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| - Motivations and state of the art
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| - Motivations and state of the art

Charged cosmic-ray observables at Earth:
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Energy Ultimate Direction
information:
Flux for each
iIsotope

2 Yoann Genolini



| - Motivations and state of the art

Charged cosmic-ray observables at Earth:
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| - Motivations and state of the art

Charged cosmic-ray observables at Earth:
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| - Motivations and state of the art

Charged cosmic-ray observables at Earth:
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That is no longer a dream since this summer... at least for these energies!

Lheeee,, — 20-] . Lithium J14.4
, . (] . . 1[:: (a) ‘$*‘**£“++“ - :
thy ’*+ L > ++* b » Boron
- ‘.+ oo, ' S 15 *; *#: 1108
B ¢ + 0 = —10.
Tu{ 1014 ' ++ .+ -|—a li "H* :
- ¢ W, :
- bt E 04 ‘x;m 7.2
e . ) ] i + 4a | 4
"(x3) ¥, Very precice measurement of elemental fluxes |{ .. Mall ty t .
can be sensitive to the isotopic compositioh.. © H ' 136
Preliminary data, refer to — "= . 9
. up: ::::: gAMSPRLpubIlI: aaaaa I I [TH :‘ Rigidity R [GV]
2 5 10 20 gl M ra gl i s o aaaal
R[GV] 0

ICRC CRDéd L. Derome AMSO02 PRL 12021101 (2018)

3 Yoann Genolini



| - Motivations and state of the art

Charged cosmic-ray observables at Earth:
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Digging a little bit deeper:

V‘I’i N _ Fro(Q(R)) ~ MR

AR dT dS3
C .

Measured! Propagation: Injection:

- Galactic and ISM physics - Physics of sources
(acceleration and escape)




Digging a little bit deeper:

dN rOop mnyj ~ Yi
C\Ij"’ dRdAT dS =F7(QT (R) ~ NiR

Measured! Propagation: Injection :

-caleiConvoluted information

(acceleration and escape)




Digging a little bit deeper:

dN rOop mnyj ~ Yi
C\Ijz dRards ¢ (& ()~ NR

Measured!
Studied with:

“H, °He, Li, Be, B.. H, He, C, O..



| - Motivations and state of the art

Digging a little bit deeper:

d.N;
U, = = fpmp(gjm (R) ~ NiR™

dR d1'dS ( N
Measured! / | \ / \

‘/ - Galactic and ISM physics | | ‘ - Physics of sources ‘

\\ / cceleratlon and ey

Assumptions in the following: Diffusion and Power law
spallation injection
Fragmentation Inelastic
cross section cross section
K(R) = KoBR? Q7 (R) = ¢R™
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Secondary cosmic rays: the boron
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Secondary cosmic rays: the boron

B = 5] "

30% + 70 %




| - Motivations and state of the art

Secondary cosmic rays: the boron

B — 1OB 11B

30% + 70 %

0q—10B Oq—11B
=2 |\ w i T,
& a>B AR+ OlOB(R) R OllB(R) )
Theoretical prediction in Measured isotopic flux
Measured by slab diffusion geometry 12 C
e.g.

detectors
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| - Motivations and state of the art

Secondary cosmic rays: the boron

B — 1OB 11B

30% + 70 %

Measured up to
few percent!

O-CL—> 10 B O a—> 11 B
\IJB m Z ) | ) \Ija .
v KR —|—010]3(R) KR —|—011B(R) )
a>B
Theoretical prediction in MeaSl{eé’ isotopic flux
Measured b slab diffusion geometry
det:ctors Y e.g. C
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| - Motivations and state of the art

Secondary cosmic rays: the boron

B — 1OB 11B

30% + 70 %

Measured up to

!
few percent! Inputs!

a>B

0q4—10B Oq—11B
Vg = v,
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Theoretical prediction in Measured isotopic flux

Measured by slab diffusion geometry et 12 C
detectors
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| - Motivations and state of the art

Secondary cosmic rays: the boron

B — 1OB 11B

30% + 70 %

Measured up to
few percent!

