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@ Brief Introduction

@ The 10T Mirror Isomers in 33Ni s — 34Fe g
@ The 3/2~ Mirror Isomers in 33Co,s — 33Fe,,
@ Mirror Isomers in the Lower 17,5 Shell

@ Brief Summary
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Why 54Ni?

@ Close to a (soft) doubly-magic nucleus, namely N = Z = 28 %Ni.

@ Efficiently probes isospin symmetry breaking effects if the fp shell.

@ The fp shell is a well confined, well established shell-model
configuration space.

@ Spherical shell-model calculations usually provide excellent
spectroscopic information, including well-deformed structures and

transition rates.
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Isospin Symmetry Breaking

@ Coulomb multipole contributions.

@ Coulomb monopole contributions (radii, deformation).
@ Electromagnetic spin-orbit interaction.

@ Nuclear isospin breaking components, V.

pp, f7,, T=1

160 A.P. Zuker et al., PRL 89, 142502 (2002)

= J. Duflo & A.P. Zuker
100 keV )

B 80 * *100ke PRC66, 051304(R) (2002)
o 0 h.o.
> A=42 Recent Review:

-80 | | | | M.A. Bentley and S.M. Lenzi,

0 2 4 6 sﬁn Prog. Part. Nucl. Phys. 59, 497 (2007)
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Experimental Results A = 54

b, =0.36(1) 152(4) ns 364(7) ns
N + 6 6526
25 " - gq 2 %‘3?17E 2 5 T 30
Wowo o 5! I95(1)% 98%
9/2
52 ~ 33
Fe +2p 1327 03578 sl
7/@0 5(1) o 2%
53 6 07 g 2949
Co+p #_451 2620 4+ AW 2537
Proton decay is coming home! 25, 30
33Co 2" 1392 2% 1408
K.P. Jackson et al., PLB 33, 281 (1970) 1392 1408

J. Cerny et al., PLB 33, 284 (1970) ot ! 0 ot 0

Other 1p and 2p branches? 54NJi 54
P p %aNI 56 Fe
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Shell-Model Calculations ®*Fe

ANTOINE shell-model code
Full fp space, t =6

g+ Including Coulomb effects and Vg
10*__146 6526 =1+ | E2eff.charges: ¢=1.15and &=0.80
10" 8+ 6381 :
gt —— (R. du Rietz et al.,PRL93, 222501 (2004))
E4 eff. charges:  £,=1.50 and £+0.50
3578
3431 exp GXPF1|KB3G
B(E2) (W.u.)| 1.69(4) |1.95 |2.03
6* 6 | 2949 & B(E4) (W.u.)| 0.79(8) |1.55 |1.30
— ‘“—ﬁ—zm —* | |t(y+ce (ns)]525(10)| 453 | 437
2 > B uos 2 | |b(E4) %) | 1.8(2) | 3.0| 2.4
p(lO*’)(uﬁl) 7.281(10)7.23 |6.82
1408
o Y o | |Q10")(Eefm?d| 52(8) |60.7 |55.6
GXPF1 exp KB3G * using the experimental level scheme
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Shell-Model Calculations ®*Ni

ANTOINE shell-model code
Full fp space, t =6

g+ Including Coulomb effects and Vg
10*___ 146 6457 — E2 eff. charges: ep=1.15and £0.80
[ — 8* 631 (R. du Rietz et al.,PRL93, 222501 (2004))
8 E4 eff. charges:  £,=1.50 and £+0.50
3386
3241 exp |GXPF1KB3G
B(E2) (W.u.)| 2.48(7) |1.86 |2.06
6+ 6+ 3071 6+ B(E4) (W.u.)| 5.7(13) |5.28 |4.66
+ 4+ 451 2620 4+
e n B — T(y+ce) (ns)|342(9) | 452 | 413
1227
2t ot 1392 o+ b (E4) (%)* 5.1(11) | 6.2 | 5.0
H(10%) (12) 3.93 |4.24
1392
o Y o | |Q10%)(Eefm? 63.7 |58.5
GXPF1 exp KB3G * using the experimental level scheme
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Mirror Energy Differences — KB3G
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D. Rudolph et al., Phys. Rev. C 78, 021301(R) (2008) ERAR
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‘In-Situ’ Production of Isomers

