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4. Measurements on several fp-shell nuclel
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Spin-isospin excitations
Neutral (v,v') and charged (v,,e), (v,,e*) currents
NC = Inelastic electron and proton scattering
= MO0, M1, M2
CC = Charge-exchange reactions
Isovector charge-exchange modes
= GTR, IVSGMR, IVSGDR, etc.
Importance for nuclear astrophysics,
v-physics, 2B-decay, n-skin thickness, etc.
(p.n), CHe,t) {GT7}; (n,p), (d,*He) & (t,°He) {GT*}
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Why are Gamow-Teller transitions in fp-shell nuclel
Important ?

" Role of fp-shell nuclel in supernova explosions: Core of
supernova star is composed of fp-shell nuclel.

=> electron capture

®" Neutrino absorption cross sections by fp-shell nuclei are
essential in understanding of nuclear synthesis in
Supernova explosions in cosmos.

= Difficulties in shell-model calculations for fp-shell nuclei.

= Importance to measure spin-isospin responses of fp-shell
nuclel to gauge theoretical calculations.

university of
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Charge-exchange probes

|(p.n)-type (AT,=-1) |  [(n,p)-type (AT,=+1)]
* B~-decay * B*-decay
* (p,n) * (n,p)
* (°*He,t) * (d,2He)
* heavy ion e (t,°He)

« 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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Spin-isospin excitations
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Nucleus ==  Many-body system with a finite size

Vibrations —p  Multipole expansionwithr,Y,., 7, o

AS=0, AT=0 AS=0,AT=1 AS=0,AT=1 AS=1,AT=1 AS=1,AT=1

L=0: Monopole ISGMR IAS IVGMR GTR IVSGMR
r’y, 7Y, TI2Y, toY, tTor¥,

L=1: Dipole ISGDR IVGDR IVSGDR
r3Y, TrY, TorY,

L=2: Quadrupole ISGOR IVGQR IVSGOR
r’y, 712y, Tor%Y,

L=3: Octupole LEOR, HEOR
r3Y,
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Spin-flip & GT transitions

1* GT Ty AS=1
Y~ w1 14 + difficult!
~~_ GT Ty+1 17

1+ GT T,

1+

GT- GT*
... GHe,1), (p,n) (n,p), (d,”He), (t,°He)...

GS T, 1

GS T,+1

0* GS T,

(N-1, Z+1) (N, 2)
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(°He,t) Reaction > 100 MeV/u

Energy dependence of effective
Interactions.

500
400 —

300 V%

At RCNP, Osaka
E(3He) =~ 150 MeV/u 200
V, part: Minimum. 100
V part: Relatively large.
V, part: Minimum.
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The (3He,t) reaction at 0 degree

= Cross sections at E(*He)=450 MeV, g=0 for (°*He,t) reactions

T. N. Taddeucci et al., Nucl. Phys. A469, 125 (1987)
|. Bergqvist et al., Nucl. Phys. A469, 648 (1987)

= Neutrino absorption cross sections

1
o= [G2B(F) +G3B(GT) |xFz.E)p.E.

F(Z, E,) is the relativistic Coulomb barrier factor

Importance of charge-exchange reactions at intermediate
energies
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Measuring GT strengths

do 2
—(g=0)=KN,[J | B(GT
dQ (q ) D‘ oT ( )

/ ‘ \
Gamow-Teller

kinematic factor l strength
distortion factor _ﬂUCleOHTHUC|eus
interaction

Calibration of B(GT) to cross section for known transitions
(e.g. from B-decay)

university of
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Experiments

RCNP facility
K=400 MeV ring cyclotron
Grand Raiden spectromete

Beam: 3 He**, 450 MeV

s

AVF Cyclotron Facility
M. Fujiwara et al., NIM A422 (1999) 484

EY7 university of
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Used 1%4Dy(3He, t )14Ho (g.s., 1+) reaction for
calibration: logft 4.6 — B(GT) = 0.29320.006

1.0 ..
MoV M. Fujiwara et al., PRL 85 (2000) 4442
| Sun 1500
0.8 t _ ovh(CHe,1)
C|'Be| A Cr . ” E = 450 MeV
0.751 Vv,, < 0.420 MeV = 1000 |- ! 6=0°
. (90%¢) pPp =
0.6 LO) s =
'n"!:-S . —().44° g :
PO e b 0.339 500 | g Mi
0.4 M A baun =) |
0.426 . 0.144 v acl 4
Pp (10%) Q=[}.3[}l 1+t = 50 ns i 5145 449 450
0.465 L t=53hr WOOT27 5 1pq 0 bomssmpl | TUS
0.2 (965) i _ 430 440 450
1 b (1.3) Triton Energy (MeV)
e 6Ly (T= 4.3210"y)
O — § Resolution = 100 to 130 keV
176 Yh (12.8% ) 0
176 Hf

E, (MeV) | 0.195+0.339 (p,n) 0.195 (Het)  0.339 (3He,t)
B(GT) 0.32240.04 0.204£0.04  0.11+0.02
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Beam line WS-course

