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' A Gyenge r-folyamat: Y, /Yspoq < 1072 === Stabilitas
Reakclo e volgyéhez kozel

h al Ozato k (a,v), (a,n), (p,v), (p,n) reakCiOk *

lassu B-bomlas
segitségével halad magasabb Z felé

time : 9.936e-03 s, T': 4.193e+00 GK, p : 2.481e+05 g/cm® 20
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Entropy Expansion time

Az (a,n) reakciok jelentdsége e v e

MC1 0.42 129 11.7
MC2 0.45 113 11.9

MC3 0.45 122 10.3

MC4 0.44 66 19.2

MCS5 0.43 66 34.3

_ _— MC6 0.4 56 63.8

Traj ektoridk MC7 0.47 96 11.6

MCS 0.43 78 35

38-42, 44, 45, 47 4,5, 7, 8, 13, 14, 15, 16, ﬁg?t} g-jg :z i?'
20, 24, 25, 33, 34, 35 MC11 0.44 104 13.2

MC12 0.48 85 9.7

: , MCI13 0.43 64 35.9

T 20 bizonytalansag az MC14 0.45 16 14.4

P - MC15 0.48 103 20.4

. (a,n) reakciok miatt N 01 e s
00" ————3 MCI7 0.46 132 12.4

: _ 1 w™Mcis 0.45 131 214

1073 [ Yo =042 1 wmc 0.41 75 9.8

> 107t} S~ 76ks/nucleon | wea 041 3 2
o 10 . 7=10ms 1 M2 0.40 40 46.7
O A5} MC23 0.41 48 375
S 10 3 1 mMc24 0.43 56 16.2
S . -6} 1 ™Mc2s 0.46 96 20.9
c 10 " 1 MC26 0.40 84 36.2
2 1 [Mc27 0.42 76 0|
< 10 "k 4 MC28 0.46 113 11.9
i i MC29 0.41 66 41.4

108 L 1 Mc30 0.43 79 26.3

1 Mc3l 0.43 71 11.4
T T M
10 15 20 25 30 35 40 45 50 55 60 ., 0.40 3; so 7

I MC35 0.44 48 13
J. Bliss+ (2020) Atomic number 2 MC36 0.40 32 63.4




Probléma az asztrofizikailag
relevans energiakon

S factor [10%° MeV barn]
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Kiserleti megoldas?

*Zr(a,n)>*Mo __ ATOMKI-V2
merések potencial

Minél tobb méres
szlukséges:

« relevans energiakon
« relevans izotopokon

G. G. Kiss+ (2021)
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Relevans
1Zotopok

Reaction Z MC tracers

FFe(ar, n) °Ni 39 — 42,45 34, 36

SFe(ar, n) "'Ni 36,37 3

S Co(a, n)*°Cu 39-42, 45 20, 34, 36

1Co(a, n) ™*Cu 36, 37 3

"Ni(a, n) "Zn 36-42 2,3,17,18,32

"Ni(ar, n) Zn 3642 2,3,18,32

“TCu(a, n) °Ga 47 35

Cu(a, n)*Ga 37 3

Zn(w, n) °Ge 39-42 36

7Zn(a, n) ’Ge 36, 37-42 2,3,17.18,32

Zn(a, n) ¥ Ge 36, 37-42 2,3,17,18,32

P Zn(a, n)¥Ge 36, 37-42 2,3,18,32

07Zn(a, n)¥Ge 36, 37, 39-42 2,3,18,32

81 Ga(e, n)¥As 36, 38, 39, 41 17,32

BGe(a, n)®'Se 3942 36

0Ge(a, n)®Se 36-39, 42 28,33, 36

2Ge(a, n)®Se 36-39, 41 11,17, 19,27, 28,33

3 As(a, n) *Br 36, 37, 41 11,26,27,28,33

Ge(ar, n)YKr 36-42, 44, 45 2,6,7,8,9,10, 11, 18, 19, 20, 22, 23, 24, 26, 27, 28, 29, 30, 31, 33, 34, 36
8Se(ar, n) ¥ Kr 36-42, 44, 45 2,6,7,8,9,10, 11, 18, 19, 22, 23, 24, 26, 27, 28, 29, 30, 31
85Br(a, n) *Rb 37-39 6.7,8.,9, 10,22, 23, 24, 26, 28, 29, 30, 31

