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Nuclear Isomers (1 slide refresher)

= Nuclear isomers are meta-stable states (T1 o> few ns)

= (Classification [Walker & Dracoulis, Nature 399, 35-40 (1999)]
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" Nuclear isomers can be indicative of unusual/unexpected nuclear
structure [Dracoulis, Phys. Scr. T152 014015 (2003)]

" May play an important role in nuclear astrophysics reactions
LSU



Isomers are common
O = Isomers with known J* and T, ,,>150 ns
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Isomers are common, but ...
O = Isomers with known J* and T, ,,>150 ns
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Case study: the single-particle aspect of the band-terminating

13/2+* state in 1°F

" Band termination, process by which states in a rotational band gradually

lose their collective character and terminate in a single-particle state
[Afanasjev, et al., Physics Reports 322, 1 (1999)]
[Zalewski, et al., Phys. Rev. C 75, 054306 (2007)]

Terminating state

Band head (single particle)
(collective)
------------------ > W
high spin S "

" Experimental investigations on band termination have relied on
comparisons of the excitation energies of the band member states with the
predictions of the rigid rotor model, as well as on lifetime measurements

158K r: [Simpson, et al., Physics Letters B 327, 187 (1994)]

109Sh: [Schnare, et al., Phys. Rev. C 54, 1598 (1996)]

102Pd: [Gizon, et al., Physics Letters B 410, 95 (1997)]

LSU For A<30 [Headly, et al.,, Phys. Rev. C 49, 222 (1994)]
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Case study: the single-particle aspect of the band-terminating

13/2+* state in 1°F

" The final nucleon configurations (spectroscopic factors) have never
been directly observed

Terminating state

Band head (single particle)
(collective)
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" Direct reactions, like (d,p), do not populate high-spin states

(low momentum transfer)

* E.g.170(d,p) can populate states in 1830 with J™=0+* to 4+
(170 g.s. = 5/2%)
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Case study: the single-particle aspect of the band-terminating

13/2+* state in 1°F

* In 1°F, we can directly probe the nucleon configuration of the
proposed terminating state of the ground-state rotational band, the
yrast 13/2+

" How? By making a high-spin isomer beam and transferring a
neutron (new experimental technique!*,**)

o m=1/2
°F S m=3e 19F
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* Transfer on low-spin isomer done before in HELIOS exp.
16N(d,p) “by accident” (GS=2-, Iso=0"). Reactions with
isomer were regarded as contamination.

LS ** Roberts and Becchetti, have done Coulomb exc. studies
using 18mF beam

(E,.. =1.12 MeV, T,, = 162(7) ns)
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Which states can be populated?

EKnown states in 195F
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Which states can be populated?

Known state

s in 19F
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Which states can be populated?

7 Known states in °F
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Core excitations
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Shell model calculation using USDA

interaction (no core excitations)
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Shell model calculation using p+sd
valence space (core excitations allowed)
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NOTE: Quick-and-dirty SM calculations

Need state-of-the-art SM calculations
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Experiment at the HELIcal Orbit Spectrometer
(HELIOS)

Light ejectile (e.g. p) Heavy recoils (e.g. 1°F)

Beam
(15T at 14 MeV/W \
Ionization chamber
Target (CD,)
" Beam production options (in-flight):
Array of Si - 12C(170,18F)!1B (done before at ND, NSCL)
detectors * Expected intensity: ~10* pps/pnA

[Roberts PRC 65, 044605 (2002)]

* Isomer/ground state ratio (at
production target): ~70%

- 2H(170,18F)n (similar beams prod. at ANL)
e Expected intensity: ~104 pps/pnA
LSU [Harss Rev. Sci. Inst. 71 2 380 (2000)]
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18F(d,p)19F experiment (excitation energy spectrum)

* I8F beam intensity ~ 3x104 pps
from 100 pnA of 170

Counts/(80 keV)

LSU

~22 hours of 18F(d,p) data
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First time a band-terminating
state is populated via transfer!
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1I8F(d,p)19F simulation (excitation energy spectrum)

