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1. GCR: brief introduction

2. XS uncertainties 3> GCR data uncertainties
3. Which reactions matter? Ranking for GCRs
4. Conclusions

GCR = Galactic cosmic rays
XS = cross sections
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Cosmic ray spectrum and sources
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Transition galactic vs extragalactic
— CR sources and transport?
— Origin of spectral features, composition, anisotropy? 1. Introduction

Virgo cluster (ESO)




GCR data: abundances

Elemental spectra
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— Origin of ‘universal’ power law (E*®)?
— Abundances of elements/isotopes?

— CR anisotropy (6<107)

1. Introduction



GCR data: rare production

Elemental spectra
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— Origin of ‘universal’ power law (E*®)?
— Abundances of elements/isotopes?
— CR anisotropy (6<107)

1. Introduction



GCR journey

Galactic
wind
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Nuclear reactions
(ISM ~ 90%H + 10% He)

e Inelastic XS (e.g., “C+H - X)
e Production XS (e.g., “C+H - "B+X)




GCR journey

Milky-Way dark matter halo
« ~ spherical halo
« radius ~300 kpc
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AMS results:

AMS-02 proton flux
Aguilar et al., PRL 114 (2015)
— based on 300 million events

.. and uncertainties

— most difficult part of the analysis
_ stat. uncertainties sub-dominant

~39% uncertainties!
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AMS results: spectral break in all nuclei!
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— Break seen in all data
(primary and seconday species)

Aguilar et al., PRL 120, 021101 (2018)
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— most likely transport (not source spectrum)

[coupling CR/B/gas via MHD]

1. Introduction


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.021101

Other experiments taking data

— A bright present (and near future)
for high-energy cosmic-rays

Alpha Magnetic Extreme Universe Cosmic Ray CALorimetric Iectron ' S
Spectrometer Space Obsevatory Energetics and Mass Telescope DAMPE satellite
Installed in 2011 Proposed ~2021 Installed in 2017 Installed in 2015 Launched in 2015

... but data interpretation

limited by XS uncertainties!
1. Introduction



2. XS uncertainties > GCR data uncertainties

“Nuclear physics for GCRs in the AMS-02 era”
LPSC (2012)
https://indico.in2p3.fr/event/7012/

“XSCRC2017: Cross sections for Cosmic Rays”
CERN (2017)
https://indico.cern.ch/event/563277/



https://indico.in2p3.fr/event/7012/
https://indico.cern.ch/event/563277/

XS data: inelastic and production
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CR modelling requires

e Reaction cross-section
(CR destruction) on ISM

~ (~90% H, 10% He)

e Production cross sections
(secondary species)

Various approaches
— Microscopic

— Semi-empirical
— Parametric

2. XS and GCRs



XS data: illustration with B and C

Tomassetti, PRD 93, 3005 (2017)
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2. XS and GCRs


http://adsabs.harvard.edu/abs/2018JCAP...01..055R
http://adsabs.harvard.edu/abs/2017PhRvD..96j3005T

XS data: impact on GCRs

CR modelling requires

e Reaction cross-section y

(CR destruction) on ISM

~ (~90% H, 10% He)

e Production cross sections
(secondary species)

Various approaches
— Microscopic

— Semi-empirical
— Parametric

— Systematics from XS dominate over data CR uncertainties
Maurin, Putze, and Derome, A&A 516, 67 (2010)

— XS uncertainties ~ 10-15 %
— AMS-02 uncertainties ~ 3%

Tomassetti, PRD 93, 3005 (2017)
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2. XS and GCRs
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XS data: impact on GCRs

Fixed propagation setup

New XS data required!
— Which reactions are the most important, how many matter?
— How to have a proper error budget (from XS to fluxes)
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2. XS and GCRs



3. Which reactions matter? Ranking for GCRs

Génolini, Maurin, Moskalenko & Unger
https://arxiv.org/abs/1803.04686
To appear in PRC
(as an Editors' Suggestion)



https://arxiv.org/abs/1803.04686

Reactions involved: 1-step reactions

[llustration with GCR Boron
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3. Ranking



Reactions involved: 2-step reactions

[llustration with GCR Boron
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3. Ranking



Reactions involved: short-lived nuclei

Reactions to consider

a (CRs) + b (H, He) - c (CRs + ghost nuclei)

