“#— Structural Evolution

in the A=100 Region

Overview:

@ Evolution of Structure at A~100
@ g-Plunger /| TDRIV Technique for Simultaneous Lifetime and g Measurements
@ Application to Pd, Ru, and Zr Isotopes

@ Method explained on Pd's, Results ...
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Sudden onset of deformation at N=60 for many isotopes.
(neutron sub-shells: N=56/58)

Ru Isotopes ,,separate” chains that show sudden increase of deformation
and chains that evolve gradually / do not go deformed.

Proton sub-shell at Z=40 leads to p-n asymmetries
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!@\ E(2,+) Systematics

2500 T |
% e Weak coupllng_(p-n) was shown
2000 - @ —a— | for Z~40, N<56 in prev. works
(0]
d == | Assume it here -> E(2,) depends
100 F | mainly on SPEs
n
=]
1T | A 1 Yo Ay
500 - .
N=56 N=56
O | | | | | | | | | |
46 48 50 52 54 56 58 60 62 64 66 68 No 2+
Function of N: .
Zr: clear peak at N=56,58 in Zr Shell gap? _
Sr: ,,peak” N=56, drop past 58 filled at 56 d

Kr: small peak at 56, smooth after 5/2

Se, Ge: ??7???

For Z>40 ng_, fills and is lowered
Mo: small peak at 56, moderate drop after because of pg,, -> gaps disappear
Ru: nothing at 56, rise at 58, smooth after
Pd: smooth drop
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%°Kr at ISOLDE
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@ A ~ 100 Offerings / Challenges

A perfect testing ground for:
* Nuclear Models (microscopic and macroscopic or both)

 Experimental Techniques (observables change quickly)

Even in stable ,,well-studied” nuclei oddities occur:
 Appearance | Disappearance of Vibrational (Phonon) Structures

 B(E2) Ratios that don't seem to make sense...

We need high-precision data, to resolve disagreements in
literature data, and to provide meaningful tests of models.
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!LJ g-Plunger: A Novel Method to Measure ;

s g factors

Transient Field Technique exists, widely applied, so why?

— TF needs to know the magnetic field, rely on parametrizations
— target heating changes fields — can be a big problem

— TF may not always work with RIBs

— having another method at hand is always good for x-checks

Recolil Into Vacuum (RIV) was already re-introduced...

— but — you need to know a /ot:
Lifetimes and g factors for a |
Static model

series of isotopes for 10 15\ stuchbery, Stone, PRC 76 (2007) 034307
calibration BN |

Theory aim: L\

g Ay

- calculate HF-Interaction % e Ny -
(no more calibration necessary) | N~ T—— Gy

- but: not much data available to test... | -+ y

g-Plunger simultaneously gives
lifetimes and g factors T
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@ g-Plunger: Pd Isotopes

2%Mg 0.6 mglcm? "“Cu 15 mg/cm?
target stopper
10de ‘ ‘/ /
!
25000 backward I 0 250007 forward
15000 90
20000k | 20000+
W [ 95] N [
£15000f £ 100007 £ 15000}
Q 10000k Q ' < 10000}
o | © 5000l “ |
5000} | 5000+ & N
YT TS0 S50 550 560 Y60 430 300 520 540 360 $50"780 300 520 540 560
Energy [keV] Energy [keV] Energy [keV]

High recoll velocity (vic ~ 6 %)
-> large Doppler shift allows precise lifetime measurement
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R STREy,

{53/} Inverse Troubles

LY .
i, >

Intensity correction of y rays

Attenuation coefficients (solid angle) of the detectors - Q

Solid angle of the particle detector — attenuation of the angular distribution

Lorentz boost dQ/dQ' = (Ey/Ey,)* = [1 + (Ey-Ey )/Ey, I
Nuclear Deorientation F=1+J

J electron spin
Hyperfine Interaction: randomly oriented

Precession of the nuclear spin |
and the electron spin J about the
total spin F

| nuclear spin
alignhed by reaction
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@ Nuclear Deorientation (RIV)

Make use of “Recoil Into Vacuum” (RIV) F=1+J

J electron spin

randomly oriented
=> Angular distribution is attenuated!

