Some (more) High(ish)-Spin Nuclear Structure

Lecture 3

Deformed States and EM transition
rates.

Paddy Regan
Department of Physics
Univesity of Surrey

Guildford, UK
p.regan@surrey.ac.uk



Outline of Lectures

1) Overview of nuclear structure ‘limits’
- Some experimental observables, evidence for shell structure
- Independent particle (shell) model
- Single particle excitations and 2 particle interactions.

2) Low Energy Collective Modes and EM Decays in Nuclei.
- Low-energy Quadrupole Vibrations in Nuclei
- Rotations in even-even nuclei
- Vibrator-rotor transitions, E-GOS curves

3) EM transition rates. what they mean and how you measure them
- Deformed Shell Model: the Nilsson Model, K-isomers
- Definitions of B(ML) etc. ; Weisskopf estimates etc.
- Transition quadrupole moments (Qo)
- Electronic coincidences;
- Doppler Shift methods (RDM, DSAM)
- Yrast trap isomers
- Magnetic moments and g-factors




Unpaired Particles in Deformed Nuclei:
The Nilsson Model
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Figure 2.21: Partial decay scheme for *™W showing 0, 2, 4, 6 and 8 quasi-particle

structures [9].

C.S.Purry et al., Nucl. Phys. A632 (1998) p229



M. Dasgupta et al. / Physics Letters B 328 (1994) 16-21

We also see similar ‘high-K
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Some of these 'isomers’ can be VERY long lived,
e.a.. E,~1 MeV B-decaying K-'driven’ isomer in 77Lu.
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The data are taken from A. J. Haverfield, F. M.
and J. M. Hollander, Nuclear Phys. A94, 337 (1967), which also includes results of

pPrevious investigations. Additional transitions reported by F. Bernthal (private communica-
tion) have also been included. The energies in the figure are in keV, and the decay times

represent half 1

ives.



Deformed Shell Model:
The Nilsson Model
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Single particle states for an
elongated spheroidal
harmonic oscilator.

From Ragnarsson, Nilsson
And Sheline, Physics Reports
45 (1978) p1



Effect of Nuclear Deformation on K-isomers

Nilsson scheme: Quadrupole deformed

Spherical, harmon. oscilator 3-D HO. where ho -> ho,+he,+ho,
H = ho+al.I+bl.s, > prolate B, axial symmetry means o,=,
guantum numbers j™m,; v..  quantum numbers [N,n,,A]Q"

(&

Ny, (10)

h11/2 (12)
Ay, (4)

S1/2 (2)  e—

ds/2 (6)
9712 (8)

Y912 (10)

K™= sum of individual Q™ values.



High-Q orbits, less
Contact with main
mass distribution.
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0 :; Lower-Q orbits, have
/ Large i, values and
) More contact with main
L (prolate) mass distribution.
____________ ) \
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Increasing (prolate)
deformation, bigger
splitting.




E/hag (&)

Increasing (prolate)
deformation, bigger

S P I 11T ng' tion parameter &, which is nearly the same as 8. (Redrawn from Gustafson, 1967).

FiG. 8.4. (b) Nilsson diagram for the neutron shell 82-126. The abscissa is the deforma-
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'Strongly Coupled' configuration.

Also called 'deformation aligned’
Observe both 'signature partners’,
Bandhead has I=K and see M1/E2
Transitions between states of I — I-1
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'Weakly Coupled’ configuration.

Also called 'rotation aligned’
Sighature partners offset due to
Coriolis effects (for Q=1/2 orbits).
Bandhead has I=j; decoupled, E2 bands
look similar to the even-even GSB.
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K isomers
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K, — K;| = AK < A

v=AK — A\
TWT 1/v
f, = |=£2| = reduced hindrance for a K-isomeric
i) decay transition.




