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The TAS technique

 Total Absorption Spectroscopy is the best method to
measure beta intensities/strengths for complex decay
schemes

 Avoids the “Pandemonium effect” (displacement of [3-
intensity to low E,) of the high resolution spectroscopy

Relation between ]

B-strength S;and S, = :
B-intensity /,; Qs —E)T,,

The importance of I,/ S,

* It is a characteristic and basic property of the nuclei

* It is (very) sensitive to the nuclear wave function

— we can learn about nuclear structure

» Decay y-ray, 3-ray and v distributions can be deduced




MeV

An accurate knowledge of the distribution of the B-decay
probability over the daughter-nucleus levels provides information
for the understanding of the structure of nuclei of importance on
its own or for other fields as astrophysics
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Mono-energetic neutrino beams (“beta beams”)

Improved neutrino oscillation experiments exploiting the
energy dependence:

- . o [ Am?, L : - 5 ((Am?, L
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EC beam candidates:

* “single” state populated
* large EC/B* ratio

 appropriate half life
* small other-radioactivities

» good production

Old LBL TAS @ GSI

data reanalyzed!
Other candidates to be investigated ...
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Region of shape coexistence: Lucrecia @ ISOLDE
neutron deficient Pb, Hg, Pt isotopes @

Recent measurement (Nov08)
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Table 3: Requested TAGS Measurements.

Status Radionuclide Priority Q[S (keV) Half-life Comments

27-01-09
35-Br-86 1 7626(11) 55.1s
35-Br-87 1 6852(18) 55.65s Complex known decay. Also (-, n) branch
35-Br-88 1 8960(40) 16.36 s (B~, n) branch.
36-Kr-89 1 4990(50) 3.15 min Incomplete decay scheme.
36-Kr-90 1 4392(17) 32.32s Incomplete decay scheme.
37-Rb-90m 2 6690(15) 258 s Repeat of INL TAGS measurement — data check.
37-Rb-92 2 8096(6) 4.49 s Small (§-, n) branch.
38-Sr-89 2 1493(3) 50.53d
38-Sr-97 2 7470(16) 0.429 s Short half-life (0.429 s), and possible (-, n) branch.
39-Y-96 2 7096(23) 534s
40-Zr-99 3 4558(15) 2.1s
40-Zr-100 2 3335(25) 7.1s
41-Nb-98 1 4583(5) 2.86s
41-Nb-99 1 3639(13) 15.0s
41-Nb-100 1 6245(25) 1.5s
41-Nb-101 1 4569(18) 7.1s
41-Nb-102 2 7210(40) 1.3s
42-Mo-103 1 3750(60) 67.5s
42-Mo-105 1 4950(50) 35.6s
43-Tc-102 1 4532(9) 5.28s
43-Tc-103 1 2662(10) 54.2's
43-Tc-104 1 5600(50) 18.3 min
43-Tc-105 1 3640(60) 7.6 min
43-Tc-106 1 6547(11) 35.6s
43-Tc-107 2 4820(90) 21.2s
51-Sb-132 1 5509(14) 2.79 min
52-Te-135 2 5960(90) 19.0 s
53-1-136 1 6930(50) 83.4s Incomplete decay scheme.
53-1-136m 1 7580(120) 46.9 s
53-1-137 1 5877(27) 24.13 s (B, n) branch.
54-Xe-137 1 4166(7) 3.82 min Incomplete decay scheme.
54-Xe-139 1 5057(21) 39.68 s
54-Xe-140 1 4060(60) 13.6 s
55-Cs-142 3 7308(11) 1.69 s (B~, n) branch.
56-Ba-145 2 5570(110) 431s Repeat of INL TAGS measurement — data check.
57-La-143 2 3425(15) 14.2 min Repeat of INL TAGS measurement — data check.
57-La-145 2 4110(80) 24.8 s Repeat of INL TAGS measurement — data check.