By precession of the nuclear spin due to
the hyperfine interaction

— deorientation coefficients. | nuclear spin
aligned by reaction

W(0)=1 + Z,.zu Q. B, F. P(cos 0)

G. depend on magnetic moment (interacting with electrons)

G, (O=a +(1-a )exp[-(gd)/(vC)l | = 3 parameters: a, g, C,
A. Stuchbery et al., PRC 76, 034307 (2007)

ACETP

2/4

AGT(=0)

Distance dependent angular distribution:
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’—‘ Time-Dependent Angular Distribution

(or: TDRIV)

W(@)=1+Z..(G(0)Q, B, F, P(cos 0)

2 5 um 2 2
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2 ' 2| ~ 2| :
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® Doppler-shift Example of experimental and theoretical calculation of angular
e Stopped distribution for the stopped and the Doppler shift component
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@ g-Plunger TDRIV analysis

G ()=a +(1-a )-exp[-(g-(d-d )/(v-C )]
A. Stuchbery et al., PRC 76, 034307 (2007)

“calibrate” C_of in one isotope with known g factor (**Pd)

- measure the time dependent attenuation
- “calibrate” an isotopic chain

g(2,";"Pd)"\°° = +0.398(21)

(] [ ]

% G g G 1
5 1 C =32.3(6.4)um 2 5 4 C,=16.0(2.2)um 4
= : =

"g 0.8} ,=0.23(5) “g 0.8 a,=0.07(3)

Qost QOo0.6f

o | = |

204f 2041

< I E I

S 0.2 I o

5 0.2 _ g 0.2 _ | T

vl‘: Ul-' L L L L . L L L . L L L L -] g 0._- L 1 L 1 L 1 . 1 -—i L r- 3
< 0 50 100 150 200 250 300 350 < 0 50 100 150 200 250 300 350

Relative target-stopper distances (LLm) Relative target-stopper distances (lLm)
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€3/} Relative g Factor Measurements & Yale

(The method does not give the sign of the g factor !)

Reference
Adopted value' +0.46(4) +0.398(21) +0.36(3)
g (21+) 104P d 106 P d 108P d
This work 10.52(10)| 0.40(2) 10.32(5)|
IBM-2° 0.42 0.392 0.366
Shell-Model 0.5

'Evaluated Nuclear Structure Data File
’Kim, Gelberg, Mizusaki, Otsuka, von Brentano, Nucl. Phys. A 604, 163 (1996)
’G. Gurdal et al., Phys. Rev. C 82, 064301 (2010); SM-Int: JJ45PN (Hjorth-Jensen), Ni-core, fpg, dg
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&2 | Relative g Factor Measurements

(The method does not give the sign of the g factor !)

Reference

Adopted value® +0.46(4) +0.398(21) +0.36(3)

g (21+) 104P d 106 P d 108P d
This work |0.52(10)| 0.40(2) |0.32(5)]
Ref3 0.48(1)(?)
This w. Rescaled |0.62(10)| 0.48(1) |0.38(5)]
IBM-22 0.42 0.392 0.366
Shell-Model 0.5

'Evaluated Nuclear Structure Data File
’Kim, Gelberg, Mizusaki, Otsuka, von Brentano, Nucl. Phys. A 604, 163 (1996)
’G. Gurdal et al., Phys. Rev. C 82, 064301 (2010); SM-Int: JJ45PN (Hjorth-Jensen), Ni-core, fpg, dg
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@\ What is Right ??? (us of course...) & Y:

(The method does not give the sign of the g factor !)

Reference

Adopted value® +0.46(4) +0.398(21) +0.36(3)

g (21+) 104P d 106 P d 108P d
This work |0.52(10)| 0.40(2) |0.32(5)]
Ref? 0.48(1)(?)
This w. Rescaled |0.62(10)| 0.48(1) |0.38(5)]
IBM-22 0.42 0.392 0.366
Shell-Model 0.5

'Evaluated Nuclear Structure Data File
’Kim, Gelberg, Mizusaki, Otsuka, von Brentano, Nucl. Phys. A 604, 163 (1996)
’G. Gurdal et al., Phys. Rev. C 82, 064301 (2010); SM-Int: JJ45PN (Hjorth-Jensen), Ni-core, fpg, dg

Adopted value 14.9(9) 17.6(6) 34.6(18)
T(Zl+) 1O4P d 106P d 108P d
This work 15.64(18) 19.87(14) 39.05(67)

E _ This change in T will affect
ven worse. the g factor as well!
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R STREy,

@\ g-Plunger: Ru Isotopes

isotope  Epeam (V/C)ay Oin dmax  NO. of distances
IMeV] lpm]  [pm]

