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RIBF accelerator system

Operation mode for 345 MeV/u H.I. beams '

RILAC C5SM RRC fRC IRC SRC
K-vﬂIUE(ME\J’}; 540 570 980 2600
ﬂ“”tm'" 4n _2::: - 1.50 = 1.506

ECRIS Strioper] BigRIPS
FCRFG Accal. nif £
'IE-I.":I-I:

percanducting GARIS | Stripper2

= {lenjectur] —
t—=CRIB .. ) 400 - AVFSRRESSRC formia=z ne. pot. o
5 () () 5 _g a0l 350 MeViu
Sl
E 200 I =1 puA (goal)
ity of 345 MeV/u 238U beam 5 |
g 100 -
Present: 0.3 pnA (November 2008) -
. . ) 0 _HG Ar JHr ~ Xe lEi u
Final goal: 1 pu A (within 4-5 years) T w0 w0 w0 2

ion — http://www.nishina.rikenjp/Eng/indexhtml



BigRIPS/ZeroDegree spectrometer

/eroDegree Spectrometer<

gt

-IPS € Two-stage fragment separator (Bp ..
> 15t stage : production & separation

> 2" stage : identification

€ Multi—function spectrometer
» Tagging of secondary reactior
» Momentum distribution




BigRIPS}ZeroDegree spectrometer

/eroDegree Spectrometer<
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Decay spectroscopy at RIBF | e
(Neutron-rich regions) | v

Projectile Fragmentation / "|

In—flight U fission & P.F.

(Sn) 50

+2Cd, 1/Ag, 4Pd (A = 128)
* N = 82 shell quenching
* Long-lived isomers

: 334’—‘ i~ \
oy K‘;’
i 102" 1,Mo (A = 110)
* Prolate—oblate shape coexistence

,eNi, ,7C0 (A = 78)

82

* Magicity loss Half life
,cFe (A =70) Decay scheme
13Al, 14Si, 5P (A = 42) * Possible high—-K isomers

* Deformation at N = 28

,4Cr (A = 64)
e Heavy“Island of Inversion”
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Experimental setup for decay spectroscopy

238 @ 345 MeV/u
- Be target

— Charge stripper @ F5
— Degrader @ F11

f Production e -
Target

SRC

1st stage

separation Clove r—type Ge

Stacked DSSSDs




9 stacked Double—Sided-Silicon—Strip—Detectors

Micron W1 (16 x 16 strips)

Silicon

Low gain
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L~ Heavy Ion

Courtesy of S. Nishimura

Very wide dynamic range

v’ Incident beam : ~ 5 GeV
v' Energy threshold : ~ 20 keV
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Compton-suppressed Clover-type Ge detector
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DAQ for decay spectroscopy experiment

B Half-life

Time stamp (100 MHz,48 bits)

TSEB TSEB

14

Clover, BGO,
Veto, LaBr,

TSEB

* Individual trigger/Parallel readout

* Synchronized using time stamp

* Event build based on time stamp



Time stamp based event build for -y analysis

bgrams relative to 3 trigger

T=0

"E“Slve” Width and Offset
b adjusted to analysis

Lo bl

Time difference [10 ns/ch]




~ Measurement of isomeric y rays (T;,, ~ MSs) |

Y —ray coincidence
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~ Measurement of isomeric y rays (T;,, ~ MSs) |
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Associate preceding RI implantations
with the following B decay in
the millisecond range

RI Time difference between
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Decay spectroscopy at RIBF | e
(Neutron-rich regions) | v

Projectile Fragmentation / "|

In—flight U fission & P.F.

(Sn) 50

+2Cd, 1/Ag, 4Pd (A = 128)
* N = 82 shell quenching
* Long-lived isomers

: 334’—‘ i~ \
oy K‘;’
i 102" 1,Mo (A = 110)
* Prolate—oblate shape coexistence

,eNi, ,7C0 (A = 78)

82

* Magicity loss Half life
,cFe (A =70) Decay scheme
13Al, 14Si, 5P (A = 42) * Possible high—-K isomers

* Deformation at N = 28

,4Cr (A = 64)
e Heavy“Island of Inversion”
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_ Spin-gap isomer in *+°Cd
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_ Spin-gap isomer in *+°Cd |

LA

18+| T,, =63 ms

>
O
=
g
>
2,
53}
-
o
c2f
.0
g1t
= — . .
o, — Experiment — Calculation
L t 2 4 6 5 10 12 14 16 15
= Spin [h]
i
E 128In
i
—  aan N
! —s
| —_— e T
! e — —
i —_— —
i L —_— .
| = + parity
i O . .
1Q; =707 MeV | et A e e — parity
| SR o S S - (] L . | — .. msmmasm - F—




_ Spin-gap isomer in *+°Cd |

Transition half-lives (Weisskopf estimate) calculated for 28Cd
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.| Gl RBF