'Forbiddenness' in K isomers

We can use single particle | weisskopf Estimates for T2 A =180, E, =500 keV

(‘Weisskopf') estimates U 3~ o/ e
for transitions rates for | EL ™ Tw ™ =6.76x107E, “"A™" —1.6x10s

a given multipolarity. M1-T,?=220x10"E*  —>1.8x10"s

(Eg (keV), 7-.'7/2(5), 12 6 — -5 n—4/3 ~10
Firestone and Shirley, E2 T, =952x10"E A —3.0x10"s

Table of Isotopes (1996). M2 - T,'* =3.10x10"E°A~*"” - 3.1x10°s

Hindrance (F)(removing dependence on multipolarity and £) is
defined by

/4

T . .
F = T% = ratio of expt.and Weisskopf trans. rates
1/2

Reduced Hindrance ( f,) gives an estimate for the 'goodness’ of K- quantum
number and validity of K-selection rule ( = a measure of axial symmetry).

T v f, ~100 typical value for ‘good’
f = FY = LWZ , v=AK -1 K isomer (see Lobner Phys. Lett.
Tu2 B26 (1968) p279)
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Expect to find K-isomers in
regions where high-K
orbitals are at the Fermi
surface.

Also need large, axially
symmetric deformation

(B2>O'29 VNOO)

Conditions fulfilled at
A~170-190 rare-earth reg.
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High-Q single particle
orbitals from eg. 15,
neutrons couple together to
give energetically favoured
states with high-K (=ZQ).




Search for long (>100ms) K-isomers in neutron-rich(ish) A~180 nuclei.

hlgh-K I > mid-K J J ) low-K

il
N

Walker and Dracoulis

Nature 399 (1999) p35 4- and 5-QP ISOMER HALF-LIVES
K -sel.rule: (Stable beam) fusion limit
makes high-K in neutron
9 : :
Ad 2 AK rich hard to synthesise
log T1/2 (s)
N=104 also a

good number
for K-isomers.
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P.M.Walker and G.D.Dracoulis. Nature, 399 (1999) p35
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What about EM transition rates between
low-energy states in nuclei ?

Spin projection



EM Transition Rates

Classically, the average power radiated by an EM multipole field is given by

2L+2

2L+l (o 2

P(ot)= ; [m(ot)
gL(2L+10 L c

m(ol) is the time-varying electric or magnetic multipole moment.

o is the (circular) frequency of the EM field

For a quantized (nuclear) system, the decay probability is determined by the
MATRIX ELEMENT of the EM MULTIPOLE OPERATOR, where

wa W dv i..e, integrated over the nuclear volume.

We can then get the general expression for the probability per unit time for
gamma-ray emission, A(ol) , from:

E(GL)ZEZ Plot) - AL+ 1 (Z)TLﬂ[mﬁ (0|)]2

r ho  ghL|2L+1)]

(see Introductory Nuclear Physics, K.S. Krane (1988) p330).



2L+1
B(AL : J; — Jy) (5.0.3)

(ML) Sm(L+1) (&)

~ RL((2L+1)1)* \he
where B(AL : J; — J;) is called the reduced matriz element.
Measuring the hifetime (decay probability) of a nuclear state thus gives a value
for the B(AL : J; — J;).
For lifetimes, 7 in units of seconds where the transition probability per umt

second, T = ;1._ (£, i MeV),

Multipolarity ~Electric Transition Rate (s™!) Magnetic Transition Rate (s71)

1 1587 x 10 E3 B(E1) 1.779 x 10% E® B(M1)
) 1.223 x 109 E B(E2) 1.371 x 107 E5 B(M?2)
3 5.680 x 102 ET B(E3) 6.387 x 10° ET B(M3)
4 1.649 x 104 E? B(E4) 1.889 x 10-6 £? B(M4)
5 3.451 x 10711 EM B(E5) 3.868 x 10713 B B(M5)

Table 2.2: Transition probabilities T(s™!) expressed by B(EL) in (e*(fm)**) and
B(ML) in (£ (fm)*~2). E, is the y-ray energy, in MeV. (Taken from ref [69]).




The EM transition rate depends on Ey?**1,, the highest energy transitions
for the lowest . are (generally) favoured.
This results in the preferential population of yrast and near-yrast states.

