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Snc transitional nucleiand collectivity?
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[FiguresNNDC, NuDat (2018)]

A Sn isotopesonsideredasone of the prime examplesfor sphericalnuclei
- Welldevelopedz = 50magicshellclosure(no significantcontribution of protons
to low-lyingexcitationspectrumn
- Little variationof O , i.e. no strong i interaction and no onset of deformation
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Novel Shape Evolution in Sn Isotopes from Magic Numbers 50 to 82
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Shape coexistence In Sn Isotopes
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A Excited 0 state strongly excited in tweproton transfer reaction
- 2p-2h proton structure?

A Parabolic evolution of additional structure with minimum anidshell
- One of the key signatures of intruder configurations

A Largez (F N © ) suggests strong mixing between excited €tates in'16Sn
- Which 0 state is thebandheadof the intruder structure?

A Collectiveintraband E2transitions
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Shape coexistence In Sn Isotopes
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A Excited 0 state strongly excited in tweproton transfer reaction
- 2p-2h proton structure?

A Parabolic evolution of additional structure with minimum anidshell
- One of the key signatures of intruder configurations

A Largez (F N © ) suggests strong mixing between excited €tates in'16Sn
- Which 0 state is thebandheadof the intruder structure?

A Collectiveintraband E2transitions
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Collective structures in Sn isotopes?
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Collective structures in Sn isotopes?
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Collective structures in Sn isotopes?
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A

Experimental requirements:
A Selective probe needed to excite those lepin states (nofYras)
A Smallg-decay branching ratios need to be detected

A Lifetimes and multipolenixing ratios need to be measured for the determination
reduced transition strengths
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Proton-gcoindicenceswith SONIC@HORUS

10 MV EN Tandenon accelerator
Universitat i@ i .
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- typicallyionsupto Z = 30
ATerminalvoltagesfrom 1 MVto 10 MV
ACurrenton targetup to 1 mA (protons)
AExperimentalsetups

new AMSbeamline Plungersetup, Orange

spectrometey LYCCA, HOREl&&ctrometer

The SONIC@HORE&Up

HORUSor gray detection
A Upto 14 HPGaletectors(egs~ 2% @ 1.MeV)
- SixBGGshieldsandtwo CloverHPGe \
detectorsavailable '
SONIQor particle detection
A 7-12silicondetectors(thicknesst 1.5 mm)
A ParticlegcoincidencegLifetimes branching
ratios, angularcorrelationg
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Proton-gcoindicencesvith SONIC@HORUS

pY-coincidence matrix
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(LJ2g-IISBA coincidence technigue
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(LJ2g.ISA coincidence technique

Our method is very similar to they( >gytérhnique used at the University of Kentucky (USA
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Lifetimesof intruder statesin 112.115n
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112Sn

E. [keV] Ir J7 E, [keV] I, [%]

1256.5(2) 2F 07 1256.5(2) 100

2150.5(3) 25 0f  2150.5(2) 20(3)
2% 2t 893.9(2) 100

2190.5(2) Oij 2}“ 034.0(2) 100

2247.0(3) 4T ZT 990.47(10) 100

2353.7(2) 37 2T 1097.2(2) 100

2475.5(2) 2; OT 2475.5(2) 100
2% 2F 121892 36(5)
25 05 284.9(2) 0.70(10)

2520.5(2) 4; ZT 1264.0(2) 100

o
X

2945.0(7) 4+ 2T oo 1688.5(2) 100
4+ 2F 794.2(2) 5.4(10)
4+ -lf’ 697.9(2)* <1.5
4+ 2F 469.5(2) 18(3)
4+ 4f 424.6(3)* 4.9(9)
4+ 67 396.4(4)* 2.3(5)
4+ 4+ 161.4(2)* 9(2)

