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~ Outline

»  (charged) cosmic rays
e p ‘éxperirnenta-l tec-hnique's and experii-neh_ts o
Lk i.rhp.Or'tan.t results

. new ideas to increase the statistical and energy rénge
reach ORI BRAR
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' ~ \What arethe cosmic rays? =
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.\'Nhataf"'e the t_os.rni’? rays?

" The origin. of the'super-powérs'of the
| Fantastic Four!

T™LY'RE BUT I DoN'T
NNET&_‘A*n.-x FEEL
THE SsIpff

BUT THEYLL AN ¥
AFFECY
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© What are the cosmic rays? oo

' One of the: Goldrake weapons

~also called ‘parallel disintegrators’! ..
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 \What are the cosmic rays?

The constituents of a Hlux:
incident the Earth -
(1som?)
| Thahks to-the geo-
" magnetic field and the

g ~ atmosphere, the great part‘
y ‘doesn’t reach the Earth

" On the ground (mainly
'+ muons) the flux is.

1min'cm?
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Flux (m? sr GeV sec)’
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LEAP - satellite

_ Up to ~ 1020 eV;
ot oy ﬁ Energy dens|ty ~ 1 eV / cm3

Haverah Park - ground array 5 n
Akeno - ground array 5 . -
AGASA - ground array A i Lumlnoslty, L >. 1 040 ergls,
Fly's Eye - air fluorescence - . ' ’ ' .

HiRes1 mono - air fluorescence
HiRes2 mono - air fluorescence
HiRes Stereo - air fluorescence

Auger - hybrid

lo(E)dE = kEdE IR EYRE

- energies much greater w.r.t; the
ones reachable on ground;

LT
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N C"R'Spe'ctrurn“

Up to ~ 1020 eV;
* Energy density ~ 1 eV |/ cm3;
. 'Lum.inos_ity,_ L > 1040 erg/s;
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E - energies much greater w.r.t. the
10~F ones reachable on ground;
' 7‘1;: Fex 10721 ey Mo, | . . oh ) : ) .
ol ’°“-°eq\,_\_’ . « to investigate the spectral and.
[ oBESS oCRN r ~chemical composition accurate
[ CJACEE "+ TRACER detector (‘a la particle physics’) are.
Eoame needed;
T e RUNJOB
T vcnml vl vl el cnd ol " . ' "
0.1 10 100 100 10 10 s 106 . b - o ) %
Kinetic energy per particle (nucleus) [GeV] . : X y
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C'R"spe'ctrurn'“

. Up to ~ 1020 eV;
* Energy density ~ 1 eV |/ cm3;
. Lum.mos_lty,. L > 1040 erg/s;

ATIC

Antlprotons
AMS

Al Particles e JO L e b 4
Iectrons R, TIBET e ¢ ...
AMS {"111.,72 B - .
lo(B)dE = kEdE A YRS

- energies much greater w.r.t. the
i ones reachable on ground;

Ground exp %

- to investigate the spectral and.’

- chemical composition accurate

10° 10* 10° 10° 10'° 10"’ EECEEHCIIEIEREEERIEEYEICH
Energy (GeV) needed;

+ to reach higher ehergies-, biggef and
" . bigger detectors are needed;
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Fasten your seatbelts!

. Most of CR’s don’t reach the Earth -
D] —-re‘ .

Let's go ‘above’
the atmosphere
{(at least above
the troposphere;*
" inthe
stratosphere,
reachable via a
balloon flight)

 —s00 -
IMB -~ S00m

\ " Particle Phys'ic"sinSplac‘e’!"
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~ Cosmic Rays propagation
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"~ Cosmic Rays propagation . - ¢
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The quest for dark matter

Scattering

Annihilation
X+)X—=>Dp,p.e,e.y

s
| X pap,e_ae-l_ay
+
R
t
v _
xf X p,p.e e’y
o
Xt X< p+tp
Production

25/07/17

Matteo Duranti

16



The quest for dark matter

Annihilation
X+)X—=>Dp,p.e,e.y

X p,p,e e,y

Scattering
XtP—=X+pP

X
S
|
ml
Y
2

XtX<—ptp @ collider (i.e. LHC)

