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4. Topics

1. Potentials of exotic nuclear systems
2. Reactions with weakly-bound nuclei
3. 2p emissions from excited states

4. Decays of extremely p-rich nuclei
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/. Optical Model Potential

& Optical Model is a successful model to explain the nuclear
scattering and reaction, which resembles the case of light
scattered by an opague glass sphere.

Optical Model Potential (OMP):

U = V() +iw(n)
7N

attractive  absorptive
* phenomenological potential, independent on energy.

a A basic task in nuclear reaction study is to understand the
nuclear interaction potential.

Cf: 1) S. Fernbach, R. Serber, and T. B. Taylor, Phys. Rev. 73, 1352 (1949).

2) H. Feshbach, “The optical model and its justification”, Ann. Rev. Nucl. Sci. 8, 49 (1958).
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/. Threshold Anomaly (TA)

A universal phenomenon within
P tightly-bound nuclear s@

the Coulomb barrier energy region

N | U(rE)=V(r;E)+iW(r;E)
V(r;E)=V,(r;E)+AV(r;E)

) )

Space Time
Nonlocality

V, (MeV)

12.5im)

(Re=

Dynamic polarization potential:

S
= eut . : P (»W(r;E’
=" : C.J.Linetal, ] AV (r, E) — j ( J ) dEr
0.4 | PRC 63, 064606 (2001). : 7 90 Er _E
5 SRR Dispersion relation
e 1:lf;eV)160 e 20 (results from the causality)

Cf: 1) M. A. Nagarajan, C. C. Mahaux, and G. R. Satchler, Phys. Rev. Lett. 54, 1136 (1985).
2) C. Mahaux, H. Ngo, and G. R. Satchler, Nucl. Phys. A449, 354 (1986).
3) G. R. Satchler, Phys. Rep. 199, 147 (1991).
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¢E Abnormal TA: weakly-bound nuclei

a Exotic nuclei: weakly-bound & having specified structures (cluster, halo/skin)
& Reactions: easily breakup, strongly coupling to continuum, complex mechanisms

cluster halo Abnormal Threshold Anomaly
0.6 |- S ]
.' 2 oef %"g-ﬁ g e s -
S orr 9Be+205ph ]

6Li (a+d) 0.8 . > .O'I.Ill' rt_ltsullls I I I I I I I
Sa =1.47 MeV — o6 B } @  Fitting the data in ref.[11] |
=3 %ﬁﬂ; =3 i i[ 3t % 1
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Al T L
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= 0.2 - ]
S, = 2.47 MeV _ % 9B +209B;] _

0.0 rF -y
“ = “°[1; IPG371,075108 (2010).
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%E Abnormal TA: unstable nuclei

OMPs are usually extracted from the elastic scattering.

F T T T T T T T T T 10 i T T T T T T T ]
o[ 14.3 MeV . ]
107 ¢ T T3 > ®He+2%9Bi
10°  15.8 MeV 1 =
3 - m ﬁa)
— i ] o
S 400 [17:3 Mev ] =
bé \Q\%\i‘\
= 40° [18:6 MgV ]
g’ 521 4 MeV % RARERSEN
° 10° LTS ] = / NE W)
E 3 S - 7 ’ —
E = 04f ]
10™ i AO=6 -11° . g |\ < ;’f , (E,:-W,) |
2AE 1.2-1.5 I\/IeV _ 0.0 k-NEl __,(E),’W) L
10° S L —==
0 30 60 90 120 150 180 S 0 15 20 25
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% Rather difficult to extract an effective OMP at low energies.

Cf: 1) E.F. Aguilera et al., PRL 84, 5058 (2000); PRC 63, 061603R (2001).
2) A. R. Garcia et al., Phys. Rev. C 76, 067603 (2007).
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/. Transfer Method

@ - @ v

a = btx B = A+x N 7

Transfer reaction A(a,b)B elastic scatting cross sections

Transition amplitude: T =J/d3rbfd3rax("(l?f,3b)‘ (bB|V|aA) x)(ki,Ta),

4 wave functions are needed,
&% two bound states: b+x & A+x (single-particle potential model)
&% two scattering states: incoming & outgoing (optical potentials)

Proposed: C.J.Linetal., AIP Conf. Proc. 853, 81 (2006), presented at the FUSIONO6.
16O (1N, 13C)E: Chin. Phys. Lett. 25, 4237 (2008).