Ghost nuclei to account for
« Exemple

0% 0 = Ox—10p + 0x_0¢ X Br(*°C — 1B)

o Relevant list for Li, Be, B fluxes

Nucleus T, Daughter (decay mode)
“He R06.92 ms °Li (3, 100%)
Li 1783 ms “Be (87, 49.2%, *He (8 n, 50.8%)
Yoo 193009 s MB (AT, 100%)
e 20364 m MB (AT, 100%)
2B 20.20ms '?C (37, 98.4%), *He (8~ 3a, 1.6%)
YN o9965m  YC (g7, 100%)
(
(
(

130 R.58 ms Bo(pt, 80.1%), P C (8T p, 10.9%)
MO t0.620s  MN (BT, 100%)
150 122245 N (BT, 100%)

3. Ranking



Flux impact: t coetficients

C

Reactions to consider

a (CRs) + b (H, He) - c (CRs + ghost nuclei)

Ghost nuclei to account for
e Exemple

0% 0 = Ox—10p + 0x_0¢ X Br(*°C — 1B)

o Relevant list for Li, Be, B fluxes

Nucleus T, Daughter (decay mode)

“He R06.92 ms °Li (3, 100%)

Li 1783 ms “Be (87, 49.2%, *He (8 n, 50.8%)

Yoo 193009 s MB (AT, 100%)

e 20364 m MB (AT, 100%)

2B 20.20ms '?C (37, 98.4%), *He (8~ 3a, 1.6%)
YN o9965m  YC (g7, 100%)
(
(
(

130 R.58 ms Bo(pt, 80.1%), P C (8T p, 10.9%)
MO t0.620s  MN (BT, 100%)
150 122245 N (BT, 100%)

Calculate fabc

wsec (I‘Ef) _ msec (Ja+b—>n — []:]
.@I{;sec ( I‘Ef:]

fﬁzbn —

3. Ranking



Flux impact: ranking XS

Reactions to consider

Reaction a + b — ¢ Flux impact f,.. [%)] o [mhb]
. min | mean | max range
d (CRS) +b (H, HE) - C (CRS + ghOSt HUC]EI) rf{lzf' +H —=''B) 15.0] 18.1 |19.0 30.0
fnl C+H —}l ) 16.0| 16.2 |17.0 269
(0 + H VB 11.3] 11.8 |12.0 18.2
a(2C + H =»1"B) T.20| T.41 |7.60 12.3
a( 150 + H =1"B) G2 T.03 |7.21 109
#(1%0 + H +11C) 567 5.89 [6.00 9.1
. ET{IIB +H —>1”}31 4.00| 4.07 |4.20 38.0
Ghost nuclei to account for 2C { He +''B) 2550|250 |2.70 386
. Exemple rr{ 2C + He—lzi Oy 210|214 |2.20 32.0
a(°N +H = 11B) 2.00| 2.03 |2.10 261
10 10 a{tfc +H —}lﬂm 180 1.87 [1.90 3.1
C — ) . 1 a(170 4 He =B} L67| 1.75 |1.80 24.4
Ix—-s10p Ox—wp +Oxi00 X B?( C— B} ET'{ JC+H-!'B)  150] 1.53 |1.60 22 .2
(‘ +H —>11'1}3m 1.40| 1.48 |1.50 4.0
. . o N +H —='"RB) 1.30] 1.34 |1.36 17.3
Relevant list for Ll, Be: B fluxes ET':: C +He —'""B)  1.00| 1.06 1.1(1 15.8
(100 4+ He = "B} 0.99| 1.05 [1.00 14 .6
- - - (Mg + H =B} 0.98| 1.01 [1.00 10.4
- (BN 4+ H =Y C) 090 092 [0.04 11.9
Nucleus T, Daughter (decay mode) ﬂ,{an{_‘_l_ H _}11 }31 0.s7| 090 093 120
He 806.92 ms °Li (3, 100%) 11‘0 +He ='1C) 0.83| 0.88 |0.90 12.2
o | o B | O+ H —'"Be) 0.84| 0.87 [0.91 2.2
“Li 178.3ms “Be (87, 49.2%, "He (8™ n, 50.8%) rf{“B +H _’11“}3“ 0.81| 0.83 [(L85 12.9
G 19.3009s B (4%, 100%) ThaNTH Swn)  ors| o |o5e 06
I1c 20364 m !B (8t 100%) rr{”%:+ H —>11It}31 0.39| 0.63 |0.87 (4.0, 9.5]
- - . B . fr{ F +H —='"B) 0.50] 0.62 |0.65 0.0
B 20.20 ms C(87,984%), “He (8~ 3, 1.6%) { Mf,+ H —>1”}31 0.58| 0.60 |0.62 6.2
BN o9965m YC Ui+, 100%) gi“%t%ﬁjﬂgn Eiifi EEE H : l}rﬂzu
13y 258 ms Bo (gt 8. 1%), 2 (8tp, 10.9%) rr{:iNc+H —>llllC1 0.52] 0.54 |0.56 T2
» . 4 + fn ‘Mg + H —11C) 0.51| 0.53 |0.56 (5.1, 5.9]
O T0.620 s N (37, 100%) (20 ONe+ H —> }31 0.49| 0.51 |0.52 6.4, 7.1]
15 ; 15 +. rr{ ®Si+H —='C) 042 0.44 |0.46 4.3, 5.0
O 12224s N (87, 100%) (PN +H -"C) 040 0.41 |0.43 5.3
s(**Si+ H =B) 027 0.39 [0.52 (2.8, 5.7
el '“Fv +H —B) 0,03 0.35 |0.67 (0.4, 11.0]
e o( >N + He —rii}}] 0.29( 0.29 [01.30 34
Calculatef ... etvoila! a(**Ne+ H —+1'B)  0.27| 0.28 |0.30 (16.0, 18.0]
abs o(2C+H = Eh"] 0.24| 0.25 |0.26 5.0
o(PC + He —+'C) 0.24| 0.25 |0.25 3.7
ypiec (I‘Ef_) / ‘?EC( atb—e _ []j o "Fe +H —"B)  0.01] 0.24 |0.47 0.2, 7.8)
fabr — 7(12C 4+ He —"Be) 0.22| 0.23 [0.24 5.6
S ysec(ref)

