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Direct detection experiments

Grigorev expt’s (satellite, 1968) Discovery of the knee in p spectrum
HEAO-3 (satellite, 1979) Elemental spectra up to 0.1 TeV/nucl
‘Chicago egg’ (Space-lab, 1985) Elemental spectra up to 1 TeV/nucl
JACEE (>15 flights, Long Dur. Ball.)

RUNJOB (>10 flights, ~Long Dur. B.) Elem. spectra -10**15 eV/nucleus

ATIC (1 Long. Dur. Ball. + Ultra LDB)
CREAM (Ultra Long Duration Ballooning)

RED: balloon borne experiments
VIOLET: satellite borne experiments
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In coincidence with the preparation of the SHUTTLE fleet:
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AMELA conceived as a CR ‘Observatory’

n the limited mass volume and power imposed by satellite)

X Optimized MDR vs GF (focus on antiparticles)

X Quasi polar orbit +
low instrumental threshold Down to SEP events energy
(both side read microstrip Si sensors)

X Intensity and uniformity in the magnet gap (clean pattern)

High acquisition rate (>100Hz) (fluxes in rad belts and SAA)
X High granularity imaging calorimeter (e/p, energy ‘extention’)
Shower tail catcher +
neutron hodoscope

Multi (=0.2ns) ToF (low E meas., isotopes)
Full coverage anticounter system (clean events)

(e/p separation)

and .... long duration mission (Solar min + toward Max ascent)
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ltems of CR physics possible to reach with PAMELA instrument:

item ‘flag’ results
ntiparticle spectra Positron fraction increases witi
tinuclel antiHe/He limit on wide E rar
p, He, ions E spectra p & He ‘2’ indexes, Ep-> 10xM
ght isotopes E spectra B/C ra
EP Energy tail study Dec 2006 event, E tails of SE
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eliosphere ‘modulation’, HVIF
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BESS Spectrometer Progress

BESS01,02

BESS-93,94 BESS-95 BESS-97,98 BESS-9900 2 BESS-TeV

Larger Vessel

o==300 ps | orec=110 ps | 010¢=70 ps Shower
Aerogel C Counter
f n=1.03 ZXo Lead
b 0.2-35 GeV| e/u sep.
B n=1.02
 p02-06 GeV | p 0.2-1.4 GeV p 0.2-4.2 GeV| p 0.2-4.2 GeV

=>Future

BESS-Polar

arger Vessel

New ODC's
ew JET/IDC's

/He up ta 1 TeV

No Vessel

New Mag
(ultra thin)

p01-42 GeV

BESS improved in every 9 successful flights
Maximizing advantages in Balloon Experiments



BESS-Polar Program

Status of the BESS-Polar | Flight
Observation Time: 8.5 days
Float Time: 8.5 days (12/13/2004-12/21/2004)
Events recorded: > 0.9 x 10°

Data volume: ~ 2.1 terabytes
Data recovery: completed 2004
Payload recovery: completed 2004

Status of the BESS-Polar Il Flight
Observation Time: 24.5 days

Float Time: 29.5 days (12/23/2007-01/21/2008)
Events recorded: > 4.7 x 10°

Data volume: ~ 13.5 terabytes
Data recovery: completed Feb 3, 2008
Payload recovery: completed Jan 16, 2010

Makoto Sasaki, Antideuteron 2014, UCLA




BESS-Polar II: Lower Energy, High Statistics
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BESS
roton Measurement

BESS-Polar Il Z=1 Particle Id Antiproton Spectrum

# BESS-Polar IT
m PAMELA
& BESS95497

» 1/300

for positive rigidity

=
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)

Antiproton Mlux | m2srlelGev)

—1 Mitsui et al. Leaky Box
Force field ¢=600 MV

~"~ 21 Bieber et al, Leaky Box
J l 5 imterpolated} Drift model TA=15%A<0)
. ¢ e 'Y --= % Berestrom et al. Simplified 2-zone diffusion
-7886 j k- Tl = Force field ¢=500 MV
Antlpmtnns e . ek N --- 4 Donato et al. 2-zone diffusion
. = : e e Force field $=500 MV
--- & GALPROP Plamn diffusion
Force field ¢=600 MV

==& Bieber et al. Leaky Box
Drift model TA=10%(A>0)

1

Rigidity (GV) Kinetic energy (GeV)

-MDR 240 GV, TOF 120 ps, ACC rejection ~ * BESS-Polar Il and PAMELA
6100 spectra agree in shape but

_ : : differ ~14% in absolute flux
*/886 Antiprotons ~10-20 times previous « Both agree in shape with
Solar minimum dataset secondary




Satellite Missions and LDF

BESS
Polar I 23-12-20(
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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
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AMS: A TeV precision, multipurpose spectrometer

TRD Particles and nuclei are defined by their TOF

Identify e*, e-
:: o charge (Z) and energy (E ~ P) |

e _Aidse=

Silicon Tracker

Tracker, RICH, TOF and ECAL
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Dark Matter or Pulsar?
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Antiproton-to-proton ratio
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A Challenging Puzzle for Dark Matter Interpretation
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Proton and Helium fluxes
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Flux x R%” (m? s sr GV) 'GV?’