g-decay behavior of the states of interest

114Sn
E, [keV] VA & E, [keV] L, [%]
1299.72)  2F  0F  1299.7(2) 100
1952.92)  of  2f 653.2(2) 100
215592)  of 2} 856.2(2) 100
2187.33) 47 2f 887.6(2) 100
2238.6(2) 27 0F  22385(2) 100
oF 2 938.9(2) 81(12)
o oF 286.5(10)  0.9(3)
227452) 37 2 974.8(2) 100
2420.52)  0f 2 1120.8(2) 100
2453.82)  2f  0F 2453702 28(4)
27 2F 1154.002) 100
oF 2 215.4(4) 1.3(3)
2514.42) 37 4 327.1(2) 100
2613.7(4)  4F 25 1314502 100
a4 426.0(4) 1.6(6)
4t 2 375.2(3) 1.8(6)
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g-decay behavior of the states of interest

1128n 114Sn
E, [keV] Jr Iz E, [keV] L, [%] E, [keV] J7 J7 E, [keV] 1, [%]
1256.5(2) 2f 07 1256.52) 100 1299.7(2) 2 0f 129972 _100_
2150.5(3) 2F 07 215052 20(3) [1952.92)  0f 2+ 653.2(2) 100 |
2F 2+ 893.9(2) 100 3155.0(2) 5;'-' - E%F — TR56202) 100
o o T T omeo T T T 2187.33) A7 27 _887.6(2) __ __ 100
1219052 0y 27 934002 100 2238.6(2) 2 0f 2238.5(2) 100 1
2247.0(3) AT T 2T 990.47(10) 100 | o o 938.9(2) 81(12)
2B % 2 1072 100 2 of 286.5(10) 0.9
2475.5(2) 2 07 247550 100 | T T T T T T TOMARD) T i00
gi éi 1;3 é igg; 0;%((51)0)1 24205(2)  0f 27 11208(2) 100
R — _43-_ — —2? — el — i 2453.8(2) 2{ oi 2453.7(2) 28(4)
23 2] 1154.0(2) 100
e 2f 2F 215.4(4) 1.3(3)
———— — — — ] - 251440) 30 47327100 100
2945.0(7) 4+ 27 oo 1688.5(2) 100 613.7(4)  4F 2+ 1314.5(2) 1001
| 4" 2 794.2(2) 54010 | 45 47 426.0(4) 1.6(6)|
| 4+ 45 697.9) <15 | 4 2 375.2(3) 18(6)]
| 4+ 25 469.5(2) 18(3) | -
4+ 4+ 424.6(3)* 4.9(9)
| 4+ 65 396.4(4)" el
Lo £ o _ o0 g Ay i NHzR S NE
* New g-decay branching - _
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g-decay behavior of the states of interest

112Sn 114Sn
E, [keV] Jr JrE,[keV] I, [%] E, [keV] VA & E, [keV] L, (%]
I f Y 14 i f 14 Y
1256.5(2) 2 07 1256.5(2) 100 1299.72) __2f _ Of 1299712 __ 100
2150.5(3) 25 0f  2150.5(2) 20(3) 1952.9(2) 05 2f 653.2(2) 100 |
of 2F 893.9(2) 100 2155.9(2) g_i_ 3; 856.2(2) 100 |
—————————————— - 2187.33) __ 47 27 _ 887.600) __ __ 100
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Shapecoexistencan 11°Sn
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Shapecoexistencan 11°Sn

P.E. GarretandJ.L. Wood,
1000 - B [keV] 2p - 2h Op - 4h 4p - Oh 110Cd J. Phys. G 37, 064028 (2014
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oQuastrotational structureaalreadyexistentat higherenergiesin Snisotopes?

