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Cosmic Rays

Cosmic ray flux at Earth

10° | « Cosmic ray Flux: Intensity of CR in space per
. 1 particle per m2 per second unit of area, solid angle, time and energy

10 | m2s!

o POWER LAW SPECTRUM - Energy range up to 1020 eV

\ ®(E)dE = kE~dE  Intensities spanning 30 orders of magnitude

» Most of cosmic rays are protons and nuclei
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Cosmic Ray Physics
. ASTROPHYSICS

Origin of cosmic rays
» Acceleration of charged particles up to PeV energies (“Pevatrons”)
* Peculiar sources (pulsars, quasars, black holes, ....)
« Star and solar system evolution
» Solar physics

« PARTICLE PHYSICS & COSMOLOGY

» Hadronic interactions and X-sections (above LHC energies)
« Matter/Antimatter asimmetry
« Dark Matter searches

COSMIC RAYS
Intimate connection
between very small

and very high

distances

CMS experlment @ LHC Supernova SN 1006
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Cosmic Rays and Particle Physics
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Cosmic Rays and Particle Physics
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» Origin of very high energy CRs still
not clear

- Many discussions about the origin
of the “knee” and of the “ankle”

- Chemical composition above 1
TeV unknown

« Clear evidence of PeVatrons in the
Universe



Physics topic example: Dark Matter

Angular scale

90° 18 1 0.2 0.1
Observed 6000 p
Dark 5000 I\
Energy [
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Multipole moment, ¢
TODAY . . .
Anisotropies of the residual

Dark Moabker Exisks!  microwave background
(requires Dark Matter and Dark Energy

to represent observations)

Eniptical.calaxy
Galaxy rotation curves

(more grav. matter than what is
observed electromagnetically) grav mteractlon onIy (V|a Iensmg)

The “bullet” cluster
(matter that interacts only
gravitationally) b

Universe structure
formation
(requires Dark Matter and Dark
Energy to represent observations)

7

e.m. with gas (via X-rays)

)

Valerio Vagelli Cosmic ray detection in space



The quest for Dark Matter

LHC + future colliders

AEE. T
pr?;;mﬁn) —

sMm

Underground
nuclear recoil SH AK€

experiments 7O i
(DAMA, CRESST, (scaﬂe.rirp)|
Edelweiss, LUX, ...) |

X o

BREAK TIT
e (annihifation) — —
Cosmic Ray Experiments
(Fermi, Pamela, AMS-02, DAMPE, Gaps,....
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The “Standard Model” of Cosmic Rays

“Standard Model” of origin and propagation ‘of Cosmlc Rays
“Primary CRs diffuse through interstellar magnetic f|elds .o
Interactlon with in'sterstellar gas (H) produce secondary CRs '

.o, Prlmary CRsfrom Dl\/l ann|h|Iat|on m e A
. - B ¢ B MAKE Il_/
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The quest for Dark Matter

The most sensitive channels to indirect DM searches are the the rare components
in cosmic rays, for which the
signal / noise
DM origin / astrophysical origin
IS more convenient

Positron fraction
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Production

Increase in the positron fraction

OSmic r §“ ) . s rp o ar
L ays possible hint of DM annihilation
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e T
Energy (GeV)
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The quest for Dark Matter

The most sensitive channels to indirect DM searches are the the rare components in
cosmic rays, for which the
signal / noise
DM origin / astrophysical origin
IS more convenient

Antiproton/proton ratio  Annihilation, ™
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e
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Antiproton / proton

No antimatter overabundance
observed in the antiproton channel

10*

10* Strong contraints set on the DM

Kinetik Energy (GeV) mass/interactions
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The quest for Dark Matter

In the search for antimatter overabundances, the main issue is
KNOW YOUR BACKGROUND (expected secondary production)
- primary fluxes
—> Cross sections
—> solar modulation (at low energies)

1 Diffusion
HALO Convection
= > AMS Reacceleration
2 P e —
< E — ) DISK' |nteractions with the
= - . : — Interstellar Medium
27 x 103 ly (B) (ISM):

* Fragmentation
» Secondaries
«<—— 100x 1031y > * Energy loss

D R—

Efforts to measure the flux of protons, Helium, Lithium, Carbon, Boron, .....
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Experimental detection
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« Primary cosmic rays interact with atmosphere. Only secondary CRs from
Interactions reach the ground.
* Flux steeply falling as function of energy. Need large collection areas
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Ground based experiments

Gamma Rays

Charged CRs

Gamma-
ray

Particle
shower

£\ T PIERRE
R\ , AUGER

/ ' j i/ OBSERVATORY

Large collection areas - probe CR energies TeV —Eev ranges
« X Indirect measurements
« Primary CR identified via the analysis of shower shapes and composition at

ground (highly rely on MonteCarlo simulations)
« Main systematics are the parametrization of X-sections at very high energies

Vv
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Balloon experiments

v Larger acceptances than space borne experiments
' Direct measurements

X Orbit limited at North poles for maximum 1 month
X Residual atmosphere above the payload

Valerio Vagelli Cosmic ray detection in space 1=



DARK MATTRN .

» <+ g .
< 130
miCLE EXPLE [ "

_— 3 N

 Direct measurements outside atmosphere

v Continuous duty cicles, tipically many years of lifetime
V' Field of view covering the whole sky

X Smaller acceptances

X Operation in space and communications not trivial

X “Use once and destroy”

Valerio Vagelli Cosmic ray detection in space
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Short missions (days)/ Larger payloads

CRN on Challenger
(3.5 days 1985)

AMS-01 on Discovery
(8 days, 1998)

Long missions (years)
Small payloads
Low energies..

IMP series < GeV/n

ACE-CRIS/SIS Ekin < GeV/n
VOYAGER-HET/CRS < 100 MeV/n
ULYSSES-HET (nuclei) < 100 MeV/n
ULYSSES-KET (electrons) < 10 GeV
CRRES/ONR < (nuclei) 600 MeV/n
HEAQO3-C2 (nuclei) < 40 GeV/n
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Operations in Space

Mechanical stress at launch:
=Static acceleration
=Random vibration
=sSinusoidal vibration
*"Pyroshock

Life in space:

*Thermal stresses due to Sun-light
(seasonal / day-night effects)
=Vacuum

Careful Design, Model validation
> and Qualification are needed to <€—
ensure highest possible reliability
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Operations in Space
Space is a harsh environment

Full space qualification sequence before launch:
m Operational tests after stress
m \Verification of dynamical behaviour
m \Verification of thermal model

Thermal
Stress E>

Functional E> Mechanical
check Stress

Functional
check

Thermal cycles
In Vacuum

:> Functional
check

) EMC

Valerio Vagelli
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Operations in Space
Space is a harsh environment

Typically 3 step for test procedure:
Thermal, Vibration, Thermo-Vacuum
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The long process to fly....

