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Charge-exchange probes

(p.n)-type OT,= 1) [ |(n,p)-type (DT = +1)]
e b -decay e b*-decay
* (p,n) * (n,p)
* (SHe\t) e (d,°He)
e heavy ion e (t,3He)

e heavy ion; (‘Li, 'Be)

*Energy per nucleon (>100 MeV/u)
*Spin-flip versus non-spin-flip

Complexity of reaction mechanism
*Experimental considerations
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Why are Gamow-Teller transitions infp-shell nuclel
Important ?

Role offp-shell nuclei in supernova explosions: Core of
supernova star is composed dp-shell nuclei.

electron capture

Neutrino absorption cross sections bfp-shell nuclel are
essential in understanding of nuclear synthesis in
Supernova explosions in cosmos.

Difficulties in shell-model calculations forfp-shell nuclei.

Importance to measure spin-isospin responses fif-shell
nuclei to gauge theoretical calculations.
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fp-shell nuclei: large scale
shell model calculations

E. Caurier et al.
NPA 653 (1999) 439

o Stellar weak reaction rates
with improved reliability

 Large scale shell model (SM)
calculations

e Tuned to reproduce GT
strength measured in Q,p)

* (n,p) data from TRIUMF
o GT* strength from SM
 Folded with energy resolution

Case study:>®Ni
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Exclusive excitationsDS=Dr=1: (d,’He)

3S, deuteron 'S, di-proton (*He)
1S,dominates if (relative) 2-proton kinetic energye< 1 MeV
(n,p)-type probe with exclusiveD5=1 character (GT transitions)

But near 0°: tremendous background fromd-breakup
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Performed (d,’He) reactions @ KVI
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(p,n) vs [d,2He): Calibration
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(d,’He) as GT probe in fp-shell nuclei
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1.0

Experiment: B (G T+}

® (d.’He) 170 MeV
B idem binned per 1 MaV
B np) 1928 MeV

GT* strength: comparison f,p), (d,’He) & theory

Up to 4 MeV excitation:

13 GT transitions measured
(d,’He)

Strength rebinned in 1 MeV bins
Significant differences

Updated shell model calculations
by Martinez-Pinedo/Langanke

0
T
= 0.0
— e
S ®
7 *
) ° *
o
% *
10 w Theory: By(GT™) |_
® Pinedo/Langanke
Caurier et al..
| | . | .
0 4 En B 10
E, (MeV)
@ KVI
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Electron capture rate

¥ 2
/oe» B(GT) wp(Q+w)F(Zw)S,(w, ¥
With
* B.(GT) Gamow-Teller strength distribution
e wand p energy and momentum of electrons

* S.(wT) Fermi-Dirac distribution electron gas at
temperature T
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e -capture rates using experimental strengths
(Martinez-Pinedo, Langanke)

Evolution of core of
25 M star. Conditions
following silicon

- depletion.

| T4o=4.05

r =3.18 10’ g/cm?
Y.=0.48

j [Hegeret al,

= (d.'He)85A MeV 7] Astrophys. J. 560
— (np) 198 MeV 1 (2001) 307]

oL Tg=2.26
- r =3.18 10'g/cm?®
Y,= 0.48

2 3 4 5 6 7 8 9 Calculate EC rates as
function of Tofor GT
transitions from >Ni ¢

Strength deviations at low excitation rates deviation at low T
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°8Ni: comparison of e-capture rates
theory/experiment

— (n,p) 198 MeV

Caurier et al.
— FFN

— Pinedo, Langanke |

[

Influence of GT strength
distribution on calculated
capture rate is dramatic,
especially at low
temperatures

rates vary up to a factor -6
FFN not too far off

large scale shell-model
calculations fail at low T

calculations with improved
residual interaction in
reasonable agreement
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°1V(d,2He)>'Ti: B(GT *) for proton-odd fp-shell nucleus

SV g.s. (P=7/2,T=5/2) °STi (JP=5/2,7/2,9/2, T=7/2)
Independent single-particle model (FFN): E(GTR)=3.83 MeV

>1V(d,2He)>! Ti
Elnh=1?1 MeV
Oc.m. = [Dﬂ..lﬁ]
AE=120 keV

o igpprt s P VT

5 6 7 8 9 10 11 12 13 14 15
Ex [MeV]

gl
3.62 MeV
4 87 MeV

i
3

C. Baumeet al.,PRC68, 031303(R) (2003)
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°1\V/(d,”’He): Comparison with shell-model calculations

