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Introduction : the precision era
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Introduction : the precision era
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‘Some pending questions of galacticCRs: -~ . Cobine A
- i "'" ; ' , . | What are the sources of GCRs/acceleration mec.?

. B | Is CR acceleration universal?
: .| What is their respective contribution to the flux?
| What is the maximum energy of GCRs?
- | Does the escape impact the injected flux?
' What is their distribution in the galaxy?
| Are there exotic (I=astrophysical) sources?
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Introduction : the precision era

Sources

“Some pending questions of galactic CRs:

a e ' E . | What are the sources of GCRs/acceleration mec.’
. ¥ . |IsCRacceleration universal?

. | What is their respective contribution to the flux?
; = =. | What is the maximum energy of GCRs?

£ s '__-,-.;’.ff.'-': R ﬂ Does the escape impact the injected flux?
e i‘.!i‘::'i L What is their distribution in the galaxy?

Transpo rt { Are there exotic (!=astrophysical) sources?

What are the dominating transport mech.?
Is the transport universal? "
How does the transport depend on the ISM? .
What is the origin of the diffusive halo? e
Is the transport homogeneous in the galaxy?

See also tf:we'r_ecent review: Gabici+ (2019)

3 : Yoann Genolini



Introduction : the precision era

Some pending questians of galactic CRs:

‘b

. | What is their respective contribution to the flux?

Transport

Is the transport universal?

Local environement

What is the effect of the solar wind on local fluxes?
Is the local flux close to the averaged galactic one?
What is the contribution of local sources?

What is the origin of the anisotropies?

Is the local underdensity affecting local fluxes?

Ty

What are the dominating transport mech.?

{ Are there exotic (!=astrophysical) sources?

How does the transport depend on the ISM? 2 /
What is the origin of the diffusive halo? s
Is the transport homogeneous in the galaxy? .

See also the recent review: Gabici+ (2019)

Sources

What are the sources of GCRs/acceleration mec.?
Is CR acceleration universal?

What is the maximum energy of GCRs?
Does the escape impact the injected flux?
What is their distribution in the galaxy?
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“Some pending questions of galactic CRs:

A : . . | What are the sources of GCRs/acceleration mec.

=
L

Sources

. : ; Is CR acceleration universal?

' 1 _- . | What is their respective contribution to the flux?
- = .. | Whatis the maximum energy of GCRs?

 + 2% | Does the escape impact the injected flux?

What is their distribution in the galaxy?

Local environement

What is the effect of the solar wind on local fluxes?
Is the local flux close to the averaged galactic one? §
What is the contribution of local'sources?
What is the origin of the anisotropies?

Is the local underdensity affecting local fluxes? riP s

=

What are the-domihating trafisport mech.?
Is the transport universal? ;
How does the transport depend on the ISM?
What is the origin of the diffusive halo? '
Is the transport homogeneous in the galaxy?

{ Are there exotic (!=astrophysical) sources?

“. Seealso tbe'r_ecent review: Gabici+ (2019)
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Game changer: high-quality- data!
— In this talk focus on direct det'ect'ilo_r-) e_xperifnen'g_s

NUCLEOM "%, CALET- . *. DAMBESSRRISS-CREAM

T
N |

Op. since: 12yrs

e Spectrom_et'e.:r . v : e e Fl Calorimeters
~"= Precisiondevel¥% from GV to TV. “ § VI o High—siatistics up to tO0TeV
— Spectrometer : able to.measure isotopes - = Bridging the gap‘with air-shower experiments
4 . Yoann Génolini



Introduction : the precision era

Game changer: high-quality data!
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Introduction : the precision era

Game changer: high-quality data!

i
(]
i~
=
e
I
i
=
W
3
)
=
=
=
=)
P
u

10° 10% 107 108 10° 10 10u
E. [GeV]

5 Yoann Genolini



Introduction : the precision era

Game changer: high-quality data! —'Disz [ARIANG .. .
- Examples: AMS02 and DAMPE érror splitting'of B/C~ ¥