'Near-Yrast' decays
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The EM transition rate depends on Ey?**1,, the highest energy transitions
for the lowest . are (generally) favoured.
This results in the preferential population of yrast and near-yrast states.
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The EM transition rate depends on Ey?**1,, the highest energy transitions
for the lowest . are (generally) favoured.
This results in the preferential population of yrast and near-yrast states.
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The EM transition rate depends on Ey?**1,, the highest energy transitions
for the lowest . are (generally) favoured.
This results in the preferential population of yrast and near-yrast states.

'Near-Yrast' decays
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Excitation energy
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The EM transition rate depends on Ey?**1,, the highest energy transitions
for the lowest . are (generally) favoured.
This results in the preferential population of yrast and near-yrast states.
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The EM transition rate depends on Ey#**1, (for E2 decays E °)
Thus, the highest energy transitions for the lowest A are usually favoured.
Non-yrast states decay to yrast ones (unless very different wfs , K-isomers)
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The EM transition rate depends on Ey#**1, (for E2 decays E °)
Thus, the highest energy transitions for the lowest A are usually favoured.
Non-yrast states decay to yrast ones (unless very different ¢ , K-isomers)
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The EM transition rate depends on Ey#**1, (for E2 decays E °)
Thus, the highest energy transitions for the lowest A are usually favoured.
Non-yrast states decay to yrast ones (unless very different ¢ , K-isomers)
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Excitation energy

Yrast Traps

3500

3000

2500

:

2000

J0000 2

4

1500!
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The yrast 8+ state lies lower in
excitation energy than

any 6*state...

i.e., would need a 'negative’
gamma-ray energy to decay

to any 6" state

6 8 10

Spin of decaying state, |




Yrast Traps
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Weisskopf Single Particle Estimates:

These are 'yardstick’ estimates for the speed of electromagnetic
decays for a given electromagnetic multipole.

They depend on the size of the nucleus (i.e., A) and the energy
of the photon (E2-1)

They estimates using of the transition rate for spherically symmetric
proton orbitals for nuclei of radius r=r,AY3,



Multipolarity  Electric Transition Rate (s™1)

Magnetic Transition Rate (s71)

| 1.0 x IDI"AEJIEEE?
2 7.3 x IEITA‘WE;?
3 3.4 x 1[11.43&:

4 1.1 % IG‘EA&IEE,?
5 2.4 x 107124103 g1

3.1 x 102 E?
2.2 x 107 A%/3E5
1.0 x 101 A3 ET
3.3 x 10-6A2E?

7.4 x 1078 AR

Table 2.3: Single-particle Weisskopf transition probability estimates as a function of

the atomic mass measured in atomic mass units A and the v-ray energy E., in MeV.
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Weisskopf Estimates

1y, for IWu at A~100 and E, = 200 keV

M1 M2 M3 M4
2.2ps 4.1ps 36 s 43Ms
El E2 E3 E4
5.8 fs 92 ns 0.2s 66Ms

i.e., lowest multipole decays are favoured....but need to conserve angular
momentum so need at least A = I;-I; for decay to be allowed.

Note, for low E, and high-I, internal conversion also competes/dominates.



EM Selection Rules and their Effects on Decays
(6") (48) (2017)

4% 1969
* Allows decays have: “ ;!:, e.g., 1925ns,
(24) 14721 Why do we only
‘Ii_lf‘gﬂ‘g‘li_lf‘ observe the E2
decays ?
e.g., decaysfrom 1 =6" to |~ = 4* Y
are allowed to proceed with photons 1472 AI'I"e 'fhde ;T?ers
: allowed decay
carrying angular momentum of oresent ?

1=2,3,4,5,6,7,8,9and 10 7. 0* 0
Need also to conserve parity between intial and final states,

thus, here the transition can not change the parity.

This adds a further restriction : Allowed decays now restricted to
E2,E4,E6,E8and E10;and M3, M5, M7, M9




(6") (48) (2017) E, E2 M3 E4
@ (TWu) | wu) | (1Wu)
497
(2%) 1472
48 112us 782,822s | 2.5E+14s
(6" —4")
555 66,912s
1472 (6" —27)
497 0.9ns 61ms 180,692s
(4"—2%)
0" 0 1969 751ms
102G (#">27)
Conclusion, in general see a cascade of (stretched)

E2 decays in near-magic even-even nuclei.