4I'51v(d,2He)S1Ti
3b 6TR
(FFN) — Experimental result

JI.H

- Full fp-shell mode
calculations
guenching factor (0.74j
G. Martinez-Pinedo,

K. Langanke
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°0V/(d,’He): GT* transitions from odd-odd nucleus

D.ﬂ& RN RN LR IR B B B L R LR L L
T : S0v(d,2He)?0Ti

" |
o 0.05 Ez171 MeV|
= 0.04f Oc.m.=0°

£ 0.03f

u:ﬂ [
- D.GE:

4 -
E'; 0.01
% 0.00

GT-centroid located
at ~ 9 MeV

0/ GT*
=6+ &

507
JP=5*, 6%, 7*

AR L) LGS LbR) i Rl R ML) R ) LEbh) Lbhl Libl LA b R
[ large-zcale zhell-meodel — Ji=g*
- caleulation T; . 1
F KB3G& eff. interaction — JfEET ]
by &. Martinez-Pinedo — Jf=7*
- and K. Langanke

— fold ed_f
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e). Comparison with shell-model calculations

] |

LIS L

LI L

| Ex = 110 keV 56Fe(d,2He) 3

Eq = 172 MeV ]
FWHM = 110 keV
Ocm ~ 0° ]

Centroid (1.9 MeV)

,i———hJM

Centroid (2.2 MeV)

2 4 6 8

Ey [MeV]

e

Full fp-shell model
calculations (KB3G)
(G. Martinez-Pinedo)
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bb decay

3
2nbb deCay ‘ virtual ‘\—[fl‘litransition
) [ o
s
Allowed in SM and observe > )
IN many cases > a’)
o o' *-zvﬁﬂ\ '
(2v)7—1 __ ~(2v) 2v) 12 76ps 76g,
[t” 2 =G M i)GTI ) >

2 o O Yoy (1)1 | Yol @) 05 )
Mber = Z 1 (f) +
m 2Qﬁ'ﬂ(08-9-) T E(lm) T Mi]/me -+ l

Accessible through charge-
exchange reactions in
(n,p) and p,n) direction

9 KVI ECT*, Trento, Italy: 6-10 April 20 [€.0- (d,zHe) or @He,t)] _ groningen




Forbidden in MSM
Lepton number violated
Neutrino enters as virtual
particle, == q~0.5fm!

nuclear neutrino-less double-beta decay

e= B

ov2pB

Majorana v

Mass of
Majorana
neutrino!!

decay rate ~

nuclear matrix element
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»5 conftribution of many multi-poles

5 dominance of dipole components

& the g parameter affects mainly the J* = 1” component

5 1t becomes imperative to study experimentally higher multi-pole components
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c Ex (MeV) 5

B(GT+*) = 0.3 ' B(GT-) = 0.15 '

With this 1 level only




Nuclear structure studies with CE

reactions In inverse kinematics

- Possible at FAIR and RIKEN
(intermediate beam energies are needed!)

(d,2He) op
®— ¢ ®—
d-target
heavy projectile O\p heavy ejectile

- recoiling
et al
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E(°He) [MeV]

How low?

kinematic calculations

Example:

°H(®/Ni,**Co)’He
E(5“Ni) = 350MeV/u

q;  [deg]
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E(°He) [MeV]

How low?

kinematic calculations

Example:

°H(®/Ni,**Co)’He
E(5“Ni) = 350MeV/u

region of interest
/ low-energy protons!

q;  [deg]
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Detection system @ FAIR

Use of EXL recoll detector is under evaluation
Design & implementation of a dipole magnet for the
momentum analysis of the protons
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Isoscalar Excitation Modes of Nuclel

Macroscopic Picture/Hydrodynamic models/Giant Resoances
Coherent vibrations of nucleonic fluids in a nucles.

Compression modes ISGMR, ISGDR

Eisemr = m<r2>

27
N AP TS,
ISGDR 3 m< r2>

The nucleus incompressibility:

KA:[ r2(d2(E/A)/d r2)] =R,

ECT*, Trento, Italy; 6-10 April 2010 28



ISGMR ISGDR
M. Itoh
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Decay of giant resonances
Width of resonance

o o)
. direct or escape width
. spreading width
. pre-equilibrium, . compound
Decay measurements
Direct reflection of damping processes