136, 1158, 1830 keV: 19/27 isomer in 4$c (470 ns)
411, 1130, 1408 keV: 10" isomer in °fe (365 ns)

[ Secondary reactions in the passive stopper! J

° _ .
o °4Ni 10% isomer related

+ specific long-lived background

time:

54Ni gated } 01— 10us
5253¢0 gated

Counts per channel

200 600 1000 1400 1800
E, (keV)

54Ni gated 15 - 16Us
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‘In-Situ’ Production of Isomers

741 keV: known 3/2- isomer in  Fe (63.5 ns)
646 keV: mirror isomer in  €01?

|
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: { Co—gated
5 : Y ]
S 400F =t : : — ]
3 NMM§ " N t
@ 200f : I_ga ed
g 3 : JL,,.,,.J‘-‘-\,JL_W
g o0F oot <t<aop s [l
o i g i N
200;5 _JL_F’_‘I Nl_gated
o, z : i
450 550 650 750
E, (kev)—’ ~
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Comparison with Shell Model — Conclusion

t =7 isospin dependent shell-model calculations
ANTOINE code, KB3G and GXPF1A interactions

Excitation energies MED values (keV)
gz 53Fe Kaeie 53Co 3/2-| 9/2—
g P P — 9z w27 exp -95 -1
R S R oot
§ e g B p3 /2 KB3G |-147| 8
s 7Texp : th;:ry 72;xp ! f7/2 GXPF1 A —130 1

everything’s fine ...
BUT: transition rates?

Predictions are "too fast'!

D. Rudolph et al.,
EPJA 36, 131 (2008)
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Scan of 15,5, N < Z Isotopes

z T
| e B
IR | @ GS ﬁ & o o Bcn, (B2 (M2)
23| gg ﬁg i& ii v - 33V, (327) (E2)
221 ‘i |~I ﬂ‘ ﬂk T 43 ; (3/2+) (M2)
MM G 22 102 k2
i i @R Wk |
2 oA e
20 - %!E %% gg Ca—|
19]- B k-
I I I i R. Hoischen et al., JPG, in press.
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Clean Spectra & Good Statistics
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2 g @ (32 (M2)
22+ ;? EGE %: i Ti 0.25ps < (<38 s i ‘
R il ~ !H 2000 émn Tir2 = 851(7) ns
21 - g& gg ‘E Sc Euof z g R
. g'm’ ( 6) ! 25 B0 75 100 125 |
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L R. Hoischen et al., JPG, in press.
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Orbital-dependent Effective Charges?

fp-shell: A=5154
KB3G, GXPF1A,... _n

f2/2
€orr =1.15
| €411,=0.80

N~7Z: Absolute values and
ratio of mirror B(E2)

A=50,51
p n
3/2
48Ca eeff,nzl-SO
€t ,—0.950
R. du Rietz et al., PRL93, 222501 (2004) Fusion-evap, plunger
D. Rudolph et al., PRC78, 021301(R) (2008) RISING
J.J. Valiente-Dobdn et al., PRL102, 242502 (2009) Transfer, PRISMA-CLARA
R. Hoischen et al., JPG, in press (2011) RISING (also old fusion-evap)

H.L. Ma et al., PRC80, 014316 (2009) Theory



Orbital-dependent Effective Charges?

fp-shell: A=51 54
KB3G, GXPF1A,... _n

t712
€etrn= 1 + €pol” - €po Y epolii;~8'gg‘
eeff,v: epol(o) i epol(l) | ?DOI s .
A=43 ~
£ ep0|(0)~o_4o‘ A=50,51
712 (1)~ n
©~0.50
40 48 Cpol Y-
R. du Rietz et al., PRL93, 222501 (2004) Fusion-evap, plunger
D. Rudolph et al., PRC78, 021301(R) (2008) RISING
J.J. Valiente-Dobdn et al., PRL102, 242502 (2009) Transfer, PRISMA-CLARA
R. Hoischen et al., JPG, in press (2011) RISING (also old fusion-evap)

H.L. Ma et al., PRC80, 014316 (2009) Theory



Fast-Timing: T,,(ps) for A=42,43,547

A=43 A=54
| 1512 | [ 2+ & 6 & |

thl 4.95 th1  1.08 4.40 1400 0.056
ol th2  5.25 Zi= > 081 329 1080  0.065
exp 5.6(7)? exp 0.80(3) 4.0(8) 1215(15) 0.11(3)

thl1 5.26 thl 1.47 3.80 1100  0.052
43T th2 7.96 AN th2 1.87 4.89 1340 0.040
exp ?? exp 0.85(23) 7 ?7? Faralels

