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R-PROCESS STUDIES AT ANL
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R-PROCESS STUDIES AT ANL
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R-PROCESS STUDIES AT ANL
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R-PROCESS AT CARIBU

CPT measured n-rich isotopes
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R-PROCESS STUDIES AT ANL
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ACCESSING N=126 PEAK

102

E
- .
3 208pPp + 9Be at 1 GeV
5 'F (fragmentation reaction with best cross-
£ K 4 .
= [ : : sections for N = 126)
g B ® A
S 107 " .
F A
o F 136Xe + 198Pt @ 9 MeV/u and 5 ppA
w
o gE A . PPS (post-evaporation, 15% efficiency)
© 107 102 101 100 101 102 103 104 108 106
F I |
:E . 83 2OQBi
10'6_IIII|IIII|IIII|IIII|IIII|IIII|I||||||||||||| 82 204Pb 206Pb207Pb2OBPb
73 74 75 76 77 78 79 80 81 8z — — -
Atomic number (N=126) 81 L T l
80 |1%8Hg|192Hg | 200Hg |201Hg | 202Hg 204Hg 206Hg
136Xe + 198Pt at 8 MeV/u g = “oAu
. 78 | 196pt 198 Pt 204pt
(best multi-nucleon transfer 2 o
r
1 Q
(MNT) reaction) £ 76 20208
Q
Z 75 201Re
74 200\y
2 e
72 108Hf
Hirayama et al., EPJ Web Conf. 109, 08001 (2016) 118 119 120 12N1 122 |\|123 b124 125 126 127 128
N=126 rate figure courtesy J.M. Kelly eutron Number
ENERGY (oo, 7 %, Universiy Argonne &
@ «Manitoba ~TEONNE =




ACCESSING N=126 PEAK: MNT REACTIONS

198pt (target)

136X e (projectile)
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ACCESSING N=126 PEAK: MNT REACTIONS

204pt (target)
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ACCESSING N=126 PEAK: MNT REACTIONS

7

204pt (target-like)

130Xe (projectile-like)
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MNT REACTIONS: COLLECTION

136Xe

198 Pt
(rotating target)
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MNT REACTIONS: COLLECTION

 Thermalize fragments in He gas
« Transport to end using gas flow, electric fields
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GAS CATCHER
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GAS CATCHER
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R. Knaack
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GAS CATCHER

« Continuous, isotopically mixed, low energy beam

* Bunched, isotopically pure, low-
emittance beam

Primary
Beam Target

Gas Catcher and RFQ Ion Guide
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ISOBAR SEPARATING MAGNET
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Mass Separator

(R ~1000)
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* Resolution high enough (M /AM~1000) to separate into isobars
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Mass Separator

(R = 1000)

\/ Cooler- Buncher

Primary
Beam Target

Gas Catcher and RF(Q) Ion Guide
» Separated cooling and bunching sections, simplified electrode
construction, optimized injection optics
» Design used for NSCL EBIT Cooler-Buncher
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COOLER-BUNCHER
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NOTRE DAME MR-TOF

M. Brodeur, J.M. Kelly ,B. Liu
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NOTRE DAME MR-TOF

- Mass Resolution in M/AM > 10°
« Deliver isotopically pure beams to experiments
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CARIBU FACILITY
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N=126 OVERVIEW
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EXPERIMENTS

« Mass measurements using the CPT
— PI-ICR offers access to low rate isotopes
— D. Ray'’s talk yesterday

« Decay Spectroscopy using X-array
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N=126: RARE EARTH PEAK
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N=126: RARE EARTH PEAK
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N=126: VERY HEAVY NUCLEI

® 102<RO10?

102([] | = 20 <ro 0000 I -

1<RO10
10 <R O 100

100 < R 11 1000 D D I:l

= 10° <RO10*
10* <R 0O 10°

100t ® 10° <R 1D 10° |:| D D D |:| I:l ]

R >10°

136X e + 251Cf (50 mCi)
o8/ I

Proton Number

0 0 O 1 0 1

000 i

145 150 155 160
Neutron Number

Rf 104 -40 -30 -24 -18 -13 -08 -03 00 04 07 09
Lr 103 -1.7 -11 -05 00 04 08 12 15 17 19 20
No 102 -02 03 07 12 15 18 21 24 26 28 29
Md 101 08 12 16 20 23 26 28 31 33 35 36
Fm 100 16 20 23 27 30 33 35 38 40 42 43

238U + 248Cm Cf 98 2:7 3:2 3:5 3:9 4.2 4:5 4:7 4:9 4:9 5:3 5:2

fOr Very n-riCh Z~lOO Am 95 34 39 42 46 46 51 51 55 55 58 58
P 4 38 39 4. 8 49 52 52 55 5

135 136 137 138 139 140 141 142 143 144 145 146 147 148 149 150 151 152 153 154 155 156 157 1.58 159 160 161 162 163 164 165N
THE UNIVERSITY OF U3 DEPARTMENT OF  Argonne Natjonal Laboratory is o » Universi
BCHICAGO (ZJENERGY Lbaisimimmy 2y Aanioby Argonne &




N=126 FACTORY REACH

What regions can it cover for the r-process?
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— longer term, insight into fissionability of heaviest neutron-rich nuclei
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CONCLUSION

= Nuclear physics inputs needed to better understand astrophysical r process
— Large ongoing project at ATLAS/CARIBU for measurements on N=82 and rare-earth
peak regions.
— Next step is the N=126 abundance peak

= Atomic masses are the most important nuclear data input for r-process abundance
calculations; PI-ICR at the CPT means they can be measured with very low yield.

= The N = 126 beam factory aim to produce nuclei of importance for the r-process that are
difficult to access: N = 126 shell, above fission peaks, and actinides.

= Beam factory gas catcher, isobar separator, cooler-buncher and MR-TOF are under
assembly or commissioning.

= The N=126 factory can do a lot more than N=126 nuclei.
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MNT REACTIONS: COLLECTION

 Thermalize fragments in He gas
« Transport to end using gas flow, electric fields
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