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e Introduction: Properties of 8He and previous measurements
* The IRIS setup at ISAC-Il at TRIUMF

e Experimental results

 Comparison to theory
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Introduction: 8He

e Most neutron-rich bound nucleus
e N/Z=3
e Structure “He + 4n

« Larger Syn/smaller charge radius than 3
°He sl
* Indication of closed sub-shell?

PI-‘
.§ 5 B He
* Precise knowledge of low-lying states x Ll .\'/.\. :Iéle
required!
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Previous Measurements
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ISAC-II

ISAC-| and ISAC-II Facility

* 8He produced from SiC
target

» Accelerated to 8.25A MeV
e Delivered to IRIS@ISAC-II
« ~10* particles per second
* ~90 % purity

RFQ  TITAN

TRINAT

LEBT Mass Separator

Target Stations 500 MeV

Protons Cyclotron
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The IR

« Allows studies of direct reactions with low intensity beams
« Particle identification using 2 AE-E telescopes
« Light particles: 100 pm Si detector + 1.2 cm CsI(TI) array
e cCovering 21°-46°
o “Heavy” particles: 60 um + 1 mm Si detectors

i ~10_ o
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L ow Pressure lonization Chamber

» Used to identify beam
contaminants with minimal
energy loss

 19.5 Torr iIsobutane
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Solid Hydrogen Target

e 100 pm solid H, target

 Formation: H, gas sprayed onto a 4.5 um silver
foil at T<4 K

» Energy difference of nuclei scattered elastically
off the silver foil with and without H, used to
continuously measure thickness

120~ Formation
Evaporation
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« Light and heavy reaction products identified
using AE-E telescopes
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Counts/50 keV

Excitation Energy Spectrum
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Background from silver foil subtracted

Elastic scattering analyzed by gating on ground state

Inelastic scattering:
« Excitation spectrum above neutron threshold dominated by non-resonant reactions
« Data fit by simulated detector response of resonance(s) + non-resonant background
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Counts/50 keV

Low-lying resonance in ®He
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Possible decays of resonance:
 Direct: 8He(2*)—°He(0")+2n
. Sy, =21MeV, LY =02
« Sequential: 8He(2")—'He+n—°He+n+n:
.« S, =25MeV, LI =1

Impossible to distinguish between pure
direct and mixed decay

Including additional resonances does not
iImprove the description of the data

* No sign of dipole excitation
Resonance: E* =3.54(6) MeV, I =
0.89(11) MeV

* In agreement with previous measurements
from (p,p’) and transfer
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Differential Cross Sections

p+8He optical potential determined
using SFRESCO

Elastic and inelastic scattering analyzed
simultaneously

Using DWBA (Set 1) and coupled-
channel (Set 2)

State at E* = 3.5 MeV explained by L =2

All sets require large deformation
lengths 65 =1.24 — 1.40 fm

— B, = 0.40(3), ®He has a deformed
sub-shell gap



Comparison to ab initio calculations

4.8
< 46 (@) 2
« Two many-body approaches: S 4l [
« coupled-cluster theory (CC) !
* no-core shell model + continuum S a8l .
(NCSMC) gasf g 2+| . Iz "E o
- Several chiral interactions “PE g g r
« Resonance energy well reproduced by solf2 & .2 2 1S
bOth approaCheS j_ l(b) | | | ]V’V NN-IN‘L() J\'(I‘SM
* NCSMC: T pmmve k Lo
« good agreement for width (I' = 0.75 MeV) zs” \ ~¥ S
= 4 '~ v
* Quadrupole moment suggests sizable o [ t-4
neutron deformation L SHe 2f
. I |
* No evidence of 1" -state below 6 MeV 1+
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CRC Calculations

e Coupled-channel (CC) and
coupled-reaction-channels

(CRC) calculations
e Using NCSM inputs
 Good agreement with data for

elastic and inelastic
scattering, as well as He(p,d)

 Elastic scattering requires
Inclusion of resonance in

compound 8L
¢ 52 =1.39 fm
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Summary

« Measurement of proton inelastic scattering of ®He at 8.25A MeV

 Confirmed first excited state of ®He as unbound 2* state
e £* =3.54(6) MeV, I' =0.89(11) MeV
« EXcitation energies from ab initio calculations in a coupled cluster
framework and NCSMC in good agreement with the data
e I' From NCSMC also consistent with data

« DWBA/CC analysis of angular dlstrlbutlon yields a quadrupole
deformation parameter 5, = 0.40(3) ( 62 = 1.32(8) fm)
« Consistent with quadrupole moment from NCSMC calculations

« Microscopic CRC calculations with NCSM densities explain the
inelastic scattering and yield 6,=1.39 fm
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Fit with two resonances
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Kinematics
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» EXcitation energy spectra reconstructed from light
particle energies and angles
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