\ G MICHIGAN STATE

Universitat et G 5 @
2u Koln IR0

N uNIvERsITY M. Spiekerg Shape coexistence and collective fepin states irt'2114n




Shapecoexistencan 14Sn

4000

3500

3000

2500

2000

1500

1000

500

0

Universitt A
zu Koln

NSCL

MICHIGAN STATE
UNIVERSITY

M. Spiekerg Shape coexistence and collective tepin states if121145n



Shapecoexistencan 14Sn

4000

3500

3000

2500

2000

1500

1000

500

0

Fot
_23

 Eg [keV] 2p - 2h
114 =
Sn 07—
+
I SR 6.l 108(11)
it 18.9(12) . 97(5) ATy
<2 4intr. r 90(7)
o 163(25) ot _¥
o 4+ 22
S S ¥ 55.5(9)
3(2)

Universitt A
zu Koln

MICHIGAN STATE
UNIVERSITY

NSCL

M. Spiekerg Shape coexistence and collective tepin states if121145n

Ad L y i NHER 8ela is more
collective than ift12Sn




Shapecoexistencan 14Sn

4000

3500

3000

2500

2000

1500

1000

500

0

Universitt A
zu Koln

 Eg [keV] 2p - 2h
114
- Sn 0 6t
................. 6h 108(11)
mtr
%3 A+ r IR
Lot < 2 intr. 90(7) 92(2
B BT LR A >3 N
32
i + Yy o ______
21
()Jr oy ¥ N S roos
L R 1 - Ad L Yy U NHER 8eddy is more
4/2 = collective than irt12Sn

NSCL

Ad b 2 NIY*I(3€) €2 decay less
collective than iit12Sn

MICHIGAN STATE
UNIVERSITY

M. Spiekerg Shape coexistence and collective tepin states if121145n




Shapecoexistencan 14Sn

4000

3500

3000

2500

2000

1500

1000

500

0

Universitt A
zu Koln

 Eg [keV] 2p - 2h
114
- Sn 0 6t
................. 6h 108(11)
mtr
%3 A+ r IR
Lot < 2 intr. 90(7) 92(2
B BT LR A >3 N
32
i + Yy o ______
21
()Jr oy ¥ N S roos
L R 1 - Ad L Yy U NHER 8eddy is more
4/2 = collective than irt12Sn

NSCL

Ad b 2 NIY*I(3€) €2 decay less
collective than iit12Sn

MICHIGAN STATE
UNIVERSITY

M. Spiekerg Shape coexistence and collective tepin states if121145n




Shapecoexistencan 14Sn

4000

3500

3000

2500

2000

1500

1000

500

0

: ‘w‘.“-".
Universitat et G 5 @
Zu Koln [ ipcd

11 P.E. GarretandJ.L. Wood,
- Eg [keV] ’C J. Phys. G 37, 064028 (201
114
”m 118.9(12)
F 3
Lot
_23
32

L _ Ad L y i NHER 8ela is more
collective than in12Sn

Ad b 2 NIY*I(3€) €2 decay less
collective than in12Sn

‘ (‘ MICHIGAN STATE . . . . _
M TR UniversiTy M. Spiekerg Shape coexistence and collective tepin states irff121145n




Shapecoexistencan 14Sn

P.E. Garretand J.L. Wood,
1000 - B keV] 2p - 2h Op - 4h 4p - Oh l1ze, J. Phys. G 37, 064028 (201
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Influenceof underlyingsingle-particle structure or overall structure change’
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Different influence of neutron single-particle states?
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Changing shell structure from4Sn to14Sn?

[T. Togashi, Y. Tsunoda, T. Otseka|., PRL121, 062501 (2018)]

12 I (a) proton holes in 195, [ o7 ] _
o 08} 1o | 1 Number of proton holes in ground
) .
s Ll + |1 stateincreases!
so
3 ol | X Ay & 2N&SmageyranStional
s O°T (b) neutron holes in 1g,, ] nuclei (modestly deformed to pairing phase
0.4} -
B o 1

N Odd-A Snisotopes
1400

oy [t NBOFOE & aRN}&GAO OKI y3
| 1000 - 11/27 —— 7
z > 800 | -
~ ) L L
> =5 3/2"
fl . 600 - .
2 ] L
5 £2
i) 400 i
T
n ro1/2t
-g 200 [ 5/2+ ]
8 -
R PR A A 0 72 .
52 56 60 64 68 72 76

N 110 112 114 116 118 120 122 124 126

[P.E. Garrett, J. Phys4G, 084002 (2016)] A
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Shapecoexistencan 14Sn

