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IGOR V MOSKALENKO — STANFORD

and the GALPROP team

Timeline of y-ray, CR, and particle experiments

| - Over the last 15 years
g the number of
Mo experiments in space
l : — and on ground looking
: at GCRs and gamma
% Clacie rays is increased
- dramatically.
> :
? m * |nterest in the field
_ macR nte
= . CREAM
e + New data
>
O L
" BESS-Polar | Super-T1 » New discoveries
Me

2010 2015 2020

35th ICRC » gusQlQ§uly 12 -20,2017 :: IVM 2
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Open questions to address:

* |Indirect search of Dark Matter in multiple channels (e+,
antiP, antiD, gammas ...)

Talk Covers:
Balloon and space
particle detectors

* Anti-matter In space

 GCR composition, acceleration and their maximum
energy

L eaves out: Gammas
and ground experiments

. . | (covered by various
* GCR sources and anisotropies -> Gamma rays (Fermi talks at TeVPA)

and ground experiments)

 GCR propagation in the galaxy and in the heliosphere

TeVPA 2017 - Veronica Bindi - University of Hawaii 3



Status at the beginning of 2000s

In the past, extensive campaign of dally balloon flights has been done:
Wizard (MASS, TS, CAPRICE), BESS, HEAT, IMAX...,

High-statistics measurement of

antiP@low energy->BESS-Polar antiP and e+ measurement @ high energy
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Balloon and Space experiments: protons
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Measurements from
balloons In the past have
been mostly limited In
statistics due to the short
observation time.

Space experiments (or
Long duration balloon
flight) with long exposure

time and large acceptance

are the new standard.

The need of precise

measurements led to
PAMELA and AMS
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Mass: 6.7 tonnes
Height: 7.4 m

Solar array area: 36 m?

PAMELA (2000 -2015

U
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|
A
3 IR
:
: !

GF:21.5cm?sr
Mass: 470 kg

Size: 130x70x70 cm?3
Power Budget: 360W

-+ -
Time-Of-Flight ToFeh
plastic scintillators + PMT: “ T
: ANTICCINCIDENCIE
- Tngger (CARD)
- Albedo rejection; Dl — AFTIGOINGIDENGE
- Mass identificationup to 1 GeVv;|  T0F 2 g (ah)
- Charge identification from dE/dXf.
) N z
Electromagnetic calorimeter ANTICOINGIDENCE RERLTRGEIE
W/Si sampling (16.3 X0, 0.6 Al) (cA8)™ S -
- Discrimination e+ / p, anti-p/e :
(shower topology) TOF (S3)
- Direct E measurement for e \ / :
CALORIMETER
|
Neutron detector I
s4 [ B |
- High-energy e/h discrimination sevector |
|
Spectrometer |
microstrip silicon tracking system + permanent magnet |
It provides: )

- Magnetic rigidity = R =pclZe
- Charge sign
- Charge value from dE/dx

TeVPA 2017 - Veronica Bindi - University of Hawaii 6



AMS (2011-2024

TRD TOF
Identify e+, e- Particles and nuclei are defined by their

charge (£) and energy (E ~ P)

GF ~ 0.45 m2 sr (450 cm2sr with ECAL)
MDR ~2 TV

e A P .., P,

e

- .

150 -100  -50 0 50 100 150

TeVPA 2017 - Veronica Bindi - University of Hawaii 7




Current Positron Fraction
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The excess is really there and now we have the new challenge:
Dark Matter annihilation or contribution from nearby young pulsars?

TeVPA 2017 - Veronica Bindi - University of Hawaii

10°

->Talk D. Gaggero TeVPA 2017
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Antiprotons/Protons

G.Giesen el al arXiv:1504.04276
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4 10° 53 1 3 T | Solar modulation
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Cui et al ’17 and Cuoco et al ‘17 use AMS-02 antiproton data and B/C or the Helium flux to set limits
on DM annihilation. Both papers claim detection of a possible excess due to DM annihilation.

Stay tuned!
TeVPA 2017 - Veronica Bindi - University of Hawaii  ->Talk D. Gaggero TeVPA 2017



Antiproton at low energy

BESS Flights

9 Northern latitude balloon flights (~1 day) / 2 Antarctic flights
ESS-Polar 1, 11

2001-2002

BESS-93,94 BESS-95 BESS-97,98 BESS-99,00

©
©

# of p events: 6;2 43 415; 398 668; 558 166

Dec. 13", 2004
8.5 days
9 x 10% events
37-39 km (5-4 g/cm?)

Dec. 23", 2007
24.5 days
4.7 x 10° events

~36 km (~5 g/cm?)

5 times more events recorded with BESS-Polar II.

=) Significantly reduces statistical uncertainties for H and He isotope flux measurements.