N.B.: ranking robust against transport/source parameters
3. Ranking



Flux impact:

This is what it looks like...

].‘:"I.:l- [21:1 — lI.B — [:]Jl_] + I_l'il'??l
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ranking XS

Reaction a + b — ¢ Flux impact fo.. (%] o [mb] Data o5
min | mean | max range
cn”f‘ +H —=''B) 15.0] 18.1 |19.0 30.0 AN
f]"{l C+H —a-l ) 16.0| 16.2 |17.0 269 4  nfa
(0 + H VB 11.3] 11.8 |12.0 18.2 s 15
a(2C + H =»1"B) T.20| T.41 |7.60 12.3 vy 1.1
a( 150 + H =1"B) G2 T.03 |7.21 109 vy
#(1%0 + H +11C) 567 5.89 [6.00 9.1 n/a
fn“B + H —>1"}31 4.00| 4.07 [4.20 38.0 Ve
=‘."+Hr—a- }31 2.50| 2.59 (2.T0 386G 1.8
rr{ C+ He ') 2.10| 2,14 [2.20 32.0 n/a
(PN 4+ H =118 2.00| 2.03 |2.10 26.1 v 1.2
s(12C+ H ="C) 180 1.87 [1.90 3.1 v  nfa
cn”‘ﬂ + He —>“}31 167 1.75 |1.80 24 .4 1.5
fn F +H —=''B) 1.50| 1.53 |1.60 222 1.7
{‘ +H —='""Be)  1.40| 1.48 |1.50 4.0 vy
n-{ N+H —"B) 1.30] 1.34 |1.36 17.3 s LT
a(2C + He -'""B)  1.00| 1.06 |1.10 15.8 1.1
(100 4+ He = "B} 0.99| 1.05 [1.00 14 .6
(Mg + H =B} 0.98| 1.01 [1.00 10.4 1.6
a(UN+H —11C) 0.90] 0.92 |0.04 11.9 n/a
r:r{an{"+ H —>“}31 0L.87] 0.90 [0.93 12.0 1.7
11 O + He —:. LC) 0.83| 0.8 [0.00 12.2 n/a
Yo+ H —""Be) 0.84| 0.87 |0.01 2.2 v
tf{“B +H —+'"Be) 081 0.83 |(0.85 12.9 v
a(UN+H =B 0.77| 0.79 |0.82 10.3 vy
("N 4+ H = "B) 0.72] 0.74 |0.77 0.6 v
mﬁ"%: +H —='B) 039 0.63 |0.87 [4.0, 9.5] 2.1
ET'{ =."+H —10g) 0.50] 0.62 |0.65 9.0 1.6
{ Mg,+ H —3-1”}3] 0.58| 0.60 |0.62 .2
a( B+ He —'"B)  0.57| 0.58 |0.59 50.0
(B C + H »1C) 0.54| 0.56 |0.59 5.2 n/a
a0 Ne + H =11 052 0.54 056 7.2 v  nfa
fn“Mg+ H —3-1101 0.51] 0.53 |0.56 5.1, 5.9 n/a
(2 Ne+ H —a- }31 .49 0.51 |0.52 6.4, 7.1
rr{ SSi+ H ') 0.42] 0.44 |0.46 4.3, 5.0 n/a
(PN 4+ H ="C) 040 0.41 [0.43 5.3 ¢  n/fa
s(**Si+ H =B) 027 0.39 [0.52 (2.8, 5.7
el '“Fv +H —B) 0,03 0.35 |0.67 0.4, 11.0] 3.3
a( "N + He —''B]  0.29| 0.29 |0.30 4.1 1.2
o(*Ne+ H =B} 0.27| 0.28 |0.30 [16.0, 18.0] 1.2
cn“t" +H —>1”}3m 0.24| 0.25 |0.26 5.9 I
fnl C+ He —+'"C) 0.24| 0.25 |[0.25 3.7 n/a
a("Fe + H —+'B)  0.01]| 0.24 [0.47 (0.2, 7.8 1.1
7(12C 4+ He —"Be) 0.22| 0.23 [0.24 5.6