* From 5 days with a 18F beam 18 19
intensity of 1x106 pps Expected °F(d,p)"F spectrum

assuming 20% "*F, 80% "°F on HELIOS target

(~1000 counts in 13/2* peak)
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1I8F(d,p)19F simulation (excitation energy spectrum)

Expected *F(d,p)"F spectrum
assuming 20% '°F™, 80% °F¢on HELIOS target

(~10 counts in 13/2* peak)
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18F(d,p)19F experiment (excitation energy spectrum)

* I8F beam intensity ~ 3x104 pps
from 100 pnA of 170

Counts/(80 keV)

LSU

~22 hours of 18F(d,p) data
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First time a band-terminating
state is populated via transfer!
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7-day run scheduled Oct/2016 (ATLAS)
Expecting ~15 times more statistics

Stay tuned ...
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Future possibility 42Sc (similar

* Beam already produced m=J.J g.s22 (same parity)
at GANIL

51()_?_ ............................. ? ................. S:ZF:GE mmmmmmmmmmé ....................................
- via 12C(40Ca,42Sc)1B -
_ 5 mo/em? "atC tarcet E Ty Bl
feer aree Y | Iso12+46s 6.96 | .
- Purity ~ 95% - GS 0+ 8 h O]
- Low beam intensity (25 - 425 l O
pps/pnA) Sc .......... ............................ ............................. : ......... ..... l:
[PLB 331 280 (1994)] 1, E,[Mevl| ? O 5
. . . Iso 7+ 62 s 0.62 é. [
" Need higher intensity GS 0+ 0.7 s |
beam! i
" Need target that can stay— 7 cl
high intensity beam T e

1/2 exc

= Alternative reactions? | Iso 3+ 32 min 0.
GS 0+ 1.5 s

" Beam prod. mechanism:
to be determined
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Nuc. Astro. example: 26Al
" Beam already produced! JISO Jg <2 (same parity)
- Isomer beam Energy: 5 '

MeV/u 40 __ ............................. ................................ ................................ ................................ .................................
(ATLAS in-flight facility)

U T . [MeV]

Iso 8+ 6.3 s 0.23 HE N

GS 5+ 7E+5y | _____________________________ 5 _________ B |:

" Accepted proposal by
Almaraz-Calderon, et al.:
26 A1m(d, p)27Al reaction | -
populates isobaric analog Intensity: 300 pps/pnA Om
states to 26A1m(p,’y)278i 25 KIsomer cont 60 - 7(?° /E—.J [ —
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Conclusions

" We have potentially performed first transfer reaction on isomeric beam
" While isomers are abundant, beams of isomers are difficult to produce

" At the moment, each exp. with isomeric beam must be approached on a
case-by-case basis

" When possible, this novel technique can probe aspects of nuclear
structure which are otherwise unattainable

" Long-lived nuclear isomers may play important role in nucleosynthesis
(nuclear astrophysics most famous example: 26Al)

" Transfer reactions on isomeric beam is a promising

technique with three on going experimental efforts
LU (18mF, 34mCl, 26mA1)

° 21



dasago@anl.gov

Acknowledgments
= LSU = ANL
- C. M. Deibel - M. L. Avila
- J. Blackmon - A. D. Ayangeakaa
- J. Lai - M. P. Carpenter
- A. C. Lauer - B. B. Back
= FSU - S. Bottoni
- I. Wiedenhoever - C.R. Hoffman
- S. Almaraz-Calderon - R.V.F. Janssens
- C. L. Jiang
* Special thanks to - B.P. Kay
- J. Rohrer (ANL) - KE Re}.lm
_ J. Greene (ANL) - J. P. Schiffer
- ATLAS Operations staff - R Talwar
- S.Zhu

" Founding agencies

This material is based upon work supported by the U.S. Department of Energy, Office of
Nuclear Physics, under contract No. DE-AC02-06CH11357 and No. DE-FG02-96ER40978.
This research used resources of ANL's ATLAS facility, which is a DOE Office of Science User

LSU Facility.

° 22



	PowerPoint Presentation
	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

