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Outline
¢ Charged messengers: nuclei (primary, secondary, isotopes,
SUperneavy), EIECLIONS, anumatier (e+, pbar

U DIrectimeasurements:

Space (AMS, CALETFBDAMPE, ISS*CREAM; NUCIESEGON)
Balloons (CREAM, HELIX, SuperTIGER, GAP

 Link to higher energies, the future
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Geometric factors 0.1 - 0.8 m2sr
nuclei up 100s TeV

CALET, 2015
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The BGO calorimeter 20 14

The neutron detector
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huclerproducedin stéllar nucleosynthesis, directly from the sources
‘mclelrproduced spallation reactions during Galactic propagation
el fun [-PrOCESS 1N MEergers of compact objects / supernovae

ISS-CREAM above ~2) TeVar

To get more statistics for Fe, very loose
uality cut was applied. .
S e A SuperTiger above ~0.3 GeV/n or 2.3 GeV/n
Though p/He are not clearly separated,
Z>6 identification looks good.
G, ~0.23, oy, ~ 0.16
c~0.24, 6o ~0.23, G~ 0.60
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_ N.E. Walsh et aI., PoS(ICRC2021)118
K. Sakai et al., PoS(ICRC2021)080 4




Ahn et al., ApJ 707, 593 (2009),
Ahn et al., Ap] 715, 1400 (2010),
Yoon et al., ApJ 728, 122 (2011)
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“H: dN/dE ~ E-20a002

4 —2.5830102 5

« He: dN/dE ~ E - o e
. C: dN/dE ~ E-261=007 1g % 10-10 _—_ =

: TRACER Ne

« O: dN/dE ~ E-267+007 ' e

TRACER Mg

Ne: dN/dE ~ E=2:72%0.10 i’l'-—'\,ll(E:Aé?SiA
Mg: dN/dE ~ E—2-66=£0.08 ;D E?E;iRF?
Si: dN/dE ~ E—2.67%£0.08 21 TRACER Fe
Fe: dN/dE ~ E—2.63£0.11

Probably from the same source ’ ’ e o)

and acceleration mechanism.

The components do add up

to the all-particle spectrum! 5
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' Elgm%al« Spectra

Ahn et al., ApJ 707, 593 (2009),
Ahn et al., Ap] 715, 1400 (2010),
Yoon et al., ApJ 728, 122 (2011)

EaChi CompOnEnt can e ,
fitted| tolars] OWer law 10
(CREAM enlyrteraveraidifierent
SyStematics): ®

- H: dN/dE ~ E—2.6@.02
e He: dN/dE ~ E 258002
e C: dN/dE ~ E 261007
e 0: dN/dE ~ E 267007
. Ne: dN/dE ~ E 272%0.10
- Mg: dN/dE ~ E-2:66+0.08
e Si: dN/dE ~ E-267%0.08 |
 Fe: dN/dE ~ E-2.63%0.11 Si x5x10°6

BESS Polar Il
AMS-02
CREAM
PAMELA
ATIC
CREAM3
CALET
TRACER
TRACER2
NUCLEON

E?® Flux (m? s sr)”" (GeV/n)'®
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Mg x10*

Probably from the same source
and acceleration mechanism.
The components do add up .

to the all-particle spectrum! Energy (GeVin)



- Adriani et al., Science 332, 69 (2011)
Yoon et al., ApJ 728, 122 (2011)
Aguilar et al., PRL 114, 171103 (2015)
Abe et al., arXiv: 1506.01267 (2015)
Adriani et al., PRL 122, 181102 (2019)
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Spectial %at few 100'GeV/n;
hint of SOteEn yoncil_llo IeVi/n

% :E\ v BESSPolarll p
Complex spectra mayaeed > . AMS02p
account for non=linEarDSA effectsiin I D PAELAR
the sources: E : SJE-ISCSpPoIarIIHe
- H: reverse shocks in Type'll SNRs; @B o CREAMI e
- He: reverse shocks in Type I SNRs; [ o
- both: forward shocks in all SNRs.  E# e
( * CALETp