Production
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Llﬂw The quest for dark matter
Annihilation
X+Xx—p.p.e.e.y
R
- 1 P p.p.e ey
0o +
underground || - X
(i.e. % T\
EdelWeiss) | S +
d B | p.p.€ e,y
EEE——
Xt X< p+tp
Production
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The quest for dark matter

Annihilation
X+)X—=>Dp,p.e,e.y

s
X\/\%papaeae+ay
X p,p.e e’y

o
Xt X< p+tp

Production

with CRs

Scattering
XtP—=X+pP

25/07/17

Matteo Duranti 19



At PO RR I e e e SOUECESHE

i
3
.
.
. H

+ é

. .

3 -
i .

25/072172 ; Mattgo Duranti - | -+ .20



Anti-matter flux

Even if “not-interésting” to-search, for primordial Anti-matter, the Z=1 Anti:-
g matter, being rare, is'the key in the indirect search for Dark Matter

=N
N

Positron Fraction
o

S
econdary Production
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Energy (GeV)
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. "standard” particle production from pMm - ¢
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AN
s

Positrons: x + x —e* + ...

my =400 GeV

Collisions of Cosmic Rays

I. Cholis et al., JCAP 0912 (2009) 007

my =800 GeV

Antiproton /Proton Ratio x 10

-y
(%)

—

Antiprotons: y + x —p + ...

Coljjc;
ic R,
Vs

Donato et al., PRL 102, 071301 (2009)

400 500
Kinetic Energy (GeV
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-

. From sources to uUs

Transport inside the galaxy:

0 N; P,
—DVQN + o [N +QZ——+Z LN,

/ / / \M/T]
;);T:;;/O\;] ollrllrtr? ee Energy losses Sources Decay and secondary production
\ Interaction with the
ISM (i.e. spallation)
SNR at least and decay into/from
up to sub-PeV another specie
o o energies
Motion in the - lonization
galactic - Bremsstrahlung
magnetic field - Synchrotron radiation Important for e*- that are

- Inverse Compton effect probes for “close” phenomena

25/0717 Matteo Duranti 25



Dirac’s Nobel speech

“We must regard it rather as an accident that the Earth [...] con-
tains a preponderance of negative electrons and positive protons. It
18 quite possible that for some stars it is the other way about.”
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- 0»3h3 . 23UnITNOD CONTINUES... 6ﬂ€60 ‘\
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S 2 P \ &
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L}
- ”
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anuosDNOAE BACKGROUND | BN
400,000 YEARS AFTER c}a Y
..... ol BIG BANG . 1 =
23IXAIAD TeAld FIRST GALAXIES }
2AA3Y 000,000,000t 1000,000,000 YEARS o)
DUAE D18 A3TAA AFTER BIG BANG
30 NoITAMA0d FORMATION OF
mMaTaye AAJo2 IHT THE SOLAR SYSTEM
2s1A3Y 000,000,00¥.,8 8,700,000,000 YEARS
OWMAE D18 A3TAA AFTER BIG BANG
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- Primordial matter and anti-matter -

positron

anti-hydrogen

electron

hydrogen
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LIﬁFN - Primordial matter and anti-matter - -

anti-proton

positron

anti-hydrogen

electron

hydrogen
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‘experimental Techniques and

xperiments

.+ 25/0717 ' . Matteo Duranti .
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)
INFN__ The experimental challenge

DIRECT # EASY |

HEP detectors:
magnetic spectrometers (+/-)
calorimeters, TRD.. (e/p, nuclei)

Particle identification

No atmosphere I:> - Stratospheric Balloons
- Space

25/0717 Matteo Duranti 32



Cosmic Ray Energetics and Mass
(CREAM)
0 966 kg

o Flights: 2004 and 2005 (70 days) and
2007 (29 days), ...

