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ReaCtion Weak r-process. Yn/Yseed = 1072 =gy ClOSe {0 stability

¥
netWOrkS (a,7), (a,n), (p,y), (p, n) reactions €= slow B-decay

move matter toward higher Z
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Effect of (a,n)

Trajectories

38-42, 44, 45, 47 4,5,7,8, 13, 14, 15, 16,
20, 24, 25, 33, 34, 35

20 uncertainties due to

- (a,n) reactions
Y, = 0,42
s = 76 kg /nucleon
T =10 ms
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Abundance Y
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Entropy Expansion time

Trajectory Y. kg /nuc ms
MCl1 0.42 129 11.7
MC2 0.45 113 11.9
MC3 0.45 122 10.3
MC4 0.44 66 19.2
MC5 0.43 66 34.3
MC6 04 56 63.8
MC7 0.47 96 11.6
MC8 0.43 78 35
MC9 0.40 73 28.1
MCI10 0.40 54 51
MC11 0.44 104 13.2
MC12 0.48 85 9.7
MCI13 0.43 64 35.9
MCl14 0.45 46 14.4
MCI15 0.48 103 204
MC16 0.49 126 154
MC17 0.46 132 124
MCI8 0.45 131 214
MC19 0.41 s 9.8
MC20 0.41 42 59.3
MC21 0.41 3l 22:2
MC22 0.40 40 46.7
MC23 0.41 48 37.5
MC24 0.43 56 16.2
MC25 0.46 96 209
MC26 0.40 84 36.2
[MC27 0.42 76 10 |
MC28 0.46 113 11.9
MC29 0.41 66 414
MC30 0.43 79 26.3
MC31 0.43 71 114
MC32 0.42 103 125
MC33 0.49 175 14.2
MC34 0.40 34 58.7
MC35 0.44 48 13
MC36 0.40 32 634




Problem at astrophysically
relevant energies
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Experimental solution?

%Zr(a, n)®Mo __, ATOMKI-V2
measurements potential
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We need a LOT of 5
measurements:
« on relevant energies
 on relevant isotopes
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R 1 t Reaction 7 MC tracers
e evan FFe(a, n) *Ni 39 — 42, 45 34,36
SFe(a, n)'Ni 36,37 3
° % Cola, n)®Cu 39-42,45 20, 34, 36
"Co(a, n)™Cu 36, 37 3
1 S O O e S "Ni(a, n)""Zn 36-42 2,3,17,18,32
" Ni(a, n) "Zn 36-42 2,318 32
Cu(a, n) "Ga 47 35
"Cu(w, n)*Ga 37 3
Zn(e, n) P Ge 30-42 36
%Zn(w, n) ’Ge 36, 3742 2,3,17, 18,32
Zn(a, n) ¥ Ge 36,3742 2,3,17,18,32
PZn(w, n)¥Ge 36, 3742 2,3,18,32
07n(w, n) ¥ Ge 36, 37,3942 2,3,18,32
8Ga(a, n)¥As 36, 38, 39, 41 17, 32
"Ge(a, n)®'Se 39-42 36
MGe(a, n)*Se 36-39, 42 28,33, 36
2Ge(a, n)*Se 36-39, 41 11,17, 19, 27, 28, 33
5 As(a, n) ¥Br 36. 37, 41 11,26, 27,28, 33
#Se(w, n)YKr 3642, 44, 45 2,6,7,8,9,10, 11, 18, 19, 20, 22, 23, 24, 26, 27, 28, 29, 30, 31, 33, 34, 36
%5Se(a, n) ¥ Kr 36-42, 44, 45 2,6,7,8,9,10, 11, 18, 19, 22, 23, 24, 26, 27, 28, 29, 30, 31
% Bric, n)*Rb 37-39 6.7,8.9, 10,22, 23, 24, 26, 28, 29, 30, 31
Br(w, n)*Rb 37,39 6.9, 10, 29, 31
*Br(e.n)”' Rb 39 26
86K (e, n)¥Sr 3842, 44, 45,47 4,5,7, 8,13, 14, 15, 16, 20, 24, 25, 33, 34, 35
SKr(a, n)™Sr 38-42,45 4,5,7,8, 13, 16, 20, 24, 25, 28, 30, 33, 34
®Kr(ee, n)?"Sr 37-42, 44, 45 2,4,5,6,7,8.9, 11,13, 16, 17, 18, 19, 20, 22, 24, 25, 26, 27. 28, 29, 30, 31. 32, 33, 34
8Kr(a, n)™Sr 39, 40, 42, 44, 45 2,6,11,17, 18, 19, 26, 27, 28, 29, 30, 32
OKr(ae, n)»Sr 37-42, 44-46 2,3.6,9,10, 11, 17, 18, 19, 22, 26, 27, 28, 29, 30, 31, 32
YRb(w, n) Y 41,45 14, 15
YRb(a, n) Y 41,42 5.7.13,20,34
88Sr(a, n) ' Zr 42,44 14,15
88r(ar, ) Zr 42 14, 15
NSr(a, n) P Zr 42, 44-47 4,5, 12, 13, 14, 15, 16, 20, 35
NSr(e, n) *Zr 44,45 5.12,13,16
2Sr(a, n) P Zr 38,42, 4447 4,5,6,7,8,11,12, 13, 16, 20, 21, 22, 23, 24, 25, 28, 29, 30, 31, 34
BSr(a, n) " Zr 42, 44 — 47 6.7.9,10, 11,22, 26, 27, 28, 29, 30, 31
“Sr(e, n) ) Zr 37-42, 4447 2,6,7,8,9,10, 11, 18, 19, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32
%y (a, n)"Nb 45 4,8, 16,21, 23,24, 25
Sy (a, n) " Nb 45, 46 8, 23,24, 25,30
MZr(w, n) " Mo 44, 45 14, 15, 35
SZr(a, n) Mo 45-47 5,12, 13, 35
%Zr(a, n) Mo 44-47 4,5,6,7.8, 12,13, 16, 20, 21, 22, 23, 24, 25. 29, 30, 35
TZr(ee, n)'"Mo 44, 46, 47 4,5,6,7,8,21,22,23,24,25,29, 30
%Z{c, n)'"""Mo 44, 46, 47 6,7.8,22, 23,24, 25,29, 30

Y"Nb(a, n) '™ Te 45.46,47 12, 13, 14, 15, 35




Experimental solution?
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Target current
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Activity measurement
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Results and astrophysical analysis
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Summary

Weak r-process
- Charged particle captures (a,n), (p,n), (a,7), (»,7)

° 86Kr(a’ n) key reactlon ey Cross s_ection
uncertain from theory

Activation method:

« (Gas target 86 89
« Implanted target} > “°Kr(a,n)*Sr

e Current measurement 4} '
 [3-decay

Results and astrophysical implications:

Factor of 10 uncertainty constrained
from theory uncertainty



Thank you!

a0

Gabor is Fernando Montes

Fig.1: J. Bliss, A. Arcones, F. Montes and J. Pereira, J. Phys. G: Nucl. Part. Phys. 44
(2017) 054003: 10.1088/1361-6471/aa63bd

Fig. 2, Tab. 1, Tab. 2: J. Bliss, A. Arcones, F. Montes and J. Pereira, PRC 101 (2020)
055807: 10.1103/PhysRevC.101.055807

Fig. 4. G. G. Kiss et. al, APJ 908, (2021) 202: 10.3847/1538-4357/abd2bc
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Temperature
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