Primary beam 136X e 238 136X e
Energy 7150 AMeV 650AMeV 345 AMeV
Intensity ~T74%x108 /s ~27X%X108 /s 1 pnA Approveilns
Target Be, 4 g/cm? Be, 1 g/cm? Be, 1 g/cm? RIBF PAC
Setting 130Cd 126p
Yield (128Cd) 3.3X10° / ? days 7.4 %X 106 /

\ ’ ’ Estimation (LISE++)

L. Caceres et al., 1261, | 126 | 127)p | 1281p | 1281 | 1301, | 13M)p
3.39%e-3 3.57e+0 1.17e+1 4.19e+0
PRC 79 (2009) 011301R | : 0% o 1057% . 16.101% .| 34.858%

125Cd!‘ 126Cd!" 127Chd“ 128C4 129cq | 130cd

2.35e-3 4.37e+0 2.25e+1 1.43e+1 3.57e+0 5.08e-1
0% . 0.965% | 17.464% .| 48.136% | 67.999% | 74.056%

 123pg ] 124Ag" 126pg | 126pg | 127pg | 128ag | 129ag

6.74e-2 1.61e+1 2.15e+1 8.76e+0 2.09e+0 3.27e-1 3.64e-2
0.014% 9.358% 40.599% | 64.636% | 75.613% | 76.538% | 76.543%

“az2pg | 128pg | 124pq | 125pg | 125pg |

2.34e-1 7.68e+0 | 432e+0 | 1.08e+0 | 2.08e-1 28%-2 2423
0.38% 37.53% | 73.325% | 76.401% | 76.698% |NSHT{% 625935

=L 1

Total beam rate : ~ 130 /s BEBEED ZRh 2Rh  2Rh 1258

37482 | 1.06e+0 | 465e1 | 1.04e-1 = 16e2 = 156e3 | B825eS5
0.548% | 48.314% | 76.894% | 73915% | 62.106% | 43.716% | 23.736%

Acceptable rate for

120Ry |

position correlation SRR TUCR TR R
0.416% | 40.722%  55476% 41614%  27.094% 10.161%
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In odd—A nuclei

Single particle (hole) isomers
at low excitation energies
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Collective effect of three identical nucleons
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Systematics of Fe isotopes
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Possible high—K isomers in
neutron—rich Fe isotopes

Single Proton Energy [MeV]

Nuclei K™ Configurations
Neutrons Protons
e a0 LI
67 (Z7[413],571422))
3 6 (3 [312], 3 [303])
g 12t (T7[413],57422])  (37[312], % [303))
é “Fe 0 o8
f; 6 (37[413], 37 [422])
> 67 (5 [312], % [303])
12t (37[413],37422])  (37[312],% [303))
Calculated by Furong
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10

* Yrast (after mixing)

— Ground band

- - - 2quasi-neutron band (K=-1)

-+ -+ 2quask-neutron band (K=+1)

—---- 2quask-proton band (K=+6)

--— 2quaskneutron band (K=+6)

------ 2quask-neutron band (K=-2)

-+ 2quasi-neutron band (K=+3)

-~~~ 4 qp band (K=+12)

Possible high—K isomers in
neutron—rich Fe isotopes

Nuclei K™ Configurations
Neutrons Protons
e 0+ g8,
67 (T7[413],57422))
6+ (52 T[312], 12 ~[303])
12+ (5T[413),571422)  (37[312], 17 [303])
2Fe 0+ g8,
6t (37[413],537[422])
6" (5 [312], % [303])
12 (37413],57[422) (37312, [303))




Production yield

LISE++ estimation RIBF is capable of
T0Fe 12F g 1 pp A U beams
Primary beam 6Ge 2381
Intensity 1 pnA 1 pnA Upgrade
Target Be, 2 g/cm? Be, 1 g/cm?
Production rate 1.5 /s 0.01 /s
Purity 3.1 % 0.02 %
(Total rate) (49 /s) (64 /s) Severe for
Y —ray
measurement

& Study of °Fe is feasible with 1pnA 7Ge beams
ms) To be proposed in the next RIBF PAC (Nov. 2010)

» €@ Upgrade of U beams is required for 2Fe production



Summary

{RIBF IS ready for decay spectroscopy experiments

& Accelerators

» Intensity of U beams is now ~0.3 pnA I:> Goal : 1 py A
& BigRIPS/ZeroDegree spectrometers

» Good separation and PID achieved
& Decay spectroscopy setup

> Active stopper (9 stacked DSSSDs)

> Y —ray detector array

» DAQ based on Time stamp

.'The first decay spectroscopy experiment has been carried out \‘

O Zr (A~110) region
* Particle-y (delayed) coincidence for isomeric y —ray measurement
* Position correlation for 3 -y spectroscopy
Analysis is ongoing

Isomer spectroscopy will be launched soon |

® Spin—gap (B —decaying) isomers around 32Sn
® High—K isomers around °Fe