2016PhRVL.117w1102A
2022PhRvL.129y1103A
2022SciBu..67.2162D

— fit ¢ CALET
¢ AMSO02 ¢ DAMPE

10?
Eyn [GeV/n]
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Game changer: high-quality data! —'Disz \ \RIANG : f ef
. Examples : AMS02 and DAMPE error splitting of B/C - ' ¥

AcCc. norm.
Acc, LE
--=-- Acc. res,

HE Trigger Statistical uncertainties
—— STK charge selection Total systematic uncertainties
—— PSD charge selection
Background estimation
—— Boron isotope
Unfolding
—— Hadronic model

Uncertainty
Uncertainty

10° 10*
R [GV]
Derome,...Y.G., A&A (2019) from AMSO?2 Collab., PRL (2021)

102

10°
Kinetic Energy [GeV/n]

DAMPE Collab., SciBu (2022)

Systematic uncertainties dominate —Even more so for combine fits
.F"'_ - A " ol !

S -
- M
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Game changer: high-quality data! -
. Examples : AMS02 and DAMPE error spllttlng of B/C

1[:2 I 1[:2 IIIII . —
— Stat.  ----- Acc. norm. I — Stat.  ----- AcCc. norm. Statistical uncertainties
S T Acc. LE —_— Arc, e Acc, LE ‘ectilon Total systematic uncertainties
—— Scale ---- Acc. res. I —— Scale ---- Acc. res. lection ;
I — Unf illmahon |
1[:1 i AI_I—Ii__
5 _
(i | N
LIJ 1
109 - i, =
IE . | lu—l :IE J—‘-/rl',: | I I I A |
10! 102 | 10! 103, 10° 10°
R [GV] R [Gvi Kinetic Energy [GeV/n]
Derome,..Y.G., A&A (2019) from AMSO02 Collabl PRL (2021) DAMPE Collab iBu (2022)

Systematic uncertalntles domlnate —Even more so for combine fits

X (dafcaZ model; )Cz-j (data; — model;)

Fully uncorrelated errors = ¢ - (

Uncertainty
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Game changer: high-quality data! — Disz : VARIANG : f ef
. Examples : AMS02 and DAMPE error spllttlng of B/C ' )

AcCc. norm.

AcCC. norm. Statistical uncertainties
cc. LE

. LE lection Total systematic uncertainties

- Acc. res. -- lection

'Ilimaticrn l

. res.

Uncertainty

10° | 10! 1023, 10? 10°
R [GV] R [Gvi Kinetic Energy [GeV/n]
Derome,..Y.G., A&A (2019) from AMSO02 Collabl PRL (2021) DAMPE Collab iBu (2022)

Systematic uncertainties domlnate - Even more so for comblne fits

B Proper hypotheses testlng |mp055|ble
=> Decrease the constraining power of the new data..

- = Hopes with next AMSO2 releases of isotopes? ;
— First-guess covariance matrix for AMSO2 data in Derome,..Y.G., A&A (2019), Heisig et al., PRR (2020)
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Introduction : the precision era
Cosmic-ray transport
Prediction of secondary (anti)particles

What is next?
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Resolution of CR transport equation in steady state:

aw — — — (9 2 a¢0&
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Resolution of CR transport equation in steady state:
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K(E)
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waa - chwoz} + 8_E {btot<E> wa - /82 Kpp 8—E}

+0a Va Nism woz + Fa ¢a = (o + Z {Oﬁﬁavﬂnism + FB—)oz} ¢B .
B

ina cylindrical geometry.

Remarks on the CR transport equation

— Diffusion, convection, E-losses, reacceleration, spallation

- Ingredients introduced ~60 yrs ago still satisfying

— Non exhaustive list of fitted parameters :
K=KBR®/V./V,/ L/ ..

