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Direct rriezisurerrle
plus free flying NUCLEON, DAMPE

plus Chinese SS
plus balloons

et

ik ‘\ SS-CREAM -
untll 12/9/2021

Space (AMS, CALET, ‘DAMPE ISS- CREAM’ NUCLEON ) Balloons (CREAM HELIX, SuperTIGER,
GAPS, ...)

Link to higher energies, the future
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huclelrproducedin stéllar nucleosynthesis, directly from the sources
‘Mmuclerproduced spallation reactions during Galactic propagation
el fg.o_m [-PrOCESS 1N Mergers of compact objects / supernovae

ISS=CREAM above ~2 TeVAs

To get more statistics for Fe, very loose
uality cut was applied. :
A U 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, 6.~ 0.16
c~0.24, 65 ~0.23, G5~ 0.60
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K. Sakai et al., PoOS(ICRC2021)080



Ahn et al., Ap] 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-20i002

4 —2.5830102
. He. dN/dE 2 E ‘ 0 ® e TRACER O
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TRACER Mg
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Mg: dN/dE ~ E—2-66=£0.08 ;D EE%;ERF?
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! i
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' Elgm%al« Spectra

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

EaChI CompOnEncan e ,
fitted| tofars] OWer law 10
(CREAM enlyrteraveididifierent
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)
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(CALET+AMS02) vs (DAMPE+Fermi-LAT)
Apparent tension... but'E*rescaling can do funny things and control of systematics needs
improvement
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Guaranteed Galactic origin due to dE/dx ~ E2
during pro

-
4‘ Yuan, Bi, Phys. Lett. B 727, 1 (2013)
(CALET+AMSO02) vs (DAMPE+Fermi-LAT)

Apparent tension... but E*rescaling can do funny things and control of systematics needs
improvement
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 Interpretation requires understanding distributed Galactic source contributions +
perhaps some nearby pulsars;
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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 now 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.



Stellar nucleosynth

COSMIC RAYS INCLUDE NUCLEOSYNTIILTIC PRODUCTS FROM
OTHER REGIONS OF OUR GALAXY

of Irs Lifetime fas an
Omion-Like Shructure
Just Pricr 1o FExploding
s o Supernova

Massive Stay Near the End

 Bxample of Nuclear Reactions
Nuclear Burning Occurs ar the Tha! Butld Neutron-Rich Tolopes

i Boundaries Between Lones s

Atomic Number (Z)

Sis'+ isotopes

Isotopes can have different origins:

« stable, from primary SNR site;

« unstable, from primary SNR site
(nucleosynthesis clock isotope);

» spallation products of nuclear breakup
in the ISM;

« some stable, some unstable
(propagation clock isotope).

Number of Neutrons (N)



150t opg the Stience case

My propadationMIsteny 6ifcosSmiIc rays);
- Energy evolutioniof /°Be ratio traces increasing regions of the Galaxy
(Lorentz timt ion); diskiat 0.3'GeV/n, halo at 10 GeV/n.

*C °c1 **Mn *°A1 '"Be '’Be(1GeV/n)

Z/A dependence of Galactic
region sampled by 0.3 GeV/n

clock isotopes; Be is ideal. % density profile

= along disk (kpc)




eneracy’ in Galactic diffusion effects.

x2 map for GALPROP
L: halo height
Dox«: diffusion coefficient

+ true model
X best-fit model
- - - Simet & Hooper [6], pre-AMS02 (30)

28.8 29
log10(D_0xx cm'zs)

But Isotope measurements are hard;
measure Z, R, fto find

p_PCl ymve yBmc’ r Bmc’

Zel Ze 7 Ze /1_/32

Am 2 B AR 2
m "\ R

The problem:

For Am/m = 2.5%, need:
AR/IR~ 1-2% AB/L~ 0.1%

M. Pato et al., JCAP 06, 022 (2010)
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“Masspesolved BE isotopes

mid Drift Chamber

-4———Magnet Coil

~4——bot Drift Chamber
~4——mid Time of Flight
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“ AGE/CRISISatellitel 997/ = present;
Wmax 1998 (Instrument destroyed after balloon flight)...

