In-beam gamma-ray spectroscopy of %Fe
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Qutline INST

@ Introduction
@ Introduction to "Shell Evolution And Search for 21 energies At RIBF

(SEASTAR)" project at RIKEN
@ Curent knowledge in %8Fe

© Facilities: RIKEN accelerators +MINOS active target +DALI2 detector

© Data analysis of %8Fe
e %Co(p,2p)°8Fe
e %8Fe(p,p')%8Fe
e Fe(p,pn)®8Fe
° 70Ni(p,3p)68|:e



Nucleonic-rich nuclei

Stable island

Proton-rich
nuclei

Isospin

Chart of nuclei.

@ For stable nuclei, nucleus is called "magic nucleus" if Z or
N = 2,8,20,28,50,....

@ Nucleonic-rich nuclei have large |Z — N|, magic number
may be different.

@ Their half-live is very short (%Fe: T;,,=187(6) ms).

@ They can be created only in laboratory (accelerator, ...).
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SEASTAR measurements '.N;‘-S\_T

+ Measuring 2;’ states, systematically, from 2Ar to 11°Zr. Where th

physics interests can be mentioned as:
Ilﬂzr

e Neutron sub-shell at N = 34 below
54Ca (52Ar)

e Correlation in Ca isotopes beyond 5*Ca
(56Ca)

e Low-Z shore of the N = 40 (°*°2Ti)

e Collectivity evolution beyond N = 40

i — Observed
= Stable

(°5Cr, ™Fe) ® New 2}, (4)
L. . ® New 4]
e Anticipated new doubly-magic nucleus Even-Odd

78N T3040 50 60 70
Neutron Number N

+ Detailed shell evolution via levels of even-odd isotopes (byproducts)
through their spectroscopy

For example of: #"#9Cl, 51:53K, 7Fe, ™°Cu, ...

+ In addition, E(4]) will be measured for many nuclei (6%:62Ti, 60Cr,
827n, 8588Ge...).
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+ Detailed shell evolution via levels of even-odd isotopes (byproducts)
through their spectroscopy

For example of: #"#9Cl, 51:53K, 7Fe, ™°Cu, ...

+ In addition, E(4]) will be measured for many nuclei (6%:62Ti, 60Cr,
827n, 8588Ge...).

In which, the analysis of 7:68:69.71Fe and 63.65Cr data are performed by

Vietnamese group at INST (Institute for Nuclear Science and Technology).
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E(21+) measurement - a tool for nuclear structure staay™NST

4+

@ E(27) is needed to level up to the first
excited state

@ Measure E(2]) systematically, if E(2]) is
high = evidence of "new magic number"
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E(2;) measurement - a tool for nuclear structure stady™NST

4+

> @ E(27) is needed to level up to the first
excited state

@ Measure E(2]) systematically, if E(2]) is
high = evidence of "new magic number"

0%, g.s

Energy MeV)

Exa.: Systematics of E(2]") around Ca.
— Doubly-magic evidence of 2:>*Ca

(F. Wienholtz et al. Nature 498 (2013)
346; D. Steppenbeck et al. Nature 502
(2013) 207)
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E(2;) measurement - a tool for nuclear structure st
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Why RIKEN-+MINOS+DALI2? INST

@ Radioactive Isotope Beam Factory (RIBF) at RIKEN:
e Provided high intensities of primary beams (7°Zn and 238U) at energies up to 350
MeV /u, and capability of
e Beam identification with BigRIPS.
e Fragment identification with ZeroDgree.
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e Beam identification with BigRIPS.
e Fragment identification with ZeroDgree.

@ Detector MINOS (nuclear Maglc Number Off Stability) with capability of

precisely vertex (or interaction) point, Z,, reconstruction.
—> increase target thickness <=> increase luminosity

@ DALI2 (Detector Array for Low Intensity radiation) with capability of

in-beam ~-ray detection.
Using the above Z, as the input for Doppler-shift correction = precisely E,
determination.

@ The 15t and 2" SEASTAR experiments were in May 2014 and 2015,
respectively. (The 3™ one will be on May 8-14 2017.)

It is noted that for such search in this nuclear region, the experiments can
only be conducted if the current primary beam intensities increase by at
least one order of magnitude.
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Current knowledge in %8Fe &V\ST

517(6) GSFE

- The first spectroscopy of %8Fe has i 1-p knockout
been reported via one- and two-proton = 808090 85009) Bouppir = 0373
knockout from %Co and "°Ni at NSCL. 2, . |

" < Fe
- Two transitions were observed at E 2.p knockout
517(6) keV and 859(9) keV. S Prptr = 0-364
- There was a week indication at "T300 400 600 800 1000 1200 1400 1600 1800 2000
808(9) keV but not concluded yet. E, (keV)

P. Adrich et al., Phys. Rev. C 77 (2008) 054306
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Current knowledge in %8Fe {@VS\T

S17(6) Bre ’
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. z Fe
- Two transitions were observed at E 2p knockout
517(6) keV and 859(9) keV. g g = 0364
- There was a week indication at "0 400 600 500 1000 1200 1400 1600 1800 2000
808(9) keV but not concluded yet. E, (keV)

P. Adrich et al., Phys. Rev. C 77 (2008) 054306
(>3) 29(4) ms
880N
- The above two levels were then
confirmed by the experiment at GANIL B
by detecting [3-delayed ~y-ray emission
of 58Mn.
s . . (4 1389
- These transition were associated with
2T — 0" and 4t — 27, respectively, in (2 522
collective model. (0 0
68Fg

J. M. Daugas et al., Phys. Rev. C 83 (2011) 054312
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Current knowledge in %8Fe

- More observed levels were 1249.5 and
1513.7 keV besides 521.2 and 865.3
keV via (-delayed ~-ray emission of

%8Mn at NSCL.