BESS-TeV B

BESS-Polar | BESS-Polar Il
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Fligh-t Trajectory

T Bieber model: Drift 15°(-)

p/p ratio

104
New Polar2 UM

New Polar2 UL
o  AMS-02
o PAMELA
o BESS95+97

lllllll

|

— Miyake model: Drift ICRC2017 SH106)

------ Mitsui model: Force Field ¢ =600 MV

UM antiproton/proton

. ratio measured by BESS-
- .»” - PolarII together with
sz BESS-Polar 11 UL
e measurement

1073

-
."
-

10°°

* UM & UL antiproton/
proton ratio show good
consistency with
the model calculation.

BESS confirms PAM
extends the measu

TeVPA 2017 - Veronica Bindi - University of Hawaii

Kinetic energy (GeV)

LA and AMS data and

rements at low energy.
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Antl-nuclel

Most stringent limit of AntiHe/He paced so far from BESS-Polar Il on anti-He
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Antihelium/helium flux ratio
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Abe et al PRL 131301 (2012)
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Badhwar et al. (1978) BESS-TeV

Golden et al. (1997)

Buffington et al. (1981)

[BESS '95] J. F. Ormes et al. (1997)

[BESS '93 "94 '95] T. Saeki et al. (1998)
10—

[AMS] J. Alcaraz et al. (1999)

[BESS 93 - "00] M. Sasaki et al. (2002)

BESS-Polar | PAMELA

BESS-Polar |l

ALL BESS Results
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Anti-Helium from AMS

 To date AMS has observed a 5 Anti-He events, with Candidate Events
: , , S.C.C. Ting, CERN Colloquium,
mass around SHe, at a rate of ~1 an antihelium in hips:/findico.cem.chievent/562562/
100 million helium.

* |t will take a few more years of detector verification
and to collect more data to ascertain the origin of
these events. At a signal to background ratio of one
in one billion, detailed understanding of the
iINstrument Is required.

e Studies on anti-deuteron are ongoing.

TeVPA 2017 - Veronica Bindi - University of Hawaii 12



Anti-Deuteron

T. Aramaki et al., Astropart. Phys. 74, 6 (2016)

=102

—~ neutralino (SUSY)

< > — m,= 30 GeV GAPS

> . BESS limit X

$10°F  eswer 1 LZP (UED) Dark matter search

~— _ m - e . .

T 104 graiting using low-energy antimatter

‘;n AMS (decay)

n m =50 GeV

Né 10> AP AMS astrophys. |

E R, background Long-duration balloon (LDB)

3106 0% flight in Antarctic — low

uc' geomagnetic cutofft.

©107 L

o F
cecorda —’-31’/—' Now approved by NASA for
backgrou?/]d = e funding and launch in late 2020
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GAPS

T. Aramaki et al., Astropart. Phys. 59, 12 (2014)

®  BESSANIT p'ima':" y “ Neutralino
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GAPS has also the capabillity for detection
anti-He and studies to estimate the
sensitivity are on going.
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CREAM - is there an hardening in the spectra?

CREAM spectra harder than prior lower energy measurements: P, He and heavy nuclei.

SevenBalloon Flights in Antarctica: ~191 days Cumulative Exposure

CREAM-I|

CREAM-II CREAM-III
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B hn W, , i" e I e X P s \
8 % ] |
K *’ A P Za
e ¥/ G SN
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19 days 13 hrs 3/ days 10 hrs 5 days 16 hrs 30 days 2 hrs
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Confirmation of P and He hardenmg

x10°
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-=ERMI-LAI protons

; ACD
/ Segmented
scintillator tiles

0.9997 efficiency

Si Tracker
pitch = 228 um
8.8 10° channels
12 layers x 3% X,
+ 4 layers x 18% X,
+ 2 layers

Grid (& Thermal
Radiators)

4 Lo/ 2800kg, 650 W
L2 1 18mx18mx1.0m
20 MeV - >500 GeV

Csl Calorimeter
Hodoscopic array
84X, 8x12bars
2.0x 27 x33.6cm

=> cosmic-ray rejection
—> shower leakage
correction

Flight Hardware & Spares

16 Tracker Flight Modules + 2 spares
Data 16 Calorimeter Modules + 2 spares
acquisition 1 Flight Anticoincidence Detector

Data Acquisition Electronics + Flight Software

2 hardening contirmed by FERMI-LAT
Jsing 7 years of LAT 2008-2015
—xtend space-based measurement to 9.5 TeV

TeVPA 2017 - Veronica Bindi - University of Hawaii

E=’ x J(E) [GeV'sTm2 sr]

Does not include energy uncertainties

e CREAM-I (2005)

O | ATIC (2003)

m AMS-02 (2011-2013)

]+ PAMELA (2006-2008)
Fermi-LAT (2008-2015)

David Green, ICRC 2017
PRELIMINARY

10° 10° 10*
Energy [GeV]
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AMS Protons, helium and higher nuclel change
thelr benavior at the same rigidity.