Components
Performance,

Beam Test

v v ¥

Prototype

Prototype

Prototype

Valerio Vagelli

Models

EM |e—1 _functionai

\

QM2

Q\I:’ll<£‘i+

_—

Testing

———————————

—————————

Vibration, '

Thermal i

————————————

FM, FS

>

==QM2)

Cosmic ray detection in space
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Particle Identification (in space)

 Direct identification of the cosmic rays via measurement of their
« Velocity (Time of Flight systems, Cherenkov Radiation detectors)
- Charge (dE/dX detectors, Cherenkov Radiation detectors)
- Energy or Rigidity (Calorimeters, Spectrometers)
- Sign of the charge (Spectrometers)
« Peculiar Interactions (TR detectors, Calorimeters, Neutron detectors, ...)

* Incoming Direction (Tracking detectors) . Dl ~ 102
' ‘f‘ . 17:104 IIII 1 1 IIIIIII 1 LI I;;Itlolns 1 LI ° p/e+~ 103
B @ 10° ../'\ .+ plantip ~ 10*
; Andemn 7

3 & , : E E 10°° electrons E

' E 1%‘" oo positrdtra, E

. _ 10_2 - ° antiproton§ .

10—3EIIII 1 1 IIIIIII 1 1 IIIIIII 1 1 IIIIIII 3

1 10 102 10°
Energy (GeV)

Particle identification is fundamental for antimatter measurements
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Spectrometers

Magnetic Spectrometers

Simple 2D sagitta model

o \

Charged particle bent in magnetic field
The sagitta is measured by sampling the
particle trajectory through different planes
The particle rigidity is inferred via

¢BL* 375 B [T] L [m7]
25 s [mm)]

R= GV

Rigidity resolution scale linearly as

OR (6.3
- xR
R S

Maximum Detectable Rigidity MDR

2
75 _| . pOMDR) LB
R O

« L~ Spectrometer dimensions, limited by the space constraints
+ B, limited by magnet size and technology (superconducting magnet in space?)
* Og ~ position resolution = experimental effort to achieve resolutions below 10um

Valerio Vagelli Cosmic ray detection in space
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ilicon Microstrip Detectors

I Amplitude = 72
aill

Position from the center of gravity of the signal

released on adiacent strips ( 50-200 um)
Single sensor = 10x10cm? ... or less

TIIIIIIIIIIHHHHHIIIIIIllIlIHHHHHIIIIlIIIIIHHTH |

llll"ﬂ‘lll‘ﬂl"lll!Vll: " ,'ll\ UL LU LB Al Bagupn
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Silicon Microstrip Tracking

Heritage from microvertex detectors developed in the ‘80s
for HEP experiments at accelerators (L3 @ LEP > AMS),

- Precisions of O(um)

- Lightweight: thickness of = 300 um
- No consumables (e.g. gas)

- No High Voltage (= 70 V)

Questions in 1995:;

- Never operated in space

— 300 um thick detectors will survive the stress of the launch?

- Assembly precision should match the resolution: do we really
know their position ? Alignment after launch?

- Many readout channels: electronics?

Valerio Vagelli Cosmic ray detection in space 25



AMS-01: First magnetic spectrometer
with a silicon tracker in space

Particle Trajectory
Low Bnergy Porticle Shiekds - Scintillators  [S= Honeycomb
82 Silicon Wafers
, / Tracker T1
.‘. PM n §
‘ | Foam
4 : 1 patl b Honeycomb
L < -3 @?,0 5T & Electronics'\ —
t " ||® i ]
‘ ! Computers
Y s
_"; = Te
l S 53 Magnet
- - — - 7,.& - - - - -
~ E——
z . Aevogel hotomultipliers

Time Of Flight : measure time = velocity, arrival direction, dE/dX = Z

Magnet: 2.2 Ton of Nd-Fe-B blocks providing a 15kGauss field inside, < 2 Gauss outside
Tracker: 2m? of silicon sensors arranged in 6 planes

Aerogel Cerenkov threshold counter: discrimination of e/p based on Cherenkov emission
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Fermi (2008)

73m? of silicon sensors in space

1 incoming gamma ray

-
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The Fermi sky

More than 3000 sources identified (too crowded to discuss here...)
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AMS-02 (2011)

9 planes of silicon sensors in space (6.4 m?
. SAUA

\ — e |V & VW

Cosmic ray detection in space
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DAMPE (2015)

6 planes of silicon sensors in space (7.7 m?)

-
Scint. il
Strips B e ety Pt g A gh b d ok gk ghy )
-
Si Tracker 760, Onn
Jos 850, (mm
Calorimeter

Neutron
Detector
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L N . N\ .-»
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lonization energy losses

> e - .

Bethe-Bloch formula:
ofé Hyliquid 3
1] i dE Z1:1 5(87)
] —— =K2? In z
He on ,_A.J: dr B A ﬂzl f(ﬁ) B 2 l
==
B {nh- e -~ Exceptin hydrogen, particles of the same velocity
et .‘r’b‘ s et | have similar energy loss in different materials.

1/B2 ‘
- -~ A‘.AA&‘ -~ LAA.“.CQ'O -~ LA‘A‘TO - ‘lh‘i‘&’ - . “li&m
Muon momentum (GeV/ic) he minimum in ionisation
sitiasml csisasamd o assaml aasigel s sssaned urs at By = 3.5t0 3.0,
o1 10 lO 100 1000
Pyon momentum (GeV/c) s Z goes from 7 to 100
O 000 100010600
Proton momentum (GeV/i¢)

Flgure 27.3: Mecan encrgy Joss mte in Bquid (bubble chamber) hydrogen, gaseous

hellurm, carbon, aluminwm, from, tin, and lead, Radiative offocts, relevant for

muons and piops, are not included. These become significant for muoas in iron for

Sy 2 1000, and at lower momenta for muons in higher-Z absorbers. See Fig. 27.21. POG 2008
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Space born calorimeters

Calorimeters

Simple electromagnetic
shower profile

Calorimeters measures the energy releases
of the particle

* Homogeneous / Sampling
. Electromagnetlc / Hadronlc

— 10— LA B L

x E E

E 95— 100 GeV electron in BGO é dE E b(bt)a_le_bt

—_ 8_ — — j— —

= E E — 0

5 L 4 I'(a)
oF E
sE E
3 E
oF 3 -
£ E Inhomogenities,
E N E o calibration,
% 5 10 15 20 25 30 Statistical

, energy leaks,...
'] fluctuations ’

The energy \ \

resolution improves o b
as the energy E \/E@E@C
increases

Electronlcs

« BUT: energy resolution is not everything. Tipically the dominant systematic is the

knowledge of the energy scale!!

