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Background & Motivation



| ZSSi & 26P

Convensional configuration of 26P
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(1) Nuclear Synthesis of rp-process

T ~ 103K (= 10-100 keV)
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rp-process 1n [N = 11 1sotones
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Experiment



SB2 beam line in NIRS-HIMAC
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Production of 2°S1 & 26P
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Experimental setup at I3

PPAC Active stopper
PS GSO PS (1+3+1) mm HPGe x 1

l 40 mm (50 mm? x 20 mm?)

Nal(T]) x 1
(127 mm? x 70 mm?)

Shield(Pb+Cu+Al) LaBrs(Ce) x 4
Al degraders(9 mm) (38 mm? x 38 mm?)

Properties of y-ray detectors

Energy Resolution Time Distance to

@662keV Resolution stopper Solid Angle /4z
HPGe 3.6 keV ~80 ns 40 mm 10%
LaBr(Ce) 20 keV 2 ns 53 mm 2.5% X 4=10%
NalI(TI) 45 keV 5 ns 62 mm 20%
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Experimental setup at I3
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Results & Discussion



How to Search Isomeric States
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Energy-Timing correlations of v rays
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v-ray Energy & Timing Spectra
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v-ray Energy & Decay Time Spectra
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Weiskoppt estimation

25Q1
a W.u. a W.u.

E1 0.00221 1.68%x10°° 0.115 1.82x104
M1 0.00142 4.81x107 0.0302 5.49%10°3
E2 0.0191 9.89x10Y 2.99 4.16x103
M2 0.00993 2.85%10? 0.662 2.78%10°
ES3 0.139 8.07x107 65.2 3.12x101°
M3 0.0687 2.46x10? 14.4 3.74x1012

a : Internal conversion coefficients

BRICC code: T. Kibedi, et al., NIM A 589. 202(2008). p.1 8/26



Weiskoppt estimation

26P 25Si

a W.u. a W.u.

E1 0.00221 1.68%x10°° 0.115 1.82x104

M1 0.00142 4.81%x1075 0.0302
K2 0.0191 9.89x10° 2.99 A T6>3103.

M2 0.00993 2:85%x102 0.662 20T8x10°
E3 0.139 BOUP0” 65.2 3. 10
M3 0.0687 T AE6>00 14.4 JT43012

Since B(M1) of 8.61x107° un? for ?°P is extremely hindered,
M1 transition can be probably rejected.

Since there are no negative parity states, E1 transition can be rejected.

a : Internal conversion coefficients

BRICC code: T. Kibedi, et al., NIM A 589. 202(2008). p.1 9/26



Comparison with Shell Model (?°P)

406.5 27

2333 2°

163.8 (1

825 17/

W.A. Richter et al., Phys. Rev. C 78, 064302 (2008).

D. Nishimura et al., EPJ Web of Conf. 66, 02072 (2014).

B. Siebeck et al., Phys. Rev. C 91, 014311 (2015).

413 2+ 416 27

325 2"
187 2
/,,'182 :’fL 149 2+
108 2
o
USD USDA USDB
Theory

B(E2)| values (in units of e? fm?*).
exp. USD USDA USDB

26p 45.3 31.2 32.3 24.0

26Na  31.3" 39.3 38.1 31.3

* Tie =4.16(25)us, o = 0.137 1s used.
ep = 1.36 & en = 0.45 are used
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Comparison with Shell Model (?°S1)
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0.0108(6) 0.0703 0.0444  0.0439

W.A. Richter et

assuming mixing ratio 0 =0.

al., Phys. Rev. C 78, 064302 (2008).
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Convensional configuration

26P

25Si

:%=  Configuration Mi1XINg by usiguspa

1piz

p:: —OOO@—
@

S1/2 L4 g

neutron Population (%) Population(%)

0 10 20 30 40 20 30 40 50

I I I I I

[061] [030] | |
[061] [021]

[061] [120
[061] [012
[061] [111
061] [210
160] [030
160] [021
160] [120
052] [030
052] [021
151] [030
151] [021
151] [120
250] [030
250] [021
250] [120
142] [030