«10° A. Kunine ICRC 2017 x10° A. Kunine ICRC 2017
H15 T T 1 llll‘ll T T Hﬂllr] T T r_itl'tll 1—F6.0
- AMS }
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0 |l 10
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AMS measured a smooth hardening above 230 GV for heavier elements at the same rigidity.
Why the hardening? re-acceleration at the source? propagation? nearby source?

TeVPA 2017 - Veronica Bindi - University of Hawaii 18
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o C2/HEAO3
g 0.1 Webber et al.
A CRN/Spacelab2 | """y -~ """
AMSO01 |
-1 ATIC02
0.05 CREAM-I
0.04 TRACER
PAMELA
0.03 AMS02 PRL 117, 231102 (2016)
0.02 - -
1 10 10 10
E, [GeV/n]

The B/C ratio does not show any significant
structures and it Is described by a single
power law. (Exclude some propagation
models). Other secondaries/primaries will be
studied.

TeVPA 2017 - Veronica Bindi - University of Hawaii
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Li7/Li6 Ratio

F N
T

AMS-02

-> Talk F. Giovacchini TevPA 2017
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|sotopes: HELIX 19Be/®Be

To fly in 2019 with LDB

N. Park ICRC 2017

~
TopTOF o 0.6 T g 05pm _ s
5 @ ISOMAX TOF I. Moskalenko - “AMS02 Days” | E 045:_ -
05+ ®m ISOMAX CK e T TE - HELIXStage :
0 ACE 0.4 =
04 - ©O Ulysses 0355_ _5
Wane: 8 Voyager 1, 2 T F =
Y, 2 o3l © IMP-7/8 03 —— E
Drift. 9‘3 > ISEE-3 0255_ _;
Chamber - 02 I : E E
Bore “" - : &{L — Al 0-2:_ ] % —:
Bottom TOF. \\P:f.dle 0.1 - = ) ':. SHEUSVE 1810 model — 0-15;_ g - Diffusive halo model —;
-~ - - .= Leaky box model - - Leaky box model -
ol ... oo Ll 1 01" " HELIX Stage E
102 107 10° 10° 0.05:11 1 [ S S B B | ] [ R S B B B -
. 10" 1 10
HELIX stage detector configuration E i (GeV/n) E/nuc [GeV]

10Be : Unstable isotope w/ known half life of 1.5 x 10° yr

= 10Be /9Be ratio provides strong constraints for the propagation models

TeVPA 2017 - Veronica Bindi - University of Hawaii 3



Need to extend to higher energies

To search tor spectral features from nearby/young sources and acceleration effects in the TeV

range.
Yoon et al. (CREAM Collaboration) ApJ 839:5, 2017
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DAMPE

DAMPE collaboration ICRC 2017

L_aur_mhed. December 2015 with a rocket 3 | Preliminary P |
Lifetime: greater than 3 years o % | i
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DAMPE collaboration ICRC 2017
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TeVPA 2017 -

NUCLEON apparatus is placed on
board of the RESURS-P regular satellite |
as an additional payload. The
spacecraft orbit is a Sun-synchronous

one with inclination 97.276° and an
average altitude of 475 km.

Lanched December 28, 2014.
Switched on January 11, 2015.

Flight test January-February 2015

From March 2015 up to now - regular
measuremetns

Lifetime: more than 5 years

Vessel: q
‘:':.‘!

Weight ~360 kg

Power consumption sy |
~160 W -

Telemetry ~10 GB/day A&

T
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NUCLEON: 2 years of data (prehmmary)
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CALET

15 months of observation from December 1st, 2015 to February 28th, 2017

* subset of total acceptance: acceptance A (fiducial) with S = 416 cm? sr

 Assessment of the systematic errors: IN PROGRESS

CHD-FEC PMT SCIN

MAPMT |

/A Chip

\ssembly 1 5

IMC-FEC T

—

PMT

&

§ TASC-FEC

PD/APD

BASE PANEL

PWO

AHON 3

— CHD - CHarge Detector (CHD)
(Charge Measurement Z=1-40)

> mc - Imaging Calorimeter (IMC)
(Particle ID, Direction)

Total Thickness of Tungsten (W): 3 X, , 0.1 )"1
Layer Number of Scifi Belts: 8 Layers x2(X,Y)

— Tasc - Total Absorption Calorimeter (TASC)

(Energy Measurement, Particle ID)

PWO 20mm x 20mm x 320mm

Total Depth of PWO: 27 X, (24cm), 1.2 A,

TeVPA 2017 - Veronica Bindi - University of Hawaii

CALET Energy reach in 5 years:

Proton spectrum to = 900 TeV

He spectrum to = 400 TeV/n

Spectra of C,0,Ne,Mg,Si to = 20 TeV/n
B/Cratiotox~4-6TeV/n

Fe spectrum to = 10 TeV/n
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CALET

CALET collaboration ICRC 2017
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CALET (5 years)

Nicely bridge the low energy measurements with the high energy

measurements and extend them close to the PeV.

