Nuclear Structure Experiments in the 21st Century
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In honor of my teacher and colleague Michael Kirson

* INTRODICTION — Exotic Nuclei, Experimental “ Renaissance”
« Magnetic and Quadrupole Momentsin 61Fe - GANIL

« Parity-Non-Conservation in they decay of 182Hf(8) - | SOL DE
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Derivation of the Brueckner many-body theory

By J. GoLpsroxs
Trinity College, University of Cambridge]

{Communicated by N. F. Molt, F.B.S.— Received 24 Awgust 1956)

An exact formal solution is obiained to the problem of a system of formions in intoraction,
This solution is expressed in a form which avoids the problom of unlinked clusters in many-
body theory. The technigque of Foynman graphs is used to derive the series and to define
linked terms, The graphs are those appropriate to a system of many fermions and are used to
give a new derivation of the Hartree-Fock and Brueckner methods for this problem.
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Figure 14 represents a term in the energy given by

That’s NOT the (mp“(&‘ﬂ)|m(P'>(_é)<mrﬂ[!(3E)|m'n>(__£ﬁ)<mfp’|g((}”mp)} (55)
Topic of my talk — here 88 = By B, 4 By, 56)

\n average of this 8F used in the definition of {(m'| ¥V |m’)y will ensure as much

on Iy fo r fo N d memo r'i es.. ancellation of this term as possible. For ‘nuclear matter’ the conservation of

nomentum limits the possible values of 9, and ¥, given .
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Modern “Landscape” of Nuclear Structure
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Halo nuclei /New Fission Frag ments B,=0

Disappearance and emergence of
sub-shells, spin-orbit interaction for
neutron-rich matter...
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projectile-fragmentation — towards yet more neutron-rich nuclei
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. < x4 Preparing Nuclel with T m emBAT
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GENERAL ASPECTS of g and Q measurements in fragmentation

PROJECTILE FRAGMENTATION

+

selection in longitudinal momentum
(slits in FRS or via ion-correlation)

From our experiments at GANIL energies (°*Ni, 60 MeV/u):

: YIELD 61Fe 1 61Fe Matea, PRL 93 (2004) 142503
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Angular distribution formalism

ZrAt
W(9 ¢, t)LAB = Z ——— ALY (0,8) B (I,t)AB
2k —|— 1
® the orientation of the nuclear ensemble
» described by the orientation tensors X1 un (I)
secondary beam
BI?(L t)LAB direction
» QM-description of ensemble: density matrix
e construct p7(I,t) (easy transformation under rotations)
I 1 k
= V2EF L (— 1) (_m ) n) (mlp|m’)

B = 2T F 1p}*
« axial symmetry — pmm = (m|p|m) = P(m) and only BY # 0

 aligned ensemble: k even
 polarized ensemble: k both odd and even
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TDPAD = Time Depen f the Angular Distribution

time evolution of the orientation

* by an external magnetic field B _., g
* by the electric field gradient (EFG) of a non-cubic crystal — ()

fmnIt
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61MFa E*=861keV, T,, = 239(5) ns

LSSM calculations
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_ I(detlt)—I(det2,t) _ W(90°,1,t)—W(90°,5+90°,t)
R(t)exp = 7 (detl,t)+1(det2,t) ‘ R(t)en = W(90°,¢i,t)+W(90°,¢§+9oo,t)

si||nilar principle for Q-TDPAD experimental setup
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Representative PAST O-Moment Determinations (Fusion-Evaporation)

L . Precession — but more
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Simulations

beam
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Analysis by S.K. Chamoli - WI
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Plot of the TG1 and TG4 after a
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9 ' Parity Non-Conservation
. f-Tpuzze

1956. Lee& Yang, Parity Non-
- Conservation (PNC) theory.

H, different behavior under Parity operation.
PH e # HpncP
Experimental signature should

differentiate between theright from left

Pseudo-scalar required.
Several experiments suggested

ISOLDE Workshop




- The PNC Experiment
U B-decay of polarized ®°Co
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. < x4 Preparing Nuclel with T m emBAT
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- 1958:
Parity Violation in Nuclear Physics Feynm an & Gdl-mann
T wp e signare SUGQESt 15-or der weak
- of the —nteraction in the
weak force

<~ PV nuclear force nuclear potentia

PNC in N-N systems arise from theweak currents

mediated W and Z bosons.