o ISS-CREAM soon on the ISS

Advanced Thin lonization
Calorimeter (ATIC)
0 1636 kg

o Flights: 2000, 2002 (30 days), last in
2007 (14.5 days)

25/0717 Matteo Duranti 33



)

/M Direct measurements: balloons

Transition Radiation Array for
Cosmic Energetic Radiation

(TRACER)

0 1614 kg
o Flights: 2003, 2006 (14 days)

Trans-lron Galactic Element Recorder
(TIGER)

o 700 kg
o Flights in 2001and 2003 (50 days)
o Super-TIGER working since 2013

25/0717 Matteo Duranti 34



Balloon-borne Experiment with

Superconducting Spectrometer
(BESS)

o 890 kg
o Voli: from 1993 to 2004 (BESS-Polar) - /

--rv‘% -

Cosmic AntiParticle Ring Imaging
Cherenkov Experiment (CAPRICE)

o 3500 kg
o Flights in 1994, 1997 and 1998

25/0717 Matteo Duranti



Payload for Antimatter Matter
Exploration and Light-nuclei
Astrophysics

(PAMELA)

o 470 Kg
o In orbit since 15 June 2006

\LL AT

Alpha Magnetic Spectrometer - 01
(AMS-01)
o Same orbit of the ISS and of AMS-02

o 10 days of mission on board the Space
Shuttle Discovery mission STS-91

25/0717 Matteo Duranti 36



)

. Particle-matter interactions

1. lonizations (interaction with atomic electrons)

2. Photon radiation (Bremmstrahlung in the Coulumbian
field of the nuclei) and pair-production (production of
electron-positron pairs in the matter)

3. Transition radiation (production of radiation at the
interfaces between two refractive indeces, proportional
to y 2 important for light particles)

4. Cherenkov effect (particle travelling in a medium with a
speed greater than the speed of light in that medium)

25/0717 Matteo Duranti 37



-

. Particle-matter interactions

1. Time of flight (measurement of the travel time between
(at least) two points)

2. Mass spectrometetry (measurement of the bent
trajectory of a charged particle in a magnetic field)

3. Calorimetry (counting of the particles in the shower
created by the destructive interation of a particle with
matter)

4. Cherenkov rings (measurement of the velocity of a
particle by the measurement of the radius of the
Cherenkv cone)

5. TR detectors (measurement of the y by the energy
deposit in TR photons)

25/0717 Matteo Duranti 38



Nlpha agn,et‘,ic pet'r.orheter,"
- onthe | B

15-02," |
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The AMS-02 'd.eté_cto_r’

Z,. P independently measured by
. Tracker, RICH, TOF and ECAL

Silicon Tracker w\,,%

§ Z, =

.25/07/177 - ' Matteo Duranti |
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INFN N\\MS-02 silicon tracker

Coordinate resolution 10 um

- 20-UV Lasers to monitor inner tracker
alignment

- Cosmic rays to monitor outer tracker
alignment

x10°

120
100
| 80

C 60 ]

[ 40 |

L 20 a

L 0 -
41050 05 1 \

L . N

(400 GV)/Rigidity -1

Rigidity resolution dR/R

10—1__ — Proton MC -
i ® Test Beam

9 layers of double sided silicon microstrip detectors 4 - '”“1"0 - 1:)2 - 1(1)3 -

192 ladders / 2598 sensors/ 200k readout channels Rigidity (GV)
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’NFN,, i Charge measurement from enerqy deposit in AMS-02

Charged particle

Thanks to several energy deposits in
silicon and the High Dynamic Range
of the Front End electronics, the
Silicon Tracker has a very accurate
charge resolution

- ~0.1c.u.