N.B.: ranking robust against transport/source parameters

3. Ranking
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XS improvement — flux prediction improvement

Correlated uncertainties? ort
. &wtct &Jabn
— measurements from same experimental setup . ~ foec fobe
. E Jabe—

— parametrizations induce systematics et — b
Uncorrelated uncertainties? Aot e Agabe 2
— data from different experimental setups ot =~ Z Jabe o abe

a.b,e

Looking at the data/parameterizations | - .
« correlated for all fragments of a given projectile Agptt\ T eSS IS (s Agabe
« Uncorrelated between different projectile - Jabe =

Pl

pptot gabe

1 b,e

3. Ranking



XS improvement — flux prediction improvement

abe
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.

3. Ranking
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1. GCR: brief introduction
2. XS uncertainties > GCR data uncertainties

3. Which reactions matter? Ranking for GCRs
4. Conclusions




XS improvement — flux prediction improvement

Wealth of high precision GCR data
but
interpretation limited by insufficient quality of XS data/models

— Need support for nuclear physics and high energy physics communities
« ~few % accuracy required on key channels (100 MeV/n to multi-GeV/n)
« improve models if possible...

In Génolini et al. (1803.04686), we provide:
e Motivation for XS community to propose new experiments
« Key reactions for which we need better data (for Li to N GCR fluxes)
o C_ coeff. to calculate # of interactions required (to plan an experiment)

e XS data and models (in hundreds of plots) and references

— the GCR community, as a whole, would be extremely grateful for your help!

« NAG61/SHINE proposal SPSC-P-330 at 10 GeV/n (M. Unger)
e Other candidates?

Public ressources for GCRs

USINE propagation code Cosmic-ray data base (CRDB)
https://arxiv.org/abs/1807.02968 A&A 569, A32 (2014)
https://Ipsc.in2p3.fr/usine https://Ipsc.in2p3.fr/crdb


https://arxiv.org/abs/1803.04686
https://arxiv.org/abs/1807.02968
https://lpsc.in2p3.fr/usine
http://adsabs.harvard.edu/abs/2014A%26A...569A..32M
https://lpsc.in2p3.fr/crdb




Theoretical milestones

N E gain/losses
Variation Transport (diff+conv) S

Sources (prim+sec)

8Nj — - — ; citastrophic lossEs ; "a o jaNj‘ - A v
— (-V-(K(E.AH)+V-V(H)N' + Traa+LTine) N +6_E(b N/ —¢ 6_E) = QU(E, P+ Z '=/N
m,—>mj
CR streaming Diffusion regime
nuclesggyr?{hesis generate waves ‘holds’ in strong PIC-MHD
in plasma B fields SITIS
B field
Fermi Modern shock amplification
mechanisms wave acceleration in shocks
CR Extensive e . TeV
discovery showers e, ¢ [Diffuse ¥ P astro%omy v d?
| | | | | | |
\J \l \J Y |V \J \J
—---— : lo—o—}—o—0———o—] I | bH—>
1910 1930 1950 1980 2000 2020