ISOMAX TOF
ISOMAX CK
ACE

Ulysses
Voyager 1, 2
IMP-7/8
ISEE-3

— Diffusive halo model
T .= Leaky box model

10°
E,. (GeVin)




XX | S. Goutu I I E LIX

refurbished "5 _ :
HEAT ‘ Hg\l Energy Light Isotope eXperiment
= Sweden eAntarctic flight 2023-24

-
-

\ = '_; A\\\‘-ﬁff;&
n=1.15 aerogel tiles from
Chiba University

10 x 10 x 1 cm3 tile
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Be isotopes with
Amfm = 2.5%,
HELIX design

[ Am/m: 0.025 |
- o DR AL LR TT. TELXTTrITes

» 2021 surprise: AMS results — not mass resolved (Berlin ICRC);
» Also a 2021 result from PAMELA data.

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

Mass(amu)

V@ AMS02 2021'2922 k%?).(ysg? )l(lg.t rze;tn;atge(rzgoloitgphen AMS Be isotopes are
A ACE/CRIS satellite | .

not mass resolved
B ISOMAX balloon 8.6 < E, < 9.4 GeV/n
# Projected HELIX

Temp; X ¢,
Tempg X ¢y

Temp,o X ¢yo
— Fit

¢ Be data

Diffusive halo with reacceleration

(2003))

'_T
w
—
P
o~
L
S
@)
9
3
L
=
~
>
()
9Q
-~
©
s
o
w
Ke]
kY
2
©

10
E/nuc [GeV]

75 100 125 15.0 17.5 20.0
mass [GeV/c?]

(TZ02) DYD1 ulieg “|e 39 swolaq 7

[



TABLE XI. Reactions and associated cross sections important for calculations of Be flux at 10 GeV /nucleon, sorted according to the
flux impact fupc, Eq. (4), until the cumulative of the flux impact >0.8 X fiec X Y fabe, With fiee = 100% and Y fupe = 1.14 (see Sec. IVB).
Reactions in bold highlight short-lived fragments (see Sec. IV A), whose properties are gathered in Table XV.

Many reactions to

Reactiona +b — ¢ Flux impact f. [%] o [mb] Data oo ta ke IntO account.
Min Mean Max range

(%0 + H — "Be) 17.0 17.6 19.0 10.0 v

o ("2C + H — "Be) 15.0 15.9 17.0 9.7 J 17 channels — 71.5% Be

5(2C + H - °Be) 8.80 9.27 9.80 6.8 J 46 channels — 13.4% Be

(0 + H — °Be) 5.00 5.34 5.60 3.7 J 207 channels — 6.1% Be

o("*0 + He — "Be) 2.70 2.87 3.00 14.7 532 channels — 1.8% Be

o(®Si+H — "Be) 2.60 2.77 2.90 10.8 + 879 + 3624 channels...

o (*Mg +H — "Be) 2.50 2.65 2.80 10.0

o ('2C + He — "Be) 2.30 2.48 2.60 13.7 Then fold in all Galactic

o("'"B+ H — Be) 2.30 2.36 2.50 10.0 J propagation effects

o(2C+H — ""Be) 2.00 2.16 2.30 40 v

o ("N +H — "Be) 2.00 2.12 2.20 10.1 J

o (**Ne + H — "Be) 1.60 1.73 1.90 [7.4,9.7]

("B +H — °Be) 1.60 1.62 1.70 13.9

o("2C + He — °Be) 1.40 1.45 1.50 9.6

o("*C+H— "B) 1.30 1.43 1.60 30.0 v 1.8

o("®*N + H — °Be) 1.20 1.29 1.40 73 J

o(C+H— "(C) 1.20 1.28 1.40 26.9 v n/a

("0 +H — '"Be) 1.20 1.27 1.40 2.2 v

o(""B+H — "Be) 1.10 1.21 1.30 12.9 v

o(""B+H — 'Be) 0.99 1.16 1.30 [3.6,4.5] v

("N +H — "Be) 1.10 1.15 1.20 5.4 v




® AMS02 AMSO
PAMELA C2 V  PAMELA ToF
ISOMA ACE-CRIS

® IMP7&8

Preliminary data, refer to
upcoming AMS publication

Eqn [GeV/n]
L. Derome et al., Berlin ICRC (2021)