Abundances not corrected for detector
efficiencies, H and He prescaled

lonization Energy Loss oc Z2 é *°‘ ] |
Cluster Amplitude = 2 S, x Z° 0@ % &@@@i
tri -
srips o\ \
Signal Usually Collected by Number o %
of Adjacent Strips (Cluster) §\
"R D M
9 planes - up to 18 measurements A N
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| O 100 GeVp* y=107

0 20Geve y=39100

AMS TRD

P

5 10

15

20 layers of fleece-radiator + straw-tubes to detect
the TR X-rays

25/07/17
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INFN NA\MS-02 TRD e/p separation

310'1;"‘.'.aa.;."'|"'!"""|"'|"‘" ™

E 1 0_2 :E :. .'.... -.f \"l.... ;

© - electroniy proton g

2 107 o P « |

o § N &

o 107 : \

f ; it 1

1071 | | e

: . ]

10°F o "~

FIT PN DN TN 20011 B DR DU S
10 0 02 04 06 08 1 12 14 16 1.8 2 CUT

TRD estimator = -In(P,/(P+P,))

g 140 —_ e Data :I - e ®® 0o o —
q:) - —— Fit to data ) 10% i R ®e U0 S S S O %4 |
> 120 — (e* + e") signal w E . . E
Ll - —— Proton background| [} X E ® .
» o - ° ., |

1 OO — XZ/df =0.55 » 103 = L 4 S B e & R ) .. .............. =

L - E ° =

il © C -

80F c fe - |
60:— ‘g 10 SRR S 01 s 0 £G‘ ........... p :
40f- o [ ISS data 70%— 4 3

- @ 4ol 0%. - _

L L= E =

20 c = 90% 3

: s I :

0 12141618 2 E ! 1o e i

TRD Classifier Momentum (GeV/c)
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INFN  Transtion Radiation to measure the “energy”
~ 1000¢
o -
§ 900
O - o 1SS-p,e ISS data
<DE 8005— (z=1) yf}ﬁw
700:_ " ISS'He O.O(P
- .O@‘P ISS He
600 5
- $
500 o~
- He flux
400~ measurement
- J—— SWith TRD >
B00E e 1TV 10 TV
200% . L] L L llllul| | L1 i...d
2 3 4
10 10 10° 4 _Rrm 10
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)

Lﬂw ~ N\MS-02 Electromagnetic CN\Lorimeter (ECI\L)

p* e* A precision, 3-D measurement of the
Lead foil directions and energies of gammas and
(1mm) electrons up to 1 TeV

Fibers
(¢Imm)

50,000 fibers, ¢ = 1 mm
distributed uniformly Inside 600 kg of lead

N
I

(S}
I
L]
L

Energy Resolution (%)

0 100 200
Energy (GeV)
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N\MS-02 ECNL segmentation

Shielding

HV divider

Front End electronics

AMS ECAL:

Lead foil

9 super-layers
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J

INFN

C

N\WVS-02 ECNL e/p separation

Boosted Decision Tree, BDT:

£ 0.1
S - 19 variables describing s 10°E . E
E, 0.08F 3D shower shape combined '*§ - (b) . T T RRFHN ; -
o B o L i L —
c . protons electrons S:) 104§ *os =
2 0.06[- c E ° §
s | g .l t
- = = B b bbb b=
L 0.04f a '0E E
0.02- 1025 =
O:I Ll Ll l 1l ol | S | | i & L el | 1 I L1 1 | Ll 1 E E
-1 -0.8-0.6-0.4-0.2 0 0.2 0.4 0.6 0.8 1 o A U NN _
protons electrons ECAL estimator - :
m°°12 I [ A I R | I [ R A |
. |—> 1
A - 1 10 10? 10°
N ool fH Momentum (GeV/c)
n I~ Ll Ll
M .08 The Calorimeter thanks to its shower shape
- = . . —r . . .
e F i imaging capabilities can discriminate very
5 0%F 1 sensibly eletromagnetic from hadronic
§ 0.0q- showers
z -
0.02} Combining the ECAL energy information with
the Tracker Rigidity (E/R) the e/p rejection can

protons electrons

E/|R|

be furtherly increased

25/07/17
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INFN NAMS-02 Ring Imaging CHerenkov