- > < > >
e,umn,K A Elements upto U  °Be - **Mn

Cosmic rays . Particle physics "  Jerhvei
5 +
Particle physics <: Astrophysics stroparticie physics

I. Introduction




A(lpha) M(agnetic) S(pectrometer)

TRD
Identify e*, e

A TeV precision, multipurpose TOF
spectrometer in space. Z, B

.....

Silicon Tracker P
Z,p ! |

[ R R
- i__"‘!

. - i
v L ry: h—-v‘-,J__J’,

o

" .

ECAL
Identify e*,e
Eofe',e,vy

<)

5m x 4m x 3m
7.5 tons

IV. AMS



A(lpha) M(agnetic) S(pectrometer)

Sub-detector redundancy

10° e Particle ID and its E (and/or R)
10° e Calibration
l  Control systematics

Charge reconstruction
with tracker and time-of-flight

20

s
w0 5 Tof chard®

Each analysis specific (flux/ratio, leptons/nuclei) |
e ID and E (or R) measurement
« Background from other particles
« Background from interaction in detector D

—

30

+ rely on

- Beam test
- In-flight data
- Monte Carlo sims

IV. AMS



Dark matter detection with AMS-027

L I 1 L LI I I | | T I T FrrT |
Fr T T 77T T T T T T T T T T T 1717 T T T T4 = | Aguilar et al., PRL 110, 1102 (2013 u)
[ Kappl et al., JCAP 09, 023 (2015) ] E Accardo etal., PRL 113, 121101 (2014
|
- T ® [ Solar 5 0
- - modulation
o | effect o
E g |
= B 0 | ] i
e L AMS-02 pip data - : } ‘H &# LA §
- BIC best fit in sample § + o AMS i
—— e = i A FERMI
105 pip best fit in sample | S Bk & R
| propagation uncertainties 3 AMS-01 -
nuclear uncertainties ] CAPRICESS
- B CAPRICES4
| | | i B » TS93
1 101 102 llJI.l L 1 L I.LI.JIJ ! 1 L JI.J.]I.J L i
T [GeVin] 1 10 10°

positron, electron energy [GeV]

Positron fraction, e, e” and e +e" spectra used to
test astrophysical and/or dark matter hypothesis

Antiprotons « Contribution from local SNRs/pulsars?
— e.g., Delahaye et al., A&A 524, A51 (2010)

— Seems consistent with astrophysics only

« Dark matter hypothesis?
— e.g., Boudaud et al., A&A 575, 67 (2015)
[N.B.: no boost, Lavalle et al., A&A 479, 427 (2008)]

N.B.: see also e- and e+ in Aguilar et al., PRL 113, 121102 (2014)


http://adsabs.harvard.edu/abs/2013PhRvL.110n1102A
http://adsabs.harvard.edu/abs/2013PhRvL.110n1102A
http://adsabs.harvard.edu/abs/2014PhRvL.113l1101A
http://adsabs.harvard.edu/abs/2014PhRvL.113l1101A
http://adsabs.harvard.edu/abs/2014PhRvL.113l1102A

‘Origin’ of Li to N fluxes

Contributions (relative and absolute)

at 10 GeV/n
CR % of total flux % of multi-step secondaries
% 1sotope prim. frag. rad. 1 2 >2
Li 0 100 O 66 25 9
(56%) °Li 0 100 0 66 25 9
(44%) "Li 0 100 0 66 26 8
Be 0 100 0 73 20 7
(63%) "Be 0 100 0 78 17 6
(30%) “Be 0 100 0 65 26 9
(6%) '“Be 0 100 0 66 26 7
B 0 95 5 5
(33%) '°B 0 85 15 6
(67%) ''B 0 100 0 4
C 79 21 0 77 17 5
(90%) *2C 88 12 0 72 21 6
(10%) '3cC 7 93 0 83 13 4
(0.02%) *C 0 100 0 56 35 9
N 27 72 2 87 9 4
(54%) N 49 48 3 83 13 4
(46%) °N 0 100 0O 89 7 3