Allows detailed comparison with theoretical calculations

ECT*, Trento, Italy; 6-10 April 2010 30



Grand Raiden@RCNP

(a,a® at E,~400
& 200MeV at

RCNP & KVI,
respectively

BBS@KVI
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Si-ball

16 Si-detectors at

10 cm from the target
total solid angle: 1 sr

acceptance: 1.5 - 5.5 deg
coverage: 9.2 msr
momentum bite: 19 %

dispersion 2.54 cm/%

total solid angle: 0.37 sr

KVI Big-Bite Spectrometer (BBS)
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ISGDRL=1—"_ v
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Excitation of ISGDR in 2°%Pb

In 298Pp |ocated around 22 MeV and width of 4 MeV

L=1 angular distribution peaks close to acattering
angle of @

Difficult to identify in nuclear 1.5° <Qggs < 5.0°
continuum and rides on

Instrumental background

Singles?®*Pb@.a ) 200 MeV continuum ?

ECT*, Trento, Italy; 6-10 April 2010 34



| statistical
decay

1 =

n decay
p decay

hole statesl

@.a)

ECT*, Trento, Italy; 6-10 April 2010 35



Proton-decay detection

a-p separation using
rise time of signal SiLi
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20pp@,a ) followed by p decay

Decay to hole
states in?9Tl;

branching ratios
predicted by
Gorelik et al.
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Branching ratios for decay
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ISGDR in 2°%b in p decay

E =22 1+0.3 MeV gated on hole states
X - . — .

L = 1 transition
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Branching ratios for decay

- 2.4
This work
Gorelik et al, PRC

\ 62 (2000) 047301;
— 1.2 Continuum RPA;
Landau-Migdal
Parameters: £ f:
Smearing parameter
energy-dependent

Gorelik et al, PRC 69 (2004) 054322
1/2" + 3/2 26% (5~0.56)1.45% 2.3+1.1
11/2 +5/2- 1.9%  (5~0.56) 1.04% 1.2+0.7
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Overtone of the ISGQR? [4Y,]

E, = 26.9+ 0.7 MeV

Muraviev and Urin

Bull. Acad. Sci. USSR
Phys. Ser. 52 (1988) 123
E, =28.3 MeV
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Excitation of the isovector GDR by inelasta-scattering
as a measure of the neutron skin of nuclel

A. Krasznahorkay et al,
Nucl. Phys. A567(1994) 521

Measuring the cross section of the isovector gial
dipole resonance (IVGDR) for

116,12%5n(a,adgy), °>Nd@,a0) and 2°Pb@,a0f)
reactions at E, = 120 MeV and 0° q,q 3°

Determine neutron-skin thickness
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ISGOR at 10.8 MeV
ISGMR at 13.8 MeV
Hatched area IVGDR contribution (Coulomb + nuclear)
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Two-dimensional spectrum showing inelastia-scattering in
coincidence withgidecay
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True
+

Random

Random

True
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Isoscalar transition density in the Goldhaber-Teller model for
excitation of IVGDR in inelastica-scattering.

Therefore, DWBA cross sections can be calculated as function
of IR, /R,for the Goldhaber-Teller model and similarly for
the Steinwedel-Jensen model.

gdecay branching ratios are known from photoabsorption
experiments.

ECT*, Trento, Italy; 6-10 April 2010 52



Full line is the calculatedag,
coincidence cross section, averaged over
the solid angle of thea-particle and
integrated over the full ggray solid angle
(4p) and over the ZE energy range as
function of ZR,/R.
The experimentalag, cross sections for
the IVGDR are shown as full circles
with vertical error bars. The deduced
values for ZR, /R with the associated
uncertainty (full circles with horizontal
error bars) are also indicated.
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Summed L=1 strength depends on the
neutron-skin thickness as follows:

i(N r

20

Here, S and S™ are the spin-dipole total strengths in
~and * channels

SI_VSGDR_ SIJ{/SGDR = n

-Zr? p)
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Multipole assignment witha-ggangular correlation
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Multipole assignment with a—@;angular correlation
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Comparison of (@,ady with (gggfon 1°°Ba
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E1 strength dlstrlbutlon In 14OCe 138Ba, 1245n, and®*Mo
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Outlook

Radioactive ion beams will be available at energieshere
it will be possible to study GT transitions (RIKEN,
NSCL, FAIR, EURISOL)

Determine GT strength in unstablesd& fp shell nuclel
Measure ISGMR and ISGDR in extended isotope chain
Unravel the nature of the pygmy dipole resonanc

Use IV(S)GDR as tool to determine n-skin [IVS)GDR]
Exotic excitations such as double GT (SHARAQ)

ECT*, Trento, Italy; 6-10 April 2010 62