Grand-Raiden M. Fujiwara et al., NIM A422 (1999) 484
Spectrometer

o
7 Sa
W Section 111
QM6U/D VZ

- Section |1 ]
K RCNP Ring

BM3

Cyclotron

High-dispersive
WS-course
T. Wakasa et al., NIM A482 (2002) 79

Ring C_yg.otron
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ucr S8Ni(p.n)
E,=160MeV, O-deg.. IUCF
J.Rapaport et al.,
Nuci.Phys. A410 (1983) 371.
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g 15("::“ - | Y-Fyjita et al.
)=450 MeV,0=0 |
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Decomposition of the isospin component of
the excited state in >%Cu

1

C=

[ETI::I-|-1]|_'I'I:I +1)

m Isospin of ®Ni g.s. : T =1

m In principle, comparison among T=2
(n,p), (p,p), (p.n) spectra e
T=1

— Separates isospin components =2 e

But, very difficult in practice
because of high level density for

T=1 and T=2 states. ‘e
(N+1,21) (0B (p p} A {F’ ") (N-1,Z+1)
" (6 T3-Tn
28 58 M 58
O1=0:071=1:07=) =2:3:1 (TO:]') 2100 2aNi 290U
(’ = ".?-f.- university of
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Comparison of (*He,t) and (e,e’) spectra

6(T=1):0(T=2)

§1. B-1) 5ere 9),BiM1) |
n- : L MIE |||Ii . :
B Comparison of (*He,t) with (e,e’) O Shige.ey
spectra = Try to separate isospin % * MNMM
components ¥ AW Lb\ Idn,
B AtE=6-10 MeV (T=1 region) i 7 M odisd
B Rather good correspondence ' ,,.J"\ ;}L\ﬂ -

b =1:1

. £
T 15 Ex{MewV)

o(T=1):6(T=2)

5
" AtE=10-15 MeV (T=2 region) £ s0of 7 5804 3He, 15800 |
B No good correspondence 3 1 ' el ExmdsOMeY |
4o ﬁ - =3:1
Fujita et al., Phys. Lett. B 365, 29 uiir 'l - N—
(1996).
Fujita etal., Eur. Phys. JALS, 411 | ST S
(2002). 2 :EE CE R G = L
Efl
i
E, in™Cu (MaV)
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(p, n) spectra for Fe and Ni Isotopes

T S P
8 E S4Fe(p.n)°*Co
E p=160 MeV
FIAS
—~ 4
A
e i
= :
- - . T W S -
N 5 56
> 8 | 1AsS °Fe(p,n)°Co
- i
© =
L :
4
io/ P [/ s SETSREPETTS. PRSP T Rapaport
b
g8 L IAST °8re(p.,n)°8Co &
1 E,=120 MeV Sugarbaker
4 : Rev. Mod. Phys.
M (94)

0O 10 20 30
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5Mg(p,n)?°Al & °Mg(3He,t)?°Al spectra

R. Madey et al.,

DET Al
—

~ PRC 35 (1987) 2001

0
s
oS 0

o, 8000 -
g : 26pMg(PHe, t)2CAl :
6000 - E=140 MeV/u, 6=0° 5
4000 AE = 30-35 keV Y. Fujita et al., 3
_ PRC 67 (2003) 064312 |
2000—_ L
0—: ~a MVAN N S —
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Channel

Prominent states are GT states and the IAS !
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“Fe(p,n) & *4Fe(3He,t)

i-'—— gt B I SRS FAs st B | L & SR | I S S SR S A S SR [ [ SR EE S
| ! - :
| ! ,54Ee(pf n)>*(¢o B.D. Anderson et al.,
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Ty ] 0740) R
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T

I'I'I'-1_'|'|'I'.
Ex = 0.59 MeV - : Ex = 3.52 MeV |

JE=1+ : I Ji=1+

136Xe(®He,t)13Cs
E(He) = 420 MeV

AE = 42 keV
Bexp(GT+):

do (g =0) .[d&(GT)T

yield [arb. units]

o
—r

0.01 T |I‘ Ll 0.01 P | |ll L

-
=]
-
o

dQ dQ

Ex = 1.00 MeV | Ex = 13.38 MeV |
Jr=2- ] JT=0+ (IAS) |

yield [arb. units]

(vama)
polejode.a]xs
U0I193S $S0.49 11Un

AL =2 & AL =0 incoherent
P. Puppe et al., PRC 84 (2011) 051305(R)
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_ belowy <] ® T=0
@ o d-etection limit . T=1
g - ‘ A T=2 .
I T Theoretical Study
o e, % ‘- .' L] .
B A SR 26Mg(3He, 1) 2Al
= an s * muE [ o *
% -’ i-. ] s, .‘ . .
: . . " Effects of AL=2,AS=1
2 0 contributions mediated via the
w2 o — T_iInteraction that interfere with
BIGT) AL =0, AS = 1 contributions to
® 0,001 <B{ET 0.0 | 0.01=B{GT)=0.1 ) B{GT)=0.1 GamOW'Te”er tranSItIOHS
sl dav. 024 1 af. dev. 014 g.odev. 007
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R.G.T. Zegers et al., PRC74 (2006) 024309
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Helative systematic error in B{GT)
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Determination of GT* Strength and
Its Astrophysical Implications

In supernova explosions, electron capture
(EC) on fp-shell nuclel plays a dominant role
during the last few days of a heavy star with
M >10 Mg

Presupernova stage; deleptonization = core
collapse = subsequent type lla Supernova
(SN) explosion

H.A. Bethe et al., Nucl. Phys. A324 (1979) 487

university of
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Electron capt

®"The rate for EC is governed

ure In fp-shell

oy the GT* strength

distribution at low excitation energy; not accessible to -

decay.