» Resolution > Symmetric smearing of measured energy
» Energy scale > Systematic shift of measured energy

Valerio Vagelli
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Instrument Acceptance

ACCEPTANCE: measurement of the collection capabilities of the detector

Fermi-LAT

ACD

TKR

ARRRRRNY t\\\\'\\\ \\\\\\\I ARRRRRRN
ARRRRRRY  ARRRRRR H SRRRRERNY E RN
SOOCSSNN] ESSOSOSSSNE RSN \\\I OO
CAL
- - - - = .
145.0 cm
CREAM-II
TCD
+ 35°
CD
+ 60°
SCD top
SCD bottom

\ Carbon target 7

Valerio Vagelli

- - - e e e — - - -
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Cosmic ray detection in space
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Instrument Acceptance

ACCEPTANCE: measurement of the collection capabilities of the detector

The acceptance (or geometric factor) is formally de-
fined as the integral of the effective area over the solid
angle:

G(E) = / A (E, 0, $)dQ, (77)
J

and the field of view as the ratio between the geometric
factor and the effective area at normal incidence:
: G(E o Ae (E, 0, ¢)dQ
FoV(E) = L( ) _ JoA - ;
“1(_'ﬁ.(E) “"1‘7,”' ( E)

(78)

(Note that when the angular dependence of the effective
area is different at different energies, the field of view
does depend on energy, see, e.g., [78].)

Valerio Vagelli

A simple planar detector

+Z

In this case the effective area at normal incidence is

+y

simply the geometrical area of the detector S = 2. It is
clear that A.g only depends on the polar angle #:

Acii(E.0.0) = Scosé, (79)

and the acceptance reads:

G = 5/ 4/4,)/ cos fsinfdf = = S. (80)
0 Jo

The field of view. finally, is

.
Fol = =7 (81)
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Instrument Acceptance

ACCEPTANCE: measurement of the collection capabilities of the detector
Tipically measured with MonteCarlo simulations including the detector geometry,
materials and interactions with the detector

SR,

+15° 4/€>
430 (390) cm’sr

TOF
Wacker 2

Acceptance
calculated using
Geant4 full detector
MC simulation

£25°

800 (735) cm’sf
8
:
LR e [ e Trockoer 5
Wacker &

........
o QREEEEReaaA000000000000 0000000

o Geometrical Acceptance

o Analysis Selection Acceptance

—— Trackar 9 . 0 llllll | Ll llllll L 11 llllll L 11 llllll
.\ 1 10 102 10°
) ) Energy (GeV)
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Instrument Gathering Power

GATHERING POWER: measurement of the collection capabilities of the
mission (it includes the detector lifetime)

—
o
£

Protons

Antiprotons

-
o
S

11 lllllll 1 ||||||:|

LILLRL

—
o
w

LR II
lllllllll

2

T lllllﬂl

Number of events above a given energy
Number of events above a given energy

11 lllllll

—
2O
o
- F
(=]
)

105 ‘ \106 \ 17 10° I 10*
Kinetic energy [GeV] Kinetic energy [GeV]
Statistical Error on Flux measurement ~ 1/v(N)
Maximize Statistics < -- > Minimize statistical uncertainties
« Large acceptances
* Long duration missions
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Typical quantities
« Cosmic ray physics is (almost) all about FLUXES

 DIFFERENTIAL FLUX: number of CRs per unit of time and energy (*)
crossing the unit vector area towards a given direction in the sky
« Measured in[ GeV!' m2s]
« Used for point source studies (like gamma rays)

« FLUX or INTENSITY: number of CRs per unit of time, energy (*) and
solid angle crossing the unit vector area
« Measuredin[ GeV' m2ssri]
« Used for isotropic measurements (charged cosmic rays)

(*) Fluxes can be expressed as function of different improper definition of “energy”
« Kinetik energy (calorimeters)
« Kinetik energy per nucleon (calorimeters)
 Rigidity (spectrometers)

Valerio Vagelli Cosmic ray detection in space
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Typical quantities

Ex

j,

Kinetik Energy: defined by the acceleration due to
electrostratic fields at the sources. Measured with

calorimeters

Kinetik Energy per Nucleon: defined by the spallation
processes during propagation in the ISM medium. Quantity
conserved in spallation processes. Measured with
calorimeters (and hypothesis on the isotope composition)

Rigidity: defines the motion in magnetic fields (for example,
during diffusion through turbolent fields or curvature in
homogeneuos fields). Meas%?d with spectrometers

Energy
Kinetic energy

Kinetic energy/nucleon

Momentum

Rigidity

Cosmic ray detection in space

GeV]
GeV]
(GeV /A]
(GeV /c]
GV]
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Typical quantities

= 10 = 10
] &
. 0y . 10°
< * —— PrOONS
> S W
(45 » == Hellum
> 10 o 10
® E
o 1 ot 1
E w”
= 10 = 10
107 10°
10° 10°
w0t 107
10° 10°
10° 10°
10 107
10° 10°
10" 10°
10" 10"
10" 10"
107 . : - ; 10' ' : - o
1 10 107 10° 10° 10 10 1 10 10 10 10° 10 10°
Kinetic energy/nucieon [GeV/A] Kinetic energy [GeV)
FIG. 2: Differential Intensities, lvl-o”ni as a function of kinetle « NeTEY per nucloon (keft) and total kKinetic energy (right ) for the
two most abundant CR species: protons amd He nuclei. While the He intensity is a factor of ~ 10 smadler than that of protons
at, say, ~ 1 TeV /nucleon, the two are comparable, at ~ 1 TeV, when binned in total kinetic energy. See next section for more

Beware: Fluxes are differential quantities (see units). Transformations from different unit on
the X axis require the use of the Jacobian on the Y axis
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The Flux Measurement

Precision knowledge of the detector acceptance, response and resolution, and
of the data acquisition in space.

Number of cosmic rays collected

Trigger Efficiency

Acceptance (m? sr)
usually calculated using MC sims

Energy/Rigidity (GeV)
size of the bin
Exposure Time (s) Particle selection efficiency
also called “Livetime” based on the statistical techniques
employed to extract N

Each factor uncertainty contributes equally to the final measurement.
Systematic uncertainty studies for each factor are fundamental
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Future experiments

2014
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Acceptance (m? sr)
© No B field, different techniques with main focus on Z O Balloon
O No B field, different techniques with main focus on e,y ® Space
O Magnetic spectrometers @ Space (planned)

AMS-02 will be the unique magnetic spectrometer in space
able to distinguish matter from antimatter for the next 10 years.
Valerio Vagelli Cosmic ray detection in space
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The AMS-02 detector

« Size 5x4 x4 m, 7500 kg
 Power 2500 W
- Data Readout 300,000 channels
» <Data Downlink> ~ 12 Mbps
 Magnetic Field 0.14 T

 Mission duration until the end of the
ISS operations (currently 2024)
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The AMS-02 Collaboration
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The AMS-02 detector

A»\‘\ —
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The AMS-02 detector

/5’ B | /ﬁ -'\ :

1

© Michele Famiglietti / AMS Collahoration
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The AMS-02 detector

Valerio Vagelli Cosmic ray detection in space 46



AMS-02 on the ISS
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AMS-02 Physics

e
 Indirect search for,Dark Matter (e*, anti-p,....)
- Search for primo\rdial antimatter (anti-He) /

N

-

« Precise measurement of the energy spect{a of »H, He, Li, B, C
' to provide information on CR interactions and propagation in the galactic environment
— .

