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Introduction V. Goldanskii ... 1960

“Classical” radioactivities “Exotic” radioactivities

@ Natural radioactivity (H. Becquerel, 1896) | @1p: many candidates since 1970, "‘, T ; -

® @, B decay(P. Cutie, M. Curie, 1Ly, %"Tm, >>*Co™(Isomet) etc. - = ij
E. Rutherford, 1899) @2p: only few nuclei found PR

@y decay(P. Villard, 1900) T8, P, (e o), .. r":'

®Fission(O. Hahn, F. Strassmann, 1938) O, " Ne, “Mg, “Agfexc. St - 162

Fe, Giovinazzo et al, PRL89, 102501 (2002);
“Fe, Giovinazzo et al, PR1.99, 102501 (2007);
“Fe, Miernik et al, PR1.99, 192501 (2007);
4Ni, Dossat et al, PRC72, 054315 (2005);
“Ni, Pomorski et al, PRC83, 061303 (2011);
>Zn, B. Blank er al, PR1.94, 232501 (2005);
>7Zn, Ascher etal, PRL107, 102502 (2011);
Mg, I. Muhka et al., PR1.99, 182501 (2007);
?Ag, 1. Muhka et al., Nature 439, 298 (2006).




Ditferent mechanism of two-proton emission

B. Blank et al.

Three extreme decay modes

2He cluster decay 3-body democratic decay 2-body sequential decay

Two types of 2p emission

Objectives of studying 2p emission
emission from ground-state

long lived: *°Fe, *®Ni, °*Zn

short lived: °Be, 120, 15Ne, 1“Mg
emission from excited states

B delayed: 22Al, 31Ar, ...

others: 140, '"Ne, '®*Ne, 9*Ag

masses of nuclei beyond drip line
@ p-p pair correlation inside nuclei

@ nuclear structure information for
proton-rich nuclei (single-particle
levels, deformation)

tunneling process




Two protons can be emitted as an ?He resonance or as independent particles. The relative
momentum and angular distribution in the two cases will be quite different.

’He: the enhanced peak around g=20MeV/c due to the strong nuclear and Coulomb interaction
forming a singlet S wave when two protons emit at close proximity in space and time.

-proton emission from 20 ground state

No ev1dence for “He emlssmn 18 seen, despite predictions for a large diproton branching ratio.
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Solid line: sequential decay; dot-line: di-proton decay.

MSU: R. A. Kryger et al., Phys. Rev. Lett. 74 (1995) 860.
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ExQeriment descrigtion

B2 F3

Experiment information
@ Primary beam: 135 MeV/u %8Si
@ Primary Target: 5.5 mm Be

@ Secondary beam: 23Al, **Mg, *!Na,
2ONe @~70 AMeV

Wedge @ Secondary Target: 12C (355.5 mg/cm?)
degrader . . .
The typical intensity and purity of the 23Al
beam were 700 cps and 3%, respectively.
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HODO:

dE: 1000 X100 X 5mm
E1: 1000 X75X60mm
E2: 1000 X 75X 60mm

Si telescope:
Si-strip: 0.5mm (5x5—4) X2
Si: 0.5mm (3% 3) X3

D. Q. Fang, W. Guo, Y. G. Maet al., PRC 76 (2007) 031601(R).
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P artlcle ldentlflc ation @ After C target: Si telescope flnd hados.cope
* Fragments: AE — E from the Si

@ Before C target: Bp — AE-TOF telescope
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Excitation energy, 2p relative momentum and openning angle
for two proton emission processes of 22Al and %°Mg

E” is constructed from invariant mass: g+ — »— as — \/(Z EN — (S Pio)? — (Ma ).
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No signal of 2He cluster emission is observed in the relative momentum and opening

angle distributions between two proton for low excitation states of 2Al and 22Mg.