\What about core breaking?

We can have cases where low-energy (~100 keV) E2 decays competing with
high-energy (~4 MeV) E4 transitions across magic shell closures, e.g. **Fe.,.

6527 18 10" Z=26; N=28 case.

6351 [ &' - 2 proton holes in f,,, shell.

« Maximum spin in simple valence space is I"™=6".
- i.e., (nf,,)? configuration coupled to I*= 6*

3432 3978
Additional spin requires exciting (pairs) of nucleons
across the N or Z=28 shell closures into the f;;, shell.

E, E2 M3 E4
(1Wu) | (1wu) | (1Wu)
146 keV 1.01us 613s 20.9E+6s
(10*—8*)
3578 keV 6.5ms
(10*—6")




Counts per channel
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Isospin symmetry and proton decay: Identification of the 10* isomer in >*Ni
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Physics Letters B 672 (2009) 116-119

Contents lists available at ScienceDirect

Physics Letters B

ELSEVIER www.elsevier.com/locate/physletb

Proton-hole excitation in the closed shell nucleus 2°°Au

Zs. Podolyak®*, G.F. Farrelly?, PH. Regan?, A.B. Garnsworthy 2, SJ. Steer?, M. Gérska®, J. Benlliure€, E. Casarejos€,
S. Pietri?, J. Gerl®, H.J. Wollersheim®, R. Kumar4, E Molina®, A. Algora®', N. Alkhomashi?, G. Benzoni?,

A. Blazhev", P. Boutachkov ?, A.M. Bruce', L. Caceres?J, 1J. Cullen?, A.M. Denis Bacelar!, P. Doornenbal®,
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S. Lalkovski, Z. Liu?, K.H. Maier™!, C. Mihai®, D. Miicher™, B. Rubio€, H. Schaffner?, A. TamiiX, S. Tashenov?,

].J. Valiente-DobénP®, PM. Walker?, P.J. Woods 4
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' Podolyak et al., Phys. Lett. B672 (2009) 116
LI |

2 T,
gg?f 15154% a géi’; 11/27 200 “ 2’“ ] =
J - | 1 = ';[ 1 .
T 723 p s [Pl
> 3150 H,H[ HIT]'M Z 2 THy
TSy 2. L MLool .11
240 — 1/o+ 278 2100 I }1"1 wju AENRR
G [ I.I'- -[LI:!LJ m-
0 — 3R —o0 o 501 -MW,_L?%
ﬁ ¥ I 5 W i
@  °? (b L1 | e
theor v 500 1000
' 205 Energy (keV)
Au

N=126 ; Z=79. Odd, single proton transition;
h,y, — dj, state (holes in Z=82 shell).

Selection rule says lowest multipole decay allowed is A=11/2 - 3/2 = 4.
Change of parity means lowest must transition be M4.

1Wu 907 keV M4 in 295Au has T, ,= 8secs.
‘Pure’ single particle (proton) transition from 11/2- state to 3/2* state.

(note, decay here is observed following INTERNAL CONVERSION).
These competing decays (to gamma emission) are often observed in isomeric decays
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18y,

ASIDE:
Why are E1 s isomeric?

Els often observed with decay probabilities
Of 105 —»10° Wu

El single particle decays need to proceed
between orbitals which have Al =1 and
change parity, e.g.,

f7/2 and ds,
or gy, and f;,
or hy, and gy
or i3, and hyy ),

or ps,, and ds,,

BUT these orbitals are along way from each
other in ferms of energy in the mean-field
single particle spectrum.



10+ - — 2684

8t 2616
8¢ 2446
0.012(2) 6+ 2184
0.270(7) I~ 1830
4+ 1660

2+ 828

O+ ' 0 O+ 0

e.g., 128Cd, isomeric 440 keV E1 decay. L. Céceres,">" M. Gorska,'
1 Wu 440 keV E1 should have ~4x10-15s; PHYSICAL REVIEW C 79, 011301(R) (2009)
Actually has ~300 ns (i.e hindered by ~108 )
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Why are E1 s isomeric?