LR : -

TO ACHIEVE THIS

Matter/antimatter separation using magnetic field
. e/p separation using independent subdetectors

. D/etector size (acceptance)
« Exposure time: ISS in space

Valerio Vagelli Cosmic ray detection in space



AMS: TeV precision spectrometer

TRD
Identifies e*, e Particles and nuclei are defined
= by their charge (2)

and energy (E ~ P)

\ N
'o'ly.—'-:!_‘ ."’
AN | |

Zand P~E

are measured independently by the

Tracker, RICH, TOF and ECAL

Valerio Vagelli Cosmic ray detection in space
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Time of Flight TOF

Fast scintillator planes coupled with PMTs for fast light readout
Time of flight resolutions ~ 160 ps = dB/B? ~ 4% for Z=1 particles, better for higher
charges

Curved Scintiiator

Ei

SRR S ¢ (b

:Q;'.;’O"ao'.‘ :

Velocity
[Rigidity>20GV] 5

Fast signal used to provide the experiment trigger to charged particles
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Time of Flight TOF

Fast scintillator planes coupled with PMTs for fast light readout
Energy deposit sampled in 4 layers - Particle charge reconstruction using dE/dX

Valerio Vagelli Cosmic ray detection in space =4



Perugia /‘)
INFN

9 layers of double sided silicon microstrip detectors -
192 ladders / 2598 sensors/ 200k readout channels
Measurement of the coordinate with 10pm accuracy

[l
N

. * 10 um coordinate resolution
e —
- il P-side (bending dir)
— | ====== 27.5 pm pitch
S o P 104 pm readout
' —/
I|l;!_!l
o @) | N-side
/ | 104 pm pitch
| 208 pm readout
Valerio Vagelli Cosmic ray detection in’s.p'azce' |

I ~p]



INFN -

14 dE/dX samples in Inner Tracker
4 dE/dX samples in external planes

Charged particle

Normalized Entries

10°

I llllllll T llllllll T lllllll'

10 b=
AMS Days - B/C - A. Oliva Inner Tracker Charge (c.u.)
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Magnetic Spectrometer

The spectrometer resolution is studied using test beam particles and MC simulations

s YYT L Ty '1] ‘{
10° — 3
e 400 GeV/c Test Beam Data [
5 - 400 GeV/c Monte Carlo Simulation .Q
10 s
3
a 10* 5
c
= § :
T @ o -
ke 1050 05 1
" (400 GVIRIgidity -1 =
10? |
_1__._1 [av'
Rigidity 400[Gv ]
10 PR LG L T WS-SR - S R S S \
-0.02 -0.01 0 0.01 0.02 10"‘ —— we Proton MC]
t ® Test Beam
R TTIT BRI | " ud 3 a1
1 10 10’ 10’
Rigidity (GV)
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INFN

Istituto Nazionale
di Fisica Nucleare

At low energies, the rigidity measurement resolution is dominated by the multiple

Magnetic Spectrometer

Rigidity Resolution

04

02

Protons
‘ 5 1.4
= Inner Tracker | s ¢
- Inner + Layerl f f [ 2 12|
| Y]
Inner + Layer 9 /' ‘ { x 10}
| | > |
= Full Span J I J 3 08 |
/ /! ] .
/ / © 086!
; yd 0.4
! /
N D - 0.2
’ 10 10 10°
Rigidity (GV)
Figure 2.12: Rigidity measurement resolution for protons ( Left)
|

I)H-'!'M‘l O
tra e tory |n-'.v-| ..! arm a |(|l.‘.- 1O mensurs ".I' |'i_':n[i7'. ol ||.|l‘.'< = I

14:
1.2 &
10 ¢
08!
06!

Ors '(ll'lﬂif'.' l'.”.fi'll‘.:? Il’.il‘r\c |

scattering in the tracker material (dR/R ~ R).
At high energies, the resolution is defined by the curvature measurement (dR/R ~ R).

The maximum detectable rigidity is defined as the rigidity when the resolution is

\
wns, he presence o

Hebhum

- Inner Tracker
Inner + Layer]
- Inner + Layer 9

- Full Span

/
."‘ /”, ,[/
g g

vaT g

-
- e ——

and Helium (Right
: th

¢ external lavers

wsing the Tracker

10 10’
Rigdity (GV)

estimated from MC
f-"ll 1O i[n e s the

BAYers up 1o Il o Il\ ri

100% (Cannot distinguish between negative and positive curvatures)
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o Magnetic Spectrometer

Istituto Nazionale
di Fisica Nucleare

Charge Confusion (or Flip)

Tracker Resolution (statistical) Interactions with the material

Trajectories at low energy high energy Clean proton trajectory Occurrence of nuclear scattering

" 4 / 3
!
e —— ¥, o
- y—3 \
v
prot antiproton proton antiproton proton

proton

—rd

Larger is the energy, straighter is the particle’s trajectory - well-reconstructed proton -> distorted trajectory
(straighter is the trajectory, higher is the confusion...) -> fake antiproton

f === MC +

E 168 ke The amount of charge confusion

.* increases with energy, limiting the
ettt * capabilities to correctly measure

....... e the fraction of antimatter in

X cosmic rays

20 30 40 50 60 10’ 210" 307
Energy (GeV)

Charge Confusion

-
o
“
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Space born detectors

10°

dN/dR

10°

- True

10* —Measured

1 IIIIL|,|,| 1 IIIIL|_|,| 1 IIII|_|,|,I_|_

IIIII|'|T| T IIII|T|'| TTTIT

10°

AL UL LLLL L l'|'|T|T|'|

1

Measured/True

102

—_

Rigidity [GV]

FIG. 62: Effect of a finite rigidity resolution on a toy Monte
Carlo power-law spectrum with index 2.75, mimicking the pri-
mary cosmic-ray proton spectrum, for a maximum detectable
rigidity of 1 TV. (For completeness, the smearing used for
this illustration is gaussian in 1/R. Though the relative fluc-
tuation in R and 1/R are the same, the result would have
been somewhat different if the smear was done in the rigidity
space—we stress, however, that the point of the exercise was
not to develop a realistic model of the rigidity dispersion.)

Distortion of the flux measurement above
~MDR

The flux can be corrected if the smearing/
migration matrix is known (tipically from
MonteCarlo simulations)

6000

dN/dn

14000

- True

12000 — Measured

10000

8000

6000

4000

Spillover
2000

Pl

-0.002

= SINNN\ S  T
0001 0 0001 0002 0003
n[GV]

(@)

FIG. 63: Illustration of the spillover effect. Here the same
(true and measured) spectra in figure 62 are shown in the
1 space. We remind again that for this toy simulation the
smearing is gaussian in 7, assuming a MDR of 1 TV.