— Effective transport param. = average over kpc scales
- pros : learn generic properties of transport/sources

- cons : several processes intricated

— Precise determination of transport param.
- link p-physics

- prediction secondaries (antipart.)



Resolution of CR transport equation in steady state:

oY)
t

+0a Va Nism woz + Fa ¢a = (o + Z {Oﬁﬁavﬂnism + FB—)Q} qybﬂ .
B

- - . B, O,
- vx {K(E) waa - chwoz} + 8_E {btot(E) wa - /82 Kpp a%}

ina cylindrical geometry.

Usual assumptions of the resolution

— Steady state is reached

— Sources are distributed homogeneously in the galaxy

— Injection scaling : single powerlaw q=CxR ®

— Diffusion is homogeneous and isotropic

— Diffusion scaling : single powerlaw K = K BR ®

— Injection and diffusion are universal (i.e. among species)

— Spallation cross sections are well-known

— Energy losses are well-known

— Local ISM has no impact on local fluxes




Cosmic-ray transport = Equation

Resolution of CR transport equation in steady state:

877D = = ¥ 0 2 8¢a
;TR Vx {- Vo — VC%‘} T E {tht(E) Vo =P K 8_E} Ginzburg&Syrovatskii (1964)
+0a Vo Migm wa + 1y wa = (o T Z _Uﬁnism + F5—>Oé} wﬁ .
B

ina cylindrical geometry.

Challenged by % precise data! = Usual assumptions of the resolution

— Steady state is reached

— Sources are distributed homogeneously in the galaxy

- Injection scaling : single powerlawq=CxR*®

— Diffusion is homogeneous and isotropic

— Diffusion scaling : single powerlaw K= K BR®

- Injection and diffusion are universal (i.e. among species)

— Spallation cross sections are well-known

— Energy losses are well-known

— Local ISM has no impact on local fluxes
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Cosmic-ray transport = Equation

Resolution of CR transport equation in steady state:

877D = = ¥ 0 2 8¢a
;TR Vx {- Vo — VC%‘} T E {tht(E) Vo =P K 8_E} Ginzburg&Syrovatskii (1964)
+0a Vo Migm wa + 1y wa = (o T Z _Uﬁnism + F5—>Oé} wﬁ .
B

ina cylindrical geometry.
Y & Y Challenged by % precise data! = Usual assumptions of the resolution

Rules to challenge hypothesis

— Chose a minimal setup based on usual assumptions

— Add a novel ingredient

— Check the preference of the data on a statistical basis

— Covariance matrix required

7 Yoann Génolini




- Equation

Cosmic-ray transport — Breaks?

Universal break in the spectra around 300 GV!

AME02 @ DAMPE
PAMELA @ I55-CREAM
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- Equation

Cosmic-ray transport — Breaks?

Universal break(s) in the spectra! g . { K(E) T /{ } L9 VE) o — / a}
What is their origins? +0¢/nlsm Yo + //f = a +Z{JB—>aUﬂnlsm + L / b s

Injection? Local source? Diffusion? Solution of CR transport equatlon : pure diffusive case

9 Yoann Genolini



- Equation

Cosmic-ray transport — Breaks?

Universal break(s) in the spectra! g . { K(E) T /{ } L9 VE) o — / a}
What is their origins? +0¢/nlsm Yo + //{ = Ga + Z{ageavgnlsm + L / b s

Injection? Local source? Diffusion? Solution of CR transport equatlon : pure diffusive case
\ 9(R)
T A 2(R)
R
For pure primary species:  @(R) x - = — -
A K(R)
R
x R?
R

Yoann Geéenolini




- Equation

Cosmic-ray transport — Breaks?