Up = — >\Ifa
v = Z | UlOB(R) @‘ (711B(R)

I
a>B

Inputs!

Measured isotopic flux

Measured by Constraints on g 12 C
detectors CR propagation
parameters
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| - Motivations and state of the art

Secondary cosmic rays: the boron

B — 1OB 11B

30% + 70 %

Measured up to

few percent! Inputsl.. large uncertainties

0q4—108 Oq—118
Up = i | v
b ; (K R5—|—0103(R) | /CR5—|—(711B(R)> a)
Measured isotopic flux
Measured by eg. 12 C

detectors
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| - Motivations and state of the art
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| - Motivations and state of the art

Secondary cosmic rays: the boron

B — 1OB 11B

30% + 70 %

2 : 0q—10B Oq—11B
& 4 IR+ owp(R) K R°+ oug(R) )
db
SUthEtyl ':\iee::clzgrs ?y
Measured by
detectors If only the flux by element is

measured : <
-> uncertainty on the isotopic
contributions propagates!
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| - Motivations and state of the art

Secondary cosmic rays: the boron

B — 1OB 11B

30% + 70 %
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detectors

Multisteps reactions matter! -«
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| - Motivations and state of the art

Primary cosmic rays: the carbon Laltc

Carbon is not a pure primary - ==———)- . 20 % of C is secondary!

pemined sy ¢tymy. rpfuired fuidtge
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| - Motivations and state of the art

Primary cosmic rays: the carbon

12C 13C

CR Y% isotope % of % of multistep
total flux secondaries
Prim. | Frag.] Rad. 1 2 =2
Li 0 100 0 66 25 9
(56%) °Li 0 100 0 66 25 9
(44%) "Li 0 100 0 66 26 8
Be 0 100 0 7320 7
(63%) 'Be 0 100 0 78 17 6
(30%) “Be 0 100 0 65 26 9
1 6%) ""Be 0 100 0 66 26 7
Carbon is not a pu (%)
B 0 95 5 79 17 5
(33%) "B 0 85 15 70 24 6
(67%) ''B 0 100 0 82 14 4
C 79 21 0 7717 5
(90%) *C 88 12 0 72 21 6
. (10%) “C 7 93 0 83 13 4
l.€. (0.02%) 4C 0 100 0 56 3 9
N 27 T2 2 87 9 4
(54%) "N 49 48 3 83 13 4
(46%) °N 0 100 0 89 7 3
s

f Cis secondary!

Genolini et al. PhysRevC. 98,034611
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| - Motivations and state of the art

So far:

Extracting physics information from CR fluxes
requires a carefull treatment of systematics.

Cross-sections are a major systematic, typical
uncertainties of 15-25 % for Op—q and 5 % for O .

All CR nuclei break-up and contain a secondary
component.

When we do not measure isotopic fluxes, multistep
reactions matter.
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II- What are the most important fragmentation cross-sections?




Il - What are the most important cross sections?

Flux Impact

The flux of a given element ¢ can be decomposed in two parts :

\ch _ \Iﬂgrim 4 \Ijgec/\

Contains radioactive decay!

Flux impact Jabe of a cross section O q+b—sc
relative variation of the flux when switching off this reaction.

W (ref)) = U5 (01,0 = 0)

fabc — \Ijiec (I’@f)

Example: at 10 GeV/nuc for the boron flux, for 012C+H—11B:

leC,H,llB — ]_8].%
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Il - What are the most important cross sections?

Flux Impact

The flux of a given element ¢ can be decomposed in two parts :

\ch _ \Iﬂgrim 4 \Ijgec/\

Contains radioactive decay!

Flux impact Jabe of a cross section O q+b—sc
relative variation of the flux when switching off this reaction.

Mostly H and He targets in the ISM
WseC(ref ) — Wsee (J/der_)@: 0)

Tsee (ref)

fabc —

Example: at 10 GeV/nuc for the boron flux, for 012C+H—11B:

leC,H,llB — ]_8].%
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Il - What are the most important cross sections?