D. Tadic, Rep. Prog. Phys., 43 (1980)67.

Adelberger & Haxton, Ann. Rev. Nucl. Parti. Sci. 35(1985).
Haeberli and Holstein (1995), nucl-th/951062

PNC isinevitablefor all thenuclel - though minute.
Sear ch for good cases with lar ge effects.

PV in Nuclea
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» Weak force carriers Z and W are heavy: M_=91 GeV; M, =80 GeV

hic
*Range —~0.002 fm
m
* Meson description is often used: n 140MeV < 14fm

p 770 MeV 0.26 fm
®w 780 MeV 0.25fm

Nothing heavier because of ""hard core"

. 012 101 5°1
* 6 constants: fﬂ, , hp Jh hp

/N

Forppnom Usually ignored

*Task of parity experiments is to find these constants

ISOLDE Workshop




M otivation

*A check on Standard M odel Predictions.
- °NS calc for bound state interpretation — Feedback to
< understand the nuclear system better

*An avenue full of surprises.

N-N scattering data +
Bound Nuclear
systems establisn | so-
Scalar, 1so-Vector and
| so-Tensor strengths.

b PNEEY — % [z} = (][ 1) = er{2]] * {7}

+ ; ({Fuﬂl}‘ﬂ:ﬁ} + ‘% [oi 1)+ (2],

p)

+ '.rP _"'.f_:, [3r(L},Tl2), _-1[“*1[2}1}

S
x 41+ JiT a1} x o2 w,(r}+ [o(1) — o(20] 3,401}

+ {Gu + % [<(l)+ 1[2}]:}

< 011 ile{1) x (2] s u,(rh+ [ 1} - o{2)] - %, (eh)
Tl =) | Lt +a(2)] - [Gy v, () — F v, i)

+ I Te(1) % o2V Lo 1)+ @{2)] -upirl)s
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EM transitions

i Unpolarized nucle
Circular Polarization inyradiation from

*Up-down asymmetry of yradiation following
polarized thermal neutron capture

*Y decay angular distribution from polarized nuclei

v-asymmetry

« Mixed parity introduces A,P,(cos® ) term in the vy
angular Distribution for Polarized nuclel.
» 0° — 180° asymmetry A, w.r.t. polarization direction
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Only Few Cases

T 0 o« “Huwyy

In the presence of 107 stronger AE
inter action. " . . "
Yet significant dueto Structural effects A_ Amphﬁcatl()n

= 18F(0, 39 keV, 28ps) < 90 meV, A=112

= PF(1/2,110 keV, .9ns) — 380(100) meV, A=11

= ?INe (1/2,5.7 keV,.1ns) < 30 meV, A=296

s BTc(17/2, .3keV, 15us) —0.29(14) meV, A=2000<«—

= 180Hf(8, 57 keV, 7.5h) —1.0(0.1) peV, A=2.10° <—
Krane et co.,

Tilted foils — “old and beloved” story.. 1970’s

ISOLDE Workshop



Unique case of 13°Hf

« Rather Small PNC ME
i 12 5 8 | 57keV proximity
— # B2 57keV « K-forbidden (AK=8)
1.085 8 + 0
501 keV | 444 keV « Hugestructural effect K=2.10°
igies | 5a Large enhancement
i « Strongest experimental effect
0.641 | I | 6 + 0 reported so far
E2r A,~1% PRC 5, 1663(1972)
s . P~ 0.28%PLB 31, 65(1970)
: 4+ 0 v ..
215.3 keV E2! « Difficult for shell model
0.093 T 2+ 0
0 93.3 keV E2 Y 5 0
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180Hf(8-, AE = 57 keV, 7.5h) ~— 1.0(0.1) peV, A=2.10°

A-"Amplification"

<8+, k=0]|E2]6*, k=0>

<8-, k=8| M2] 6+, k=0>

ISOLDE Workshop



Low-T Orientation; Principle

Fe foil

ﬁTarget

Backing

a8
=
-
]
2
=

+

Implantation into ferromagnetic hosts.