Universal break(s) in the spectra! g . { K(E) St /{ } v 2 VE) o — / a}

What is their origins? +0¢/nlsm Yo + //f = Ga + Z {os—avsnism + T / b s

Injection? Local source? Diffusion? Solution of CR transport equatlon : pure diffusive case
A a(R)
x R™¢ ‘ ®(R)
o R—a+Aa
R
q > X R_a_6
For pure primary species: ®(R) « == —
A K(R) —at+Aa—§8
x R R
x R?
R

o

Primaries e.g. Vladimirov+ (2012), Niu+ (2018, 2019, 2020); Tomassetti+ (2015)
Secondaries e.g. Tomassetti+ (2012);Y.G.+ (2014); Tomassetti+ (2017); Zhang+ (2023)
Reacceleration e.g. Tomassetti+ (2012); Yuan+ (2020)

Yoann Genolini




- Equation

Cosmic-ray transport — Breaks?

Universal break(s) in the spectra! g . { K(E) St /{ } v 2 {/E) o — / a}

What is their origins? +wmm Yo + /{ = Ga + Z {os—avsnism + T / b s

Injection? Local source? Diffusion?
A a(R)
R—a
A (R)
R
For pure primary species: ®(R) % - -
A K(R)
x R°
R

>

Stochasticity kicks in when the effective Ns ~1at10 TV for Leptons
number of sources (Ns) is close to 1 . Ns ~ 1at 10 PV for Hadrons

Solution of CR transport equatlon : pure diffusive case

Local source fits:
Bernard+ (2012)
Thoudam+ (2012)
Wei+ (2014)
Mertsch+ (2014/2021)
Savchenko+ (2015)
Bouyahiaoui+ (2018)
Lagutin+ (2019)
Yue+ (2020)

Tang+ (2022)
Anisotropies
Ahlers+ (2016)

Statistical approach:
Hadrons

Y.G+(2017)

Evoli+ (2022)

Leptons

Mertsch (2011,2018,2018)

Yoann Génolini




- Equation

Cosmic-ray transport — Breaks?

Universal break(s) in the spectral
What is their origins?

Injection? Local source?

For pure primary species: &(R) % -

ZZ v{K(E)vxwa/{}+3E{/E>¢a /}

+0%?’lsm Yo + / = (o + Z {O-ﬁ—wvﬂnlsm + 1 /} ’wﬁ :

Diffusion?
A a(R)
x R«
R
A K(R)
x RB—A&
x R?
R

Pheno : Vladimirov+ (2012); Y.G+ (2017); Niu+ (2020);
Explanation : Tomassetti (2012);Amato+ (2012);Evoli +(2019);

Solution of CR transport equatlon : pure diffusive case

A 2(R)

x R—a—5

o R—a—5+A5

Yoann Genolini




- Equation

Cosmic-ray transport — Breaks?

Universal break(s) in the spectra! g . { K(E) St /{ } v 2 {/E) b — / a}

What is their origins? +wmm Yo + /f = Ga + Z {os—avsnism + T / b s

Solution of CR transport equatlon : pure diffusive case

Injection? Local source? Diffusion?

A q(R)

R
For pure primary species: ®(R) % =
A K(R)
x R&—A&
x R?
R

Pheno : Vladimirov+ (2012); Y.G+ (2017); Niu+ (2020);
Explanation : Tomassetti (2012);Amato+ (2012);Evoli +(2019);

For pure secondary species:

sec

& °(R)
I

x R—a—d

o R—a—6+A6

se

> x R—a—&

\ K(R)

x R?

x R(S—A(S

o R—a—6+2A6

Y

y ™
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Cosmic-ray transport — Breaks?

Universal break(s) in the spectral
What is their origins?

Injection? Local source?

Diffusion?

Secondary flux

For secondary/primary ratio:

Primary flux

eg Li/C Be/C,B/C,B/O, ..

Zé v{KE)vx¢a/(}+aE{/E)wa /}
+0%?flsm wa %_ QQ+Z{05—>avﬂnlsm +/} wﬁ .