Example : case of boron

Reaction a +b — ¢ Flux impact fope (%] o [mb] Data o%o
min [ mean | max range

o(}2C + H -»''B) 18.0| 18.1 |19.0 30.0 v 1.8
s(**C+H -'"C) 16.0| 16.2 |17.0 26.9 /  nj/a
o(*°0 +H =1t 11.3] 11.8 [12.0 18.2 vV 15
o(**C 4+ H —-'"B) 7.20| 7.41 |7.60 12.3 v 1.1
o(**0+H —='"B) 6.82| 7.03 [7.21 10.9 v
o(**0O+H -'C) 5.67| 5.89 |6.00 9.1 n/a
o(*'B+H —'"B) 4.00| 4.07 |4.20 38.9 v

o(*?C + He »''B) 2.50| 2.59 [2.70 38.6 1.8
o(2C + He —»''C) 2.10| 2.14 [2.20 32.0 n/a
o('>N +H —=''B) 2.00| 2.03 |2.10 26.1 1.2
o(*?C+H -'°C) 1.80] 1.87 |1.90 3.1 vV n/a
o(*°0 + He ="B) 1.67| 1.75 [1.80 24.4 1.5
o(**C+H —=''B) 1.50] 1.53 [1.60 22.2 1.7
o(**C+H —»'""Be) 1.40] 1.48 |1.50 4.0 v/

o(MN +H —-11B) 1.30| 1.34 [1.36 17.3 1.7
o(*?2C + He —»1'°B) 1.00] 1.06 [1.10 15.8 1.1
o(*°0 + He —»'°B)  0.99| 1.05 |1.09 14.6

o(**Mg+ H —"'"'B) 0.98] 1.01 |1.00 10.4 1.6

Genolini et al. PhysRevC. 98,034611
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Il - What are the most important cross sections?

Example : case of boron

Reaction a +b — ¢ Flux impact fape [%] o [mb] Data o%
min | mean | max range

o(*?C+H —»''B) 18.0] 18.1 [19.0 30.0 v 1.8
c(**C+H -'"C) 16.0| 16.2 |17.0 26.9 /  n/a
o(*°0 +H =1t 11.3] 11.8 [12.0 18.2 vV 15
o(**C 4+ H —-'"B) 7.20| 7.41 |7.60 12.3 v 1.1
o(*°*0+H —='"B) 6.82| 7.03 [7.21 10.9 v
o(**0O+H -'C) 5.67| 5.89 |6.00 9.1 n/a
o(*'B+H —'"B) 4.00| 4.07 |4.20 38.9 v

o(*?2C + He »''B) 2.50| 2.59 [2.70 38.6 1.8
o(*2C + He —»''C) 2.10| 2.14 [2.20 32.0 n/a
o('>N +H —=''B) 2.00| 2.03 |2.10 26.1 1.2
o(*?C+H -'°C) 1.80| 1.87 [1.90 3.1 vV n/a
a(*°0 + He ﬁ»“B 1.67] 1.75 [1.80 24.4 1.5
o(**C+H —=''B) 1.50] 1.53 [1.60 22.2 1.7
o(**C+H —»'""Be) 1.40] 1.48 |1.50 4.0 v/

o(MN + H -»11B) 1.30] 1.34 [1.36 17.3 1.7
o(*2C + He —»1'°B)  1.00| 1.06 [1.10 15.8 1.1
(%0 + He —>1“B) 0.99] 1.05 |1.09 14.6

o(**Mg+ H —"'B) 0.98] 1.01 |1.00 10.4 1.6

~__ 7 Genolini et al. PhysRevC. 98,034611

Fluctuations using different cross-section parameterization.
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Il - What are the most important cross sections?

