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Introduction 

Is Chirality in  

Nuclear World ??? 

Chirality exists commonly in nature. Left- Right- 

Chiral Molecules 

DNA 

Snail Shells 
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“chiral rotation” 

Left-handed Right-handed R|L|

Frauendorf and Meng  NPA617, 131(1997) 

In 1997, Frauendorf and Meng pointed out that the 

rotation of triaxial nuclei may attain a chiral character -- 

chiral doublet bands. 

Introduction 
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Expected exp. signal： 

Two near degenerate DI =1 bands, called chiral doublet bands  
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A~130 

A~100 A~190 

A~80 

Introduction 

So far, candidates for chiral doublet bands have 

been observed experimentally in about 30 cases 

of odd-odd, odd-A and even-even nuclei. 

J.Meng and S. Q. Zhang, J. Phys. G: Nucl. Part. Phys. 37 (2010) 064025 
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Most studies on nuclear chirality have focused on the 100 and 

130 mass regions. 

Introduction 

J.Meng and S. Q. Zhang, J. Phys. G: Nucl. Part. Phys. 37 (2010) 064025 
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Lawrie et al., PRC 78,021305(R) (2008) 

Introduction 

 It is necessary to search for 

more candidates in other mass 

regions to show that these 

chiral symmetry properties are 

of a general nature and not 

related only to a specific 

nuclear mass region.  

 

 Recently, the negative-parity 

partner bands in 194,198Tl have 

been suggested as candidate 

chiral bands. 

P.L.Masiteng et al., Phys.Lett. B 719, 83 (2013) 
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Introduction 

 Very recent work on 80Br performed at iThemba LABS has provided the first 

evidence for chirality in the A~80 mass region. 
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Introduction 

 For this mass region, total Routhian surfaces (TRS) calculations 

suggest that 78Br exhibits a triaxial shape with γ=21.3°and β=0.32 

for a rotational band with configuration g9/2g9/2
−1. 

 The deformation parameters are suitable for the construction of 

chiral doublet bands. E. Landulfo et al., Phys. Rev. C 54, 2 (1996). 
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Introduction 

 Hence, it is interesting to populate high-spin states of 78Br and to 

search for chiral doublet bands.  

 It is also important to establish whether chirality exists in more than 

one odd-odd nuclei in the A~80 mass region in order to provide 

systemic survey on the chiral interpretation. 
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 Previous investigation on 

high-spin states of 78Br 

was preformed at the 

Florida State University 

with 70Zn (11B, 3n) at 45 

MeV beam energy. 

 

 No sideband of the yrast 

band was observed. 

E. Landulfo et al., Phys. Rev. C 54, 626 (1996). 

Previous study of 78Br 
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Experiment Details 

The experiment was carried out at the iThemba LABS in 

South Africa in Feb. 2012. 
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Cross sections have been calculated with the PACE2 program. 

Experiment Details 

The 70Zn (12C, 1p3n) reaction is used to populated the high spin states 

of 78Br at a beam energy of 65&60 MeV. 
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 The γ-rays were measured with the detector array AFRODITE, 

which consists of 8 Compton Suppressed Clover detectors.  

 The DIAMANT array of CsI particle detectors were also used 

to select reaction channels. 

 

Experiment Details 
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The Zn target is a 0.85 mg/cm2 self-supported metallic foil. 

 

Experiment Details 
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 The experiment lasted 145 hours.  

 

 A total of 1.5109 γ-γ coincidence events were collected in the 

experiment and sorted into Eγ-Eγ matrix as well as Eγ-Eγ-Eγ 

cube.  

 

 The γ-γ coincidence events were picked out in the one-proton  

and α emission channels using DIAMANT, respectively. 

 

 A p-Eγ-Eγ matrix was sorted. 

 

Experiment Details 
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Level Scheme of 78Br 

Level scheme of 78Br deduced from the present work.  

preliminary 
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Results and Discussions 

 There is an overlap of the 

wavefunctions in the two bands, 

so the two bands might based on 

the same configuration. 

preliminary 

Oct. 28, 2013                                                                                        Beijing 



Results and Discussions 

74Br 76Br 78Br 80Br 

preliminary 
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Results and Discussions 

 In 78Br, The two bands maintain an energy difference around 

500 keV within the observed spin interval.  

 

 The experimental values of S(I) have an almost constant value 

of ∼ 25 keV/ħ in those nuclei. 

 

 The two bands in 78Br has similar S(I) values. 

 

 The two bands in 78Br have similar J(1) values, which infer 

those bands have similar deformations. 
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Parameter Calculation method Value Note 

Cp /Cn 
𝐶 =

38.8(𝑁+3/2)

𝐽(𝐽+1)
𝐴−1/3𝛽 [3] 0.646/0.646 

Coupling 

parameter 

Gamma Ref. [4] 21.3° 
Deformation 

parameter 

ℑ 12 

2jp+1/2jn+1 𝜋𝑔9/2⨂𝜈𝑔9/2 [4] 10/10 

Ista/Iend 1/24 

gp-gR/gn-gR gp/gn    𝑔𝑅 ≈ 𝑍/𝐴 ≈ 0.45 [3] 0.811/-0.705 g factor 

Q0 𝑄0 =
3

5𝜋
𝑅2𝑍𝛽2 [3] 2.485 

Deltap/Deltan Δ𝑝 = Δ𝑛 = 12/ 𝐴 [3] 1.359/1.359 

[1] S. Y. Wang et al., Phys. Rev. C 75,024309 (2007). 

[2] S. Q. Zhang et al., Phys. Rev. C 75, 044307 (2007). 

[3]. S. Y. Wang et al., Phys. Rev. C 77, 034314 (2008) 

[4]. E. Landulfo et al., Phys. Rev. C 54, 2 (1996).  

PRM(Particle Rotor Model)[1,2] calculation 
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Parameter Calculation method Value Note 

Lamdap/Lamdan -3.173/0.9248 Femi energy 

g9/2 

-3.173 

-1.507 

-0.306 

1.335 

3.651 

g9/2 

-3.173 

-1.507 

-0.306 

1.335 

3.651 

-0.9065 

0.5145 

2.493 

Z=35 N=43 

0.92475 

PRM(Particle Rotor Model) calculation 

Oct. 28, 2013                                                                                        Beijing 



 the experimental energy 

spectra were well 

reproduced. 

 

 The theoretical S(I) 

values have same 

magnitudes with the 

experimental values. 

 

 

 

PRM(Particle Rotor Model) calculation 
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 The magnitude and trend 

of the ratios with spin are 

reproduced quite well. 

 The B(M1)/B(E2) values 

of band 1 present obvious 

stagger during the spin 

interval, while band 2 

have relatively smaller 

B(M1)/B(E2) values than 

band 1. 

PRM(Particle Rotor Model) calculation 
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Conclusion 

 High-spin states of 78Br were populated using the 70Zn(12C, 

1p3n) reaction at the iThemba LABS in South Africa. 

 The previously known level scheme of 78Br has been 

extended.  

 The study of systematics in A~80 mass region show that the 

two positive-parity bands in 78Br have similar characters with 

those in 80Br. 

 The observed energy levels and the ratio of the 

electromagnetic transition probabilities of the doublet bands 

in 78Br are well reproduced by the particle rotor model. 


78Br might be another candidate of chiral nucleus in A~80 

mass region . The further works are still on. 
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78Br RMF计算结果 

A为g9/2
1g9/2

-5组态 

B为g9/2
3g9/2

-5组态 
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78Br角动量 

Results and Discussions 
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K分布 

Results and Discussions 
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