« Charge flip probability increases asthe energy increases
 SPILLOVER or CHARGE CONFUSION
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Space born detectors

10°

dN/dR

10°

- True

10* —Measured

1 IIIIL|,|,| 1 IIIIL|_|,| 1 IIII|_|,|,I_|_

IIIII|'|T| T IIII|T|'| TTTIT

10°

AL UL LLLL L l'|'|T|T|'|

1

Measured/True

102

—_

Rigidity [GV]

FIG. 62: Effect of a finite rigidity resolution on a toy Monte
Carlo power-law spectrum with index 2.75, mimicking the pri-
mary cosmic-ray proton spectrum, for a maximum detectable
rigidity of 1 TV. (For completeness, the smearing used for
this illustration is gaussian in 1/R. Though the relative fluc-
tuation in R and 1/R are the same, the result would have
been somewhat different if the smear was done in the rigidity
space—we stress, however, that the point of the exercise was
not to develop a realistic model of the rigidity dispersion.)

Distortion of the flux measurement above
~MDR

The flux can be corrected if the smearing/
migration matrix is known (tipically from
MonteCarlo simulations)

- = T , — — =
° C ' g
- | VDR ]
14000— ! ]
C -~ True ! .
12000 - — Measured E e
10000 5 =
8000 | -
6000 i 3
4000 =
» Spillover B
2000~ / -
0:. o s SN AP IR I

-0. -0.002 -0.001 0 0.001 0.002 0.003
n[GV]

FIG. 63: Illustration of the spillover effect. Here the same
(true and measured) spectra in figure 62 are shown in the
1 space. We remind again that for this toy simulation the
smearing is gaussian in 7, assuming a MDR of 1 TV.

« Charge flip probability increases as’the energy increases
 SPILLOVER or CHARGE CONFUSION

Valerio Vagelli Cosmic ray detection in space 58



Ring Imaging Cherenkov RICH

Cherenkov radiation is emitted when a charged particle
moves in a medium at a speed greater than the speed of
light in that medium

B > = (52)
T
otk X
1 d*>N B 2T z? (1 B 1 )
c080: = 5 drd\ — N2 32n2(\)
Geometry: Cherenkov ring Intensity: number of UV
aperture used to measure the photons proportional to
particle velocity particle charge
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Ring Imaging Cherenkov RICH

Radiator

n=1.05 n=1.33
! B>0.95 ;] B>0.75
y Aerogel : NaF '

PMT plane

Measurement of velocity with dB/8~0.1%

10,880 photosensor plane
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Transition Radiation Detector TRD

(10 10 jum) floece
Y- -

y P@nlﬁ'lhmﬂbou B T TEE L R o
]

2
— s ds’ 12
a2 ~aedt = o
o = =
ez lia B e o) ] Dy
............ i TP 3
Sean, o <
- — o AN
’ . e
3
3
-

XﬂCO

Dooo

Tube straws (6 mm)

PTROC’V E/m

Valerio Vagelli

20 Layers of radiator (fleece) to induce X ray radiation
Straw tubes for ~KeV xray detection (Xe/C02 gas)

Cosmic ray detection in space
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Transition Radiation Detector TRD

Prr x~v=FE/m
For same Rigidity or Energy particles
Prr (ei) > Prr (p)

L

$°f Transition Radiation ® lonization
; @ 0.06
810°F TRD Single Tube Spectrum - 25 GeV = G PrcTtons
+= c 0.05 Oow energy
[= n .
M0k EI Ele?rons P =TT Y@ - — high energy
2 : rotons : '§ 0.04fF
T, :‘5 = - Electrons
103E © o A
zE-, £0.03 :«ﬂ-’\\ low energy
= =) : ¢ % — high energy
10°E = 0.02| § :
" %
10-5 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 0.01 '-— .\.‘
500 1000 1500 2000 C ‘.\‘
ADC counts 0 L \'lelrlvrlr Y 1 . -_,J&."*——-“'"L“‘-"l il
0 02040608 1 12141618

2
TRD classifier
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Electromagnetic Calorimeter ECAL

SAMPLING
CALORIMETER
Lead + Scintillating fibers
66 X 66 x 17 cm?3
1296 readout cells
17 Xo, 0.6 Anucl

1 superlayer

50,000 fibers, ®=1mm
Uniformly distributed in 600 kg of lead

Energy and arrival direction
measurement of electrons and photons up
to1 TeV
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Energy Measurement

Test Beam Electrons

10

g0 100 490 180 290
20 l

350

: \JIIJ \\lllllllfk 1L]-'HiAll
0 50 100 150 200 250 300
ECAL Reconstructed Energy (GeV)
6
ECAL energy resolution measured
< [ atTestBeams
g 4 l, (10.4 +0.2)%/ NE ® (1.4 £ 0.1)%
= B
e .
> 9 |- e P8
gn < e il L T “
2
m
O L " M n 1 M M n i 1
0 100 200
Energy (GeV)
Valerio Vagelli

« ECAL energy resolution ~2%
« ECAL energy absolute scale tested during test

beams on ground

« We have no line in space (as in collider exp.) to

calibrate the energy scale in orbit!
« MIP ionization used to cross-calibrate the
energy scale in orbit

x 1.03p 7769 38

8 o Prob 0.1318
o0 1.1314 0.0006874

- ECAL energy comparison with
0.98F Tracker rigidity (E/P) used to assure
0.97k, the stability of the scale gver jme
0711 01712 07112 12/12 07/13 12/13
Time

Calorimeter resolution impreves at high
energy (compare with spectrometer)
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Electromagnetic Calorimeter ECAL

Electrons
Electromagnetic Shower
Energy contained
EECAL ~ PTRACKER

Protons
MIP or Hadronic Shower
Irregular shower
EECAL << PTRACKER

. [ . 01
E 0.121 Protons E [ Multivariate combination (BDT) of lateral
o 5 o - and longitudinal shower development
0.1F e 5
0.08F 0.06- Protons  Electrons
0.06f Electrons 4 04:
0.04f E
0.02k 0.02 =
R l 1 L L
00 05 1 16 2 25 3 35 4 45 5 91 -0.5 0 0.5 1
Energy / IRigidityl ECAL Classifier
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Proton rejection at 90% e* efficiency

0.1

B <
o Bkg. Rejection

>

0.08
Signal Efficiency

|
|
|
; |
0.06}Protons |
[ |
- |
0.04- I Electrons
[ |
0.02- |
R { PR |
0 ~05 0 0.5 1
ECAL Classifier

ECAL e/p rejection

Bkg. Contamination

10°
. . . b
. e . L] ®
10° L

10°
. Typically, 1 in 10,000 protons may
be misidentified as a positron
1 0? —
10
1 M P N | L PR e | M A M |
1 10 0® 10°
Momentum (GeV/c)
Valerio Vagelli

P.D.F.