“°Ru 300 0.044 (1) 2 600 20

%8Ry 300  0.0450 (6) 3 450 15

104Ru 322 0.0460 (8) 3 3600 29

simultaneous fit to experimental jngl |y nng3 )y nng4 ) j ming o

Gk(d) of unshifted and shifted
component to obtain ay and [

unshifted component: LI# JL__ _____,!L:_,_.Lk

counts

Gi(d) = ax + (1 — ay)exp(—Td/v) 610 650 690 610 fﬂefi;*‘[ﬁ'ef?i“ 6% 610 650 690
shifted component: 12 d = 100 pm gﬁ $
d s X AN
J Gi(x) exp(—x/(vr))dx = #/4
G (d) = °— 08 -
{exp(—x/(va*))dx %0 30 60 90 120 150 180

0
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63 Ru - Chain: B

4/2

B4J’2

0.9}

E. Williams et al., PRC 74, 024302 (2006).
B. Kharraja et al.,, PRC 61, 024301 (2000).
S. Landsberger et al., PRC 21, 588 (1980).

19

'NNDC  ———

Wi06
KhOO 4
La80 —t—
——t+—

1
-

2k Ry S

_I_ 9 — _4—

165 . .

QBRU QBRU 100Ru 1D2Ru 1O4Ru

B(E2;47 — 27)
B(E2;27 — 07)
» geometrical limits:

> By/o = 2: vibrational
> B4/» = 1.43: rotational
» discrepancy in *®Ru due to
conflicting lifetime
measurements on the 47
lifetime

Desiree Radeck, DPG 2012
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L1

‘63’ **Ru Lifetimes: 2,*

4+ 2* 0*
Result: | /
4 745 761 669
7(27) = 8.4(3) ps p | e
652 /
ring 1 ——+— ' U
Tt ring2 '
rnng 5 —+— ——
g 0.8 rnng6 ———— 1 t:J’ERU 1 WI
:; 0.6 } clear deorientation 1
= ' 3 0.8 | effect . B
_-LEF} 04 ¢t =‘,; 06 F £3
£ £
02} - 04} st -
T o1
10 100 0 _ _
relative distance [um] 10 100

relative distance [um]
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/63 **Ru Lifetimes: 4,*

Result: + |
’r(ﬁq) = 2.3(2) ps - ‘ [ ata

652 /
S oringt —— o L

Tt ringe —— : {
E 1 no meaéurable deorieﬁtgtion
s}
£ = 08} t
= <, 06} _ ﬁ : i

= 047 ]l % }
0 . : 0.2}
10 100 0 . _
relative distance [um] 10 100

relative distance [um]
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'63; 98Ru: B, Corrected (final!) & Yale

D. Radeck, VW et al., PRC 85 (2012) 014301

“BRu: Ru isotopes with 52 < N < 60:
3 v . . . 3
25 | - 25 |

B-‘-U 2
B4J2

2 : 5 ,
15} {i il - 15} {//1\} :
i} . 1_

0.5 } . 05}
1

La80 Kh99 WIi06 new

La80: S. Landsberger et al., PRC 21, 588 (1980).
Kh0O: B. Kharraja et al.,, PRC 61, 024301 (2000).
Wi06: E. Williams et al., PRC 74, 024302 (2006).

Looks perfectly vibrational - too good in fact...
Harmonic Oscillator: B, = 2 IBM (finite N): B,, ~ 1.5
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€3/} Ru - Chain B(E2)'s

96
Ru
2+
18.4(4) 19.2 (14)
W.u
0"

98 104
Ru Ru
6+
4+ 2 : 110(11)| 193 (35) 0*
45(16] / 4+ | W.u 2+
12(3)) 58 (4) 47 (5)
3
T Mew  we|%e W
2 I A W.LI + WU .
1.0(4) VAR BEEERNEE A SR
32(5)] 31 (1)
W.u 58(1) |54 (2)
" § . 0r  § Wu

Literature values in green, present values (preliminary) in black
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10 100
relative distance [pm)]

time [ps]

G,(d), G,(d)

10 100
relative distance [pm)]
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G,(d), Go(d)

10 100 ' 10
relative distance [um]

100 1000
relative distance [um]

time [ps] time [ps]

—

G,(d), G,(d)

Gy(d), Gy4(d)