E1 single particle decays need to proceed
between orbitals which have Delta L=1 and
change parity, e.g.,

What about typical 2-particle configs.
e.g.,

1=5- from mostly (h;,,)" X (S4,)"

I==4* from mostly (d3,)." X (S4,5)"
No E1 ‘allowed’ between such orbitals.

E1 occur due to (very) small fractions of the
wavefunction from orbitals in higher shells.

Small overlap wavefunction in multipole
Matrix element causes ‘slow’ E1s
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Why are E1 s isomeric?

E1s often observed with decay probabilities
Of 10> —»108 Wu

E1 single particle decays need to proceed
between orbitals which have Delta L=1 and
change parity, e.g.,

f;o and ds,
or gy, and f;,
or hyy, and g

or p,;, and dg,

BUT these orbitals are along way from each
other in terms of energy in the mean-field
single particle spectrum.



Measurements of EM
Transition Rates




Rep. Prog. Phys., Vol. 42, 1979, IF'r=4A.

'Sl;lgfegleasurement of the lifetimes of excited nuclear 1o | <ibt| Odecay | #1> ]2
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Fast-uming T'echniques

M. Rudigier et al. / Nuclear Physics A 847 (2010) 89-100

44 —p— PRF -
START|BQ at225.0 A /

10 F

1 rl II‘ T o e |

0 2 4 6 8 10 12 14 16 18
t [ns]

Gaussian-exponential convolution to account for timing resolution



Fast-uming T'echniques

Centroid shift method
for an analysis of short
half-lives

(Maximum likelihood
T method)

_/

Difference between the centroid of observed time spectrum and the prompt
response give lifetime, ©



Fast-uming T'echniques

Mirror-symmetric
centroid shift method.

Using reversed gate
, order (e.g. start TAC
2t on depopulating
gamma, stop on
feeding gamma)
produces opposite
shift

. A

Removes the need to know where the prompt distribution is and other
problems to do with the prompt response of the detectors



An example, ‘fast-timing' in 34P.

7(+) 6237
34
P .
1607/
2884 6(—) I 4630
* *
3932 679
3943 5) | 39571
3749
%
5)) 3353 2325
1B38T | * 1Bas™
1444
1048
(37)2321 4(=) 2305
1™ 1609
1892 1876
180
2+ 429

P.C. BENDER et al. PHYSICAL REVIEW C 80, 014302 (2009)
R. CHAKRABARTI et i PHYSICAL REVIEW C 80, 034326 (2009)

* Recent study of 34P identified

low-lying I*=4- state at E=2305
keV.

- I*=4-— 2* transition can proceed

by M2 and/or E3.

* Aim of experiment is to measure

precision lifetime for 2305 keV
state and obtain B(M2) and B(E3)
values.

* Previous studies limit half-life to

0.3 ns<t;,<2.5ns



Physics...which orbitals are involved?

* Theoretical (shell model) predictions suggest 2* state based
primarily on [n2s,, x (v1d,,) "] configuration and 4- state based
primarily on [n2s,,, x v1f,,] configuration.

* Thus expect transition fo go mainly via f;,, — d3,,, M2
Transition.

- Different admixtures in 2* and 4- states may also allow some E3
components (e.g., from, f;,, —s;,,) in the decay.

1f5), —— 1f,,

o |

- 00 0— —0000— 14, -e0e0— -000e— ld.,
—-— —00— 25, —O00— —00— 25,

0-0-0-0-0-0 0-0-0-0-00 .U, ©-0-0-0-0-00-0-0-0-0-0 10,
TC V TC V

I* = 2% [128,, X (v1dy,) ] I = 4- [125,,, X V1f,]




Experiment to Measure Yrast 4- Lifetime in 34P

é -

il[

18O('80,pn)3*P fusion-evaporation at 36
MeV o ~5-10mb

50mg/cm? Ta,'80 enriched foil; 180 Beam
from Bucharest Tandem (~20pnA)

: .\’
.