HF 100T
Low T (—10 mK) for Polarization

Pair of SC coill:

few kG orient the Electronic Magnetic
moments and nuclear orientation follows.

Large amounts of polarizations, Magnetic
fields decide the direction of polarization.
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He-3 gas T

Still

T=0.6 K

The low Temperature Orientation
Technique; Setup

Charcoal Pump

T=2.0 K
Dilution
Experiment to be } Tt
cooled (0.1 K}
He -3 is distilled /

from liquid He -4 7 Liquid He 3

Mizing Chamber
Cooling occurs at
phase boundary
between He-3 and
He -4

Liquid He-4 and
Mixin dilute He 3
Chamber

Dilute He-3 flows T=0.1 K
through He -4

> T=30mK
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180HF experiments.: Past

LTNO and y-asymmetry, €.g. K.S. Kraneet al., PRC5 (1972) 1663

180MHf Source: neutron irradiation of 18Hf/HFZrFe,

Cooling: adiabatic demagnetization of 1K cooled Chromium
potassium sulfate salt pill to~10 mK

HF on Hf In ZrFe,: ~20(2)T .

Problems:

Sample warming from 16 to 30 mK, no control.

For good statisticsrather strong sources were used.

During the counting the sour ce count rates dropped by 3-4 times

affecting the width of the peaksand S/N ratio.

Dead-times were empirically corrected with no explicit definitions

for the compensation of the lower efficiencies at high countrates
ISOLDE Workshop



180Hf: Present
_A revigit
- Cross-check on therdliability of the landmark 30 yrs.
old experiments.
Reliable LTNO at the NICOLE dilution refrigerator +

Asymmetry Measurementsfor a good experimental PNC
matrix element extraction.

| mprovements

Unique ¥MHf beam at GPS at | SOLDE
New setup avoiding most of the past shortcomings.

Utilization of control lines; 215, 333 and 444 keV
Elimination of possible systematic errors.
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Parity Non-conservation in the g Decay of 180mHTf(8-); revisited

S.Chamoli{, G. GoldringZ,_M. Hass?, I.S. KraevZ, S. LakshmiZ,
B.S. Nara SinghZ, J. Rikovska?, N. Severijns?, N.J. Stone?,
F. Wauters?, D. Zakoucky?
and the NICOLE and ISOLDE Collaborations

I Weizmann Institute of Science, Rehovot, Israel, 76100/
2 K.U.Leuven, Instituut voor Kern- en Stralingsfysica, B-3001 [euven, Belgium
SHHIRF, Oak Ridge National Laboratory, Oak Ridge TN, USA
4Nuclear Physics Institute, ASCR, 250 68 Rez, Czech Republic
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Proton Beam
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G P S ACCELERATION

— ,_ - TARGET and
ION SOURCE

ANALYSING MAGNET
Hf beam intensity ~ 5 x 109/s

Isomeric ratio — 100

Thanks to the ISOLDE ion-source group for the
excellent and steady 18°Hf beam!!
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F
; Magnetic field: 0.5089(3) T

_____

Beam

Ba

Side access baffle

Cryostat

Schematics of the NICOLE setup
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Data Analysis — S. Lakshmi - WI
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Assymmetry (0-130)

501/444

-0.02

I

0 200
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So....