ECAL and TRD e/p separation

0.12 I

| < I >

- Bkg. Rejection | Bkg. Contamination
0.09[- ; Signal Efficiency

| I

B |
0.06- I

[ Protons I Electrons
0.03

llll Illlllllll

OO 02040608 1 12141618 2
TRD Classifier

TRD e/p rejection
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AMS: TeV precision spectrometer

Full coverage of anti-matter and CR physics

l'.;o'r ] : TRD

TOF

Tracker

TRK

TOF —mmemryemsmem RICH

RICH
| I
yame 151 ot sovems ) e ) 11 dvoent | QR
o ' | ECA
ECAL \ ._} i prirede
E 20 Layers
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AMS: TeV precision spectrometer

Full coverage of anti-matter and CR physics

" - — —
€ € P| P | He | He
TRD .
600 GeV electron : : ! ¢/p separation
Bending : 20 charge (|Z])
I I layers
;= ======z====, K K r 3 r 3
o .
'; TOF ) ) ) i + $— | trigger
= 4 i i | | : i velocity (B)
_[ - layers i i i i i i— charge (|Z|)
e] = # g TRK ¥ ¥ ¥ % momentum (p)
o I B i % sien (20
i . b TS layers .,\“/ \'N .,n‘/ \,\ A charge (|Z])
| | \ RICH| \—— | i==— | == | BE i | velocity (B)
= 5% 52 52 charge (|Z])
1 1 1
ECAL g g e* energy
18 % % . — | e/h separation
layers =0 o ﬁzz % y trigger
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AMS-02 Charge Measurement

- Tracker Single Layer [L1)
B [ U\ Be 0 Charge Measurements of B
o Light CR Nuclei
. L 74
15} r . .lT » 1__‘. ' o
A : \ -!'j //[
., el NN LT
—“1"_‘- | n}‘r
- gl :
” 5 N Trackor [ e N r
Sl RICH [Aecoged 78 8 ECAL
: [ wE
s — e — .
7T TN :
'l ] i
b
“o 2 : . 2 6 <3 === } rcuL o 2 N & P 0
charpe estimator CPawgn estmator

Redundant measurements of the nuclear charge at different depths of the detector.

Precise understanding of nuclear fragmentation in the materials.
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AMS orbit

ISS orbit period ~ 90min
+/- 50 deg latitude covered

1600
1400
1200
1000

Trigger Rate (Hz)

SiAw 415Km 275 Km/h 09 May 2014 08 x50

ISS Latitude (deg)

DAQ operations depend on orbit position

Increase of trigger rate in polar region (low magnetic
field and trapped particles) and in the South Atlantic

Anomaly

-150 -100 -50 0 50 100 150
ISS Longitude (deg)

Detector operated continuously around the clock since May 2011 with no major
interruptions
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Trigger

Each time a detector decides to save the information of a particle crossing, the
electronics freezes the analog information on all the sensors (~300,000 for AMS),
digitizes them and package them to send to ground. This procedure lasts O(100
us — 1 ms).

The flux of cosmic rays through the detector volumes is typically higher than the
digitization capabilities. Only a fraction of the total cosmic rays crossing the
detector volumes has to be recorded (typically, particles crossing the interesting
detector fiducial volume and above a certain energy threshold)

The trigger is a system that decides whether the instrument should freeze the
analog information and save the event. It is based using information from fast

detectors and combining it in a simple AND-OR logic.

The trigger represent a very delicate system. If an interesting event is not
triggered, it will be lost forever. Typically, the trigger selection it is a compromise
between the maximum numberof events stored with respect to the capabilities of

data storage and transfer and event pileup.

Valerio Vagelli Cosmic ray detection in space
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Trigger

AMS uses the fast information of the TOF the trigger charged patrticles, the
external anticoincidence to veto cosmic rays outside the acceptance, and the

fast ECAL information to trigger photons (that do not leave energy in the TOF)
AMS-02 Triggers: w
* Unbiased 3/4

» Charged Z=1

» Charged lons

« “Slow" ions

Hozortw' Panicie Hoh-2 pancie Backsplash Evendt

REJECTED TAKEN TAKEN
» Electrons
» Photons
« Unbiased em If any of these conditions is satisfied, the event is triggered
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Example: electron trigger

-l
A®)

o
o)

Trigger Efficiency
o
»

0.4
TOF only efficiency

0.2

0

—
I

- ® PHYStrigger 0 EM trigger only O SC trigger only
[ O SC+EM trigger only © Other triggers
B [ ]
— . .
-B 8 '...
s o ©
o (o]
& o
i o
o
= oooo."..
OO

© o0
L o]
BIQIO 1= Siaa ‘»l!"'! T P .} },!ll;l!,,,,”

10°
Energy (GeV)

u L soessssssmmmmmmmnnmmmmenes. | O TAL trigger efficiency

ECAL only efficiency

ECAL&TOF efficiency

Below 3 GeV, efficiency<100% because the calorimeter energy deposit is not

above the threshold

Valerio Vagelli
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Data transfer

K Ku-Band
s High Rate (down):
Events <10Mbit/s>

. v N =30 billion triggers
Fllght Operatlons 70 TB of raw data

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII;IIIIIIIIIIIIIIIIIIIIIIII

- < S-Band
Ground Operations 7 PO o & down):

Commanding: 1 Kbit/s
Monitoring: 30 Kbit/s

AMS Payload Operations Control and . 3y >
Science Operations Centers AMS Computers Whlte Sands Ground
(POCC, SOC) at CERN at MSFC, AL Terminal, NM
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AMS physics results

LEPTONS / ANTIMATTER
« Positrons fraction e*/(e*+e) Sensikive ko

» Electron and Positron fluxes (e*, €) Dark Makter signal
» Electron plus Positron flux (e*+e) '
 Antiprotons/protons

HADRONS
« Proton and Helium (p, He) Probes to improve
+ Lithium, Boron, Carbon (Li, B,C)  the astrophysical background

kinowledqge

AMS-02 is providing precise data to search for new physics in the Cosmic Ray
channels while improving the understanding of the astrophysical background with a
coherent set of data
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AMS physics results

LEPTONS / ANTIMATTER
« Positrons fraction e*/(e*+e) Sensikive ko

» Electron and Positron fluxes (e*, e) Dark Matter signal
» Electron plus Positron flux (e*+e) '
 Antiprotons/protons

AMS-02 is providing precise data to search for new physics in the Cosmic Ray
channels while improving the understanding of the astrophysical background with a
coherent set of data
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Identification of et-

w 0.12

TRD 2 N —_— e+/—
Transition Radiation oo —— fprotons
to identify e+

0.06

3 6 a e 08 T T T aTa s
S : TRD Classifier
S T TRACKER w 012 ot
I =3 ‘ | Momentum P o oif —— protons
s _
e*"! Prrx = EgcaL oo
PI’OtOﬂS PTRK >> EECAL ’ E

0 05 1 15 2 25 3 35 4 45 5

o1 Energy / IRigidityl
ECAL Z ' —_— et
\ Shower Topology * % —— protons

to separate e*" from protons o.oef

0.04f

0.02

j A1 L s
-1 -0.5 0 0.5 1
ECAL Classifier
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revas )
O Identification of e*"

The whole ECAL and TRD subdetector information is gathered in the so calle
“classifier” 1-D variables, trained to reject protons.