Comparisorto IBM-2 mixing calculations
(assuming1%Pdto causeintruder structure)

J' Ex  Exmm J7 B(E2)exp. . B(E2)BM I B(E2) =
MeV]  [MeV] W] (W] | (E2) = 44(3) Wl
' ' - |, =5.16(14) %
normal configuration | g, 2%
of 130 130 07  1L.1(7) 11 | ‘n
45 210 228 2F  5.9(5) 19 4 t
0f 1.05  1.00 2f  232(8) 21 | D E |
of 245 254 07 0.023(9) 0.004 | 1097 o [ |
27 3(2) 7 I / I
25 - 8 | 2 o [ 1294 . |
intruder configuration
= 2112 =
07 216 215 27 <5 > | B(E2) = 100(8) \QV' |
ot Y 9 + ¢ | =
of 224 246 07 <012 0.04 | oy l; 30.0091(6) % |
27 <8 2
Ul_ {_.44 31 I J.L. Poret al, |
2 = ' | EPJA 52, 27 (2017)
03 : 7 oty 0y I
4F 261  3.00 2f  6.6(10) 0.2 _—————————
45 1.6(10) 0.06
2F  62(25) 85
6+ 319 363 47 1.68(9) 15
4 07(5) 03
44 18.9(12) 0.7
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Shapecoexistencan 14Sn

Comparisorto IBM-2 mixing calculations
(assuming1%Pdto causeintruder structure)

j:T E:r Ex.IBI\-‘I J}T B(Ezjcxp Jr B[EQ)IBM -L
MeV] [MeV] [W.u] [W.u]
normal configuration
oF 130 130 0  11.1(7) 11
47 219 228 2f  509(5) 19
0; 1.95 1.99 27 23.2(8) 21
27 245 254 07 0.023(9) 0.004
27 3(2) 17
27 - 8
intruder configuration
- .
RRECIEEN || = 0.9(3) % (Exp.
—2 -—. —-; ,0
|, °30.002 % (IBM)
| o3 <44 31 |
05 - 27
e .
EREEALE B(E2) = 55.5(9) W.u. itPPd
25 62(25) 85
6+ 319 363 47 1.68(9) 1.5
4 07(5) 03
45 18.9(12) 0.7
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B(E2) = 44(3) W.u

|, $5.16(14) %
)

1236/ |2027
819

B(E2) = 100(8) W.
l; =0.0091(6) %

J.L. Poret al,
EPJA 52, 27 (2017)
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Shapecoexistencan 14Sn

Comparisorto IBM-2 mixing calculations
(assuming1%Pdto causeintruder structure)

. y _ |
J* E. E:mm JF B(E2)wp | B(E2)mm | .
MeV]  [MeV] ! [w.u.]p W] | B(E2) = 44(3) W.u
normal configuration | Ig , :2 . 16(14) %
2f 130 130 0f  11.1(7) 11 | y
4 210 228 9of 5.9(5) 19 A +
0f 195 199 27  232(8) 21 | ods | 2 X |
27 245 254 07 0.023(9) 0.004 | 1097
J 21— 3(2) 17 | /819 :/34 / :
25 - 8 2?[ ______________________________________________ b
intrudcr20011ﬁguration I _ I
07 216 215 [N | it B(E2) = 100(8) W. |
20F 224 246 IZ ’;;0.00Z o (IBM). | o |, 30.0091(6) % |
- — | JL.P ,
I gi =4 zi | | o , EPJA%r‘ZEft; (2017) :
3 N { WY U Y]
1+ ‘ — — —
SR B(E2) = 55.5(9) W.u. #PPd B(E2) = 40(7) W.u. ¥#2Pd
2 62(25) 85
oo R | How couldthis large B(EZ2) it®Snbe explained?
3 :
F  18.9(12) 0.7
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Shapecoexistencan 14Sn

Comparisorto IBM-2 mixing calculations
(assuming1%Pdto causeintruder structure)

B(E2) = 44(3) W.u
|, $5.16(14) %
)

819 | 734

Il B(E2) = 100(8) W.
l, 0.0091(6) %

1294 )

J.L. Poret al,
EPJA 52, 27 (2017)

|
|
|
|
| T[] 8
| 1097 1236/ 2027
|
|
|
|
|
|

|
|
|
|
_______________ N |
|
|
|
|

B B(E2) - 40(7) W.u. #2Pd

How couldthis large B(E2) inl°Snbe explained?