Array 8 HPGe
(unsuppressed) and 7
LaBr;:Ce detectors

-3 (2"x2") cylindrical
-2 (1"x1.5") conical
-2 (1.5"x1.5") cylindrical



Ge-Gated Time differences

5~ 3353
1048
4~ 2305

429

429

1§ o

Gates in LaBr; detectors to observe time
difference and obtain lifetime for state

|deally, we want to measure the time
difference between transitions directly
feeding and depopulating the state of
interest (4°)



Gamma-ray energy coincidences ‘locate’ transitions
above and below the state of interest....

5 3353

1500 T 11 | 1T T 1 | T 1T 1 | 1T 1T 1 | [ 1T 1T 1 | 1T 1T 1 | L | T 1T 1 | [ IOOO
- (a) 429-keVgate 1876 1048-keV gate  (b) . 200
429 _
1000 600
-k I 048 —1400
% ” 1876 | 200
2 i
é O 1T 11 | 1T 171 | T 1 I | [ I 1 1 1T T | 1T 11 | 1T 11 | 1T 11 | 1 | O
=, i 429-keV gate 1048-keV gate —
LO) 1500 - (c) g g d) 2500
1000 1048 — 1500
. - — 1000
| 21 1876  —500
0 | | uuw ' | | I j 0

0 500 1000 1500 2000 0 500 1000 1500 2000
Energy (keV)




Counts / keV

Unaated LaBr. Time difference

1500

1000

500

1500

500

e.g. The 1876-429-keV time
difference is 3*P. Should show
prompt distribution as half-life of 2*

1000

0

JIII|Il

IIlIlJ[lJ

T T T 7 I T 171 [ T T 1771 I T T 177 [ T LI L L ] T 177 I T T 17T I T 17T I T |_ I{}()()
L (a) 1876 ® 300
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i 511 1048 —400
I ‘ &5 1876 41900
L I UL | LI I I UL :- : ‘i‘i I[ -lr LI | L I L I LI I I T I_ ()
L. kC) (d) —12500
55 ~2000
11500
i 1000
i 500

Il]llJIIIIIIIIl][JII'

0 500

1000 1500 2000 0

Energy

is short.
FWHM = 470(10) ps

500
(keV)

1000 1500 200!

2500

S

Counts / 100 p

3000

. 2000

The LaBr;-LaBr;
coincidences were

relatively clean where

It counts so try

without the Ge gate...
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Result: T/, (I7=4-) in 34P= 2.0(1) ns

700 800 900 1000

429 /1048
400

200

2500
2000
1500

1000
429 /1876 500

(~prompt)

Counts / 100ps

700 800 900 1000

1100 1200 700 800 900 1000 1100 1200 1300
I | I | I I | I | I

- —400

— —200

— —2500
- —2000
- — 1500
— - 1000
- -1 500

e ——

1wu~,4'|k&wu-~——— 0
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| I T R
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Time (100ps / chn)



Results: T , = 2.0(1)ns

700 800 900 1000 llOO 1200 700 800 900 l()()() 110() 1200 1300

429/1048 — | N :
- I - nl ]
g | =y l|.,| El
0 N ' B | . il 3
¥ . \M \ IHI
g
S 1000 - ~ 1000
100 & - =100
429/1876 10¢ ‘ . i 410
erompt) M h M F il ‘ ” | i

'}OO 80() 900 1000 llOO 1200 700 800 900 1000 1100 1200 130
Time (100ps / chn)



Discussion: M2 Strengths

0.15 . | . . . |
: « 3=-0.27 -
° §=-1.03 I
0.1t TN ~
~
= 1
] E x
0.05F = .
3
0 | ! | ! | ! | ! |
14 15 16 17 18

« Experimental B(M2) and Mixing ratios from N=19 nuclei approaching the
island of inversion.



What about 'faster’' transitions..
l.e. < ~10 ps ?



Collective Model B(E2), B(M1) values ?