Radiator

Reflector

Particle

Aerogel

,/9'45" 1 o ] - -
#7 L B | S 6 ] Fr

o

257

Intensity « Z
0xV

Detectors

b e S

I RS F S0
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N\n \N\MS-02 RICH ion ring
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INFN Up to iron...

il
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~ N - L
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' » AMS¥O"2 aése.rnt}.leid |

channels

ore than 600
oprocessors to

b reduce the rate .
ﬁm@ to 10
Mb/s .

I power
tlon ,
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' Required “performances”

performance ala partlcle phy5|cs .
Ryt hlgh resolution measurements of momentum, velocity, charge and energy |
.' ?---":characterlstlcs to properly work in the space environment:

- Vibration (6.8'G rms) and acceIeratlon (I7 G)
' Temperature variation (day/nlght AT = IOO°C)
Vacuum (10-'9Torr) - :
Orbltal debris and micrometeorites
Radiation (Slngle Event Effect)

. limitation in welght (7 ton) power (~2KW) bandwidth (IOMpbs) and "
" maintenance ik

-
[ ] [} ...

- -compliant with EIectromagnetlc Interference and EIectromagnetlc
- Compatlblllty specs *

.+ 25/072/17 I . Matteo Duranti . | | . .54 |
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16t" May, 2011, 08:56 AM

| weight: 2008t

| AMS weight: 7.5t
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INF "~ A\V1S-02 on the International Space Station *

.

May 19, 2011:
AMS installation
completed!
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" In orbit @ 400 krnfrorn gf_o(qnd %

LAT =-37.6 INC =51.6 =
ALT =230.0 D/N: 0:45:57 #% B i e M _
LON=-52.5 BETA=67.3 &% . = ! ‘
S R i SGMT= 215/12:45: ,0|
= el

L

net

-60
- e e R ) e B——— Ny 5 LR
_The apparatus must be monitored all around the clock. One can build a second
control room” and take benefit of the various time zones S
- IV 1 &V 7 oAy ) \ DV Ou ~AY, £V 19V _
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~ Payload Operation Control Center (POCC)@CE?’(N . b

- — -—

. “In the POCC there’s no night and ¢ él% no-
Sunday or Summer, no Christmas nor

-—No nical Stop or Long Shutdown. The_
detector must be monitor 24h, 365d” S. Ting

¥
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Gammavay Large Area Space Telescope (GLAST)
¥ tegrated on the Space Cralt at Spectrum Astro Space Systems
December 2006
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. ScHer’nai;iC_ Iay_éut' .

anti-coincidence
shield

converter

tracker

‘ . \ calorimeter

a

Measurement:
— Direction
— Energy
— Time

Aanti-coincidencd shield

— ldentify charged particles
Converter

— Enhance the photon conversion into e-e* pairs
Tracker

— Measure the electron-positron trajectories and
hence the photon direction

Calorimeter

— Measure the energy of the two
electromagnetic particles

Count rate (GBM)

. 25/07/17

. Matteo Duranti . .62



ol

o [T [O]

Calorimeter

1zl

(0]

Neutron
oot nC o
Detector — —

| Scintillator.s, Silicon tracker, BGO
. calorimeter, neutron detector |
y-ray telescope + deep calofimeter

— Silicon tracker/converter + imaging
'BGO,calorimeter

> Total ¥33 X, .
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- Important results
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INEN__ rositron fraction

c
2
2
x H v" No evidence of
®
5 + structures
% v’ Steady increase up to ~
& 275 GeV
" PAMELA v" Well described by a
~ AMS.01 power law + cut-off

HEAT

TS93 term, common for e*/e-

CAPRICEY%4

0 ] 1l ] oo gl L Lol ] L
1 10 102 10°
Energy [GeV]
L Q)
e Unexpected raise “discovered” by 3 %%'F | MHMMM
S -
PAMELA S of—+ -
* Confirmed by FERMI and AMS-02 & -0.001 F- +{* * Data
. . - = Fit c-log(E/E,)