UB(7Li,°He)!?C: Chin. Phys. Lett. 26, 022503 (2009). Phys. Rev. C 87, 047601 (2013).

Chin. Phys. Lett. 31, 092401 (2014), Phys. Rev. C 96, 044615 (2017),
Phys. Rev. Lett. 119, 042503 (2017).

63Cu(’Li,bHe)%*Zn: Phys. Rev. C 95, 034616 (2017).
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4, Experiments: 205pb(7Li,5He)2°Bi

Two experiments have been done at HI-13 tandem accelerator @ CIAE

Expl: E, .., = 42.55, 37.55, 32.55, 28.55, 25.67 MeV — high energies  [2004.8]
Exp2: E, .., = 28.55, 25.67, 24.3, 21.2 MeV -- low energies [2016.4]

* Angular distributions of both elastic scattering and transfer were measured.

2 Telescopes: SSSD(20um) + 20,
DSSD(60um) + QSD(100pum) - ()
- \ % 15— -~
s
e 10—
% [« s
2 | ,““6Hc
7 5 i 15
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- (b) 3.12 {1282
200/ Single-particle
g2 i states
g e 0.89  S-factors are
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%E Results: OMPs of 6He+2%9Bi

* OMPs of the ®He+2%°Bi system
are determined precisely for
the first time;

Bi1

$

% The decreasing trend in the
Imaginary part is observed,

: : . and the threshold energy is

ot | ] about 13.73 MeV (~0.68Vy);

—_ dlspersmn relation % The behavior of real part looks
€ 2r | § normal, i.e. like a bell shape
= | | _

L s 5 ’ around the barrier:

ol e ses oot wet 1 % The dispersion relation does

. . . - NOT hold in this system.

10 l 20 30 40
E._ (MeV)

L. Yang, C.J. Lin*, H.M. Jia et al., Phys. Rev. Lett. 119, 042503 (2017);
Phys. Rev. C 96, 044615 (2017).
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¢E Discussions

% Dispersion relation results from causality, connecting real and imaginary part;
% Any wave/particle should follow this relation when it passes through a media;
% The dispersion relation is not applicable for exotic nuclear systems.

i Im W
Possible reasons: Am
e Causality — dispersion relation K\
stable systems: causality <> analyticity - o Rew
W
e Cauchy integration Cauchy’s residue theorem

infinity poles (breakup) & off-axis (multi-process) 06 -

0.4

e Negative Index of Refraction

causality based criteria must be used with care
[Phys. Rev. Lett. 101, 167401 (2008).]

0.2

0.0 |

e Locality vs. non-locality

®-@
Schrodinger equation

equivalent local potential in
four-body

W, (MeV) (R =1356m) ¥, (MeV)
[=]
(W8]
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4. Topics

1. Potentials of exotic nuclear systems
2. Reactions with weakly-bound nuclei
3. 2p emissions from excited states
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Reactions with Exotic Nuclei

RIBs experiments

# Elastic scattering
3-body, 4-body
CDCC. ...

& Fusion/Reaction
TF = ICF + CF ...

& Breakup/transfer

Effects & mechanisms

Fusion Function

Fusion Function

neutron-rich

8 IO *He+'7Au
L * SHed'Au
|+ "Be+™Bi
—_ UFF

' L L . '\ f L L L ' . L Ll L ' Ll
" o '1|c‘"'|'n| i
" > :
12 I* % “He+*Zn -
- o “Het™™U - 3

Fusion Function

30

20

proton-rich

L8 (R0 AT L LR LI AARL A B P B3
¢ ‘B (©)
"W 'B+'Ni
L & F+"Pb
— UFF

[1] L. F. Canto, P. R. S. Gomes, R. Donangelo et al., Phys. Rep. 424, 1 (2006).
[2] L. F. Canto, P. R. S. Gomes, R. Donangelo et al., Phys. Rep. 596, 1 (2015).
[3] B. B. Back, H. Esbensen, C. L. Jiang and K. E. Rehm, Rev. Mod. Phys. 86, 317 (2014).
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Reaction mechanism

% How to identify the different reaction process?