CALET collaboration ICRC 2017
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|SS: new cosmic ray observatory

CALET Launch
August 19, 2015

TeVPA 2017 - Veronica Bindi - University of Hawaii
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| SS C R EA Protons to iron individual energy
- spectra from 1 TeV to 1 PeV

To be installed on the ISS
by SpaceX-12 in 2017

= Mass: ~1392 kg
Power: ~ 550 W
Nominal data rate:
~350 kbps

The CREAM payload has been transformed for accomodation on the
International Space Station, in order to increase the exposure by
one order of magnitude wrt ballon flights

, r‘: —

TeVPA 2017 - Veronica Bindi - University of Hawaii ' | 3




HERD: HIgh Energy cosmic Ray Detector

CSS (2022-2025)

Large acceptance,

deep, 3D ca

orimeter,

equipped with silicon
tracker and plastic
scintillators, onboard
the CSS for long
duration mission.

—~10 GeV to the PeV

Item HERD

Energy range(ely) 10 GeV - 10 TeV (ely)
0.5GeV - 10 GeV(y)

Energy range (CR) 30 GeV - PeV

Angle resolution

0.1 deg.@10 GeV

Charge measurement

0.1-0.15c.u

Energy resolution (e) 1%@200 GeV
Energy resolution (p) 20%@100 GeV-PeV
e/p discrimination ~106

Geometric factor (e)

3.8 m?sr@200 GeV

Geometric factor (p)

2.6 m2sr@100 TeV

TeVPA 2017 - Veronica Bindi - University of Hawaii
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et| e
(present data)

e* <300 GeV
e <625 GeV

FERMI

e* <500 GeV
e <700 GeV

AMS-02

NUCLEON -

et+e-
(Energy range)

1-700 GeV
(3 TeV with cal)

7 GeV~-2TeV

1GV-1TV
(extendable)

100 GeV-3 TeV

CR nuclei
(Energy range)

1GeV-1.2 TeV
(extendable -> 2TeV)

50 GeV-1TeV

1GV-19T1TV
(extendable)

100 GeV-1 PeV

charge = Gamma-ray Type Launch

2006
Jun 15

2008
Nov 11

2011
May 16

2014
Dec 26

1-8 SAT

20 MeV - 300 GeV
GRB 8 KeV - 35 MeV

SAT

1 GeV-1TeV

(calorimeter)

1-26 ++

1-30 -

DAMPE

ISS-CREAM
CSES

GAMMA-400
HERD

HELIX
HNX
GAPS

10 GeV-10 TeV

100 GeV-10 TeV
3-200 MeV

1 GeV-20 TeV

10(s) =104 GeV

50 GeV-500 TeV

1 TeV-1 PeV
30-300 MeV

1TeV-3 PeV

up to PeV

< 10 GeV/n
~ GeV/n

< 1GeV/n

light isotopes

2015
Dec 17

2017

1-20 S GeV-10 TeV

1-28 ++

1 - 2017

1-26 20 MeV-1TeV ~2023-25

TBD 10(s) —10* GeV ~2022-25

proposal

6-96 SAT

proposal

Anti-p, D LDB

PS. Marocchesi ICRC 2017
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and many more ...
ACE/CRIS, TIGER,
SUPERTIGER ...

it Is a very exciting
time!
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Exciting time also at low energy!

Voyager 1 Is outside the heliosphere.
First measurements of the LIS at low
energies.

x10°
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e f gl y 1 Local Interstellar
f— TS i —
S I -@- Voyager Spectrum
= Modulated Flux
e S a Sty I * Al\’/IS-OQ - o
= at Earth
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C. Corti, Apd, 892, 8, 2016
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Monitor solar activity from Space

Understand GCR propagation into the heliosphere
Decrease uncertainties in DM indirect search
_ook for new phenomena at low energy

Cycle 22 A>0 Cycle 23 A<0O Cycle 24 A>0
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Lots of new measurements from current and future experiments (
are expected. Stay Tuned!
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Conclusions

* Precise measurements from space experiments provided answers and opened
new questions. => Positron excess, antiproton spectrum, Change N the power law
slope of proton helium and heavy nuclel, different slopes for primary elements, anti
helium candidates... The results challenge the standard paradigm of GCR origin

and propagation.

o Current experiments and new ones will make significant progress in
understanding GCR => sources, acceleration and propagation, new physics over
GCR background.

 Measurements from Voyager of the LIS at low energies and continuos observation
from space of the solar modulation activity => propagation into heliosphere, LIS,
constrain in DM search and look for new phenomena.
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