)
Could be due to non-linear effects in L io:
CR transport through the Galaxy; Energy (Gevin)
(Aloisio et al., arXiv:1507.00594)
Could be due to young nearby sources; Models can be adjusted

(Thoudam & Horandel, MNRAS 435, 2532 (2013)) for interesting structure...
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\ K. Kobayshi et al. (CALET) PoS(ICRC2021)098

Preliminary
p anc_lﬁl'e Updates  §
» Spectra hardenlng at a few: hundred GeV/n is 3 "“’é”}sc?f;ﬁté#’{‘zg ooy
y uncertainty band (stat. + syst.
welle ed, but interpretationis not clear; DoAwsn2 )
- Further stru Urerati~i0? GeV/n'is starting to o Uiy e onwer) | OOne
emerge, and remainsttoibe explained; 2  Kinete Enerey [Gev]

» Direct measurementsioverap the low. end of
the ground-hase LECLOrS.

F. Alemanno et al. (DAMPE) PoS(ICRC2021)117
M. Di Santo et al. (DAMPE) PoS(ICRC2021)114

p+He
& DAMPE (preliminary)
ARGO YBJ+WFCT
7 HAWC
> KASCADE QGSJet
.2 KASCADE SIBYLL

Preliminary
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b) o ATIC-2 (2009)
— 4 PAMELA (2011)
— +— AMS-02 (2017)
CREAM-II (2017)
—5— NUCLEON (KLEM;2017)
—@— DAMPE (this work)
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- " < il Ahn et al., ApJ 714, L89 (2010)
Dy
Hardggupg SpPEectra

HardeninguniCNOrseen byPAMS and CALET, at 200-300 GeV/n

Flux x E27 (m?s-sr)(GeV/nucleon)'”®

(but 27°68difference innormalization::.); spectral index changes sl
ifogicleloltic 27 ke) 26 Energy (GeV/nucleon)
P. Mastro et al. (CALET) :
PoS(ICRC2021)093 PR
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uncertainty band (sial£ syst.) for CALET
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AMS 2017: 359 ICRC, Busan, Southtkoerea
A. Kounine et al., PoS(ICRC2017)1093

50— (b) Oxygen

Preliminary Data. Please refer to the AMS
Forthcoming publications in PRL
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Y. Akaike et al. (CALET) 2019
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S. Torii et al. (CALET) PoS(ICRC2021)105

B CALET 2021
T uncertainty band (stat.+syst.)

® AMS-02 2019
A DAMPE 2017
{ Fermi-LAT 2017 (HE+LE)

10°
Energy [GeV]

(CALET+AMS02) vs (DAMPE+Fermi-LAT)
Apparent tension... but E*rescaling can do funny things and control of systematics needs
improvement

 Interpretation requires understanding distributed Galactic source contributions +
perhaps some nearby pulsars;

 there seems to be a hardening in the >100 GeV region;

« TeV dropoff how confirmed;

« no strong features apparent in the multi-TeV region indicative of a dominant nearby
source (maybe slight uptick at E>3TeV?);

 active theoretical investigations of shock acceleration details.
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- AMS-02

o PAMELA
o Fermi-LAT
s MASS

« CAPRICE

AMS-01

[Rigidity| [GV]

Source
term

AMS-02 positrons: interpretation of the “source
term™ is not clear (dark matter or something less
exciting?);

secondary production needs to be better
understood.

Any meaningful pbar structure?

Interesting similarity between positron and
antiproton spectra (antiprotons cannot come
from pulsars)

New regime: antideuterons

M. Aguilar et al., PRL 117, 091103 (2016)



» B/C shape well constrained by AMS;

Interesting sec vs pri comparison;

» Be and other isotopes need better
measurements (including spallation cross-
sections);

» phenomenological understanding of
secondary production being refined

comparison with measurements (crucial for antimatter).

from 0.5 GeV/nto 3 TeV/n

AMS-02

PAMELA (2014)
TRACER (2006)
CREAM-I (2004)
ATIC-02 (2003)

AMS-01 (1998)

Buckley et al. (1991)
CRN-Spacelab? (1985)
Webber et al. (1981)
HEAO3-C2 (1980)
Simon et al. (1974-1976)
Dwyer & Meyer (1973-1975)
Orth et al. (1972)
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Be isotopes with

Amfm = 2.5%,
HELIX design

[ Am/m: 0.025 |

2D
Be iso@és

» Be entirely secondary; °Be is stable, but 1°Be decays (A ~ 1.39 Myr)
* Energy evo utiﬁe/%e ratio traces increasing regions of the
Galaxy (Lorentz time dilation): disk at 0.3 GeV/n, halo at 10 GeV/n.