. . Eva. Y i :
complete-kinematics 2 Y, -
measurement TR
Fis. F, + (F,
t CF I _______ 1I
: *Bi + @) ™
. . L 4 208p R == e | )
2-body kinematics = ™ i =
iipo | + @ =
k o
BU e
B 1 . o
1 <b)
gy + @), =
d & S y | CG
. . ICF L e - - N
3-body kinematics < + %P < e,
a * .
mpy | 4+ @ —
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Experiments

% Reactions induced by "Be, 2B, 7F ...

% Complete-kinematics measurement ;

RIBLL: F+89Y,205ph, Be+209B] o, oD separatoratCNs -

"5 CRIB: 7F+12C,58Ni, 8B+120Sn

o L
: RIBLL separator at IMP Momenturn- Rbddaz)
2Bkt dispersive focal plane =
P/q selection Wien filter section —
velocity selection F3

Achromatic focal plane Final focal plane
Il by t (1 i
0123456789 0m e B, st
|||||||||||
P/q =const. & v = const. > m/q selection (7 can be separated by using degrader)
U3
8% 40/60 j1m DSSD
of 47 i 300 um QSD
Cooling Ring 1-1.5 mm QSD
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Preliminary Results: Y7F+38N;i

_ I 1 I 1 1 1 1 I 1 I I
¢ [ | 1 B
€ N | |
S 08
I — CDCC 05|
- | — OMP '
NSSD (MeV) 06 e+ Ni@43.64 MeV — | E+Ni@47 47 Mev
B (b) 0.4 N IR I R 0 A IO IR R
o 0 50 100 150 0 50 100 150

1.2

DSSD (MeV)

0.9

0 06

4 03

| 0 ! l rhrd
150 0 50 100
8, (deg)

QSD1 (MeV)

Angular distribution of quasi-elastic scattering.
(OMP & CDCC by Lei Jin)

QSD2 (MeV)
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¢E Preliminary Results: '’F+>°Ni

6 T T T T T 8 T ' T T 102 -~ 1 1 -~ r -1 r T 1T T T
= woamev] I 47.47 MeV | F
4_ i - NEB || 1L xx ~ i
. \ EBU 10 " #* 3 i ?
2_ L - p§ Y v vas
. 2 10° I AT, E
P ' ¢ 39 ;
0 0 - " -
0 10 — UFF 3
% E O o F+*Ni(proton) © F+*Ni(alpha) ]
40 02k | o PO+Ni O F+"Pb i
30 F A A ‘He+Bi v °Het+"Zn
1 20l 0oL "Li+**Pb <« "Be+™Bi ]
| o | 0 3 * 8B+58Ni #* 8B+2gsi 3
ook - , I . 0_ 4l e
0 0 ey ™ 0 0 seq) -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 20 2.5 3.0 35 4.0
- - - - - - X -
Angular distribution of breakups/transfer Fusion excitation function of
[Cf. LeiJin & A. M. Moro, PRL 122, 042503 (2019)] 17F+58Ni and other systems

Preliminary conclusions:
e The non-elastic breakups are dominant;

e Fusions are suppressed at energies above the barrier but enhanced below
the barrier.
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¢E Discussions

120 (e
. 5(0) ,*’ TE 458N
* Exclusive breakup (X60O-p) 00 | 4 e
s : I — Pi—E1
Our result: 6 ~ 1.2 mb @ 63 MeV;, L . B
Liang’s result: 6 ~ 15.6 mb @ 170 MeV. & ;E’ 2 8 J | —-Ptsum
[J.F. Liang et al., PLB 681, 22 (2009).] e -*-.q'{.‘:
20 F ! G
[ N
0 beeiudannntiii, i - . S
Why are the breakup cross sections so low? T S

e Screen effects due to the dynamic polarization?
e Transfers are dominant?