« Measured with high accuracy by . A

AMS-02 " 10 10°

Energy [GeV]
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Positron and electron fluxes (AMS preliminary)

250
AMS-02 preliminary results: £ 3 200
(Please refer to the forthcoming &=
AMS publication in PRL) @ o
cx 150
g8
. O x
Electrons and Positrons 5E o0
[0.5 - 700] GeV -
50
5—2.2: ——— : : ]
2_2_4 :‘*_+++ |Z| Positron @ =ceV 3
(:3;—2.6;— *:+ IZIEIectron . —;
c%‘ _o8F +$+ m#,,muﬂu ++4+++++HH 3
3 L iyttt 4 *l =
_3-22_ m""mw “,..onumMHH* ) _i
—3.4 -
3.6 -
_3.80 Energy [GeV] =
10 107 10°

. AMS (2016) 60 months s
B ~ 17.5 million e”e* events .
B 16,500,000 it .
— electrons +{{}+ Hﬂﬂﬂ*ﬂ H P
B t } i
- + mﬂ*ﬂ {M ]
B + ﬂﬂﬂ W'l |
— + {ﬂ *Ill'} 115
N + +T*#**T} B
- t ot } |
- +++}+++*+*”***++H’**’*" ity ]
B t 3t —
- e | o
B s |
B . .
- H ' — 5
- o e* energy [GeV] i
K |.| |.| i ) ol | —]

1 10 102 10°

The two fluxes of et and e are
significantly different in absolute value

and energy dependence

Positron Spectrum

The positron “raise” is due to an excess
of positrons, not to a lack of electrons
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AMS-02 preliminary results
(Please refer to the forthcoming
AMS publication in PRL)

Electrons and Positrons
[0.5 - 700] GeV

> —2.2 ! - !

D C

£-2.4f,

S _26F =

S ogf =

& '3;_ E The two fluxes of e* and e are
aof E significantly different in absolute value
aab E and energy dependence
—3.6[ = The positron “raise” is due to an excess
-3.8F ., Energy[GeV] 4 of positrons, not to a lack of electrons

10 102 10°
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)
INFN Electron + Positron flux

400
350
300
250
200
150
100

50
0

o  AMS-02

o  ATICO1&02
O  BETS04
BETS9798
Fermi-LAT (2017)
HEAT

H.ES.S.

O  HESS.(LE)

**i“ '\%wd §!rjl%¢ éL

H R RN * r{,
+**" | } h

b

>

E} x @ (GeV2[ m?srsec T

_,_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

1 10 107 10°
Energy (GeV)

-
===
>-.-

New measurement from Fermi:
- The “ATIC peak” has been ruled out
- New measurements expected by AMS, DAMPE, CALET ...




L'yN . N\nti-proton/proton ratio
O || I || || || || I || || || || I || || || || I || || || ||
.c% - 3.49 x 10° antiprotons
= _ } 2.42 x 10° protons
= o LRI ST B

10
- AMS-02 o
10°F ggl\sn:-l_ilaru %’“’*
2 | p ,ﬁ#"’*ﬂ
2 pit
IS ﬂ}*ﬁi"f AMS'02
107 10°g Wt - PAMELA
2B ”H \‘lL . Kinetic energy [GeV]
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INFN__ Proton and Helium (PANMELA)

T TTTTTI T TTTTT T TTTTTT T T TTT
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X i i
z & IMAX (1992) CAPRICE (1994)
= » X 0] CAPRICE (1998) & AMS (1998) .
‘ﬁ O ATIC-2(2007) % BESS (2002) 1 03" .
102 «  CREAM (2004-2006) JACEE (1994) | 10 1 11 Illl"li]2 1 L1 llll_;i)s 10 1 11 llll1li)2 1 L1 llll1ll)3
RUNJOB (1995-1999) ®  PAMELA . R (GV) R (GV)
PAMELA systematic error band i
Coovnnl vl sl
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E (GeV/n) Science, 2011
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-