Solution of CR transport equatlon : pure diffusive case

AR

AT (R) @(R)

—a—2642A6

.
>
-

o o o oo oo o - OCI'z_ls

x R—5+ Ad

Y

Some words of caution:
Vecchi et al. (2022)

o R—a—6+A6

R
>
o & o o o o o oo o
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- Equation - Breaks?

Cosmic-ray transport — Explaining the spectra

Universal break(s) in the spectral
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- Equation - Breaks?

Cosmic-ray transport — Explaining the spectra

Universal break(s) in the spectral

CRDB

2 x 104

10* A H
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® PAMELA @ KASCADE
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Cosmic-ray transport — Explaining the spectra

Universal break(s) in the spectral
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- Equation - Breaks?

Cosmic-ray transport — Explaining the spectra

Universal break(s) in the spectral

2 x 104 C RDB
LT | tt
S 10%- i ‘ { BT . ¢
s A - f
o . ol @ wecaor | I i
E 6 x 103 | [ ] :I([:)ill:nEpTE ® NUCLEON I I
5 5o ! - HITL |
® ax10 ey ' : z:
x g!:s#i.u; ;;;;; I I l | | ;:
3)(103' T I T T 'I""'I "'I T T T T T T T l' T T T T
10! 102 103 10° 10° 106 107
. . i RIGV :
= A Low-rigidity " Intermediate-rigidity " High-rigidity
QE/ 1 1 i 1
%D | | 1 |
— 1 | K(R) i 1
| | 1 |
| | 1 |
| | 1 |
| | 1 |
| | 1 |
| ] 1 | >
~ HGV ~ 300 GV ~ 10TV ~ 1PV log(R)

Yoann Génolini




- Equation - Breaks?

Cosmic-ray transport — Explaining the spectra

Universal break(s) in the spectral
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Cosmic-ray transport — Explaining the spectra

Universal break(s) in the spectral

2 x 104
_ CRDB |
; + + * .* 0
£ * i
4 | ¢
S '"H i I ‘ § A 4
> 1 ® ® AMSO2 @ ISSCREAM 1 ] | +
Q J ©® PAMELA @ KASCADE
E 6 y 103 | [ ] :I([:)/:;E; ® NUCLEON I I
2
5 mlc\Ph....24....1A I I ;
> s o4 25460
S 4x10° Lo : !
« e, 1 I i 1] |
3 x 103 T T T T LA | I T T T AL L L | 'I' T T T I T T T T LA | T T T T T l' T T T T
10! : 102 103 194 10° 106 1 107
A " RIGVI :
N . = = gm
=) Low-rigidity ' Intermediate-rigidity " High-rigidity
k | | —sGp=6T0MY) 3 BIC
0 : ~-= SLIM (¢ =671 MV) I Be/C
20 i i , —— QUAINT (p=674Mv) T LiIC
'2 i i 025
Z 20 % Weinrich, Y.G.+ (2020)
I 5 0.15 i
* 020} pt
| |
| |
] |
| |

~5GV ~ 300 GV ~ 10TV ~ 1PV log(R)

Yoann Geéenolini




- Equation - Breaks?

Cosmic-ray transport — Explaining the spectra

Universal break(s) in the spectral
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- Equation - Breaks?

Cosmic-ray transport — Explaining the spectra

Universal break(s) in the spectral
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- Equation - Breaks?

Cosmic-ray transport — Explaining the spectra

Universal break(s) in the spectral
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Outline

Introduction : the precision era
Cosmic-ray transport
Prediction of secondary (anti)particles

What is next ?

Yoann Geéenolini



A refined treatment of uncertainties

— Data: AMSO2 antiproton from 2016
— Model: semi-analytical (USINE)

— Chi2-test:
x?/dof ~ 1.7
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A refined treatment of uncertainties

— Data: AMSO2 antiproton from 2016
— Model: semi-analytical (USINE)

Comparison with data = discrepancy ~ few 10GV

— Errors on the data
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Small total error / Different correlation lengths
Dominated by acceptance around the excess

— Covariance matrix estimated from detector info.
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A refined treatment of uncertainties

— Data: AMSO2 antiproton from 2016
— Model: semi-analytical (USINE)

Comparison with data = discrepancy ~ few 10GV

— Errors on the data
Small total error / Different correlation lengths
Dominated by acceptance around the excess

— Covariance matrix estimated from detector info.
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A refined treatment of uncertainties

— Data: AMSO2 antiproton from 2016
— Model: semi-analytical (USINE)

— Errors on the data

— Covariance matrix estimated from detector info.