II 1 0-2

electrons

positrons

©oo
SO0 00 o

ECAL classifier
O ¢
N
I’IIT]IT1]]’TI[TYIITITIIIT‘[II‘IIYTI
—
o
w

o

- lllllll

-0.2
-0.4

-0.6¢ - Antiprotons
-0.8F Charge-flip protons '

-1111111111111111111 llllll llllllllllllll

2 -15 -1 056 0 05 1 16 2
sign(Q) * TRD classifier

o
&

protons

ECAL and TRD, separated by the magnet, efficiently and independently
discriminate the signal (e*") from the background (protons)
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Perugia /‘)
N Identification of (e*+e°)

TRD Classifier template fit

Reference spectra for the signal and the background are fitted to data as a function
of the TRD classifier for different cuts on the ECAL BDT estimator

1 102 2 140F o Da
:.q-: 08:_ C“ | 5 140: —Fi?t?)data
S "k 2 e‘*‘/' > 120-_—(e*+e-)signal
g 0.6 E w - —— Proton background| 1}
o 0.4F % 103 100F 241 =055
- - r -
0.2F < - “‘
é of : . 805 protons | et/
% o 60 ‘
-0.2/ & 0, . C ‘
0.4 / 'u/ ) = 10" 40F
-0.6 /. % ‘ ’ na
) 4///4 i HH /W /' 10° 0 02040608 1 12141618 2
02040608 1 1214 161.8 2 TRD Classifier

TRD Classifier

ECAL efficiently removes the majority of background protons
TRD independently evaluates the tiny remaining protons in the selected e*- sample

N —
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pemgia/‘) _ .
Lﬂ: Positron Fraction

Rise in the fraction of positrons (antimatter) over electrons (matter) not expected by
the current Standard Model of CR origin and propagation

' e AMS-02
. | 03
i ermi- ~— L.
++0.25 — o TS93 b 4 o AMSe'/(e' +e)
[} [ CAPRICE +
V N AMS-01
- 02 — o HEAT
o
0.15F 1
E Y \ #
0 1 :T °, @ y.¢
N °
0 05: .P&‘.G“C) Secondar ibuti
. — y e+ contribution
[ O vinl ek e oy,
O'|||| Lol Lo vl [ 1 10 102 103
1 10 102 Energy (GeV)

Energy (GeV)

Unprecedented accuracy and energy range allowed a detailed study of the positron
fraction behavior with energy

Valerio Vagelli Cosmic ray detection in space 80



0.05%

Q

positron fraction
wess DaCkgroend

seee JIBIGSC25

wess JOBI3+1746 (Geminga)
JOG659+1414 (Monogem)

— COMBNSY

Positron Fraction
m PULSARS
m Dark Matter annihilation

\kii} et

X A et

S. Kunz, EKP

y
S. Kunz, EKP o POsitron fraction
* AMS-02 (2014) ;93 0.oF. ~~ background
= FE —bg+DM

XA —>up (0.22)
Lx— T T (0.78)

10
E (GeV)

m Both mechanisms can be tuned to explain the data.

m The measurement of the spectral shape alone cannot disentangle between the two sources
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et and e Fluxes
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(e*+e”) Flux

Independent measurement of the total e*" flux without identification of the charge sign.
Higher energy reach and improved accuracy due to looser selection.
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Higher energy reach and improved accuracy due to looser selection.

(e*+e’) [0.5 - 1000] GeV
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The (e*+e") flux is smooth, and can be described by a single power law starting
from 30 GeV up to 1 TeV.

No evidence of fine structures has been observed in the (e*+e’) spectrum.
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What is AMS observing?

Something “different” with respect to conventional models of e* production by
collisions of CR hadrons with the interstellar medium (ISM)

Astrophysical Sources?

« Local sources as pulsars (e*- only source, anisotropy..)

» Additional acceleration mechanisms (reacceleration of CR hadrons in old SNRs)
Dark matter?

« Isotropic distribution arrival for e*"

» Signatures in other channels (like antiprotons)
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+ i Y
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Antiprotons

The low energies
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sign(R) x TRD Estimator

Below 10 GV, the RICH and TRD efficiently separate antiprotons from e+~ and local
pions produced by interactions of CRs with the detector material
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Antiprotons

Anti-p are 10 less abundant than p. Charge sign flip is the dominating systematic
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p/p ratio [1 - 450] GeV

O ) gy W pe ' * F ¥ 1 "’ ‘l’ ]’ ' L ' Ll I T 7 & ¥ ]' T 17 1T 5
— - 40 months .
o ] 290,000 antiproton events
Q‘ ,u.o.o. e 4 * . | |
Q. s
L]
-4 ]
10 s
. 1 * AMS-02 2
10°F Lo ¥ -
e PAMELA
“4d
’ » BESS
b gt
it
10-5 ? 104.1 03 - 1; 2 1 l : 1‘0 | N K |

1 00 200 300 400 500
Kinetic Energy (GeV)

The antiproton ratio does not decrease at high energies. Could this be a hint of
Dark Matter annihilation?
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Antiprotons

The accuracy of the AMS measurement challenges the current knowledge of
cosmic background

10-3 Giesen et al. (2015) Evoli, Grasso, Gaggero (2015)
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Evoli, Grasso, Gaggero (2015)

Upcoming measurements (in particular, from AMS-02 [1], CALET [54], and ISS-CREAM [49)])
are expected to significantly improve our knowledge of propagation parameters and then to reduce
the associated uncertainties. In that situation, antiproton production cross sections will prevent us
to provide predictions for the astrophysical backgrounds as accurate as the forecasted sensitivities.
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AMS physics results

HADRONS
« Proton and Helium fluxes (p, He) Probes %0 mprove
+ Lithium, Boron, Carbon (Li, B,C)  the astrophysical background

kinowledqge

AMS-02 is providing precise data to search for new physics in the Cosmic Ray
channels while improving the understanding of the astrophysical background with a
coherent set of data
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Proton and Helium Fluxes

The AMS-02 Tracker Rigidity resolution has been checked comparing Test Beam
data and Monte Carlo Simulations to Space data.