Proton and Helium fluxes
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Flux x E*" (m” s st GeV) "' GeV*’

Proton and Helium Nuclei Spectra
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AMS proton flux
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Flux * R%7 (m2s'sr'GV')

AMS-02/PAMELA flux ratio

PAMELA vs AMS-02 proton spectrum
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AMS Helium Flux
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Flux xE (m ssr) (GeV/n)
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Boron and Carbon fluxes
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Hydrogen and Helium Isotopes
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Electron flux x E* (s™ sr' nr2 GeV?)
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Dark Matter Explanation
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Pulsar Explanation

0901:025,2009; arXiv:0810.1527
Contribution from diffuse mature

T - D. Hooper, P. Blasi, and P. Serpico, JCAP
{H &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. 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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p/p ratio

Antiproton to proton fraction

Secondary production
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Cosmic-Ray Antiprotons and DM limits

1073 : :
¢ PAMELA 2012
¢ AMS-02 2015

— Fiducial
Uncertainty from: m% Cross-sections

Propagation
I Primary slopes
Solar modulation
1 5 10 50 100
Kinetic energy T [GeV]

6. Giesen et al., JCAP 1509 (2015) 023,
arXiv: 1504:04276
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e at Bremsstrahlung, Synchrotron,
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Heliospheric conditions during PAMELA observations
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Solar modulation

(statistical errors only)

Interstellar spectrum
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Solar modulation in the heliosphere
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December 2006 Solar particle events
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GOES Space Environment Monitor
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Solar Physics

Solar CR propagation

Solar Energetic Particle events (SEPSs)

ton detection threshold

tron detection threshold

80 MeV

50 MeV

-Solar modulation effects
-High energy component of Solar
Proton Events (from 80 Mev to 10 GeV)

-High energy component of e- and e+
in Solar Events (from 50 MeV)

+ Nuclear composition of
Gradual and Impulsive Events

+ He 1sotopic composition

Three Messengers, 29/08 - 3/09/20
Listyanka (Russ
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Terrestrial physics

Magnetosphere
Radiation belts & SAA
Interactions of CRs with the atmosphere

Three Messengers, 29/08 - 3/09/20
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Proton spectrum in SAA, polar and equatorial regions
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Primary and secondary spectra: magnetic Equator
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Primary and secondary spectra: Intermediate latitudes
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Inner Yan Outer Yan
Allen Belt Allen Belt

N/

Magnetic Field Lines

Anti-proton radiation belt

driani et al., ApJL 737 (2011), L29
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General Antiparticle Spectrometer
GAPS
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ISS-CREAM Instrument

Carbon Targets (0.5 A, ;)
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

i Boronated
grlzgt: gllgcslteisc’: Scintillator
scitillator for Detectqr_

e/p separation - Additional e/p
- Independent separation
Trigger - Neutron
signals

Launch 2017



CALET

CAlLorimetric Electron Telescope
Main Telescope: CAL (Calorimeter) &8

CHO - FEC ScBar

ECTagy .

450 mm
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Vi Chp Asg

W~ FEC

V - 10TeV _
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Expected Performance
{ from Simulations and/or Beam Tests)

SQ:
1200 cm?sr for electrons, light nuclei
1000 cm?sr for gamma-rays
4000 cm?sr for ultra-heavy nuclei*
* for E = 600 MeV/nucleon
AEJE :
~2% (>10 GeV) for e's, ¥'s
~30 % for protons
e/p separation: 1073
Charge resolution: 0.15-0.3 e

Angular resolution: ~0.1° e's, y's

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

Function Charge Measurement (Z=1-46) Arrival Direction, Particle ID Energy Measurement, Particle 1D
Sensor Plastic Scintillator : 14 x 1 layer (x,y) Seifi - 448 x.B Iave:s boy) =7168 P"?'O.I""f': 16 x 6 layers (x,y}= 192
(+ Absorber) Unit Size: 32mm x 10mm x 450mm Unit size: 1Imm* 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




DAMPE -Dark Matter Particle Explorer

Plastic Scintillator Detector

Silicon-Tungsten Tracker\‘

BGO Calorimeter

— 10 TeV for electrons
ov - 100TeV CR

W converter + thick calorimeter (total 33 X,)

+ precise tracking + charge measurement =
high energy y-ray, electron and CR telescope




GAMMA-400

500

electronics

$1(TOF)

Yo 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 cm? — 22x22x10 = 4840

connection

truss



HERD Design: 3D Calo & 5-Side Sensﬁwe%

About a factor 10 increase in statistics £

respect to existing experiments with a
weight 2.3 T ~1/3 AMS

STK(W+SSD)
Charge

gamma-ray direction
CR back scatter

3D CALO
e/G/CR energy ! e
STK(W+SSD) e/p discrimination

Shuang-Nan Zhang, 3" HERD Workshop, XiAn, Jan 2016
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Spectrum of Elerﬁentary Particles e*, p, p
have identical energy dependence above 60 GeV
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Dependence of Elementary Particles from Energy
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Flux Ratios p/e* and p/e™ are also
energy independent in the interval 60—-450 GV

P/ ratio
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Unexpected Result
Flux Ratio of Elementary Particles p/p
is energy independent above 60 GeV
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Flux Ratios p/e~ and p/e- are not

energy independent in the interval 60—450 GV
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