— Errors on the model

— Updated parameterisation and uncertainties

— Updated transport models and uncertainties

— Updated fit and contribution of high-Z elements

19 ~ Refined covariance matrix for the model

4o

[G‘u"_] m~2 g~ Hl'_]] %

A

P

P

Residuals [%]

[tot]

deE0ore

104

107

10~

1072}

§ 4 AMS02 (o)

—— Baseline prediction

407

Room for speculations?

Hm%H*HHHHH%H+H+++wwﬂ | ﬁ |

Non-gaussian residuals

. o '.. Z-SC0TE
. o . o . ]
s ™ |.. --.I\.-.-'..-'
[ ] L ]
] _.'i-tﬁ- . . -
1 10 100 107
R [(’Pﬂ Courtesy M. Boudaud



A refined treatment of uncertainties

— Data: AMSO2 antiproton from 2016
— Model: semi-analytical (USINE)

Comparison with data = discrepancy ~ few 10GV

- Errors on the data
Small total error / Different correlation lengths
Dominated by acceptance around the excess

— Covariance matrix estimated from detector info.

— Errors on the model

— Updated parameterisation and uncertainties

— Updated transport models and uncertainties

- Parents

— Updated fit and contribution of high-Z elements

19 ~ Refined covariance matrix for the model

iRl PR L M
7
=~ 10%
Wl
T 10
= 1 AMS-02 (o10)
o —— DBaseline prediction
= 10 ! I Total uncertainties
40} |
— 201
-:i ....‘:.-::"..‘1 r.f'.-.'.__.,-_‘-_:"‘--..__ ] ....---""‘:.
R J[ """ EH‘H %ﬂ@* e i |
é: [} premsmmlome ﬁ =$:::.’_. el ._ _____ = 1
1] e e a T .Szﬂﬂﬂﬂﬂﬂﬂﬂﬂ-uuuu::’ﬂ“_—di};:_: e
N st b i "‘:‘.__'a_‘-_-:
o 7 :
—20 /2~ Room for speculations?
> Parents Transport
gk XS Total
3t
— e » =
= i &
& 1 (X " :. 1 _ i ) =
:-: ] g - S * ] ‘. »
= LT o Ve
@ 1} ol
TRk L L
-'.'"Q' '-‘
s * 3
®
_al Residuals much more gaussian
Z-score

1 10 100 107

R [GV]



Prediction of secondary (anti)particles sl P
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Cosmic-ray transport
Prediction of secondary (anti)particles
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What is next?

Critical role of fragmentation cross-sections
Models < ¢(C+ (H,He) — B)
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40
Li/C Be/C
30
20
T 10
New measurements are required! g o
q
< -10
. . . -20
Dificulty : more than 1000 reactions are involved ..
-30 —— Current uncertainty
. —40 — Data intrinsic uncertainties
40
— Selection rules v ¢+ (2018) B e
30
- Proposition of new measurements 20
beam + target experiment (e.g. : NA61) X 10
Y.G., Maurin, Moskalenko, Unger (2023) g o
Sl -10
. -20
reaction Nine #Ne+H 20k
O H 60k *Si+He 10k —30
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15N +H 10k “Na+H 10k Y.G., Maurin, Moskalenko, Unger (2023)
HNLH 10k ZE'Mg+H 10k ’ ! !
1204 He 10k ANe+H 10k . .
105 4 ok % Ne+He 10k — Quantifying the improvments:
BC4H 5k FS+H 5k . .
LitH o i1 5k - Precise determination of transport parameters
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New measurements are required!