Mechanism of two proton emission from excited states of Al. *Mg
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Physics Letters B 743 (2015) 306-309

Al > Ne + 2p

Contents lists available at ScienceDirect
PHYSICS LETTERS B

Counts
o

(anR | LA S &

Physics Letters B

) 20 #

ESAl > p+p+Ne 125<E <18 &

C (a) - www.elsevier.com/locate/physletb

— _ b |

3 I

: - O e F

— N * i T H SR , , o , ‘
3 ISEEN SRR S i Different mechanism of two-proton emission from proton-rich nuclei @Cmmrk
3 N TR ¢ ! ZAl and Mg

: Fivh |} 1

- ¥ E L LE 1 : ; i YG. Ma?, D.Q. Fang?, X.Y. Sun?, P. Zhou?, Y. Togano®, N. Aoi, H. Baba®, X.Z. Cai?,

= o i =k T X.G. Cao?, 1.G. Chen?, Y. Fu® W. Guo?, Y. Hara®, T. Honda®, Z.G. Hu?, K. leki®,

- i L3 S }i--'_?-: Y. Ishibashi €, Y. Ito€, N. Iwasa’, S. Kanno®, T. Kawabata 2, H. Kimura", Y, Kondo?,

E | . ) | T T l" il K. Kurita®, M. Kurokawa®, T. Moriguchi ¢, H. Murakami®, H. Ooishi¢, K. Okada®, S. Ota®,

-

: ¢ ai? ' 'L ioda€ 2D hi D fand
20 40 60 A. Ozawa®, H. Sakurai®, S. Shimoura®, R. Shioda“, E. Takeshita®, S. Takeuchi”, W.D. Tian*,

Counts

el \ I S e S o

q. (MeVic) HW. Wang?, J.S. Wang?, M. Wang?, K. Yamada®, Y. Yamada®, Y. Yasuda®, K. Yoneda®,
pp G.Q. Zhang?, T. Motobayashi”
E (b) ® 'This data 3 Shanghai Institute of Applied Fhysics, Chinese Academy of Sciences, Shanghai 201800, China
- . _ Tead ® Institute of Physical and Chemical Research (RIKEN), Wako, Saitama 351-0198, Japan
C ;Fhree bOdy Cmi1ssion © Department of Physics, Rikkyo University, Tokyo 171-8301, Japan
- He emission ¢ Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, China
:_ ==+ Three-bo dy (~ 00% ) + 2H€(~ 10%) :msnmreof Physics, .Uru'versfry of Tlsukulbu, Iblamkli 3{}5-8_5?1, Japan
C . Department of Physics, Tohoku University, Miyagi 980-8578 Japan
:_ ! | & Center for Nudlear Study (CNS), University of Tokyo, Saitama 351-0198, Japan
- ! | B Department of Physics, University of Tokyo, Tokyo 113-0033, Japan
- P!
_ 1 iy
= 1 . -
— b M i ARTICLE INFO ABSTRACT
= T T B —
- i i - - L. . --I | ! Anticle history: Two-proton relative momentum (qpp) and opening angle (6pp ) distributions from the three-body decay
. i L I . Received 29 September 2014 of two excited proton-rich nuclei, namely Al — p +p+ 2'Na and Mg — p+ p + ©Ne, have been
- =il i“f“'f‘i ];?'E"Efd f”’;g{z; February 2015 measured with the projectile fragment separator (RIPS) at the RIKEN RI Beam Factory. An evident peak
— Ll 1 I Aﬁ;ﬁﬁﬁe onlinee raui?;rch 2015 at qpp ~ 20 MeV/c as well as a peak in #pp around 30° are seen in the two-proton break-up channel
C ol £ ; . .} [, b ! Editor: V. Metag from a highly-excited 2Mg. In contrast, such peaks are absent for the 23Al case. It is concluded that the
o tWo-proton emission mechanism of excited 22Mg is quite different from the 23Al case, with the former
100 15 O having a favorable diproton emission component at a highly excited state and the latter dominated by
(de g) the sequential decay process.
pP @ 2015 The Authors. Published by Elsevier BV. This is an open access article under the CC BY license

(htep: |creativecommons.org) licenses/by/4.0]). Funded by SCOAP3.




B-delayed two proton emissions

Collaborated with CIAE and IMP
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Conclusions

1. Two-proton emission from proton-rich nuclei Al
and Mg were measured by the reaction method,
spectrum of relative momentum and open angle
between two protons are obtained.

2. Strong component of “He-like cluster emission
from high excitation energy states of 2?Mg was
observed, but not for 2Al.

3. Further studies by the -delayed 2p emission
measurement are in progress.
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