- However, the transition states are
unkown: 865.3 keV (7 — 271), 1249.5
keV (? —7), 1513.7 keV (? —7?) except,
521.2 keV (27 — 0T).

typ =40(7) ms 10* 4358
63M”43 Q,=14530+ 920 keV 7+ 24192

25
1* 3205
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ogft 1% 8\ Rz
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. o? 1705
3 o
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»65 <13 2118 521
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S. N. Liddick et al., Phys. Rev. C 87 (2013) 014325
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RIKEN Facility INST

e-Rl scattering with SCRIT

28GHZECRIS

RILACII

Materils ) = [ @ RIPS: an in-flight type
X ; radioactive isotope
(RI) separator.

@ IRC: Intermediate-stage
Ring Cyclotron.

@ SRC: Superconducting Ring
Cyclotron.

o w0 wn
R S
SRC
ZeroDegree

User Location
MINOS+DALI2




SEASTAR Setup: MINOS + DALI2 &@;ﬁj

DALI2
Crystals

MINOS: Recoiled proton detection
(nuclear Maglc Number Off Stability)

£

MINOS inside DALI2
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BigRIPS (Big Radioactive-lsotoPe beam Separator)

a) BigRIPS particle identification b) ZeroDegree particle identification

L
TOF = —,
e

A _Bp c 26
[ N E
= &

2
dE_ 4ze'2 Nz[l LU ﬁz]

dx m. i

N. Fukuda et al., Nucl. Instr. e S,
Me'th. in P"IYS Re53317 252 254 256 25;/02.6 262 264 266 25
Beam and fragment dentification
(The same technique for both.)

BigRIPS
1%t stage nd
\ Fo 2" stage

oo STQ: Superconductiong quadrupole triplets

F1™“F7  Focal planes 0 10 20m
; ————
@ Dipcles (30-degree bend)
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Detector MINOS (nuclear Maglc Number Off Stabik

proton

Amplification
and

charge imaging

Beam tracker

projectile

vacuum | 80 mm
fragment By —
Gas,P=1atm.

i Time Projection Chamber (TPC) electrode:
18 rings divided into number of identical pads,
3604 electronics channels.
(O. Alexandre et al., Eur. Jour. Phys. A 50 (2014) 8)

T @ 2-proton track observed by TPC.

@ Z, reconstruction by TPC.

]
TrrTprpTTprIT

485553588
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DALI2: Detector Array for Low Intensity radiation INST

@ DALI2 consists of 186 Nal crystals,
@ For v-ray detection.
@ Doppler-shift correction:

E’yO _ E’y 1—Bcost~

V1-p2

Eyo, E, are de-excited v-ray energy in the rest frame
and observed 7-ray energy, respectively, 9., is y-ray
emission angle, 8 = v/c, v is the nucleus’ velocity

L.X.Chung et al.



Conclusion and perspective

The in-beam gamma spectroscopy of ®8Fe was analysed via (p,2p), (p.p'),
(p.,n) and (p,3p) channels.

o 5 excited gamma rays of %®Fe were observed at 277(3), 519(5),
868(8), 1066(11) and 1301(17) keV.

@ 3 new transitions have been observed at 277(3), 1066(11) and
1301(17) keV.

@ The level scheme of %8Fe was proposed and the state quantum
number was assigned preliminarily derived from gamma-gamma
coincidence and the comparison with the shell model calculation.

@ The inclusive and exclusive cross sections of (p,2p), the inclusive
cross sections of (p,p’) and (p,pn) were derived.

L.X.Chung et al. 12 / 14
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The in-beam gamma-ray spectroscopy of "Fe and ®*Fe from hydrogen-induced neutron and proton
knockout and inelastic scattering at 250 MeV /mucleon is reported. The experiment was performed
at the Radioactive-Isotope Beam Factory of RIKEN with a setup composed of the MINOS target-
tracker and the DALI2 Nal scintillator array. New transitions were observed and level schemes
are proposed. The proposed level schemes are analyzed within the shell-model framework using a
modified version of the LNPS interaction in the valence space. Inclusive and exclusive cross sections
have been extracted and are interpreted using the distorted-wave impulse approximation and the
cikonal assumption combined with shell model spectroscopic factors.

PACS numbers: 24.50.+g

I. INTRODUCTION of deformation has been evidenced to a larger region [4]
extending up to **Mg. This deformation area has been
qualified as Island of Inversion from the interpretation
of a shell-model 2p-2h configuration with two neutron
holes in the sd shell and two neutrons in the intruder
Jp shell, energetically favored compared to the normal

Nuclear structure is characterized by few spherical mu-
clei located around shell closures and large deformation
regions. The > appearance or onset of quadrupole defor—

to be submitted to PRC!




SEASTAR Collaborators.
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