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Experimental single particle spectrum of 132Sn
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The chain of Sn isotopes
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Theoretical investigations and predictions

0.35 : - . . , . Study of the lowest 2* excitations and B(E2) transition Strengths in
03 | 100-136g, relativistic QRPA for Sn-, and Pb-isotopes
' A. Ansari; Phys. Lett. B 623 (2005) 37
025t "
“‘% o2l 7 ** | Self-consistent calculations of quadrupole moments of the first 2*
‘,}' ' X ;ﬁ states in Sn and Pb isotopes
o O015x 1 D. Voitenkov et al.; Phys. Rev. C 85, 054319 (2012)
AR |
- * S Collective vibrational states within the fast iterative quasiparticle
0.05 r - random-phase approximation method
0 datall for A - 132’1,34’ pr?hmma,ry . B. G. Carlsson, et al.; Phys. Rev. C 86, 014307 (2012)
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Coulomb excitation of 132Sn at HRIBF

+ 1328 beam 1329, E(2+)=4041 keV, B(E2; 0*—2*) = 0.11(3) e2h?
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. D.C. Radford, et al Nucl. Phys. A 752 (2005) 264c—-272c
38'7.5 MeViu, ?'56 MeViu Proceedings of the 22nd International Nuclear Physics Conference
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ISOLDE beam intensities

: SCor Yield at Target
Element A number Half life PSB*  ISOLDE material 1E+107 -
- o . ammm
(ions/uC) E8 |
_— v _: .
Sn 123 -9 129.2d SC 5.0E+08 UcC, 2 BT ] A A NG
Hg '.E+6-g A A
Sn 125-¢g 9.64d SC 1.3E+08 UC, =3 ‘t+5-§ .
Sn 127-g  210h  SC  6.0E+07 uc, 3 'Er47| WRILIS p on target =
> ‘E+3-! ORILIS p on converter
Sn 129 -¢g 2.23m SC 5.0E+07 ucC, 1E+24| 4 SnS p on target =!
1E+14| ASnS p on converter
Sn 131-m 58.4s SC 1.5E+07 UcC, Y AN |
Sn 132 - g 39.7s SC 3.0E+07 UCX 116 118 120 122 124 126 128 130 132 134 136 138

Mass

. . U. Kdster et al. Nucl. Instr. and Meth. B 266 (2008) 4229
accelerator efficiency of the complete

HIE-ISOLDE chain for 132Sn beam 2%

‘safe’ Coulex 132Sn (@ 5.5 MeV/u) + 206pp
beam intensity at MINIBALL of

I(+32Sn)= 8.5 x 10° ions/s Target projectile distance at 6, ,,= 77°
PSB proton beam current 1.4 pA d=39.6 fm

HIE-ISOLDE beam energy: 5.5 MeV/u ‘'safe’ criterion d > R + R, + 5 fm = 18.8 fm
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MINIBALL- setup MINIBALL + TREX

Bragg
chamber

: 0
|_ __________

206pp target
5.0 mg/cm?

-spectrosco
beam beam Particle detection /5P PY

composition monitor Scat. angle, energy
TU Mdinchen -~

Particle detection
Scat. Angle: A9, ,,=15°-77°
AGCM:250_1150

y-spectroscopy '
Efficiency @ 4 MeV ~ 3% TU Miinchen, K.U. Leuven Uni Koin, K.U. Leuven
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Count rate estimate & beam time request

Primary beam Transition Transition Integr. | Events in photo peak
ISOLDE yield | intensity at
(ions/uC) MINIBALL energy strength Coulex Count rate
13ZSn (ions/s) Cross-
section
132 (mb) Cts/h Cts/120h
3x107 8x10° | 0,*>2,* [B(E2,2,*>0) o(2,%) 17 2040
4041 keV | 7(3) W.u.[1,2] | 13 mb
3x107 8x10° 0,*>3,” |B(E3,3,>0") 2 240
4352.keV |>7.1 W.u. [3] o(3,) 1 120
B(E1,3,>2%) 1.7 mb

>0.00017W.u. [3]

3x107 8x105 | 0,*>4,* [B(E2,4,'>2.% o(4,%) 0.5 60
0.1 mb

4416 keV | 0.4 W.u. [3]

[1] D.C. Radford, et al., Nucl. Phys. A752 (2005) 264c.
[2] R.L. Varner, et al.; Eur. Phys. J. A 25, s01, 391 (2005)
[3] S. Raman, C.W. Nestor Jr., P. Tikkanen, At. Data Nucl. Data Tables 78, 1 (2000).
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Summary

Coulomb excitation of the first 2* and 3- states of the doubly magic nucleus 132Sn.

B(E2) and B(E3) values and collectivity of states in 132Sn will provide information on
cross shell configurations which are expected to be dominated by a strong proton
contribution.