J' Ex  Exmm J7 B(E2)exp. . B(E2)BM
MeV] [MeV] [W.u] [W.u]
normal configuration
oF 130 130 0  11.1(7) 11
47 219 228 2f  509(5) 19
0; 1.95 1.99 27 23.2(8) 21
27 245 254 07 0.023(9) 0.004
2 3(2) 17
27 - 8
intruder configuration
0y 2.16 2.15 — 0
R | - 090) 0/0 (Exp.
|, °30.002 % (IBM)
| o3 <44 31 |
05 - 27
4t :
EREEALE B(E2) = 55.5(9) W.u. itPPd
25 62(25) 85
6+ 319 363 47 1.68(9)
4 07(5)
45 18.9(12) 0.7
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Shape coexistence iH°Sn

3500 B [keV] 3500 ~ Ee [keV]
Experiment 45 . - sd IBM-2 with mixing 4t
3000 - S 6/ 3} éi
54(4 100 VF ft— L
0.8(3) U5 43

AT
---45

1500 | 9(12)

- + ________

(131 29 3

1000 L ntrudeénﬁg 00 intruder” configuration

I | 12
500 r 500 ~

oL oL L
“normal” conﬁguratlon “normal” configuration

[C. Petrache, M. Régis C. Andreoiu, M®t al., submitted for publication]

A Strong mixing between normal and intruder configuration
- hoaSNBIFGA2y 2F G2 O2tft SOUALBS RSOl
A IBM-2 can provide reasonable to good description of experimental data

- Discrepancies can be explained by imposed selection rules
(further adjustment would be possible; maybe mix A{& with O(6)like)
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Shape coexistence iH°Sn

3500 B [keV] 3500 ~ Ee [keV]
Experiment 45 . - sd IBM-2 with mixing 4t
3000 F 37 L 3000 - G+ b 4
+ ::»_ 2+ 1 31 343
05 ) 4. 0 i T ”\ + ot
] VA ——or g 0_07£___?§ 7, U525 ot
2000 I~ 04 2000 r 3_ —-=-Zz-:= _ ‘S [)+—
41 «\e‘e o 4
xs© 62
2000 F e +
Y 03
Ko
1500 0.06 |0.85
__QT ________
134 29 3
1000 L intruder” configuration
12
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“normal “normal” configuration

[C. Petrache, M. Régis C. Andreoiu, M®t al., submitted for publication]

A Strong mixing between normal and intruder configuration
- hoaSNWIFGA2y 2F (G2 O2tt SOUADBS RSOl &
A IBM-2 can provide reasonable to good description of experimental data

- Discrepancies can be explained by imposed selection rules
(further adjustment would be possible; maybe mix A{& with O(6)like)
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A SONIC@HORUSdetermine 5
‘ 112 6" —— 6" ——
. . . 3500 - Sn T : 5
lifetimes andg-decay behavior of S N T he
. . 3000 - =S PR A " -
low-spin states vial(J>g) IXSA e R R O LR Sl
coincidence technique N e N M
= . 108 116
[A. Henniget al, NIM794, 171 (2015) ] AN =92 Pd Xe
[S.G. Pickstonet al,, NIM875, 104 (2017)] 1000 | . [ Ry =26
500 | 125(8)

A Collectivity oflowa LIA Y & A Yy (i NHzR §/ I;i:lé_s
statesstudied in112.1145n

A Mixing hypothesis between normal
and intruder configurationtested via
schematic IBIM2 mixing calculations

A No clear hints at quadrupole
multiphononstructures int121145n
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[M. Spiekeret al, PR®7, 054319 (2018)]
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