HELIX: 7-14 day exposuri!.f 0.1 m?sr acceptance

10
E/nuc [GeV]

w2
Mass(amu)

8 l: L] T ] T ] J L I Leak L] L é
- = y box (Streltmatter & Stephen .
8045 :_V AMS02 _ Adv. Sp. Res. 27, 743 (2001)) AMS Be isotopes are
® - A ACE/CRIS satellite | . not mass resolved
o4 M ISOMAX balloon E 8.6 < E < 9.4 GeV/n
0.35 A o - Temp; X ¢
% Projected HELIX = z B
=] ~ CIIRORSP)
0.3 = ‘Z 107°+ Temp o X o
= >
0.25 — K} — Fit
0.2 —i % 1077 ¢ Be data
........... Do - (]
0.15 = ook Y .J — -
'\ Diffusive halo with reacceleration 3
X AN (Moskalenko et al. Tsukuba ICRC‘ Em ’
01F 4, 1917 (2003)) ] g
005 [ Al l g 1 1 1 1 11 l 1 1 1 1 1 11 1 l . 10_9

75 100 12.5 15.0 17.5 20.0
mass [GeV/c?]
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n=1.15 aerogel tiles from
Chiba University

10 x 10 x 1 cm3 tile
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<3 TDRSS Antennas
Iridium A inti
ridium nenna o »: Detector Modules S1 scintillator

= H1 hodoscope

CO aerogel Ck
C1 acrylic Ck
S2 scintillator
H2 hodoscope

S3 scintillator

Antarenic balloon pPaylead;
|largEeraCEEPLANGE for rare heavy: nucler;

Surprising twistinolatile/refractory trends...

N.E. Walsh et al., PoS(ICRC2021)118

- ST Walsh Refractory

- ST Walsh Volatile

o ST Murphy Refractory

1 ST Murphy Volatile

o HEAO3/TIGER Refractory
> HEAOS/TIGER Volatile

Ga
I
. Br WY Z o
J ‘ Te Xe
VY M"M”m i | \.\m b L d’\ !\I

GCRS/[80% SS(L2003) + 20% MSM(WH2007)]

Model with 80% solar system material

+ 20% massive star material; refractory | |
elements preferred over volatiles up to Z~40, | ‘ ‘ o s w
but not true beyond; likely r-process origin
implications. 16

1.3%72/3
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HERD for nuclei up to'3'PeV (Chinese SS 2027) P -

=)

g GAPS for antideuterons (balloon 2022)

TOF
umbrella

Plus PUEO, POEMMA. AANEEE ..
EUSO, APT, HEPD02, |
GAMMA-400, .

Electronics

Tracker
TIGERISS for ultraheavies (proposal)

1.2 M (38 ft)
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DJr' UStUUIESIOREOsTIC Ay MUCIEIMeWAYIEld highiprecision and energy reach overlapping ground-
dsed InStUments:

Elemental spertr:l NOWISHEW hardening J at ~300-500' GeV/n; additional spectral structure at the
high end (1014 eV/m)Noerpiand =

» Neseebservationseeditiesretical explanations;

»  Could be'aisourcereiiect and shock acceleration needs refinement;

d DE a prepa _JJ.JJI] EffEct;
Could be due to the'effectornearby gcce erators.

Secondary. elements are startin
accelerator cross sections. Im

to constrain propagation. Need refined isotope measurements,
t on secondary production, including antimatter.

Antimatter, electrons continue to offer fascinating alternative glimpses into the high-energy
universe.

Next-gen instruments are expanding and refining these measurements, which anchor composition
models for studies at higher energies with ground-based detectors. New and proposed instruments
push to ever higher energies.
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