Easy population of 43Ti and >4Ni via 19/2-and 10* isomer decay sequence |

A=42
Difficult population of 42Ti:
H 27 4 6" ‘ - no isomer
- 42\/ unbound (< 55 ns
exp 0.82(2) 3.0(4) 5360(80) - #3Cr Bp p opu(l e 2*3

exp 0.44(11) >1.4 3120(21) C. Dossat et al., NPA792, 18 (2007)



Collaboration >*Ni Experiment
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Experimental Principle - Happy Collaboration

o T T

International Research in Nuclear Physics l‘i\is\).nr‘/,,l
; | < = =

—

3 lwwwnsg.nuclear.lu.se
b n http://www.gsi.de/forschung/kp/

UNIVERSITY
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Isomeric Ratios
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© - . N
= 19/2 " in 43Ti!

S2 position = heavy—ion momentum
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Spectroscopic Factors

Ti2 (8)

Qp (MeV) & (N) WKB * exp Sexp
53Co ?| 1.59(3) 9 1.3:10-6 ~17 ~8:10-8
54N 1.27(5) 5 71.10-18 | 41-10-7 | 1.7-10-6

5.1-10-7 1.4.10-6
2.65(5) 7 2.9.10-13
2.8-10°7 1.0:10-6
94Ag 3| 0.79(3) 4 2.0-10-5 21(6) 1-10-6
1.01(3) 5 5.5-10-6 18(4) 3:107
S8Cu 4| 2.341(5) 4 2.0-10-16 | ~2.10-13 ~1-10-3

1's. Hofmann, priv. comm. and in Nuclear Decay Modes (IOP Publishing, Bristol, 1996), p. 143
2 K.P. Jackson et al, Phys. Lett. 33B, 281 (1970)
3 I. Mukha et al., Phys. Rev. Lett. 95, 022501 (2005)
4 D. Rudolph et al., Phys. Rev. Lett. 80, 3018 (1998); Eur. Phys. J. Al4, 137 (2002)
Assuming an additional 25% proton branch into the ground state of ~ Co >3
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Mirror Energy Differences — GXPF1A

— T T T T
""" Vem +Veis Ver
— Ve P GXPF1A
100 =— —1.0
— N
> - | -
@) o
X I
o) 2
o of Hoo 2
= QQ
‘...-----..__.. PP
-100 —-1.0
R R R TR TR R R

0 2 4 6 8 10
Angular momentum (h)
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Mirror Configurations

Example: 10 *states in A=54 mirrors:

}+4%

} -

Dirk Rudolph (Lund University)

Configuration Partition (%) Interaction
Fe Ni
_ _ 34.3 38.8 GXPF1A
f7% x T2 par
38.4 43.1 KB3G
=2 1ol 14.8 11.0 GXPF1A
72 X17/2 f 512
11.9 7.9 KB3G
W
A~ +-4%
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Identification and Energy-Time Correlatio

54

N
5 28
Q
IS
= -
c
c
o
2 26k
a

~5 million 54 Ni ions

Ni: DGF-timing

1.85

Dirk Rudolph (Lund University)

time (arb. units)

~0

Isomers and Isospin Symmetry Aspects in

.9 million entries

PRESPEC 2011

UNIVERSITY
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Gamma-Ray Spectra of °*Ni

sof [§ 02us<t<08us
10 1
400 3 Snd | o —
< S K& ot bi o g
200 |- 3200 3400 s o
E, (keV) @ )

Sf| e TR ‘ "1 Yyy-—coincidences:
} || TR | known ground-state cascade
© i ! | 01us<t<1l3pus ©

I R 3386 keV (E4)

L
u

Dirk Rudolph (Lund University) Isomers and Isospin Symmetry Aspects in PRESPEC 2011 24/25



Time Spectra of >*Ni

L B e e e e LI e e e e e e
— Ty/p=152(4) ns (451, 1227, and 1392 keV)

3 — =Ty =150(23) ns (3241 and 3386 keV)
- Ty =150(9) ns (1327 keV)

10°F x 500

Counts per channel (arb. units)

Time (50 ns per channel)
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