Example : case of boron

Reaction a +b — ¢ Flux impact fape [%] o [mb] Data o%
min | mean | max range

o(*?C+H —»''B) 18.0] 18.1 [19.0 30.0 v 1.8
s(**C+H -'"C) 16.0| 16.2 |17.0 26.9 /  n/a
o(*°0 +H =1t 11.3] 11.8 [12.0 18.2 vV 15
o(**C 4+ H —-'"B) 7.20| 7.41 |7.60 12.3 v 1.1
o(*°*0+H —='"B)  6.82| 7.03 [7.21 10.9 v
o(**0O+H -'C) 5.67| 5.89 |6.00 9.1 n/a
o(*'B+H —'"B) 4.00| 4.07 |4.20 38.9 v

o(*?C + He »''B) 2.50| 2.59 [2.70 38.6 1.8
o(2C + He —»''C) 2.10| 2.14 [2.20 32.0 n/a
o('>N +H —=''B) 2.00| 2.03 |2.10 26.1 1.2
o(*?C+H -'°C) 1.80] 1.87 |1.90 3.1 vV n/a
a(*°0 + He ﬁ»“B 1.67] 1.75 [1.80 24.4 1.5
o(**C+H —=''B) 1.50] 1.53 [1.60 22.2 1.7
o(**C+H —»'""Be) 1.40] 1.48 |1.50 4.0 v/

o(MN + H -»11B) 1.30| 1.34 [1.36 17.3 1.7
o(*2C + He —»'°B)  1.00] 1.06 [1.10 15.8 1.1
(%0 + He —>1“B) 0.99] 1.05 |1.09 14.6

o(**Mg+ H —"'"'B) 0.98] 1.01 |1.00 10.4 1.6

Genolini et al. PhysRevC. 98,034611
Expected value (from Galprop parameterization).
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Il - What are the most important cross sections?

Example : case of boron

Reaction a +b — ¢ Flux impact fape [%] o [mb] Data o%0o
min | mean | max range

o(*?C+H —»''B) 18.0] 18.1 [19.0 30.0 v/ 1.8
s(**C+H -'"C) 16.0| 16.2 |17.0 26.9 /  n/a
o(*°0 +H =1t 11.3] 11.8 [12.0 18.2 /1.5
o(**C 4+ H —-'"B) 7.20| 7.41 |7.60 12.3 v o1
o(*°*0+H —='"B)  6.82| 7.03 [7.21 10.9 v
o(**0O+H -'C) 5.67| 5.89 |6.00 9.1 n/a
o(''B+H —'"B) 4.00| 4.07 [4.20 38.9 v

o(*?C + He »''B) 2.50| 2.59 [2.70 38.6 1.8
o(2C + He —»''C) 2.10| 2.14 [2.20 32.0 n/a
o(!°N + H —»'!'B) 2.00| 2.03 |2.10 26.1 1.2
o(**C+H —='°C) 1.80] 1.87 [1.90 3.1 v/ | n/a
a(*°0 + He ﬁ»“B 1.67] 1.75 [1.80 24.4 1.5
o(**C+H —=''B) 1.50] 1.53 [1.60 22.2 1.7
o(**C+H —»'""Be) 1.40] 1.48 |1.50 4.0 v

o(**N +H —''B) 1.30| 1.34 [1.36 17.3 v 1.7
o(*2C + He —»'°B)  1.00] 1.06 [1.10 15.8 1.1
(%0 + He —>1”B) 0.99] 1.05 |1.09 14.6

o(**Mg+ H —"'"'B) 0.98] 1.01 |1.00 10.4 1.6

Are there any data? -> In the Supplemental Material.

Genolini et al. PhysRevC. 98,034611
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Il - What are the most important cross sections?