— Which reactions are the most important, how many matter?
— How to have a proper error budget (from XS to fluxes)



Ranking of channels (sum over all targets + ghosts)

1-step and 2-step only (>2 steps~5%)

— # of channels in ramnge contribution [%)]
13 [1%.100%] 32,2
. 25 [0.1%.1%] .7
— Many channels contribute! 110 [0.01%.0.1%] 3.8
346 [0.001%,0.01%)] 1.3
el [0.0001%, 0.001 %] 0.2
L 2340 [0.0%,0.0001%] 0.0
Channel min | mean | max
B2 g 30.8 | 32.7 | 35.3
- Known result: 50 = B 16.2 | 17.7 | 18.8
. 0o 'y 09.04 | 9.85 | 10.9
dominant channels ~ most abundant CRs 0 - B . 7.64 | 817 | 8.68
[secondaries oc Source abund * o] L.?E; j Lfﬁ g S0 | Taa | 329
B o PPy 5 g 1.29 | 1.68 | 2.04
g — B 1.51 | 1.59 | 1.69
e - MB 1.26 | 1.32 | 1.39
My & Mg 1.00 | 1.32 | 1.66
i R £ 0.85 | 1.29 | 1.66
By & Mg 5 g 1.03 | 1.17 | 1.26
By o B o5 Vg 0.54 | 1.15 | 1.62
““*u — LI:?" —+ ''B 0.68 | 0.83 | 0.92
Mg — "B 0.66 | 0.75 | 0.84
ey o Yo o g 0.51 | 0.59 | 0.69
i T S\ R 0.50 | 0.59 | 0.68
Wye - ' 0.47 | 0.54 | 0.63
Mo 4 R 0.32 | 0.53 | 067
4y — 1'g 0.39 | 0.50 | 0.G5
pe o R 0.11 | 0.49 | 1.10
:'?r.} — ti‘lfL': — :Eu 0.12 | 0.32 | 0.50
T o [N a | WMo ol o 6y —» My o 10p 0.26 | 0.31 | 0.36
Element| C | N | O |Ne |Na|Mg|Al| Si | S |Ca| Fe Y angr g 0.26 | 0.31 | 0.36
Abund. |986]219(1000|152| 26|197|31|163|30| 18 110 Fe - 0B 0.00 | 0.21 | 0.71
“:?:u — t::t: — :tu 0.19 | 0.20 | 0.22
N — 120 o g 0.14 | 0.20 | 0.25
- T & QR L - 0.10 | 018 | .21
Wnfe o lp ni1alnmnarl nia




Few reactions to measure to get Li, Be, and B

lDz' --------------------------------------------------------------
SR
% ] Overall production of LiBeB
E .......... Cumulative
:']_Dl: Fraction per reaction
3
o
=t
Y
o
=
=
=t
U
C 10
- 1074
T I YT OITIIICIIII @U@ O U
+ + L + I + 4+ + + + + + + + T T T T I +
U o +o tozuz i v oo 5 + + + + + w
e YA P a2 g 2 s 2ggoazp =
a 2 3 N 8 R 4 e T4 oaq
(o] mx

FIG. 2. Contributive and cumulative fractions of reactions
for the overall production of secondary LiBeB in GCRs at
10 GeV /nucleon. The labels on the abscissa give the projec-
tile+target combination considered.



Planning an experiment: Cab and # of interactions

N = number of interactions (poissonian distribution)

V = covariance of the measured number of fragments

abe

Pe— — n; = p; V.

Np(l—p;), i=7
Vii=V(neg.ne) = Pil pi), i=1

Ly

T 2 T f}'ﬂ'b
o= (S m) + 3 (1)
i=1 i=1

1
i) m z
-2 E E fa,bctfabc_f
i=1 j=i+1

(&-:,EJ‘“':) 1 C
e a,a_ VN ab-

B

(S O,y = 3.96)

_j\'rpt'pjﬁ v 7£ J-

Reaction (a+ b) Cu
20+ H (.808
"0+ H (0. 656
() + He (0.609
N + H 0.574
N + He 0.202
120 + He 0. 148
B+ H 0. 108

Mg + H 0.094
"N+ H 0.088
g+ H 0.080
Bo+H 0.074
WNe + H (0,073
"PFe + H 0.058
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