The reduced in-band transition probabilities’ are given by,

=

4

B(E2; LK — I;K) =

Q?| < I2KO0|I;K > |?
'

16
>
B(E2% LK — I;K) = 15 2Q2| < L1KO|I;K > 2 (2.4.56)
27T
3 .
B(M1; LK — I;K) = —¢*| < LIKO|I}K > |*(9x — gr)*K”

Y s
where (), 1s the mtrinsic quadrupole moment and gx and gg are the mtrinsic
and rotational gyromagnetic ratios respectively. The relevant Clebsch-Gordon

coefficients? are given below.

3 —K)I-K-1)I+K{I+K-1)]"
2T —2)(21 — DI(21 + 1)

31 — K)(I +K) 12
(IT—DICRI+1)(I+1)

(I-K)(I+K)]"
I(2I +1) ]

E2(AI =2) = [

E2(AI =1) = —K[

MI(AI =1) = — [

'K.E.G. Lobner in, The Electromagnetic Interaction in Nuclear Spectroscopy, W.D. Hamil-
ton (Ed), North-Holland (1975) Chapter 5
“The Theory of Atomic Spectra, Condon and Shortley (1935) reprinted (1963) p76-77



THE MEASUREMENT OF SHORT NUCLEAR
LIFETIMES!

By A. Z. SCEHWARZSCHILD AND E. K. WARBURTON
Brookhaven National Laboratory, Upton, New York?

Annual Review of Nuclear Science (1968) 18 p265-290

SCHWARZSCHILD & WARBURTON

THIN N.MeTL TN TH.CK Wi:Tal
FCIL TARGET PlLUNGER

EXCITED
HUCLED
RECOIL | MG
FOfMt'MaRd

GAMMA RAY GAMMA RAY
EMITTED FROM EMITTED FROM
NUCLEUS WITH NUCLEUS WITH
VELOCITY = V VELOCITY = O
€y Eolie Y cos 0) Ey* E,

F1G. 5. Recoil method of measuring lifetimes of excited states.



E-E,(1+7 cos8)

B(E2) =

E, = E,

Eo (1 — (Fcosf

Es~ FEy(l+ [Fcosb)
Nyexp (_—d>
VT

I, =

Is =

'\ Shifted
i ,"/\'\
1 f.'" \".
'\ - }"‘. E
]
Target Stopper -’ /,-'lﬂ
d . Stopped
1
E,=E, E
!
Detector

1.225 x lﬂ‘*Ef,r(l +o) T

5
B(E2) = ——¢*Q2|(J: K20 K)I.

3
Q; = ——=ZR3pa(1 +0.16p,),
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PHYSICAL REVIEW C 76, 064302 (2007)

Intrinsic state lifetimes in 'Pd and 1°6-1Y7Cd

S. F. Ashley,">" P. H. Regan,! K. Andgren,!* E. A. McCutchan,? N. V. Zamfir>** L. Amon,>® R. B. Cakirli,>® R. F. Casten,’
R. M. Clark,” W. Gelletly,! G. Giirdal,>> K. L. Keyes.® D. A. Meyer,>? M. N. Erduran,® A. Papenberg,® N. Pietralla,'®!!
C. Plettner,? G. Rainovski,'®!? R. V. Ribas,!* N. J. Thomas,'? J. Vinson,? D. D. Warner,'* V. Werner,’

E. Williams.?
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ASIDE: Multistep cascades, need to account for decay lifetimes of states feeding
the state of interest.....need to account for the Bateman Equations.

N,(1) = Nge= N =No=Ny() = No[1 - €7 ]

100 100 —S—S-g = u g
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For v/c=5.7%
1 T,
B
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(a) Two-step decay
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ASIDE: Multistep cascades, need to account for decay lifetimes of states feeding

the state of interest.....need to account for the Bateman Equations.

100 100 100
_ o
For v/c=5.7% ! ! !
| T SEE = 80 |- 80 [
1 5 TIZSPH T|=3p5
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B g | | Sl I
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[ . f
A 1 —II : K“ \\ L
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(d)

(a) Four-step decay

Time elapsed [ps]

Time elapsed [ps]
(b)

0 10203040506070 0 10 20 30 40 50 60 0 1020 30 40 5060 70

Time elapsed [ps]

This can be accounted for by using the ‘differential decay curve method’ by gating
on the Doppler shifted component of the direct feeding gamma-ray to the state of
interest, see 6. Bohm et al., Nucl. Inst. Meth. Phys. Res. A329 (1993) 248.