8B+120Sn experiment will be performed at CNS/RIKEN (2 -16 Apr., 2019)

F (S, = 0.601 MeV), 8B (S, =0.136 MeV)
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1. Potentials of exotic nuclear systems
2. Reactions with weakly-bound nuclei
3. 2p emissions from excited states

4. Decays of extremely p-rich nuclei
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4/, Exotic decays of p-rich nuclei

Bound states: f-delayed particle emissions 1
Unbound states: directly particle emissions F . 47
Fermi transition .-" (J,LTD)
THE VALLEY OF STABILITY i | precursor
IAS /
LTz |/
’He or 3-body?
sequential 2p o / e
|
fi | Gamow-Teller
/ } I transitions
2p
daughter TTTTT Z24p Sp y
lp ! 11 | F
STABLE ELEMENTS dau ter
eh A
emitter

pp> p2p, p3p, ppy. pyp, pa. p2a, Pop, ppa, pp2e, pn, p2n, p3n, pd, pt. pF...

e Structures of p-rich nuclei close to/beyond the drip-line

o Effective interaction — pairing, isospin non-conserving (INC), three-body force

¢ Initial state interaction (ISl), final state interaction (FSI), guantum entanglement
¢ Nuclear astrophysics — (p,#), (2p,), (&, 1) ... processes
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%E Overview of our research

A Started from 2004

36, |37
Stable Nuclide 20| Ca| Ca|" Ca

A RIBLL@HIRFL (Lanzhou)
A In-flight decay

(Ex. states 2p emissions)
28,295/27,28P;

17,18Ne_

Implantation

In-flight

& Implantation decay
(G.S. Bp, B2p...)

36,37Ca;
275/26P/255i;
ZZSi/ZOMg;
23Si/22AI/21Mg;
246 [23Al.
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In-flight decays

& 2p emissions from high-lying excited states and related topics

sequential emission three-body em1ss1on

/;) oton

309

\ \ d ughter

da ght

pro t

’He emission 0

daughter

AIP CP 961, 117 (2007);
NPA 805, 403 (2008);
AIP CP 1165, 106 (2009);
CPL 26, 032301 (2009);
PRC 80, 014310 (2009).
PRC 82, 064316 (2010);
NPA 834, 450c (2010);
AIP CP 14009, 98 (2011);

SCPMA 54(S1), S73 (2011);

PST 14, 317 (2012);

PLB 727, 126 (2013);
JPS CP 1, 013026 (2014);
NPR 33, 160 (2016).

®cal*Ca

40(:a

37K 38K

39K

SAr|3Ar

38Ar

35C| 36C|

37C|

34S 358

368

2007

5 ZQSi

3OSi
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Exp. setup 1

17,18N e

RIBLL Experimental Setup 2007

Covered *10
255mm

141 mm

Y0mm

L O O O T

ULLLLRRRL R LSRR R LR LR L L

-1-97Au
Collimators AE Dl
PPACI PPAC2

A

Note:
Collimators: PPACI1: $30 mm; PPAC2: $20 mm.
AE: 300um Si AE detector, combined with TOF (
197 Au: target, 200-250 pum, $28 mm.

D1,D2,D3: 300pum Si, 48mmx48mm.

D4: 1000um Si detector with 4 segments, SOmmx
X1,Y1,X2,Y2: 300um Si strip detectors, each of 2=
CSI: CSI(TDH+PIN detectors, 20 mm length, total q

Complete-kinematics
measurements
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4. Exp. setup 2

Detector array for 2829S experiment Complete-kinematics
55010 SssDaA measurements

Scint. PPACI PPAC2  SDI 1974, l SD2 SD3 l CsHPIN array . -

| _ I 1 [] & i “'ﬁ”j L ,

| 1 aaages | | fmenae

R T E | : &
g - I \Z*Siu...__]b‘_\\i i 1

1

TOF XY B2 AE

L ! !
-875.1 -433.1

Secondary target: 1°’Au, 100 um
SD: Silicon detectors, 325, 1000 pum

SSSD: Single sided Silicon Strip Dete
with 2 mm in the width and O.

the construction of the particle t

CslI(Tl) array: 6 X6 lattices, each 15
through PIN photodiode
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4. 2p-decay modes