=Fuller, Fowler and Newman (FFN) (1982-1985); estimates
of stellar rates in stellar environments using s.p. model.

mCaurier et al., Martinez-Pinedo & Langanke (1999),
Otsuka et al. = Large shell-model calculations = marked
deviations from FFN EC rate; generally smaller EC rates.

=Experiments and theory relied on (n,p) data (TRIUMF)
which have a rather poor energy resolution.
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Nuclear processes and energy household of supernovae

initial condition:
M>10 M@

energy:
fusion 4p _>%He

at: T~107 - 108K

lifetime: 106 - 107 y




end of H-burning

com‘rad’*’on of star

temperature increase

Red Giant (Super-6Giant)

 /

lifetime: 5 x 109 y

university of
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end of stellar evolution Mstqr ~ 15 MO

siellar
onion
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Determination of GT Strength is imperative

Supernovae

Cassiopeia A
Chandra

Courtesy 0D, Frekers., ,; ggagirs? / sronnsen:

— (3% " ~




W

Supernova Simulatie

KVI




5| E. Cemrier et od. S Mackerr FRysies A4 653 ¢ TR0 10452

fp-shell nuclei: large scale ™ o] % 2]
shell model calculations  °*| 1041

4 03 r

1 os b

4 Q8 |

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

» Stellar weak reaction rates
with improved reliability

« Large scale shell model (SM)
calculations

* Tuned to reproduce GT*
strength measured in (n,p)
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* (n,p) data from TRIUMF

« GT* strength from SM
 Folded with 1 MeV energy
resolution

Case study: °8Ni
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W .
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] 04 F

E (MeV)
( ’ v 77 university of
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Exclusive excitations AS=AT=1: (d,”He)

35S, deuteron = 'S, di-proton (°He)
1S, dominates if (relative) 2-proton kinetic energy € <1 MeV
(n,p)-type probe with exclusive AS=1 character (GT* transitions)

But near 0°: tremendous background from d-breakup

QKVI
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o VDC
MWPC

B SCINTILLATOR

KVI
-« Big-Bite Spectrometer (BBS)
47— target in coincidence with
Yoyt EDEN (neutrons)

EDEN (32 detectors), NE213 S|L_| ball (protons)
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Setup: ESN detector
FPDS FPP Focal-Plane Detector:

| I | (FPDS): 2 VDCs

I
LI
| [ 5

i s LH Focal-Plane Polarimeter:
\ % Z s (FPP): 4 MWPCs &
- graphite analyzer

features a.o.:

fast readout

= — 1 VDC readout pipeline

) TDC’s

M. Hagemann et al., . | _ _

NIM A437 (1999) 459 | - VDC decoding using
Imaging techniques

V.M. H tal. ' '
annen et al., DSP based online analysis
NIM A500 (2003)68 | SN

l
!

X
N
%
N
I
/J
S T

[ Jll' [HI

| | | |
——

Bari, Darmstadt, Gent, Iserlohn, KVI, Milano, Munster, TRIUMF
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« Good double tracking 2000 ————
R i i - a) Watson-Migdal
Use VDC information 1600 A zatim -
» Good phase-space - —
1200

coverage for small
relative proton energies

phase space limited }
by dQ and Ap/p

800

Cross section [arb.units]

S. Rakers et al., 400!

NIM A481 (2002) 253 N R
0 0.5 1.0 1.5 2.0 2.5
Internal energy € [MeV]
100077711
measured o F ‘
c 600[ : p
3 I
2002— ‘

0L . | : I : : I : I A
-10 O 10 20 30 40 50 60

C ~ Two-track distance in X [mm]__ ;
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Exclusive measurement of AS= AT =1 strength:
12C(d,“He)*°B
E,=171 MeV, 6 =0°

ﬂ'

0.1

0.08 t

0.06 +

GT strength

0.04 +

0.02 +

Ex (MeV)

* Shell-model calculations 4 Ao & 6 o (G. Martinez-Pinedo)
*B (GTY) (S. Rakers) =1
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d2c/dQdE, [mb/sr MeV]
® O BN O AN ROON®

—
(=

-t
N

(p n) vs. (d,’He): Calibration

a) “Mg{d 3He)24h| a-

E4 = 170 MeV
Oom. = 0.4°

Z4mg(p,ny*al
E,, = 135 MeV
0,  =0.2°

c.m.

Ref. [6]

B.D. Anderson et al.

Ey[MeV]

0 2 4 6 8 10 12 14 16

1.00 : . . .
L €) 1" states in 2*Na -
0.75 | -
1.35 MeV
0.50 3.41 4+ ]
3.59 MeV
0.25 L 67 Mev )
000 | 0.47 MeV |
0.0 0.5 1.0 1.5

de/df} [mb/sr]

Self-conjugate **Mg

S. Rakers et al.
PRC 65 (2002) 044323
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Experimental cross section and GT strength