Example : case of boron

Reaction a +b — ¢ Flux impact fape [%] o [mb] Data o%
min | mean | max range

o(*?C+H —»''B) 18.0] 18.1 [19.0 30.0 vV | 1.8
s(**C+H -'"C) 16.0| 16.2 |17.0 26.9 VY  n/a
o(*°0 +H =1t 11.3] 11.8 [12.0 18.2 vV | 1.5
o(**C 4+ H —-'"B) 7.20| 7.41 |7.60 12.3 v | 1.1
o(*°*0+H —='"B)  6.82| 7.03 [7.21 10.9 v
o(**0O+H -'C) 5.67| 5.89 |6.00 9.1 n/a
o(*'B+H —'"B) 4.00| 4.07 |4.20 38.9 v

o(*?C + He »''B) 2.50| 2.59 [2.70 38.6 1.8
o(2C + He —»''C) 2.10| 2.14 [2.20 32.0 n/a
o('>N +H —=''B) 2.00| 2.03 |2.10 26.1 v | 1.2
o(*?C+H -'°C) 1.80] 1.87 |1.90 3.1 v | n/a
a(*°0 + He ﬁ»“B 1.67] 1.75 [1.80 24.4 1.5
o(**C+H —=''B) 1.50] 1.53 [1.60 22.2 1.7
o(**C+H —»'""Be) 1.40] 1.48 |1.50 4.0 v/

o(MN + H -»11B) 1.30| 1.34 [1.36 17.3 v 1.7
o(*2C + He —»'°B)  1.00] 1.06 [1.10 15.8 1.1
(%0 + He —>1“B) 0.99] 1.05 |1.09 14.6

o(**Mg+ H —"'"'B) 0.98] 1.01 |1.00 10.4 1.6

Including short-lived nuclei

Genolini et al. PhysRevC. 98,034611
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Il - What are the most important cross sections?

Flux impacts for other elements Li, Be, B, C, N

Reaction a + b — ¢ Flux impact f,p. [%] o [mb] Data oY%

Li min | mean | max range

o(}2C +H —OLi 11.0| 13.6 |16.0 14.0 v

o(*°0 + H -»°Li) 11.0| 13.5 [16.0 13.0 v

o(*?C +H —"Li 10.0| 11.9 |14.0 12.6 v

c(1°0O + H —»7Li) 9.6| 11.3 [13.0 11.2 v

— ™_1 IT 7T =\ onnl o Fra |4 nn N1 s

Reaction a + b — ¢ Flux impact f,p. [%0] o [mb] Data o'/o

Be min | mean | max range

o0+ H —-"Be) 17.0| 17.6 |19.0 10.0 v/

o(*C+H —"Be) 15.0| 15.9 |17.0 9.7 v/

o(*?C+H —YBe)  8.80| 9.27 |9.80 6.8 v/

o(10 +H —»Be)  5.00| 5.34 |5.60 3.7 v

~M60 L Ha ATRaY 2701 2 7 1200 14 7

Reaction a +b — ¢ Flux impact fope (%] o [mb] Data oo

B min | mean | max range

o(2C + H —»11B) 18.0] 18.1 [19.0 30.0 v/ 1.8

o(**C+H —-'C) 16.0| 16.2 [17.0 26.9 v nj/a

o0 +H —''B)"  11.3]| 11.8 [12.0 18.2 v 1.5

o('?’C+H —'"B)  7.20| 7.41 |7.60 12.3 v 1.1

o(}°0+H —'"B)  6.82| 7.03 [7.21 10.9 v -
13 o(**0+H —-'1C) 5.67| 5.89 [6.00 9.1 n/a Genolini

o(1'B 4+ H —=1°BY  4.00] 4.07 |4.20 38.9 4




Il - What are the most important cross sections?

Flux impacts for other elements Li, Be, B, C, N

Reaction a + b — ¢ Flux impact f,p. [%] o [mb] Data o9
Li min | mean | max range
2C 4+ H —-°Li)  11.0| 13.6 |16.0 14.0 v
( O+H—>§Li) 11.0| 13.5 |16.0 13.0 v

This ranking have been used to identify
relevant nuisance parameters in B/C fits.

