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Introduction

• Criteria for Nucliar Chirality

– Nearly degenerate ΔI = 1 twin bands with the same parity

– B(E2 : I → I − 2)in,out and B(M1 : I → I − 1)in,out

values are the same or similar between both bands.

From C.M. Petrache et. al. Phys. Rev. Lett. 96 (2006) 112502
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• The Best Configuration for mass 100 region
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1. shortest axis of the triaxial shape

jn; neutron-particle in a high-jn shell

2. longest axis of the triaxial shape

jp; proton-holl in a high-jn shell

3. intermidiate axis of the triaxial shape

R; core rotation
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Figure from T. Koike et. al.
Phys. Rev. Lett. 93 172502 (2004)
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Chiral candidates in the mass 100 region
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• The doublet bands are built on

– πg9/2
−1 ⊗ νh11/2 configuration for odd-odd

nuclei

– πg9/2
−1 ⊗ νh11/2

2 configuration for odd-A

nuclei (broken pair of neutron)

• The energy degeneracy gets better from 102Rh to
104Rh and then gets less to 106Rh.

– The degeneracy is only 2-keV at the best in
104Rh.
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C. Vamman et. al. Private
  Communication
J. Timar et. al. Phys. Rev.
 C 73 011301 (2006)
C. Vamman et. al. Phys. Rev.
 Lett. 92 032501 (2004)
J. Timar et. al. Phys. Lett. B
 598 178 (2004)
P. Joshi et. al. Phys. Lett. B
 595 135 (2004)
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Chiral candidates in 103,104Rh
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From J. Timar et. al. Phys. Rev. C 73 (2006) 011301.
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103Rh and 105Rh
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Coincidence Recoil Distance Doppler Shift Method (RDDS)
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From A. Dewald et. al. Z. Phys. A 334 (1989) 163;

G. Böhm et. al. Nucl. Inst. Meth. Phys. Res. A 329 (1993) 248
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GAMMASPHERE GSFMA169

Lifetime measurement of candidate chiral members

in the A ∼ 100 region

• Recoil Distance Doppler Shift Method (RDDS)

– GAMMASPHERE Ge detectors array

– Cologne universiry plunger device

• Inverse Kinematics Reaction (Large recoil velocity

β ∼ 0.05)

Reaction 11B(96Zr,xn)104,103Rh (x=3,4)

Beam E(96Zr) = 330MeV

(from ATLAS accelerator at ANL)

Trigger γ-γ

7 distances (8,15,23,35,50,75,100 μm)

B

300

Nb

4.5mg/cm 3mg/cm

Nb

d

β=5.14% β=3.17%Zr

330MeV

(fast) (slow)

96 9311 93

μg/cm2

2 2

Target Degrader

γ
γ
γ

BGO Suppressor Plug

Ge Detector

Shield

Liquid
Nitrogen
Dewar

Detector Electronics

Hevimet
Shield

Support
Hemisphere

PM

Gamma-ray
Source

BGO Suppressor

Tubes

Front ring Back ring

angle Ndet angle Ndet

121.72◦ 5

35.26◦ 8 129.93◦ 10

50.07◦ 10 145.45◦ 10

58.28◦ 5 162.73◦ 5

84 γ-γ matrices are created ring by ring for each

distances.
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Experiment result of 103Rh and calculated values of 105Rh
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Level TAC for 105Rh Exp. for 103Rh

Energy Spin ω B(E2) B(M1) B(E2) B(M1)

(keV) (Jπ) (e2b2) (μN
2) (e2b2) (μN

2)

3631 25/2+ 0.25 0.09 2.28 0.077(14) 2.3(4)

3940 27/2+ 0.30 0.09 2.16 0.14(3) 1.8(2)

4322 29/2+ 0.35 0.09 2.03 0.11(4) 1.2(4)

ω planar aplanar

0.55 −4.297 −4.297

0.60 −5.971 −5.976

0.65 −7.064 −7.102

0.70 −8.206 −8.295

0.75 −9.397 −9.552
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Result for 104Rh

9
8

10

11

12

13

14

15

16

17

10

11

12

13

14

15

16

17

7
6

5 6

158

745

354

389

399

464

486

530

556

745

789

863

949

357

328
686

516

468

475

528

741

734

680590

571

606

796

943

1004

1118

1161

1176

802

723

215 169

6149

1084

1041

645

1131

1099

1202

1210

1237

1198

110

1175

903

400

500

600

700

800

900

1000

1100

10 11 12 13

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Spin [h]

B
(E

2
) 

[e
 

fm
 

]
2
  
  

4
B

(M
1

) 
[μ

 
]

2 Ν

• The B(M1)/B(E2) staggering has been observed in the previous experiment.

– This is suspected for chiral selection rule if the staggering is caused by B(M1) values.

C. Vamman et. al. Phys. Rev. Lett. 92 (2004) 032501.

– However, the staggering is caused by B(E2) staggering.

– The behavior of B(E2) staggering is cannot be understood and needs theoretical interpretations.
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Summary

• The lifetime of chiral candidates member in the 103,104Rh isotopes are measured.

– RDDS、GAMMASPHERE

• 103Rh

– Three lifetimes related to chiral doublets are extracted.

– The experimental results are compared to TAC calculations for 105Rh.

– TAC calculation indicates chiral doublet in the ω ≥ 0.55 region

– Three levels (0.25 ≥ ω ≥ 0.35) were consisted with TAC calculations for 105Rh.

• 104Rh

– Four lifetimes are extracted.

– The reported B(M1)/B(E2) seems staggering from B(E2).

– In B(E2) needs theoretical explanation.