10 100 10 100 1000
relative distance [umy] relative distance [um]
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(a%)] FQ ¥ F=1
[1/ps] ps] o8} " this work(*) —— |
TRu 0.21(11) 0.177 (34) 0.19(3) 0.330 (74) Tali —+—
®Ru 0.18 (11) 0.142 (31) 024(13) 0.314 (110) Ch11 ——
ORu 026 (5) 0.138(27) 031(6) 0.309 (58) 0.6 Ra99 ]
' ' - - ZIN ——
N
> 0.4 ‘i\k‘—* #‘
nucleus g relative  g(27) 0.2
PRu 1.00(29) 0.47(3)*

%Ru  0.88(20) 0.41(11) PRu PRu "Ru "*Ru "**RU

19%4Ru 0.84(23)  0.39(9)

(* H.l. calibrated with “°Ru)

(* value from [Tall]) P. Raghavan, At. Nucl. Data Tabl. 42 (1999).
M.J. Taylor et al., PRC 83, 044315 (2011).

S.K. Chamoli et al., PRC 83, 054318 (2011).

-> very nice agreement with Literature (and Z/A ...)
even for the most deformed (104) Dpesiree Radeck, DPG 2012
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@\ Strong p-n Polarization: °2%4Zr & Yale

h 11 9294Zr similar
d -
g1 -
S1n
oy v I K
700 keV ] | "isopolarized”
p -9 4, 00 0@

E(MeV) %7y

A
10 - M1 and E2 transitions
s 2 1671.4
‘ =+0.9(3
0.33(5)u, 2 g=+0.9(3)
1.0 L
=1
0.5 |- 5(1)
W.u
0.0 L []+ 0.0

V. Wernér et al., PRC 78, 031301 (2008)
E. Elhami et al., PRC 75, 011301 (2007)
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@\ Strong p-n Polarization: °2%4Zr & Yale

h 11 92,94Zr similar
d "
&1 =
S1n
oy v I K
700 keV ] "isopolarized”

Pin ' ' dj,‘j ._H_._"-“Z
TAT

. - I
I V 88Sr o

E(MeV) 9471

T I? T ! A
11.5+ % | M1 and E2 transitions
o 110; T i 2.0
Q. 105 ! | y 2% 1671.4
_ | | , g=+0.9(3)
- 1[;2 0.33(5)p,?
o + | +
ool " 21 | 1.0 27
| . | 4.4(1) 5t
= = = o 0.3 W.u
Z o A
= S 0.0 L ot 0.0

V. Wernér et al., PRC 78, 031301 (2008)
E. Elhami et al., PRC 75, 011301 (2007)
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b

dy}

LY

$1p

Eony v

700 ke V ]

Pin ' ' dj,‘j ._H_._"-“Z
AT

2
| o o >

92,947r similar

"isopolarized"

T vy 8§p
E(MeV) 947 1
11.5} i : !
' M1 and E2 transitions
= 110/ % 2.0 |-
Q. 105 | - 1 2t 1671.4
5 —
10.0f : g=+0-9(3})
= 9.5 | 0.17(3)6:33(5)m,* ~0.45(15)
- B + +
9.0} | 2, 1.0 21
5 E 3 X 0.5 |- 4-4L)y5tEr $-Wom 4.3(7)
o b E o W.u See poster Yates /
% o - n Chakraborty !
= 0.0 L 0

New plunger data Yale
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V. Werner et al., PRC 78, 031301 (2008)
E. Elhami et al., PRC 75, 011301 (2007)
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@ Thank you ! EYale

Those who did most of the work:
Desiree Radeck, GS (Yale/Cologne) Gabriela llie, PD
Po iso S

<
A \Vatt Hinton, MS (Yale/Surrey)

‘}_‘

See Poster Farheen Naqvi: 13¢1%2Ce g-Plunger; first time with Gammasphere !!!
New Plunger design finally started w. Cologne for CB energy RIBs (CARIBU-ATLAS)
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@ Thank you ! € Yale

Those who did most of the work:

Desiree Radeck, GS (Yale/Cologne) Gabriela llie, PD

Ru isotopes Pd isotobes Nath'an Cooper, GS
I3 - i i U e~ ho g's, but much news on

W '°SelAsl/Ge -> see poster!
¢t Matt Hinton, MS (Yale/Surrey)
S Y7 isotopes
il |

K. el
o S | ;
1R Jih s g

: . 1 oeadd ~ .. :
}Q ) Y

Christian Bernards, PD -> poster on SSY ~Hg-Au
See Poster Farheen Naqvi: 13¢142Ce g-Plunger; first time with Gammasphere !!!
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