'Iﬂn& — T T T T T T BGXP(GT_I_) —

1;' [0.98] : dG(q — O) rdG(GT)—I_l
- dQ L dQ)

do/d0 [mb/sr]
=
(vama)
pajejodeu)xa

-
-
:I-.
adcl i 2

r (W[ =
t&amsor 8
Torce wn
(0p)
D
()
—,
— O
10 [ [ L D
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- 12 24 2 -
GT Strength in "B and “"Na from (d,”"He) reaction
Target Reference data Present data
E. B(GT.) E. do/dQ(gq=0) o(L=0)/c(to7) B(GT,)
[MeV] [MeV] [Mmb/sr] (g=0) (C=0.267)
2g 0.00 0.998 0.00| 2.580+0.138 0.988| 0.930+0.050
5.00] 0.138+0.010 0.976| 0.050+0.004
““Na 0.44| 0.050 0.47| 0.138+0.012 0.821| 0.049+0.004
1.07 0.613 1.35| 1.563+0.085 0.948| 0.654+0.035
1.58 0.020 1.89| 0.087x0.026 0.649| 0.025+0.008
2.98 0.362 3.41| 0.667x0.039 0.980| 0.290+0.016
3.59| 0.266x=0.018 0.806| 0.095+0.006
3.33 0.059 3.92| 0.193+0.058 0.809| 0.070x0.022
4.69 0.015 5.06| 0.093*x0.027 0.561| 0.024+0.007
6.24| 0.086*+0.026 0.818| 0.031+0.010
6.46 0.068 6.70| 0.161+x0.012 0.972| 0.071+0.005
6.87 0.029 7.20| 0.173%x0.013 0.642| 0.050x0.004
¢ iversity of
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(d,?He) as GT* probe in fp-shell nuclei

d’c,/d0dE, (d,’He} [mb/(sr 50keV])]

0.20

0.15

0.10

0.05

M. Hagemann et al.
PLB 579 (2004) 251

0

X

@ KVI

-

o 4
Mo
\ Ll
3
[{A2IN 4S),/qW]

-
—

*8Ni(d,2He)*8Co E = 85 MeV/u

l-.|||I|IIII|IIII|IIIIIIII|IIII|III|IIII|IIII

SBNi(n,p)*®Co E =198 MeV

L

‘u) *IABP /o, P

—

{ 1
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*8Ni(d,?He)**Co E=85 MeV/u

—_ i E: = 1.050 MEV, \_Ig = 1‘. - E = 1.BE8 MeV l_.lﬂ — ..|+
0 i E, = 1.040 MeV, J" = 3 o ‘
. -1k
0 10 |
E E ST
— C AL Iy
- i * S AT —
o . N T
ey e _’__..a:"_ -7 ~ .
= AL =737
‘ID-Elllllllllllllllllll ||||||||J|l||||||||
] p 4 & 2 10 (0 o 4 6 o 0
0, ldeg] 0, ,lceq]
Bexp(GT+):
R 1
do(q=0) | do(GT)
dQ dQ
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&

GT Strength in >°Co from (d,’He) reaction
E, do/doc(0.5°) o(L=0)/oc(to7T) B(GT+)
[MeV] [mb/sr]
1.050 0.159+0.009 0.88 0.15+0.01
1.435 0.078%x0.006 1.00 0.09+0.01
1.729 0.148+0.014 1.00 0.16x0.02
1.868 0.648+0.020 1.00 0.72+0.05
2.249 0.047+0.004 1.00 0.05+0.01
2.660 0.057%x0.005 0.96 0.06+0.01
2.860 0.145+0.009 0.99 0.17x0.01
3.100 0.126%+0.008 0.99 0.15+0.01
3.410 0.065+0.007 0.96 0.07+0.01
3.520 0.080+0.009 0.95 0.09+0.01
3.625 0.067x0.007 0.87 0.07+0.01
3.900 0.062+0.006 0.97 0.07x0.01
4.030 0.155+0.010 1.00 0.19+0.01
4.05-5.00 0.381+0.061 0.49+0.09
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1.0

GT strength

e
W

1.0

GT* strength: comparison (n,p), (d,?He) & theory

| T |

Experiment: Be,p(GT+)

o (d,’He) 170 MeV
idem binned per 1 MeV
based on MDA

O (n,p) 198 MeV

Theory: By,(GT")

e this work KB3G
O Caurier et al.

| 1 |

|
4
E,

6 8
(MeV)

10

Up to 4 MeV excitation:

13 GT transitions measured
(d,’He)

Strength re-binned in 1 MeV bins
Significant differences

Updated shell model calculations
by Martinez-Pinedo/Langanke
using KB3G interaction

KVI
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groningen



= 16 (@) —  SM KB3G folded
4 - lle) 14F — = SM GXPF1 folded
- E(t)=115 MeV/nucleon .
35¢ 1.75 MeV<E, (*Co)<2.0 MeV L ® "Nt He)
g . 1f O %NidHe)
— g ® data 5 -
w m 3 e Jﬂ=1+ -t Bt
5 25 [
£ of NN J=2" Yy t
g i 0.4} 0 +
8 15F : ® g
o " \ 0.2F g *
15 L | u A! , i
0E‘|||I...|I.|..II.-|-.-..I.|.|I.|.||.|..]._|T._|:.7T| :T EH{SEGG}{MEV}
0051152253354 455 _
@c_m,(aHe} (deg) 1.6} (0) —  SM KB3G folded
14} ——  SM GXPF1 folded
58NLi(t 3 56 3
Nl(t, He) Co 120 ® Ni(t, He) folded
= 1F *Ni(n,p)
Et =115 MeV/u S al AT A
0O 08+ +
. 0.6F
Resolution = 250 keV ; ¢ $
0.4 - i +
0.2F
A.L. Cole et al., PRC74 (2006) 034333 afal s Leni *
0 2 4 6 8
E (*°Co) (MeV)
ﬂ W university of
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Electron capture rate