Resolution Function

10° ——
® 400 GeV Monte Carlo
@ 400 GeV Test Beam

Protons

10°

104

e* E>30 GeV
e E>30 GeV,

Normalized

Obtained Error A(1/R)=1/26 TV

Pl PP IPUPEPU IPUPIP EPUPIPS IPUPEPRl PO
06 08 1 12 14 16 18

Valerio Vagelli

2 22

PRPEr Y

2.4
Energy
Rigidity

Cosmic ray detection in space

Coordinate resolution
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The redundant measurement of the e*-
energy with the ECAL is used to further
control the Tracker rigidity scale
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Proton and Helium Fluxes

g— ‘h.uo O {;J% % —g

o. . [¢; 7
o0 @ o {}J{b ¢ % E

s (GeV/n)"]
QU

—h
o

w
IIII T

2 gr1

m

—h

o
\}

AMS-02 (2011/06-2013/11) 3
ATIC-2 (2003/01) 1
BESS (2002/08)
CAPRICE-94 (1994/08)
CAPRICE-98 (1998/05)
CREAM (2004/12-2005/01) 3
IMAX-92 (1992/07) 3
JACEE (1979-1995)
PAMELA (2006/07-2008/12)
RUNJOB (1995-1999)

2.7
L

Flux x E
o
T
&

—h

:IIIII| L1 IIIIII| L1 IIIIII| L1 IIIIII| L1 IIIIII| L1 IIIIII| L1 IIIIII| L1 I:
1 10 10° 10° 10* 10° 10°
Kinetic Energy (Ek) [GeV/n]

Valerio Vagelli Cosmic ray detection in space



Proton and Helium Fluxes
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The H and He spectra harden with increasing rigidity

Both fluxes cannot be described by single power laws (traditional assumption).
A break in the power law at R~300 GV is required to describe the data.
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Proton and Helium Fluxes

Protons and helium are both “primary” cosmic rays.
Traditionally, they are assumed to be produced in the same sources
and, therefore, their flux ratio should be flat.
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2 Computer Phys. Comm. 182 (2011) 1156
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The H/He spectrum shows an unexpected energy dependence.
This may hint to unpredicted phenomena in the primary CR propagation or acceleration
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The large size of the collected statistics and the
charge identification capabilities of AMS allow to
measure the Li flux with unprecedented
precision.
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Light Nuclei
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Heavier Nuclei
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Primary and secondary cosmic rays have characteristically different rigidity
dependencies
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Heavier Nuclei

Carbon / Helium Carbon / Oxygen
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Current acceleration and propagation model well explain the relative rigidity
spectra of primary cosmic rays for CNO elements and for He, but not for
protons
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Primary Cosmic Rays (p, He, C, O, ...)

Primary cosmic rays carry information about their original spectra and propagation.

Secondary Cosmic Rays (Li, Be, B, ...)
C, 0O,.. Fe+ISM - Li,Be, B+ X

Secondary cosmic rays carry information about propagation of primaries,
secondaries and the ISM.
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Heavier Nuclei
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Secondary/primary ratios are sensitive to propagation mechanisms.
AMS results are in agreement with Kolmogorov turbolence model of magnetized plasma
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Future experiments
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AMS-02 will be the unique magnetic spectrometer in space
able to distinguish matter from antimatter for the next 10 years.
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AMS is a unique,. large acceptance, multipurpose magnetic
spectrometer on the International Space Station.

There is no other magnetic spectrometer in space
in the foreseeable decades.
The results from AMS to da:tearé"url.expected and
contradict traditional understanding of cosmic rays.

We need to work closely with the theoretical community'
to glevelop a comprehensive model
to explam all of our observatlons

AMS will stay on ISS for the lifetime of the Station.
By then (2024) we should be able to determine the
origin of many of these unexpected phenomena. 8
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DAMPE Science

Satellite for high energy cosmic ray direct detection
* Indirect search for Dark Matter with e*- and gamma-rays
* Precise measurement of the cosmic ray spectrum and composition
« High energy gamma-ray astronomy

» Detection of 5 GeV - 10 TeV ely
* Measurement of 100 GeV — 100 TeV cosmic rays
« Excellent energy resolution and tracking precision

Follow-up mission to AMS-02 and Fermi-LAT
« Extend the energy range above th TeV region with improved energy resolution
* Overlap with Fermi for some time

o

»*

University and INFN of Perugia
University and INFN of Lecce
University and INFN of Bari
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The Dark Matter Particle Explorer

The DAMPE Detector
Plastic Scintillator Detector LT : S e

Silicon-Tungsten Tracker

BGO Calorimeter
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W converter + thick calorimeter (total 33 X0)
+ precise tracking + charge measurement "=
high energy y-ray, electron and CR telescope

Valerio Vagelli Cosmic ray detection in space

108



The Dark Matter Particle Explorer
—nm:lm

e/y Energy res.@100 GeV (%)

e/y Angular res.@100 GeV (° ) 0.1
e/p discrimination 10°
Calorimeter thickness (X,) 31
Geometrical accep. (m?sr) 0.29

 Geometrical acceptance with
BGO alone: 0.36 m?2sr

— BGO+STK+PSD: 0.29 m?2sr

— First 10 layers of BGO (22 X,)
+STK+PSD: 0.36 m2sr

Valerio Vagelli Cosmic ray detection in space

0.3

10° - 10°
17

0.09

0.1
103
8.6
1

109



The Dark Matter Particle Explorer

* One of the 5 satellite missions of the Strategic Priority Research Program in
Space Science of CAS

— Approved for construction (phase C/D) in Dec. 2011
— Scheduled launch date December 17, 2015 from
Jiuquan Satellite Launch Center in the Gobi desert

« Satellite < 1900 kg, payload ~1340kg
* Power consumption 640W (400 W)

e Lifetime >3 years

e Launched by CZ-2D rockets

Altitude 500 km
e Inclination 87.4065°
 Period 90 minutes

 Dawn/dusk (6:30 AM)
sun-synchronous orbit

Valerio Vagelli Cosmic ray detection in space
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ralt Silicon Tracker STK

Istituto Nazionale
di Fisica Nucleare
TREE

6 planes of Si micro-strip detector
interleaved with W converter layers.

768 sensors with 121 um pitch / 242 um readout

CFRP plate Top \
¥

e RGBT g T
768 siliconsensors | oo : — =%
Silicon detectors s ::' e t
/f\'\ CFRPframe — 2 .., NN .:‘m
\ Corvve B R §
v ":\ Tungsten plates Vear " 100
1\ > a LN 4
CFRP plate bottom 20
12 layers, 6-x and 6-y i .
40 1 . - . . 1
192 ladders ' ‘ i
VA140 (frontend chip) i teadanatiain iy J - K B R A
Tracker tested at CERN test beams.

channels

Calibration/alignment using flight data ongoing
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BGO Calorimeter

14 layers of BGO bars
22 bars/layers, 308 total .
X,=32, A=1.6 for high e/p separation | ¥
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First Space events

9GeV gamma-ray
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First Space events
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Science Prospects
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Science Prospects
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