A, =2 [R(0) - R(180)] / [R(0) + R(180)]

R(T) = N(501) / N(332+444)

0.025 6-0+4 : : -
- - A, = 1.15(4) %
501/(332+444 012 -
0.02 ( ) % i + + | 1T RAW"
5 001+ -
0015 = s
] - — -
.% 001 0:008 | | ! Krane:
o 0 I 2 4 _ 0
> + , ' A, ~1-1.6 %
S 0.005
E i
Y 0 t
o L
<
-0.005 + 4
L ]
0.01
70.0]5 | I 1 I 1 I 1 I 1 I 1 1 - e 0 D u s 0
123-152 164-243 248-322 328-394 399-478 483-337 538-387 3 37
Group Number . I I I I
|
|
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i

Many thanks to all my colleagues
from:
Leuven, ISOLDE, Oak Ridge/Oxford, WI
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Calculations for 93Tc

- 8Sr +5p, shell-modd + “ best
e — “value* strength of interaction
) terms, PRL 45 (1980) 1681, 74(1995)231

I3 —ahh i g 105 2 n?
ER — gty 040 135 D42
I£4 _I:..u-f::;i::H L) 02 G210 A0 PLB 367, 21 1996
ES4 .l.'n:-"-"r'.:::' .20 [l 0.l 93
515 1490 A4 DED 04l TC prObeS I T ter m1
e first casewhere | Texp~| Tcalc
i R L SR, L R VIV R
I —r Ty ) 022 047 fls
— ity (14 ¥
N DR a0

IV ki) 0B —dT
By, (055 02% 426 ] ]
IT, — ek (il 012 04 Together Wi th the S mpl ESt

IT: Kol 011y s n&2 110

3 & nad 126 L 1p1/2-099/2 mOdeI Space
}j B AAh 436 -2a0 -3 <H > = - 02 to 1 meV

pnc

Stable
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Multi—step transfer of polarization to 1

At the exit J is polarized along the tilt axis

Most effective for Low electronic spin
(J) and high nuclear spin 1.

| | | |
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No. of foils

G. Goldring et al, HI 21, 209 (1985)
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ISOLDE + Tilted-foil polarization + HV Platform
B-NMR

stable

Ne (I=1/2-, T, ,= 109 ms)

GANIL + beam-polarization
B-NMR

S7Cu (I=3/27, T, ,= 199 ms)
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Previous Measurements in Cu
1p outside Z=28

Magnetic Moment 1

2.2 Magnetic Moments of Cu Isotopes
’ Z=28+"1
2.0
i -
2.8
265 —
2.4 - -
o o
r3
- —1
20—
18 L] I L] I L] I L] I L] I L] I L] I
26 28 20 2z 34 36 a8 0

Neutron Number
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Table 1 Weak coupling conslantz from the “FBest valoe” aml “reasonable range™ rezules ot
Deeplanyues, Tronoghne & Holstein (@) for the Ciashow-Wednberp-Sulam model*

Coefhoenl  Eguivadent

"B valug™ [« 1079

“Keasonablc rungs" [« 1075

¥, Dasira _r;.-'u-’ﬂ
F, —.E-'.yhf.-"z
F, [,rﬁh;.-'l
F, — A2
fr,) —g 2
&, —g
I, — gt

LA

(R}

1.3% — L5140
LA (0,50
L33 Lo 154
0.5 - 239420
G044 0.32:0.480
g

W v taden g = 1383, 4, = Z76 aod 5, = 8.3

From Light Nucle
|V strength correction by

an

empirical factor of

0.15+0.15.
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GENERAL ASPECTS of EM-factor measurements —
Non-uniform nuclear spin distribution!!

—|— , . Measure anisotropy at 90°
Tlmi Differential Perturbed Angular DistributiQkg

=




M otivation

b

Semi - Leptonic n—-pte +v, A-p+e +V,

Leptonic ]J—>€_‘|‘VHV€

Hadronic K+—>Tr+‘rr_

Hadronic \pp—l' pp/
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= bp and np parity violation experiments permit study of the hadronic, As = 0
part of the weak interaction.

== np = dy sensitive to long range part — measure fz
New precision experiment under construction at Los Alamos

=»= pp = pp sensitive to shorter range part — measure 7" and h/*
low energy measurements, plus the recent TRIUMF 221 MeV

. PP PP
measurement have constrained hp and A,

=# The data so far are not enough to determine all the couplings.

Need for experimentson good cases with large PNC effects.
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