/ | 2p emission — three extreme decay modes \
¥ 3
A b N

.'| \ -l ¥}
o F 2 . o
: 4

e ¥ g"‘d
_a.[f .
k ’He decay 3-body simultaneous decay  2-body sequential decay
Relativistic-kinematics reconstruction for 2°S = 2’Si+p+p events
O e e e e T O——T 77T
i 15.00 i
50 4! ; i 2
1 I
© 1 - |
o 5.000 @ i
% 30 4 3.000 S 20}
2 1.000 3 i T
s J ;
10 7.4
10 B !
0 ) . i . . ; ) . q ) . p . . 1 . . 0-[_.| 1 1 L 1 1
0 30 60 90 120 150 180 6 8 10 12 14 16

g (deg)

P
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4. 2p emission: 2°S/ 28p

7.4 MeV 29G 10.0 MeV
2 15—
3 % & j 9.6 MeV <E <104 MeV |
15 | sum - - i
A ’He ]
28 r  _T\| e seq. : £
[
2 o 3body 1 3
o I ; (&)
Y s s ‘ .
- .\‘k
oLl e u- . R T 315 RS
0 20 40 60 80
9, (MeV/c)
B 7T T
7.0MeV<E <7.8MeV |
10 | J
2 {1 @
[ =3
2 g
O O
0 30 60 90 120 150 180

Diproton emissions were observed in %°S but not in 28P.

29S: C.J. Lin, X. X. Xu, H. M. Jia et al., PRC 80, 014310 (2009);
28P: X. X. Xu, C.J. Lin, H.M. Jia et al., PRC 81, 054317 (2010).
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4. 2p emission: 285/ 27p

% Diproton emission is enhanced by 2p halo-like states.

27p (Z=15) ] 285 (Z=16)
p halc Alpp E<24.0MeV Sipp E<20.0MeV b halC
15+ 15
L]
g 10+ 100 )/ 4T T e
0
(§)
5t 5.
0 _,.:A"'." , -\.“--I-..____ B . | . A 0 / Tl L L .“:'L"-.‘.
0 30 60 90 120 150 180 0 2 0 90 120 150 180
g™ (deg) ~20%| *
20 T J T 20 T T T
¢ Exp. ¢ Exp.
——Sum — Sum
L o U — Diproton (%) | 197 - -~ Diproton {20%)
" 3-body/Seq. (46.5%) - 3body/Seq. (40%)
£ 1ol ===~ Sbody 100% T A E VR 3-body (100%)
3
0
0
5t 5.
. . N =
0 ZES ) n - + B 0 - L e - A _+
0 20 40 60 80 100 0 20 40 60 80 100

G (MeVic) Gpp (MeVic)

X.X. Xu, C.J. Lin* et al., Phys. Lett. B 727, 126 (2013).
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4. 2p emission & 2p halo

2p halo/skin in proton-rich S isotopes Decay scheme of 2°S
0.1 ¢ T T T T T T T T ' T
cf: C.J. Linetal.,
0.01 3

PRC 66, 067302 (2002). |~ .S

~
N

1E3 |

p () (fm®)

1E-4 |

1E-5 3

& b ' 5127 29a
1E_60. ‘ 2 I 4 ‘ 6 B 8 10 ‘ 12 27Si 28P 298
r (fm)
2p halo/skin 2p correlated emission

2p valence pair —> above 2p emission threshold

/\

weak link with core Beyond 1p drip-line 2p resonance state
(decoupled) Ground state Excited state:
GBe’ 120’ 16Ne’ 19Mg’ 140, 17,18Ne’
45Fg, 48N, 54Zn ...... 8295
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BCS/BEC crossover: '/:'8Ne

Momentum correlation functions & HBT analyses
3

C(q)

II'

Exc
Inc

S (MeV/c)

100

IDE( 7.50+0'09_0.09 fm

,,’/Exc: 5.44%0.19 ;- fm

lSNﬁ/
. +0.08
L7 Inc: 6.06%9-98 , o fm
e
J S 2y )i oB Bl ()12 (r2)}/2
1/2- U X5 39 3.9 53 28
3/2- 53 3.4 43 4.4 5.9 2.9
5/2- 5.5 35 s
Tj2~ 5.6 35
5.7 6

<rp_p2>1/2 =5.17 fm

<r,,,2>?=3.4fm

v

®,, = 74.5°
BCS-BEC crossover

Hagino’s results (theory): 76.64°
cf: T. Oishi et al., PRC82, 024315 (2010).