Test of theoretical predictions:
(i) large scale shell model calculations
(i) mean field calculations (RPA and QRPA)

Main advantages of the HIE-ISOLDE-MINIBALL experiment
(i) intense 132Sn beam at ISOLDE
(i) high beam energy of HIE-ISOLDE
allows high Z target for safe Coulomb excitation with high cross section
(i) high energy resolution and good efficiency of the 8 MINIBALL HPGe detectors

Beam time request: 15x8 hours shifts for 132Sn
high energy y-ray calibration, HIE-ISOLDE set-up 3x8 hours shifts
18 shifts are requested for this proposal



%2}
)
+
@©
S
e
c
@®©
P
5=
Q
2}
®©
)
Y
1
)
c
Q
£
S
b}
Q.
X
o
©
Q
n
o
Q.
o

High energy y-ray calibration

Outline - physics motivation -

9876 11 kev

I 3 8 = 2 P <
P Y| s @ L
~| @ @ I | =
= ™| = = o~ ]
y
.,
m.nﬁ(
%, o
(4
—Lu
-
a &
-
0
ul
+ + + + | | | 1
o o NN o ] o ]
= = = = = 7]
<] T T B T B =
= = = = = @
E ~ ~ o~ -+ @ el
= ] wo = @
- (=] [=] [=] [=] —
B =
o
=) - —
< o N5 1 o 9o 9 o 5 © o
QD . [o8 % [F= 74 'E S S
[Ty
b = # £ &
@ —
== oA ® & # al = ® #
o= oy =t I o = . @ ) =+ |
- = = & =) P ] =1 - =]
o™ (@] o -t V| ) =1 o 0 I
- n.
!
0 = @l | ~ o o
o @ N7 (1 R [ o o N
= b i
el O Y
F o=, - -
s |©m & £ el g2 & g £
] i~ el 7[R =1 a0 —| |
= BEEE == 3 p 3
5 Sleio), 7 o o v 2
ey wl ) e - P o
o = = |« = )
= o pERy o o
2 2 o o a2
@l | =t (e el =
& N b 3 E

%6Ga pB-decay

88Zn

=i
1

i
'
'
'
1
'
'
|
'
1
'
'
'
'
'
'
'
'
'
'
1
'
'
'
'
|
1
'
1
1
'
'

—1
'
'
'
1
1
1
!
'
'
'
'
'
1
'
'
'
'
1

38fs
1901
0.083ps Z—
0.044ps 25
>
0.26 ps
018 ps 4
o
0.19ps 22

1.65ps 25

stable 2=

0.0114(19)
0.035(7)
0.015(4)

4086 .5

4295.7

4807.0




Outline - physics motivation - proposed experiment - feasibility and rates

1326n level scheme
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B(E2)up (€°b?) Gap/Splitting (MeV)
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Neutron number

constant, large energy gap at Z=50

proton excitations require high excitation energy
first excited 2* levels of Sn ~ 1.2 MeV neutron states
around N = 64 weak subshell closure

drastic increase of the 2+ state for 132Sng, nucleus
both neutron and proton excitations across

Z =50 and N = 82 shell gaps require large energies

2* state may not be of pure neutron origin anymore
but contains proton excitations

wave function has mixed components from neutron
and proton local increase of the B(E2) value

For N > 64 B(E2) value follows parabolic trend of
generalized seniority scheme exception 132Sng,

the first 2+ state in 32Sng, contains more proton
excitations, enhances B(E2) significantly

local increase of B(E2) at 13?Sn predicted by QRPA




Outline - physics motivation - proposed experiment - feasibility and rates

The chain of Sn isotopes

First 3~ state around 2.5 MeV excitation
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B(E2)up (e’0°) Gap/Splitting (MeV)

Excitation energy (MeV)
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energy gap at Z=50 constant and large

proton excitations require large excitation energy
first excited 2+ levels of Sn ~ 1.2 MeV neutron states
around N = 64 weak subshell closure

drastic increase of the 2+ state for 13°Sng, nucleus
both neutron and proton excitations across

Z =50 and N = 82 shell gaps require large energies
2+ state may not be of pure neutron origin anymore
but contains proton excitations

wave function has mixed components from neutron
and proton local increase of the B(E2) value

For N > 64 B(E2) value follows parabolic trend of
generalized seniority scheme exception 132Sng,

the first 2+ state contains more proton excitations,
enhances B(EZ2) significantly

local increase of B(E2) at 132Sn predicted by QRPA
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Theoretical investigations and predictions
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Anomalous behavior of 2* excitations around *32Sn Excited states of neutron rich nuclei:

J. Terasaki, et al.; Phys. Rev. C 66, 054313 (2002) Mean field theory and beyond
G. Colo, et al.; Nucl. Phys. A722 (2003) 111c