N Proton and Helium (AMS)

Two power-laws RY,Rv*1 with a transition rigidity R, and a
smoothness parameters: this well describe the experimental data:

R Y R Avy/s s
p=—C ") 142
(wev) | ()|

3 3

R ido- T | TTT ] 3.51(1(? - T T T T T oo M
1->14 :_ et %2 /NDF=25/26 _: . - %2 /NDF=25/27 ]
D12f | 1 7 :
1) C N - :_ ‘“u“““ﬂ _:
310 - “ 4 - 2.5 i ‘0‘4» W
& 8 [y = 2.849* 0 fit)" O (sys) 4y\ q 2 Ay s
Ef N SO, B = —2780H0.005(ft)£0.001(sys)
R _ +0. - \40. a el . -
E E Ay =0.1337 ““(fit), - (sys) E 1 E Ay = 01197003 (fit) T ooe (syS) ]
o - . _ +35 04\ 133 —
o R, = 33675 (fit) 5 (sys) [GV] ] B Bo = 245T5(fit) y(sys) :
X ¢ N - . ~ =
2 F ~ Rigidity [GV] I Ba: Rigidity (F) (GV] o

1 10 102 10° 10 102 10°

25/0717 Matteo Duranti V4



Lﬂw Secondary CRs: Boron to Carbon flux ratio (AMS)

The flux ratio between primaries (C) and secondaries (B) provides information on
propagation and the ISM:

0-4 L | ' L | l11l T :Ii-llll T IA.
0.3 %ﬁﬁﬁ?@ﬁi@ million nuclgi
t‘)&'{o
0.2 B ’ v(?{j:-+ -
Y,
o C2/HEAO3 1 \N*“w
% 0.1 L O Webber et al. YETH =
~ A CRN/Spacelab2 F {- ) SRRt
_ o AMSO1 U* )
o ATIC02
0.05F | cream- -
0.04 | TRACER i
PAMELA A
0.03 , Awmso2 -
0.02 el el el M T
1 10 107 10°

E, [GeV/n]

25/0717 Matteo Duranti 72



)
INFN Other secondaries: Lithium (I\I\IIS)

Lithium (secondary) exhibits a double power law
behavior as for the primaries

= C ™ T T
o i AMS
A 1 Million
o ! Lithium  _
S Events
~
S 10}
G
N i
AN
m _.
X 2 e
X
=
1

10

102

Rigidity [GV]
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New |deas to mcrease the statlstlcal and
energy reach

.+ 25/0717 ' . Matteo Duranti .
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' 'C'a’l:o-C'L,J‘be

* « Exploit the CR |sotropy to maX|m|ze the effectlve geometrical factor, by usmg
- all the surface of the detector (almlng to reach Q 411)

‘-",--'I_'he’ _calorlmeter _s_hould be.hlghly- |sotrop|c and'hompgenéoys . A X

CR -

" CR

CR
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INFN NLNDINO - Calorimeter
K amie
Weight~(2000+300) kg o~
N. crystals: ~20.000 s

LYSO

I\
o

Basic crystal:
hexagonal base
prisma

X
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)
NALNADINO - Magnet

INFN
R, i
Benefit from the R&D of high temperature
superconducting magnets (MgB,) for space
applications (T = 10+20 °K)

AL D6.9 x60 1T mm

SEM2_4537
BANDELLA Cu-Al

300 cm
Gm———- -- -- -—>
tracker
-
¢”’
>
-
Ptod
A
zone for c zone for.
mechanical structures 2 Z mechanical structures
a < a
. and services Y and services
EXINGEr s e
axis
95cm
e >
- >
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L ALADINO

Calorimeter acceptance ~9 m”sr
Spectrometer acceptance ~3 m” sr
Spectrometer Maximum Detectable Rigidity >20TV
Calorimeter energy resolution 24% + 35% (for nuclei)

2% (for electrons and positrons)
Calorimeter e/p rejection power

/ ///I’l'.l".
e eaaan,

.