2

Ao zZBi (CE-T)Oj‘)a)p(Qi +a)) F(Z,w)S,(»,T)dw

With

« B,(GT) Gamow-Teller strength distribution

* w and p energy and momentum of electrons

* F(Z,m) 1s the relativistic Coulomb barrier factor

» S.(@,T) Fermi-Dirac distribution electron gas at
temperature T

9 KVI Shonan , Japan ; 22-26 October 2012 45 [[m "oy B
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e -capture rates using experimental strengths
(Martinez-Pinedo, Langanke)

crrrT T Evolution of core of
~ab =" 1 25M, star. Conditions
= L - .y -
2, L 1 following silicon depletion.
E e T,=4.05
e / — {d.zHeJ 85A MeV . v 3
=4 - P (d,’He) 85A MeV MDA p =3.18x10 g/cm
- = —— (n,p) 198 MeV ]
.-f.f'lf ;.’f [T T B Ip. | E:I . Ye: 048
| tisworkkB3G __—— |  [Hegeretal., Astrophys. J. 560
E'E B __ h[:.;q;d on Caurier Etjl;,rr::;;i:i:”w i (2001) 307]
a ,f"-:-f'”r‘.f-- i
-~ 2 gl _
< s Calculate EC rates as
24l ﬁrﬁ"f_ - function of Ty for GT
A transitions from >°Ni, ¢
2 3 4 5 6 7 3 9
T

Strength deviations at low excitation = rates deviation at low T

university of
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Nji: comparison of e-capture rates

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

rates vary up to a factor 5-6
FFN not too far off

large scale shell-model
calculations fail at low T

calculations with improved
residual interaction (KB3G)
In reasonable agreement

Shonan, Japan ; 22-26 October 2012 47 @ "y B =~

theory/experiment
O
=
)
<<CI.)
< — (n,p) 198 MeV
. — Pinedo, Langanke
Caurier et al.
— FFN
10~ [ | | | | | | |
2 3 4 5 6 7 8 9
T9
9 KVI
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>1\V/(d,’He)*1Ti: B(GT") for proton-odd fp-shell nucleus

X1V g.s. (I*=7/2-, T=5/2) = °ITi (I*=5/2-, 7/2-, 9/2—, T=7/2)
Independent single-particle model (FFN): E,(GTR)=3.83 MeV

S1V(d,2He)>1Ti
Elnh=1T1 MeV
Oc.m. = [Dﬁ..lﬂ]
AE=120 keV

-1D 23455?'591{]1112131415
Ex [MeV]

C. Baumer et al., PRC 68, 031303(R) (2003)

QKVI




1200 _""I'"'I""I""I""I:;':'I"'g:i"l""l'é"l""lg:l'l"_"_
~ . §¢ V(d,sHe)>1Ti]
@ [ 3 3 g - ]
_: 900 | § ; & Eq=171 MeV :
0 ; D Oem=0° - 1.5°]
9 e00f l .
= [
> [ i
O i i
© 300} -
C. Baumer et al., :
PRC 68, 031303(R) 0 2 4 6 8 10 12
(2003) . Excitation energy [MeV]
> | £ 51 51
@ - —
= 04 [ gl - v L
T 03 5 .
)
m 0.2

=
-

=
o

6 g8 10 12
Excitation energy [MeV]
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°1\V/(d,?He): Angular distributions of do/dQ

]

da/dQ [mb/sr]
o
mb/sr
S

da/dQ [

-
e
[

. Illllll:l

.P
Emf
got
el

Q
m-
wk
&E
4 3 kE

Jﬂ-(ﬁfz 9/2)"

[mb/sr]

[
"
=

do/dO [mb/sr)
3

do/d0

DWBA Al= 'EJ

1 E 3 4 5 'EI 7
Oc.m. [deg.]

77 university of
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>1\/(d,?He): Comparison with shell-model calculations

“4FB1v(d,2He)S1Ti
3 6TR
g (FFIN)

+70.3 large shell-model

<« Experimental result

<« Full fp-shell model
calculations
quenching factor (0.74)
G. Martinez-Pinedo,
K. Langanke

9 KVI Shonan , Japan ; 22-26 October 2012 51 [[m g JK
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0V/(d,’He): GT* transitions from odd-odd nucleus

0.06 1T e e
E : S0v(d,2He)?0Ti :
2 0.05¢ E=171 MeV]| ] 5OV GTH 50Ti
E 'EIEH-- Oc.m.20° ]
2 : =g+ —y Jr=5+ G+ 7+
Eﬂ.ﬂE; ‘J_6 ‘J_51617
L-.‘; -D.CI'E- T:2 T:3
% 0.01
% 0.00 é_lnrg«n-::nln shell -model — Ji=g* _
- caleulation f P
r KB36 eff. interaction — T8
by 6. Martinez-Pinedo — Jf=7*

- and K. Langanke — folded:

GT-centroid located
at ~ 9 MeV

\) KVI Shonan, Japan ; 22-26 October 2012



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

Eq = 172 MeV
FWHM = 110 keV

Ocm ~ 0°

Centroid (1.9 MeV)

e): Comparison with shell-model calculations

R

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

university of
groningen



5INi(d, 2He)61Co GT+ dlstrlbutlon

STFe(d, 2He)57Mn GT+ dlstrlbutlon

P
©

I distributlon

&1 &
Ml—" Co

1 61N

2 3|4 5 68 7 & 9% 10
I\I Ex [MaV] ]

B

2
I

da/d2dE [mbsr/50keV]
=
T

0.0 tf

| I I ol ﬁlHi{d zl'h]&lﬂﬂ
oxp. conte. | B =T183 MoV
at 4.2 MaV/ 8=0-1.5°
H AE = 115 kaV
mainly &T

i
3 =

tributions

-1

I
012 324567

7\

da/ddE [mb/sr/50kaV]

&""’"ﬂﬁ

Bl
5 25:

o .

GT* mmnglh
distribution
Fe—"Mn

57Fe

—_——

centroid 2 Me
birw et Eq = 183 MeV
FFM a=-0-1.5°
AE = 105 kaV
0.04— —
HE}"‘H
0.02

=
o

-1 0 1

&' KVI

y A
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577Zn(d,?He)*’Cu: GT+ distribution

—
(@]

oo

No shell-model
calculations yet

o

NS




Comparison of centroids (MeV) of
GT" Strength distribution

Nucleus  FFN SM EXp.
“OFe 3.8 2.2 1.9

Even-Even TINT
Ni 3.8 3.6 3.4
Odd A-Odd p >hy 3.8 4.7 4.1
>'Fe 5.3 4.1 2.9
Odd A-Odd n °INi 3.5 4.6 4.2
T7n 4.4 = 3.4
Odd-Odd 0y 9.7 8.5 8.8

QKVI




WW = Woosley-Weaver Model calculations (FFN rates)
LMP = Langanke-Martinez-Pinedo Large shell-model
calculations {G. Martinez-Pinedo et al., NPA 777 (2006) 395}

0.50 0.50
0.48 0.48
>3 0.46 >3 0.46
0.44 0.44 —
L 25 M, S
0.42 0.42 ey by by bonnns by s b
10° 10° 10* 10® 10?2 10" 10° 10° 10* 10° 10?2 10' 10°
Time till core collapse (s) Time till core collapse (s)

university of

gKVI Shonan , Japan ; 22-26 October 2012 57 [[m "oy B / groningen



Y, = Central electron-to-baryon ratio

I:'.""E':l_l T IIIII IIIII IIILII .Ial LI ! II_ L IIIII IIIII IIIII IIII. LI B | I' 12_I LI | |'III LI B | I' IIII ¥ IIIII II_
: anpln By . 20 . . " a7
0,445 [~ P fﬂ i & ~ 11 B
- & ] - L L] 4 ] e - s G . 1
0440 & :@ - 18 .., . . S 10f iﬁﬁﬁ ole -]
F A8 : 1 o 5 e % ®oo ]
0435 [ J < | a8 a % 08 b -
- | | = L L - N
o - 2 A #“‘ .lig . o - E atna. § _ op % ]
0430 | e . . 18- - = 0ER . -]
C & :- ] = I 4 1= - &~ ..‘.'&*f‘.5 ]
- - ; ! 2 [ * e ]
|:I.425_—' F = | ;ﬁ‘ | E U?;'_.:P' A -
A ] ] [ - A A ]
n4zof- @ ® WW - 1'“?‘?# . W ] S gsf > W
- 4 LMP E :“1 . & LMP E‘*‘f a LMP E
P S N PR PR PR I p| P IR I DU DU P | SN PR PR PP PSP P
IJ. _I LA 'I T T L I| TT I TET .I!:II TIrr I I_ .1_r IIqEII TEN I LI 'IIIII Tt I T IIII_ .1_I LI IIIII II!II T Ilﬁl ¥ IILI LI II_
A . C n o .
- o 0 A "__: F [u] [w] . " & O 7]
L 0ok o gﬁm B,20° - = 00 & "’5‘?;."?? E S @ o800 -
] oo . = O O g 0° o o = o8 o
D'mn-f"c':, N — = 0ifo oo Yof o — < 01 f@% :
C e . [ ] C ]
0.0 i | I id il i il Ligg sl 0.2 L TERTETENEEY  EEEE s a1l il -0, .'.ﬁ i1 aal id i ple v salii s lls
hﬂ] 15 20 25 30 35 40 10 15 20 25 30 35 40 3 o 15 20 25 30 35 40

Star Mass (M) Star Mass (Mz) Star Mass (M)
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Conclusions

® Presupernova models depend sensitively on EC rates.

® GT* transitions in fp-shell nuclei play a decisive role In
determining EC rates and thus provide input into
modeling of explosion dynamics of massive stars.

® |_arge shell-model calculations are needed especially as
function of T. (Caurier et al.; Martinez-Pinedo &
Langanke [KB3G]; Otsuka et al. [GXPF]) = smaller EC
rates for A=45-60 than FFN = Larger Y, (electron to
baryon ratio) and smaller iron core mass (Heger et al.)