Derome etjal. A&A 627, A158 (2019)
Genolini et al, PRD 99,123028 (2019)

Reaction a + 0 — C Flux 1mpact Jabe o |mb] Data o /o

B min | mean | max range

o(2C + H —»11B) 18.0] 18.1 [19.0 30.0 v/ 1.8

o(**C+H —-'C) 16.0| 16.2 [17.0 26.9 v nj/a

o(1*0+H —=''B)"  11.3] 11.8 |12.0 18.2 v 1.5

o(**C + H —'"B) 7.20| 7.41 |7.60 12.3 v 1.1

o(**0+H —-'""B) 6.82| 7.03 |7.21 10.9 v -
13 o(**0+H —-'1C) 5.67| 5.89 [6.00 9.1 n/a Genolini

o(11B + H -19B) 4.00| 4.07 14.20 38.9 4



Il - Priority order for a beam+fixed target experiment




Il - Priority order for a beam+fixed target experiment

-> At which reaction shall we stop?



Il - Priority order for a beam + fix target experiment

Propagating the uncertainty to the flux:

At a given energy, consider the variation of the flux :

Introducing the flux impact fabe -

abc
(AwB > Z fabc abc

a,b,c

Example: with /... = 10% and a relative uncertainty of 10% for
the cross section, the uncertainty on the flux is of 1%.

15 Yoann Genolini



Il - Priority order for a beam + fix target experiment

Uncertainties of cross sections : several cases

abc

bc

Correlated case: ( AwB ) ~ Z f abc Ao
(55 ot

a,b,c

A@DB uncorlr‘v AO’abC 2
(%) = \Z(fa'bc )

a,b,c

I 2
-, A mIX Agabe
Realistic case: ( U\ Y D fane
wB o abe
Correlated projectile & uncorrelated fragments.

16 Yoann Genolini



Il - Priority order for a beam + fix target experiment

Uncertainties of cross sections : several cases

Assumed to be 20 %
Ccorr abc
Correlated case: <A¢B ) ~ Z Jabe =l >

wB O-abc
a,b,c
A wB uncorr A gabe 2
Uncorrelated case: ~ g Jabe
¢B \ O-abc
a,b,c

. Ap ) o ( A\ gabe > :
Realistic case: ~ abe
( wB ; \ ; f b O.abc |

16 Yoann Genolini



Il - Priority order for a beam + fix target experiment

Beam + fix target experiment

30
Impact of new measurements (from left to right) B

25 1

Error combination on fapc
e Corr. (all)
=== Uncorr. frag + corr. proj (all)
= Jncorr. (all)

N
o
1

Desired precision

Ayg/wg evolution

=
o
1

13C+H
24Mg+H
ONe+H
28Sj+H
11B+He
>6Fe+H

17 Yoann Genolini



Il - Priority order for a beam + fix target experiment

Beam + fix target experiment

30
Impact of new measurements (from left to right) B
25 A
Error combination on fapc
S 20 - = Corr. (all)
'43 === Uncorr. frag + corr. proj (all)
e _ o === Uncorr. (all)
2 lis - Desired precision
m
=3
S~
> 10
<
5 -
0 L 1 1 Ll 1 1
v T T T w o T T T T T T v T
0] + + + L L + + + + + + L +
= ¢ O m + Ly = = O o O 5 + o
S| & = & &£ = &2 o =2 =2 7 2 9
— — ~ ~ — n

Current status

17 Yoann Genolini



Il - Priority order for a beam + fix target experiment

Beam + fix target experiment

30
Impact of new measurements (from left to right) B

25 -
Error combination on fapc

e Corr. (all)

=== Uncorr. frag + corr. proj (all)

= Uncorr. (all)

N
o
1

Desired precision

Ayg/ypg evolution
5 &

0 T T T T T T #'_
e T T T w v T T T T T T v T
0] + + + L L + + + + + + L +
S @ &5 & 2 oz £ 2 2 & & ¢
n
ol - -y ¢ = A F F £ & g 03

Measured with infinite precision

17 Yoann Genolini



Il - Priority order for a beam + fix target experiment

Beam + fix target experiment

30
B

Impact of new measurements (from left to right)

25 1

Error combination on fapc

e Corr. (all)
=== Uncorr. frag + corr. proj (all)

= Jcorr. (all)