C.J. Lin*, X.X. Xu, H.M. Jia et al., JPS Conf. Proc. 1, 013026 (2014).
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Discussions

Question: How to describe 2p emission in precise?

. D
Initial state :
(3-body model) > Tunneling ——| Propagation
[T. Oishi et al., PRC . p
82, 024315 (2010).] /

N
Ay

AY
AY
A
AY

‘ correlated

7
7
7
II
Ay 1 4
P /
/]
1
7
7

pfotons

/

energy

distance to centre of nucleus
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4. Implantation decays

[-decay spectroscopy of nuclei close to the proton drip line

. ®Ca|*Cal|*Ca
Exotic decays: Sy, fBp, B2p ...
37K 38K 39K
Ar| ¥Ar | *Ar
2014 35C| 36C| 37C|
2015 2017 34S 358 368
3637Ca; CPL 32, 012301 (2015). Ip
2Al, 24Si: NIMA 804, 1 (2015). Toog
22Sj : PLB 766, 321 (2017).
20Mg: PRC 95, 014314 (2017). B3p
23Sj: 1IIMPE 27, 1850014 (2018). B2p

2/ : NST 29, 98 (2018);
PLB 784, 12 (2018).

2Mg: EPJA 54, 107 (2018).
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4. Exp. setupl

Quad-SD x 6

DSSD x 4

60 um DSSD
dip angle of 45°

¥ fing-DSSD x 2

A detector array for 2p-decay study
by implantation method

for lifetime > 10 us

1p efficiency: 66%; 2p efficiency: 20%
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Exp. setup2

[L.J. Sun et al., NIMA 804, 1 (2005).]

e 150 um + 60 um DSSDs
for ion implantations and
p/2p-decay measurements.

e Others for f-decay measur.
and background rejection.

QSDL QSDD

& Implanted close to the back
edge of the 150 um DSSD.
& 1p efficiency: >90%;
2p efficiency: 20%

2019/5/2 Sakura2019@JAEA 34




Results 1: 2%Si/*°Mg

Primary beam: 28Si, 75.3 MeV/u @ 40 enA.

3000
- MAr
2500 “Cl
N=8 ug | a1g [N
2[][][]} \l, 2p | 30p 31'P*l
8 L T,=-3 wgj | 7 [2gj | 2 |¥gj
1500F 2] | 2071 [27A
B T,=-2 “Mg|**Mg|*Mg|*Mg|**Mg
1000 . '
: 20Na 21Na 22Na 23Na
I - 18N a | 19Ne [2PNeal 2INe [ 2N,
500 i - Ne| ™Ne | SR RGNS
_|||||1|||T||I"T’ 1
-700 -650 -600 -550 500 450 -400 350 -300 250 200
T1-T2
PID of the secondary beam
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N

o

<
oQ

I* 4801(32) 1.2(4) 4.36(11)
= 4721(18)  1.0(7)  4.5(3)
413022)  2.3(5)  4.40(9)

1

——— 10* g — T T
pl raw spec. ]
p4 a p-coincident spec. ] decay curve
1000 ¢ p-spectrum - 10° F 7,,=90.0 = 0.6 ms
.Sdu | p6 a p]O,l] a OE X/ndf— 1.14
& 100k (12 p PO 4 = 10°F o
o} Py g px : g The most precise!
2] a z
1= : g
= Z 10'k
] [ L, (WL AV
new fp - o UYL
1 1 1 " 1 L 1 1 -| I| 10 é n 1 n 1 4
1000 2000 3000 4000 5000 6000 0 500 1000 1500 2000 2500
Energy (keV) Decay time (ms)
o*
107 s — L.J.Sunetal.,, PRC95, 014314 (2017).
ok 1 yspectrum @ 3
. "\\J raw spec. decay scheme Q.=10626.9(22) keV
- oF 1042 140l / L
= LF : | 2614 ]
10" F : 3 0
= : M E.(keV) br(%) logft
2 0k i N 0' 6523(28)  3.6(6)  3.01(8)
g '0F on4 /3 conditioned spec. ] . A T 6318(17)  16(9) 348225
= 2 2 s L +
S 10 1"“"\,,} 1634 / 5Ot atp 5= IS ke L ss0507)  0.7(3)  4.24(19)