2411 [030 +
[241] [021] 8 (g S )
| |

(L
(=
[
(=

<msi12>=0.76

1*(i.s.) hree

] I

<msi12> = 1.09

F

uuuuuuuuuuuuuu - ut
S
ot
©
4\)
—
op)
o~
—
+

[340] [030]

] I ]

060] [030
060] [021
060] [120
[060] [111
060] [012
060] [210
051] [030

01 [130 Spectroscopic factors
120] [031 C2S
150] [120

o 021 orBP 3°(g.s) 1(is)
141] [021 <msie> = 0.52 <nsie>=0.63 1 — —

141] [120

240 [030 5/2%(g.s.) 0.614 0.291

e 5/27(g.s.) 3/2*(1.s.) 3/2*(1.s.) 0.003 0.248

2221 1030
m[dss2 ds2 s1/2] v[dse ds2 s1/2] p.22/26

|




- Summary

89.5 3/2*

* Proton-rich nuclei 2°Si and 26P have attracted much M1(+E2)l ;44:9(2) (3/2%)
Interest since they are related to 0 5/27 M1(+E2) I )
nuclear synthesis of rp-process. 0 .5/ 2

25N ) 25 Si

* The low-lying isomeric states in 2?°Si and 2P have been
investigated by using y-ray spectroscopy at NIRS-HIMAC. 163.8 1+

* The y-ray energy and half-life for ?°Si and 2P are determined to be82 S

: |
E,=44.9(2) keV, E,=163.8(2) keV - E2
E2
T2 =43.0(6) ns, T2 =104(3) ns 0.0 l 3t v 3

* M1 for 2°Si and E2 for ?6P transitions are suggested by calculating
the transition probabilities with the above E, and T1/2. Therefore,
J*=3/2" and J* = 1" are expected for their isomeric states.
* In order to calculate Na<ov>, theoretical support and precise mass measurement

are desiable.
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Backups



E2 matrix element 1in sd shell
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{ep =1.36
en = 0.45

W.A. Richter et al., Phys. Rev. C 78, 064302 (2008).

— Matrix element —
M, =~ (2J; +1) B(E2)

My, =epAp+ enAn

Assuming that shell model results of

A, = 4.74 and An = 5.95
An(Tz = -2) = Ay(Tz = +2)

We can solve ep and én

{ ep = 0.19

"
e = 1.81 < very strange !!

Shell model does not perfectly reproduce the
isospin symmetry of B(E2) in 2P & ?Na pair.
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Results of £y & Th2

26 25Q7

E,keV)  Tis(ns) Ey(keV) Tys(ns)
HPGe 163.7(02) 103(8) HPGe 44.9(02) 42.3(30)
LaBrs(Ce)  164.1(10) 106(4) LaBrs(Ce)  42.0(20) 43.2(08)
Nal(T1) 163.8(10) 102(4)  Nal(Tl) 44.8(20) 42.8(08)
Ave. 163.8(2) 104(3) Ave. 44.9(2) 43.0(6)

c.f. 40.0(50) keV

p.26/26



(2) Candidate for proton halo

.
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Fig. 2. Density distributions of nucleons in 26Na-26P and
their core nuclei.

Y.-J Liang et al., Chin. Phys. Lett. 26, 032102 (2009).

c.f. Shell model: B.A. Brown & P.G. Hansen Phys. Lett. B 381 391 (1996).

I' MeV/c)  o0-1p (mb)
‘Be(?6P, 2°S1)X  137(33) 72(13)
Nnarrow large
‘Be(*"P, 26S51)X 116(8) 74(11)
9Be(28P, 278X 143(14) 70(11)

A. Navin et al., Phys. Rev. Lett. 81 5089 (1998).
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Check of Direct Proton Emission
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ET correlation
: - 26p ™
- by LaBrs(Ce)
En -1 — r:x-f.):.(-).i:.;.':-.-.;'-'-'_"f o 25f0|_ el I
0 100 00

p.28/26