N
o
1

Desired precision ‘

Ayg/ypg evolution

=
o
1

N+H
N+H
13C+H
24Mg+H
ONe+H
28Sj+H
11B+He
>6Fe+H

17 Yoann Genolini



Il - Priority order for a beam + fix target experiment

Beam + fix target experiment

30 A

= J P
L5, ] (=] un
1 'l 'l

Ay i/p; evolution

Li

Impact of new measurements (from left to right)

Error combination on f,p
Aag/ov"Me3s & [15%, 25%]

Corr. (all)
Uncorr. frag + corr. proj (all)

Desired precision Uncorr. (all)

18
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Il - Priority order for a beam + fix target experiment

mm - H+0lg,
< " H+ENgz
zfm.u/Jm m -_n_._-__ﬂ\hm
e = - OH+d1;
c X o
s mm 7 FOH+94gc
o 5= .
2 SV ES 2+ Ohly
= mm (TR - H+94,
S 25 £ 88
@ W b © £ C -w_l_l_._mmm
= ,n;mw L I |
m w "H+2dgg
9 FH+D¢r
-
0 FH+N
m ST
ot m "H+801
c 0 S
) o @ [ HToNoe
= E 0 FH+Ny
N w Dulllll
- c e T FH+bn,
v 4 v :
Q. — " FOH+D¢1
> ® A
Q m. rH+91
=) - i I+_MWN
()
o0 F9H+001
uy
a i I+OmH
o
X H+ O
e SUETlg!
+ L A A S
m ™ ™ — —
m uOoIIN|OAD 28 /28my
(o]
()
(a1)]

Lon+n,

" 9H+Ng;
-9H+bW,;
rOH+D¢q
OH+ 81
- OH+9dc
- H+°Nge
- H+ISg;
-H+24,
" H+2dgg
"H+d0r
"H+Nyt
FH+,

- H+DBWy,
"H+Ngr

" H+ D¢t
rOH+Dz1
(2H+0g1
"H+4d11
"H+Og1

" H+Dz1
SUEIIle

Yoann Genolini
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Be

be

Uncorr. frag + corr. proj (all)

Error combination on fypc
Corr. (all)

Ag/ol"Mmeas: € [15%, 25%]

Impact of new measurements (from left to right)

FOH+Nyr
FH+°Nzz
FOH+Ngr
FH+3dgg
FOH+E
FH+ISge
FH+°Nogz
- H+bW
T H+ g1
TH+Nypr
FH+Ngr
FPH+ 0ot
FPH+Dz1
rH+8
"H+Ogr
FH+Oz1

Fiualind

304

Il - Priority order for a beam + fix target experiment
Beam + fiv tarocat avnarimant

—
©
9
=
©
-
=
o
L=
c
2
=
U
[
@
| -
- —
— —_—
Q
0
Q
O
T T
fa] o
~ ~

uonnjoaa 8m/8my

(=]

- H+b¢;
rH+ENgz
FH+IV, 2z
[OH+d g
- OH+94g¢
- OH+bW,
- H+99,
F OH+1S,
FH+2dgg
F H+D¢q
"H+Ngr
(H+801
- H+9Ngz
"H+Npt
- H+BWy,
FOH+Dz1
FH+dq1
- H+I1Sgz
F9H+0g1
"H+Og1
FH+Dz1
SUEIe

-

Fon+m,
" OH+Ng;
-9H+bW,;
FOH+0¢r
OH+ 81
- OH+9dc
- H+°9Noz
- H+ISg;
-H+9g,
" H+2dgg
"H+d0r
"H+Nyt
- H+T,

- H+DBWy,
"H+Ngr
FH+D¢r
9H+0z1
(2H+0g1
(H+81r

" H+0Oo1

" H+Dz1
SUEII 1)

=

Yoann Genolini
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Be
+r0j (all)

be

Uncorr. frag + corr. proj (all)

Uncorr. (all)

Error combination on fypc
Corr. (all)

Ag/ol"Mmeas: € [15%, 25%]