1 | I 3/2°1536, - 3863(14)  3.7(4)  4.23(5
SSmmrTy p— 32158 3863018 3.78) 6]

1ooo [ | . proton conditioned spoc. L 7998(13)  8.6(7)  4.15(4)

= 1 E 1/2- 275 A4 S <0.24(3) >5.82(3)

= ”J}\._} . ] 12" 238 Smomw< ..... )

= 3 1233 3 19 = A(1T) ke

z_ 3 ll Ne-l-p P

= [ 1+

L E

983.9(22) 66.9(46) 3.80(4)
3.
500 1000 1500 2000 2500 3000

2
Energy (kev) ONa
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/" 225}

Counts per 30keV

50 4~ spetmam for full-cnergy protons Energy BR Decay
1, ‘\ °°°°°° o Peak  ev) () Mode
'ﬂl 2 J : (@)pssD!1 1 230(50) 2.9(10)  2p ?
t iﬂ%m.m, L 2 680(50) 6.8(14) Ao
i 3 1710(50)  1.9(7) B
2 ) R 4 1950(50) 52.0(74)  pp
1 k i 5 2110(50) 10.9(21)  Ap
108E lILlM lno'ﬁ;;) - mﬂii)l';:)ﬁ e nnnano'on;)nH - 4000 5000 6 2180(50) 65(15) ﬂp
‘ 7 2330(50) 5.1(13)  Ap
8 3550(50)  2.5(9) Bp
M J& ,. (pssprrpss2 9 5600(70) 0.7(3)  A2p
(o] 2000 L:;):Lrgy(kz(i(;; 8000 10000 * Mass Of ZZSi
CIAE - Phys. Lett. B 766, 312 (2017).
. o A(22Si) = A(22Al IAS)+AE A,

T e ey o A(22Si) = A(220)-2b(A,T)T,

wa v © ] > S,,=-15 keV

! > 5 + s S mevy  The first experimental mass data.

Energy

GANIL - Phys. Rev. Lett. 59, 33 (1987). The first S2p precursor found in Asian Lab.
Phys. Rev. C 54, 572 (1996).

Counts
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Discussions on 22Si/?°Mg

& Mirror asymmetry = INC interaction asymmetry parameter: § =
20Mg—>2°Na 200—>20F
Na E” (keV) br (%) log ft J  DFE" (keV) br (%) log ft o
983.9(22) 66.9(46)  3.80(4) 1" 1056.848(4) 99.973(3)  3.740(6) 0.148(107)
2098(13)  8.6(7)  4.15(4) 1*  3488.54(10)  0.027(3) 3.65(6) 2.16(53)
ZZSi—>22A| 220—>22F
22Nl E” (keV)  br (%) log ft J  2FE" (keV) br (%) log ft )
1170(50)  5.1(3) 5.10(5) 1 1625 29(4) 46(1)  2.16(82)
2400(50)  60.6(65)  3.79(7) 1 2572 68(6) 3.8(1)  -0.02(28)

& Mass = Three-Body Force PRL110,022502(2013).

S

AS")

=]

ftr

= Tt E
p 2p < 4f .
Nucleus  Expt. NN + 3N Expt. NN + 3N 28 N ]
N=8 [IMME| sd sdf;sp;n [IMME]  sd S or B
¥Ne 392 405 3.76 4.52 4.67 4.17 _é SE . an R IR E
9 = [ —— NN+3N : . ]
i)Na -0.32 —-032 —0.26 3.60 3.73 3.50 2 0F D WNnedn oy N ]
‘()Mg 2.66 2.83 2.98 2.34 2.51 2.72 - e AME20I11 o ’ .
2TAlL [-1.34] —252 —1.83 [1.45] 0.30 1.15 2peesmve ]
2Si [1.35]  0.90 1.71 [0.01] —1.63 16 17 18 19 20 21 22 23 24
Mass Number A
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Results 2:

Z7S

Counts per | ms

120

Counts per 10 keV

Counts per 4 keV

1000

100

—
=]

40

P

Counts per 20 keV

P23

[0

2000
Energy (keV)

1000 3000 4000

Energy (keV)

1797

HPGe |

| py Spec.