= New high resolution (d,?He) experiments provide
essential tests for shell model calculationsat O T.

university of
groningen
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Microscopic Structure of GTR and IVSGDR
In 208Bj
= Proton decay of %%Bi:
m Direct decay dominant
E,> En(n) > Eq(P)
High Coulomb Barrier (Z=83)
m Statistical proton decay negligible.
= Angular correlations
m For IAS and GTR decay isotropic AL=0
m For IVSGDR anisotropic but not strongly
= Direct decay is influenced by:
= Low n-decay threshold
= High Coulomb barrier.

@ KVI



n [or!T << T'j5TMT=0.5
m |AS n-decay: isospin forbidden.

m Centroid energy shift: cut off by
Coulomb barrier

L'ivsepr!T > Igrr!/T
Higher proton energy

Width I
Escape: Direct decay
— v
=1"+1 Spreading: Statistical Decay
M= Fg = ZI ﬁpi Partial Escape Width
A 2
Fpi Jd Gpi/(thde)de Branching ratio
r do/dQ,
(ﬂ =77 university of
<& KVI Shonan , Japan ; 22-26 October 2012 61 [[m " BN =~ groningen




Set-up of the Proton Counter

He beam

Si(L1) detectors with

a thickness of 5 mm,
covering a solid angle

of 5.7% In total.

35 keV (%*Am test)




Spin-isospin-flip transitions in

4000

. A. Krasznahorkay et al., PRC 64 (2001) 067302.
charge-exchang e reactions A. Krasznahorkay et al., PRL 82 (1999) 3216.
H. Akimune et al., PRC 52 (1995) 604.
and proton decay H. Akimune et al., Phys. Lett, B 233 (1994) 107
(°*He,t) reactions E(*He)=450 MeV (3He,tp) Coincidence data
% 75 (a) e )
- O=0

Counts

2000

4000

2000

50

25

Counts

20

420 430 440 450

E, (MeV)
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Experimental Results and Theoretical Calculations
Partial escape width for GTR

Theory This work
channel E,(keV)T; (keV)  branch (%)|T;" (keV) branch (%)
3p 0 48.7 1.23| 584 = 198 1.8 == 05
2f51,/22 570 46.2 2.12| inc. in pap» Theory: _
3pa/o 898 44.7 2501015 = 313 2.7 +« 06| E MOUkha"
Tiga/s 1633 0.87 357| 83 +94 02 +o02 V.A. Rodin,
2f,, 2340 5.89 297| 156 = 76 04 =02 M.H.Urin
The, 3413 0.24 0.63 - - Continuum RPA
Total 146.6 13.02| 184 == 49 49 + 1.3
- Partial escape width for IVSGDR
Theory This work
channel Ey(keV) FiT(keV) branch (%0) FiT(keV) branch (%0)
3p1 /o 0 103.4 1.23| 834 = 243 0.99 +0.29
2fs/5 570 178.1 212|170.8 == 49.3 2.12 =+ 0.61
3pa/o 898 210.1 25| 240 + 69.6 2.86 = 0.83
Tiga/s 1633 299.8 3.57|330.4 = 957 3.74 =+ 1.08
2f7,, 2340 249.3 2.97|282.2 + 86.8 3.36 = 0.97
The/s 3413 52.6 0.63| 86.7 = 25.1 1.03 =+ 0.29
Total 1209.6 14.4] 1180 = 340 14.1 =+ 4.2
(ﬂ . %77 university of
<& KVI Shonan , Japan ; 22-26 October 2012 64 [ Moy PN %~ groningen




Summary: 2%8Pb(3He,tp)

s GTR: T"T~4.9% , I''=184+49 keV
m Small branching ratio:
Spreading effect is very important.
Coupling to underlying 2p-2h states.
Centroid energy shift caused by
High Coulomb barrier.
IVSGDR: I''T'~14.1% , I''= 1180+£340 keV

Larger p-decay I'/T" compared to GTR.
E,: enough higher than
Coulomb barrier, centrifugal barrier.

Enhancement of decay to high-spin 1n-hole
states

QKVI
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BB decay

—
' ' ‘\—[2; transition
2vpp decay virtual 1)
| C?_]
s
Allowed Iin SM and observed > (1)
INn many cases > ')
76Ge ’ ‘.ZVBB\ ;m
2vV1-1 _ Y A4(2V) 12 as g,
L1173 =G lMi)GTI , S
O(f L 0(;')
M%&%:Z 1Yol (1o ) oy =(@)]|0%))

m [‘LQﬁﬁ(Om)‘l'E )= M]m, + 1

Accessible through charge-
exchange reactions in

C (n,p) and (p,n) direction
J KVI Shonan , Japan ; 22-26 C [eg (d,2He) or (3He,t)]
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Forbidden in MSM
Lepton number violated
Neutrino enters as virtual
particle, === g~0.5fm™1

nuclear neutrino-less double-beta decay

e

Majorana Vv

Mass of
Majorana
neutrino!!

university of
groningen
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Approach

Study the spectroscopy of virtual states in the 2-quantum process

J"
J"2

J

(n,p)

(p-n)

Ov2p

1+2A

theory.
S (T |Operator||J™ ) I ||Operator || J. )
f\-ileDv‘ﬁ:Z . i H p H mih m|| p ” f

m f {'Em )
9 KVI Shonan, Japan ; 22-26 October 2012 69 [[m "y I
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Physics case for Ov2f study:”°Ge