8Br(a, n) *"Rb 37.39 6,9, 10, 29, 31

%Br(w, n1)*'Rb 39 26

8Kr(a, n)*¥Sr 38-42, 44, 45, 47 4,5,7,8, 13, 14, 15, 16, 20, 24, 25, 33, 34, 35
$Kr(a, n) °Sr 38-42, 45 4,5,7,8,13, 16, 20, 24, 25, 28, 30, 33, 34

SKr(a, 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
¥Kr(a, n)”Sr 39, 40, 42, 44, 45 2,6,11,17,18, 19, 26, 27, 28, 29, 30, 32

PKr(e, n)"Sr 37-42, 44-46 2,3,6,9,10, 11, 17, 18, 19, 22, 26, 27, 28, 29, 30, 31, 32
$Rb(a, n) Y 41,45 14, 15

®Rb(a, n) Y 41,42 5,7, 13,20, 34

BSr(a, n) ' Zr 42, 44 14, 15

¥Sr(ar, n) *Zr 42 14, 15

NSr(e, n) Zr 42, 44-47 4,5,12, 13, 14, 15, 16, 20, 35

NSr(ar, n)**Zr 44,45 5,12,13, 16

28r(ar, n) Zr 38, 42, 44-47 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

MSr(ee, n) 7 Zr 37-42, 44-47 2,6,7,8,9,10, 11, 18, 19, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32
“y (e, n)"Nb 45 4,8, 16,21, 23,24,25

Sy (w, n) *Nb 45, 46 8,23, 24, 25,30

P Zr(a, 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
T Zr(w, n) Mo 44, 46, 47 4,5,6,7,8,21,22,23,24,25,29, 30

BZr(a, n) '""'"Mo 44, 46, 47 6,7, 8,22, 23,24,25,29, 30

“TNb(, n) "Tc 45, 46, 47 12,13, 14, 15, 35




Kiserleti megoldas?
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Target current
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270003 E =125MeV  t, =5043(0.33)

Aktivitas méeres e

5 t,,(lit.) = 50.563 (0.025)
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Eredmények
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Asztrofizika kovetkezmeények
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Gyenge r-folyamat
. Toltott részecske befogas (a,n), (p,n), (a,7), (p,v)

. 86Kr(a n) kulcsreakci® «——  Hataskeresztmetszet
’ szamitasok bizonytalanok

Aktivacidos modszer:

« Gaz céltargy 36 39
. Implantéltcéltérgy]' > PKr(a, n)=Sr

« Aram mérés 4 |
* [(-bomlas

Eredmények és asztrofizikai kbvetkezmények:

10-es faktor bizonytalansag
bizonytalansag elméletbdl megszoritasa



Kitekintes

« Alacsony hédmérsékleten,
korai szakaszban (p,n)
reakcio dominal

* Uj 86Kr(p, n)8Rb mérések
Tandetron laboratériumban

log10(Time scale [s])

B- és y-bomlas mérések

s 4 3 2 1
Temperature [GK]

K0szonom a figyelmet!

J. Bliss et. al, J. Phys. G: Nucl. Part. Phys. 44 (2017) 054003
J. Bliss et. al, PRC 101, (2020) 055807
G. G. Kiss et. al, APJ 908, (2021) 202




Homérséklet fliggés

log1o(Time scale [s])

5 4

J. Bliss+ 2017

3 2
Temperature [GK]

time : 7.465e-03 s, T': 5.116e+00 GK, p : 4.764e+05 glcm®

Proton number Z

time : 9.936e-03 s, 7": 4.193e+00 GK, p : 2.481e+05 glcm®

Proton number Z

time : 2.694e-02 s, T': 1.598e+00 GK, p : 8.549e+03 g/lcm®
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Kulonbozo reakciocsatornak

S(E) (keV b)
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