- 989 .

Counts per 10 keV

2786

LaBr;

1797

989

1000 1500 2000 2500
Energy (keV)

3000

Exporllential decay
Constant background
Total

100 200

Decay time (ms)

1500 2000 2500

Energy (keV)

7 4810
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3+ 4187 R

7" 4139
3+ 37574
0 33364

2" 2786 o

1000 3000

4

2l

24
2-3%‘“

7000

24 fp & 1 [2p decays

decay scheme

T=2
271g

T\, = 16.3(2) ms

Q,=18337(78) keV
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327127
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3/2°~7/2"

7068%15; §3/2*~7/2*$

+1.4(4)

1(2)+1.2(3)
4593(14) (3/2*~7/2)
4506(13) (3/2'~7/2*)
4464(15) (3/2*,5/2%)

3837(15
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B L3 N = b N NN B2 OO LI D Lh Lo L

—is60+]
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0D Wi BB NS NWA D o
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3224(14

SIS

——

27 1797 I

15927
-

0
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5/2*
3/2¢

1861(13)
1569(12)
1125(2)

1.8(3)
8.9(10)
54.2(88)

£y
TERsEEEEEEREEEER

2Si+p
A=-7141.0(1) keV

NE Bi=31.1(86)%

271)
A =-659(9) keV

S,=807(9) keV

1/2*

5/2°

B~ A=17678(77) keV
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4. Daughter: 27P

Counts per 10 keV

Pp & By were measured simultaneously for the first time.

1000

' ' . 5/2°
P p-delayed proton spectrum % Branch ratios T,,=16.3(2) ms 7S
800 - 1 .
pinned down B*| A =17638(96) keV
600 | * Precise energy 0..=18297(97) keV
wol pf _ & mass data "
p plS
200 | pg p“ Pz
_,&1‘ J_l l‘LI 1 H ﬂ”lpl E, =318(8) keV
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The Galactic %°Al puzzle

| | |
INTEGRAL/SPI

I 135 9 L 0 35 m 25

T . .
180 ) ) % 6 ) ) 20 ) 90
[deg)

R. Diehl et al., Nature 439, 45 (2006).

The 26Si(p,y)?’P reaction competes
with the B decay of 26Si to 26AI™,
and the latter can produces 26Al9
via thermal excitations. Thus, the
production and destruction of 26Sj
by proton capture should be
influential in determining the
amount of the 26AI™ and 26Al9
produced by the equilibrium.

@" (ay
‘y .I LN
: 8 %p il27p E 28p 29p
s L
S e % 2
180 ZZSi ZSSi 24Si ZSSi i‘ ZSSi :0’ 2TSi ZBSi
T 3 : *
[} [} :"04} *oh
‘Q : ‘0’
] 2 23 2p| E 25 !’0’ 2] %o, |a7 Al
180 [ ] : < *
' ) ) s -T . 1. X '}
20M4 21Mg 22Mg 23Mg 24Md 25M4 ZBMd
A A A
ZDNaI 21Na 22Nal 23Na| 24Na 25Nal
A A AQ<
1'n’Ne 18Ne 19Ne 20Ne| 21N4 |22Ne| 23Ne 24Ne
'y A
17, 18F 19F 20F 21F 22F 23F

Explosive hydrogen burning scenarios

26Si(p’ y)27|:)

263j(B+)28AIM
SAl(p, y)?8Si
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3

Thermonuclear 2¢Si(p,y)?’P Rate
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27 Direct capture
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2 Marganiec |
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Comparison of the calculated thermonuclear
reaction rates from the 3/2* resonance contribution.
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Comparison of the thermonuclear
26Si(p,y)?’P reaction rates.

L.J. Sun et al., arXiv:1809.02980v1;
arXiv:1809.02987v1.
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