107"

6Li vs “Li

xifdof = 40.2/44 = 0.9

4

-« SHe/*He
i 2H/*He

= 1 1 1 1 1 1 |

4 5 6 7 8 9
R [GV]
J. Wei et al., Kingston TeVPA (2022)

10 20
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Elements divided into:
» volatiles (not strongly bound in rocks, say);
refractories (strongly bound);

models of their origin of massive star material (MSM)
nd interstellar material (ISM);
» interesting structure, not fully understood...

21ms<0.5 Small instrument
trrrlgtSa—;‘:‘r?oproj 25-5850 Operatlng for d Iong
mg2: rpproj 25-2550 time, under an
extended period of
solar minimum

=» remarkable
populations of
ultraheavy cosmic

rays!

L2

28 29 30 31 32 33 34 35 36 37 38 39 40 41
Charge (2)

GCRS/(20%MSM+80%SS) ~

Sr+

Fe Co =~

Refractories
— "}“Ca

M Al
g T

—7n* " hse
zn® 31

Volatiles

" Kr

Prelim. GCRS/SS (Lodders 2003)
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20 30 40 50 60 708090 20 30 40 50 60 708090
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-z TDRSS Antennas
Iridium Antenna

- Detector Modules S1 scintillator

T HI hodoscope
CO aerogel Ck
C1 acrylic Ck
S2 scintillator

H2 hodoscope

‘ Anta{,ctic Balloon pPaylead;
. LLargelaeeentance forrare heavy nuclei; f
- SUrprising twistinolatile/refractory trends... mws .

10
S Ca
i Ar Ti Cr
? Ni
5
| I b Mn

Co

=)

2

o 3
L] -
i
10° E | 3
E 3 3 i . .
— - 10" o ST Waish Refractory T T : "Isb —
10? - ST Walsh Volatile |
) ST Murphy Refractory
1 ST Murphy Volatile i
10 o HEAOS/TIGER Refractory Nb Cs
= E »  HEAOS/TIGER Volatile 1 In -1
E B = I Rh, | | i
' : |
15 Te| 7F 82—
1

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, | 20 a0 0w e
but not true beyond; likely r-process origin
implications.

10 mgags

N.E. Walsh et al., PoS(ICRC2021)118
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R Galactic Element
Al the ISS

TIGERISS for ultraheavies
(PIONEERS, ISS ~2026)

0

Geometr faétor 1.53 m2 sr
— up to Pb (2=82)

Close-Out

L Aerogel

Radiator

SSD Panel
Assemblies

Scintillator (S1)

\ Acrylic

Radiator

200 300 400 500 600 700 800 900 1000
Acrylic Cherenkov (C1)
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Aug 30,2022

100 200 300 400 500 600 700 800 900 1000
Aerogel Cherenkov (C0)

Space Station Experiment To Probe Origins of Elements



TOF
umbrella

Plus PUEO, POEMMA,
EUSO, APT, HEPDO2,
GAMMA-400, ...

Radiator

Tracker
ALADINO and AMS-100 for antimatter (concepts)

AMS-02 tracking
upgrades planned

20
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Conclusjons
s

DJr' IStUUIESIOfREOsTICayMUCIEIMeWAYIEId highiprecision and energy reach overlapping ground-
ased Insuuments:

Elemental spectiamowishowshardeningrat ~300-500 GeV/n; additional spectral structure at the
high endi(~10=141eV/mNorpand He

« JIheseobservationsimeeditieoretical explanations;

»  Could be aisourcereiiect and shock acceleration needs refinement;

d DE a prepa _JJ.JJN Eliect;
Could be due to the'effecHoirnearby 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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