If the lifetime to be measured is so short that all of the states decay in flight,

the RDM reaches a limit.

To measure even shorter half-lives (<1ps).

In this case, make the 'gap’ distance zero !l i.e., have nucleus slow to do stop ina

backing.

We can use the quantity
F(t) = (Vo/ Vo)

E.(v,0)= Eo(1+Y/. cos (0))

Measuring the centroid energy

of the Doppler shifted line gives
the average value for the quantity
E. (and this v) when transition was
emitted.

The ratio of vs divided by the maximum
possible recoil velocity (at t=0) is the

quantity, F(z) = fractional Doppler shift.

P ¥ Nolan and ¥ F Sharpey-Schafer
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. ' e
Light reaction - R /
, .. Ve
product b \\ A ' ‘ y
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y \k-\\" s
Beam of N NG /
particles a AN /’ R
~o ' ' - v .
TR T T T | // /s
' A Sl vt -
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In the rotational model,
— = l.EESEf—E’JE < JJ{E[]Hfﬁ' - |E

where the CG coefficient is given by,

T —K)J—K-1)(J+K)(J+K—1)

L0\ K =
< RHAMK J (27— 2)(2J — 1)J(2J + 1)

Thus, measuring T and knowing the transition energy,
we can obtain a value for Q,

3 1[5
EJ'? (3o (l — 11" —.i} )
"I|,-' _:'.'I

Co =
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If we can assume a constant quadrupole moment for a rotational band (Qo),
and we know the transition energies for the band, correcting for the
feeding using the Bateman equations, we can construct ‘theoretical F(t)
curves for bands of fixed Qo values



Number of counts
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Intrinsic Quadrupole Moment of the Superdeformed Band in '32Dy

M. A. Bentley, G. C. Ball,®’ H. W. Cranmer-Gordon, P. D. Forsyth, D. Howe, A. R. Mokhtar,
J. D. Morrison, and J. F. Sharpey-Schafer
Oliver Lodge Laboratory, University of Liverpool, Liverpool L69 3BX, United Kingdom
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Vovums 36, Numsee 18 PHYSICAL REVIEW LETTERS 3 May 1976

B, Tamain, Phys, Rev, Lett, 32, 738 (1074), 3_35, 1105 {1974),
*. L. Walf, J. P, Unik, J. R, Hulzenga, J, R, Birke- M, M, Fowler and R, C. Jared, Nucl, nstrum, Meth-
Innd, H, Freiesleben, and V, E, Viola, Phys, Rov, Lett,  ods 124, 341 (1973),

Magnetic Moment of the 6* Isomeric State of '*Tet

A, Wolf* and E, Cheifetz
Department of Nuclear Physics, Weizmann Institute of Science, Rehovot, [srael
{Received 4 March 1976)

The {nherent allgament of the prompt flasion fragments was used to measure the g fac-
tor of the 6* isomere state of ™Te by the time-differential perturbed angular-correla-
tion method. The experimental result g,,. =0.846 40,025 I8 close to effective g factors of
gy brotons In nuclel with 82 neatrons. The deviation from the Schmidt value is discussed
in terms of the polarization of the '¥ i 8oy core by the gy, protons,




classically u=1xA
-+ = Magnetic moment reflects
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FIG. 2. Time spectra of the 115.3-keV radiation of magnetic dipole moment, U,
Bire at three angles with respect to the flssion direc- - £
tlon., Mormalized differences between the intengities In a magnenc fIEId’ B

at 45° and = 45° are given in the lower part of the fig- NUCIEUS preceSSES Wlth the

ure. The solid lines were obtained by a least-sgquares L f _ B
fit to the data. The decay scheme of 7*Te as deter- armaor frequency, o - gﬂN

mined in Refa. &, 4, and 5 is alao shown,
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