Desired precision

Impact of new measurements (from left to right)

304

uonnjoaa 8m/8my

Il - Priority order for a beam + fix target experiment
Beam + fiv tarocat avnarimant

- FH+BWc, [PHH!,
© PH+eNg [ PH*Ns
1 FH+HIV,,  [PHTPW
LoH+Ny; [OH+Err [ FHT e
I - OH+
| +aN,, [ PH+des H+811
F OH+b6W,; [PH+2dgg
FOH+Ngr
FH+9g, [ H+®Nog
- H+24
¥ [oH+ISg, [HHISe
reH+8¢1 | H+9dgc | H+29g,
" H+1Sge 1I+UMH -I.Tw_n_mm
" H+®Noz "H+Ncy "H+801
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-T_._.Zv._” _|_+__...._.w._“ e
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rI+ZmH
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r2H+0g1
._|_+m_._..._.. -w_n_.TUNH
"H+¥8u | 9H+0g; | FH+91g
"H+Oor [H+Ogr [ H+Ogr
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SUEIglg) ru._m_.mt_.__u d- SNy
i > G [
O o Y
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n
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Il - Priority order for a beam + fix target experiment

Beam + fiv tarocat avnarimant

304

25 1

204

Impact of new measurements (from left to right)
Error combination on fypc
Agj/oUinmeas. € [15%, 25%]

Corr. (all)
Uncorr. frag + corr. proj (all)

Be

Awg/wg evolution

We also provide simple formulae to compute the

Genolini et al. PhysRevC. 98,034611

number of reactions needed to reach a given precision.

Cross-secticissj s 3121 F T T3 3 FF T FTFTITCCTT T
. tuo+5m+mzmmzu£ﬁ_—m+++3mm
ofprime 5|8 |9 = P23 24 d¢pe 2005 2=
. P -5 ~ ~ T 2 - N
|mportanch, I T
clr r 9 @ r r r r r r I r r r ¢ 9 9 90 v w9

ol + +/ /T T + + + + + + + + + +# T T T I T T

sl o+t + U=z o573 2 @m0 o x5 o0 + + + + + +

S| glRlgl9 s e 2T i p ez 220

™~
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IV- Conclusion and prospects




IV- Conclusion and prospects

The problem: Fragmentation cross sections are a limiting factor to reach the
percent precision in modelling!

The question: What should we do?

The answer: Measuring few key interactions with high accuracy in the range:

Voyageur

[ 50MeV/nuc -1TeV ]

12C 1+ H
YO +H
Top 2!

AMS-02, CALET, DAMPE,..

Started at NA61
@ 10GeV/nuc!

PoS(ICRC2019)446

Soon: New update for the light elements: 'H 2 H 3 He,* He

20
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TABLE XV: List of ghost nuclei with significant
contributions to Li-C fluxes from Tables |X|to|XIV} the

half-life, decay channel, and branching ratio are taken
from [142].

Nucleus T4 /2 Daughter (decay mode)

“He 806.92ms °Li (87, 100%)

9Li 1783 ms YBe (87, 49.2%, *He (8™ n, 50.8%)

0C¢ 19.3009s °B (81, 100%)

o 20364m  Y'B (81, 100%)

2B 2020ms '2C (87, 98.4%), ‘He (8 3, 1.6%)
BN 9965m  2C (81, 100%)
(
(
(

130 858 ms  ?C (81, 89.1%), '*C (81 p, 10.9%)
0o 70.620s MN (BT, 100%)
150 122.24s  1°N (81, 100%)

19 Yoann Genolini



N* + (p,He) —  3Li (t1/2=178 ms) L 9Be  (Br =49.2%)
N* 4 (p,He) — M Li (t1,0=8.6ms) " —5" IBe (Br = 4.1%)

effective

-g_—}ng — ai—}gBE+49'2% J‘i—?gL%—l_ﬁ‘Ll% i—}alLi



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 32
	Slide 33
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 69
	Slide 70
	Slide 71
	Slide 72
	Slide 73
	Slide 74