Proposal approved (Barcelona-Valencia-Madrid-Jyvaskyla-Debrecen-
at JYFL-Jyvaskyla Gatchina-Surrey-Caen)
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New Surrey-Valencia Total Absorption Spectrometer

- efficient, compact

« cascade multiplicity
 good timing (neutron
bckg. reduction)

» gain stabilized (a-peaks)

25cm

Also for experiments at
ALTO, DESIR, ...
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Reactor neutrino spectrum:
neutrino oscillations and homeland security

How well known is the reactor
anti-neutrino spectrum?

Rapport (MURE-Schreckenbach)/Schreckenbach

3
50.15

0.1

Nb neutrino/fission

0.05

-0.05

)

-0.1

-0.15

10»651||||:|||\|i:||

2 4 6 8 l 1 D L J 1 2 l -0'2 | | 1 | | | | | | | | | | | | | | | | | | | | |
E nerg ie ( M eV) 2000 3000 4000 5000 6000 7000
energy (keV)

T

New collaboration: M. Fallot, L. Giot (Subatech-Nantes)
D. Lhuillier (CEA Saclay)



TAS @ ALTO-Orsay status
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Example: Ni isotopes
(taken from A. Lisetskiy)

Quenching for GT operator:
up to gq=0.37!
(Standard value is 0.70-0.75)

Half-lives T,, for Ni isotopes

25
2 4 —ake— Theory
—il— Expt
A_T5—
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SN PRL 94,
112501 (2005)
0.5
0

T2 T3 T4 Fi= K= 7T 78
A

Anomalous quenching or
wrong S; distribution?

Example: 1%Tc
QRPA: P. Moéller & K.L. Kratz
T1/2=2.7 min (Exp: 18.3 min)
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A related but more general nuclear structure question:
Is the shell structure altered at extreme isospin values?

Proton numberZ —>

Neutron number N —— >
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-- Existing Facility
-- New Facility

Secondary beams:
» Broad range of
radioactive beams up to 1.5 - 2 GeV/u;

up to factor 10 000 in
intensity over present

* Antiprotons 3 - 30 GeV

\_/

Expected production of RIB
(fTssion/fragmentation)

Primary beams:
« 10"%/s; 1.5-2 GeV/u; 23828+
« Factor 100-1000
over present in intensity
* 2(4)x10'3/s 30 GeV protons
« 1019/s 23873+ yp to 35 (- 45) GeV/u

Storage/cooler rings:
* Radioactive beams
e — A collider

« 10" antiprotons

Stored and cooled
at 0.8 -14.5 GeV
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Test of the CVC hypothesis and unitarity of CKM matrix
Super-allowed 0* — 0* 3-decay
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GANIL/SPIRAL1/SPIRALZ2 facility layout

GANIL/SPIRAL 1 today

CIME cyclotron RIB at 1-20
AMeV (up to 9 AMeV for ff)

DESIR Facility
low energy RIB

HRS+RFQ Cooler

RIB Production Cave
Up to 1074 fiss./sec.

S3 separator- &

spectrometer

LINAC: 33MeV p, 40 MeV d, 14.5 A MeV HI

A/q=3 HI source

Neut F
eutrons For Up to 1mA

Science

A/g=2 source
p, d, 34He 5mA

A/q=6 Injector option




Regions of the Chart of Nuclei Accessible with
SPIRAL 2 Beams : LINAG & RIB

= light-ion stable beams |
=>heavy-ion stable beams |
=RIB induced reactions |

Production of radioactive beams/targets:

UL
/b

(n, @), (p,n) ete. 82 SHE
N=Z Isol+in-flight
Transfermiums
Fusion reaction
with n-rich beams
: Fission products (with converter)
24 Fission products (without converter)
28 Deep Inelastic Reactions with RiB/stable beams

High Intensity Light RIB
Energy range of SPIRAL2 RIB : £ 60keV and 1-20 MeV/nucl. |
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- Condlusions:

* The TAS technique is the most powerful technique to

investigate the p-strength distribution far from stability,
(supplemented when necessary by delayed particl
spectroscopy)

* B-strength/distributions are key
ingredients of our understandin
of the nuclear structure and a
relevant for fundamental s
astrophysics and technglo: Rl LT

126

82 + New developments in existing
installations or the construction of new
facilities opens new perspectives for this
type of measurements