1} L

|

(]

U

)

I T Ty
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~ 2-126iugno1998: '
/\T\nS 01 sul Dlscovery ST591
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. IO glornl "di presa dati in or-blta
- 400'Km di altltudlne .
Iatltudml <51.7°
‘tutte le Iongltudlnl .

¢ I.Osieve_ntl acquisiti

e risultati di fisica
(Phys Rep. 366 (2002) 331)
 misure di precisione dei flussi
» prlmarl ' h o .
| rlveIaZ|one di particelle |
secondarie (quasi-trapped)
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Llﬁm Una nuova collaborazione che iniaia..: *
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New H.E.S.S. cosmic-ray electron spectrum
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E>? fluxm?sr's 'GeV*?)

Total Electron Spectrum up to 1TeV

Energy scale is determined by absolute calibration using
cutoff rigidity (difference from MIP calibration is +3.5%)

102_

gray band shows systematic uncertainty

of our measurements excluding
uncertainties in absolute energy

-8

CALET Preliminary (Accej

Fermi-2017 (HE+LE)
AMS02-2014
PAMELA e +
ATIC-2008
PPB-BETS-2008

o«Qr0 ¢

the
scale.

— 536days, 55% of CALET full acceptance
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ISS-CREAM Instrument

Ahn et al., NIM A, 579, 1034, 2007; Anderson et al., Hyun et al., & Seo et al. 33 ICRC, 2013

=,

Carbon Targets
* |nduces hadronic interactions

Silicon Charge Detector (SCD)

* Precise charge measurements with SCD

charge resolution of ~0.2e
* 4 |layers of 79 cm x 79 cm active C-targets .
area (2.12 cm?pixels) & o

Calorimeter

» 20 layers of alternating
tungsten plates and
scintillating fibers

* Determines energy

* Provides tracking and
trigger

Top/Bottom Counting
Detector (T/BCD)

* Plastic scintillator
instrumented with an array
of 20 x 20 photodiodes for
el/p separation

Boronated Scintillator
* Independent trigger ’ Detector (BSD)
\ » Additional e/p separation by

detection of thermal neutrons

CREAM Eun-Suk Seo
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CHD-FEC PMT SCIN
. ——s — } cip - CHarge Detector (CHD)
MAPMT = — —" (Charge Measurement Z=1-40)
{=w| |
VA Chip e \ L — :
Asserbly SSECH |ér1 = ‘ > Mc - Imaging Calorimeter (IMC)
IMC-FEC -~ ; i (Particle ID, Direction)
{ , _ ' SciFi
................ 1 > Total Thickness of Tungsten (W): 3 X, , 0.1 A;
it T Layer Number of Scifi Belts: 8 Layers x2(X.Y)
PMT-—§ = R -
S mRE | s ~— TAsC - Total Absorption Calorimeter (TASC)
. ! - e (Energy Measurement, Particle ID)
5 | 54 o
PD/APD — - PWO 20mm x 20mm x 320mm
— Total Depth of PWO: 27 Xo (24cm), 1.2 A
PWO
CHD IMC TASC
(Charge Detector) (Imaging Calorimeter) (Total Absorption Calorimeter)
Function Charge Measurement (Z = 1 - 40) Arrival Direction, Particle ID Energy Measurement, Particle ID
SciFi : 16 layers PWO log: 12 layers
Sensor Plastic Scintillator : 2 layers Unit size: 1 2ay448 Unit size: 19 - 20lay 326
(+ Absorber) | unit Size: 32mm x 10mm x 450mm it Size: fmm= X 43¢ mm it size. T9mm X 2umm X S26mm
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)

TAUP - Torino, September 8, 2015

P. S. Marrocchesi