Dificulty : more than 1000 reactions are involved ..

— Selection rules V.5 + (2018)

- Proposition of new measurements
beam + target experiment (e.g. : NA61)
Y.G., Maurin, Moskalenko, Unger (2023)
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11 20\ g+ H 10k
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13 +H 3
7 o x #8i+H 5k
Li+H 5k v 1 .
<0 — 5 Ne+He )
M=) = 190 N(< Si) = 3.8 x 107
#Si+H 50k " =
mNe+H 50k Fe-+He 10k
2Ne+H 20k N(<Fe) =4.2 x 10°
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Li/C Be/C

---- Updated XS up to O (w/ He)
—301 " Updated XS up to Si (w/ He)
—:— Updated XS up to Fe (w/ He)
| — Data intrinsic uncertainties

-5 0 5 10 -5 0 5 10
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Y.G., Maurin, Moskalenko, Unger (2023)

— Quantifying the improvments:
- Precise determination of transport parameters
- Challenging universality

- Scrutinize excesses in secondaries
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New measurements are required!

Dificulty : more than 1000 reactions are involved ..

— Selection rules V.5 + (2018)

- Proposition of new measurements
beam + target experiment (e.g. : NA61)
Y.G., Maurin, Moskalenko, Unger (2023)
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21
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2Ne+H 20k N(<Fe) =4.2 x 10°

Halo size

0.08 1 [ Current uncertainty I"'I
0.07 1 & =2 Updated XS (w/o He) ..
L1 Updated XS (w/ He) ||
0.06 1 —— Data intrinsic ||
i
0.05 A 'Ifl:'
w il L
S 0.04- I
P
0.03 1 Y N
0.02 A :
0.01 A ag
o )
0.00 +— . . e epa~ : :
-80 -60 —-40 -20 O 20 40 60 80
AL/L [%]

Y.G., Maurin, Moskalenko, Unger (2023)

— Quantifying the improvments:

- Precise determination of transport parameters
- Challenging universality

- Scrutinize excesses in secondaries
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New measurements are required!

Dificulty : more than 1000 reactions are involved ..

— Selection rules

— Proposition of new measurements
beam + target experiment (e.g. : NA61)
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— Quantifying the improvments:
- Precise determination of transport parameters
- Challenging universality

- Scrutinize excesses in secondaries

NE - Effort has started for E=13.5 A GeV



Next generation experiments:

HERD

_-
‘ii ”"”'

¢’

Expected in 2024 2027

Type Spectrometer Calorimeter

Main focus 10Be/9Be gamma, e+e-, nuclei
0.2-10GeV/n 0.5,10GeV—100TeV

30 GeV - 3PeV

AMS100 ALADINO

20307 20407

Spectrometer Spectrometer

(anti)leptons,(anti)nuclei

100TV and beyond

(anti)leptons,(anti)nuclei

20TV and beyond



— Precision era, % precision data GeV-TeV
— The main process of CR transport - diffusion - is being elucidating

— Many open questions (universality, homogeneity, local effect, ..) need finer (multimessenger) studies & proper modeling
seee.g.

— Antinuclei (positrons, antipotons, antideuterons?, antihelium?) are still intringuing

CR experimental collaborations : please provide covariance matrices of data
Particle physicists : please (re)measure nuclear fragmentation cross-sections

Phenomenologist/Theorist : - please keep in mind systematics (e.g. exp. and cross section)
- continue investigating unexplored/sublte effects ( %!)
- link the phenomenology with micro-physics

Thank you!



What is next?

New measurements are required!

Dificulty : more than
1000 reactions are involved ..

— Selection rules v.C.. + (2018)

- Proposition of new measurements
beam + target experiment (e.g. : NA61)
Y.G., Maurin, Moskalenko, Unger (2023)

— Quantifying the improvments
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