangelet

S
S 44
®® @ ds%

i. A stable, single

d “super nucleon”

S d with three types of
S quarks

= d ® ii. “Neutron” stars may
d be one big
d strangelet

AMS courtesy



PAMELA limits for SQM
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