Cluster Dscay of the High-lying
Excited States in C

Yanlin Ye
School of Physics and State Key Lab of Nuclear
Physics and Technology , Peking University

INPC2016, Sept. 11-16, 2016 , Adelaide, Australia



Collaborators

CZ.Y. Tian([HIEFIP  Y.L. Ye (M¥#K)5D  Z.H. Li(3E ) C.JL EHE)? Q.T. Li(F&FF)!
Y.C. Ge(&fipk)! J.L. Lou(fF£EEFe)  W. Jiang(#1H)* H. Yang(#717%3)!
J. Feng(i%12)t P.J. Li(FARAR)Y  J. Chen(PA7E) Q. Liu(X)58)! H.L. Zang(f#(75%)!
B. Yang(#7/%)! Y. Zhang(7K7.)!  Z.Q. Chen(FA758)T Y. Liu(¥i#)!  X.H. Sun(fpHE)!

J. Ma(%5%)t HM. Jia(5{28)?2 XX Xu(fR#2)? L. Yang(747)? N.R. Ma(5Fg4i)?  L.J. Sun(#p32 /)2

1 School of Physics and State Key Laboratory of Nuclear Physics and Technology, Peking University, Beijing, 100871, China
2 China Institute of Atomic Energy, Beijing 102413, China




Outline

. Some background

Il. The experiment

lll. Preliminary results

IV. Summary



The threshold rule in cluster formation
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The Systematic Structure-Change into the Molecule-like
Structures in the Self-Conjugate 4n Nuclei
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Clustering in unstable nuclei — a new area
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Possible chain states based on a-cores
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Example of studies for *Be
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XC: triangle, and tr-bond or o-bond linear-chain states
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FIG. 2. (color online) The density distribution of (a)-(d) the (@X@)
positive states and (e)-(h) negative parity states. The con-
tour lines show the proton density distributions. The color
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@i = G

pT =20
Oij2- {IJ':I =1/2
li:] =0

weakly bound neutron. Open boxes show the centroids of the
Gaussian wave packets describing protons.

most exotic one: o-bond linear-chain state

T. Baba and M. Kimura arXiv:1605/05567v1



Latest AMD calculations for 4C
T. Baba and M. Kimura arXiv:1605/05567v1

Major improvements:
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Decay width is related to the cluster-configuration
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1) 0% =(3/27)%a + (1/2%)?b at 6.179 MeV
2) 1175 =(3/27)x(1/2%) at 5.960 MeV

3) 125 =(3/27)? at 5.9583 MeV

4) 1275 =(3/27)x(1/2%) at 6.263 MeV
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Previous “C experiments with 1°Be*(~6 MeV) selection

N. Soic, M. Freer et § R iy “Beys “Be(2)  Be(6 MeV)  Previous Lp ,'.'u e
2 . 4+ Seol Wity M,
al., PRC68(2003) g::: ijzzgi; 1145'_65((;_)) "f-?'m:-s *‘v"i' mj:m. ],
014321 . 7Ll(gBe 200 16.4(0.1) 1643 S B . i\‘ S LSS
y y 18.5(0.1) 18.5(0.1) 185 E P
== 19.1(0.1 oo 'y
4He1oBe)2H, 200 : [19_51;:01:] 3 /."# w.,‘%' ‘
. 20.6(0.1) . NI
Ebeam=70 MeV ;: 214(0.1) TR
22.4(0.3) oo M w: Dt
o [232(0.1)] b iy
° - B B 5o 7'55 so == 24.00.3) oL ';.a T :
‘ ‘ 0= ’E E' l "Bey, + & 0Be(2+,3.37MeV)+a  '"Be(6 MeV) + « 15000
DL PI’OCG, M I 14.3(1) 10000}
10001 1| 14801 5000
Freer et al., 1561 0 %ML -
3 17.3(1) 17.3(1)
PRC75(2007) | 7 JM%
o
014305; C(1*C, | wl ™ e LA™
4He10Be)14C, : N
50.4(1) JJJ I
= 20.9(1 |
Ebeam 98.2 MeV M (21.6(2)) (21.9;1j) " - '"“n‘/)(\ .
0 . . , (225(1)) 12 18 22
55 65 7; - 85 95 (23.1(2)) E,(“C) (MeV)
(Ol( e




Recently reported results: no selection on °Be*(~6 MeV)
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Basic considerations for experimentation

» Projectile and target in favor of cluster formation

» Large Q-value reaction in order to excite high
lying states in %C and to have a good selection of
the states in 1°Be fragment;

» MM + IM measurements in order to extract the

reduced cluster-decay width from branching ratio.



selected reaction (5 AMeV beam; 185 ug/cm? target) :
"Be + "Be — “He + “C Q=17.25 MeV

a “‘He+ '"Be Q=5.239 MeV
1§£E'<::::ije
L/>I a

a

main contamination in Q-value:

°Be + 'Be — '"Be + °Be O =5.148 MeV

a 4
)/7108e a He + "He

8Bes
;1\0 can be removed via kinematics analysis




Experiment setup at CIAE

Detector Segmen- Thickness Covering Purpose
tation (um) angle
(degree)
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Typical PID at forward angles
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Missing mass method (inelastic or transfer)
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Invariant mass method
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Comparison of IM spectra for various '’Be states
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resolution
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» Areaction with very large Q-value was carried out,
allowing to excite *C to very high lying states and to
clearly separate the various states in ''Be fragment.

» Three highly excited states in *C are observed which
decay primarily into 1°Be*(~6 MeV), corresponding likely
to the o-bond linear-chain states according to the latest
AMD model predictions.

» Further analysis of the cluster-decay branching ratio,
related to the cluster reduced width, are underway in
order to make quantitative comparison with theoretical
calculations.