- recent claim of the observation of Ov2p-decay in °Ge

40.04
DECOMPOSITION OF
MEY
30.0
2000
10.0
|._I
0.0 - P— - —
Mz 3 4*5" 6" 780 1" 2 3 45 6 T
0.0 I = =089 [ 8 = 0-96
: [ 8 =100 [] 8 = 1-05

= Ik =

= Akt

-Z3kav
e P A

—A7 ks

»5 contribution of many multi-poles
»5" dominance of dipole components

x5 the g, parameter affects mainly the J* = 1” component

5" 1t becomes imperative to study experimentally higher multi-pole components

Shonan, Japan ; 22-26 October 2012




76Ge - T6As - 7689}
@P Intensively studied pp-emitter
@>T,, determined by the Heidelberg-Moscow group: 1.55 X 1

D”y

@»T,;; deduced from (n,p) and (p,n) data with poor energy resolution

multipole decomposition: 7.4x 10%%
0°-6° subtraction method: 8.7 x 10y

LA 76

783e(d.2He) 6As] > Qg g = 2040 keV
1t Ocm <1.3° |
1+AE ~ 200 keV -

S
o
n

S
=3
I~

1+
11+

do/dQdEyx (mb/sr/50 keV)
=
[ )

do/dQdEx (mb/sr/50 keV)

P B 1
4_-7 5
_~Ex[MeV]
n._-u'nn.ﬂ"r-tllﬂﬂtl'i'ﬂl‘l'ﬂ‘lm' 0
4 6 8 10 12
E, [MeV]




o
o
B

~—r————|2v[[}-matrix element
“eaes 1| 0.16 £0.04 MeV-t

=

o

w
T

AE =120 keV

o
o
X

o M O O
1 LI LN B I LI I |

with
G(2v) = 3.4x 102 MeV2 a-1

o
o
—

LI LI LILEL] B I L L I LI L I L L L L
. "6Ge(p,n)"®As 4

T key T 2vBP - half-life
(1.1£0.2)x 1021 a

- IUCF 1989

N

o(60,Ex) (mb/sr MeV) do/dQdEx (mb/sr/50 keV)

. 1....||recommended. exp. value:

o2 s 4 2 (15501)x102a

G(2) tgken from: J. Suhonen and O. Civitarese, Phys. Rep. 300, 123 (1998)
' K V’ vhiviian, vupuit , co oV ViU uLE cvLo (4 | B = ¥ w / O LA ERY &AL

of




=
(=)
S

o

| 2v[33-matrix element
et 1| 0.16 £0.04 MeV-

AE =120 keV

=

o

©
I

=

o

N
|

with
G(2v) = 3.4x 1029 MeV?2 a-1

0.01}
160 ooy
6Ge(3He 1)’ %As
120 2730 ke 2vBp - half-life
RCNP 08
80
(11+0.2)x1021 a
40 ¢

d’o/dQdEx[cts/sr 10 kev] do/dQdEyx (mb/sr/50 keV)

L UL recommended. exp. value:

10 1 2 3 4.8 (1.5£0.1)x 102 a

G(2') taken from: J. Suhonen and O. Civitarese, Phys. Rep. 300, 123 (1998)
1 \/ oliait, Japart , U WL LU U N = 2 f@ STU 45



@ T, available:
counting experiments: 2.1 x10"%
geochemical methods: 9.4 x 1018y
@»4g.s. transition forbidden
@»strength concentrated in one transition

PMo(d,”He)**Nb
Ocm. < 1.3°

AE ~ 120 keV

S
o
o

do/dQdEyx (mb/sr/50 keV)
o
o

2 3 4 5
Ex [MeV]




RCNP 2007

— ' 94Nb' | [91ND | 92Nb
= 200 F

q) B

x e

o C

~— F 0.63 (2+) | B(GT—)=0.15

« 150 F

L : i«

% - 0.69 (1+)

p

|_u>< 100 |

o 5 92Nb/96Nb(?)
%}

B S0F N\, ¥
N

N ®) [

> _LL
1) . ‘L | W | — Jj. Lh
0 1 2

In (p,n) direction:

967r(3He,t)96Nb

OGRs=0"
96Nb(?)
96Nb(?) E
U S
Ex (MeV)

1 - exceptionally small B(GT-) below 6 MeV
¢ 2 - concentrated in one low-lying level only

rsity of
1gen



96Mo(d 2He)96Nb : 967r(3He,t)96Nb
Eq=183.5MeV | b b OGRs=0"

Ocm.=0°-1.5° §-°'63(2+) B(GT™)=0.15

«

0.69 (1*)

92Nb/96Nb(?)
96Nb(?)

>

0
X
0
Q L]
1o

7
—

e

€
'
L
u L]
c
O
—

o
N

T

4
B(GT*) =0.3 ' B(GT-) =0.15 '

With this 1 level only
2 (2vBB) = (2.4 £0.3)- 10" years

TP (2u88 = (2 2+O 4) 1019years (NEMOBS-result)
1/2 - v W BB | WA




Conclusions

®Charge-exchange reactions provide important input
for 2vpp decay ME; i.e. (d,?He) (t,°He) for GT* leg
and (3He,t) for the GT- leg

=367 and 1%°Mo exhibit Single-State-Dominance (at
0.69 MeV (*°Zr) and g.s. (1**M0))

university of
groningen

9 KVI Shonan , Japan ; 22-26 October 2012 77 [[m g JK



Outlook

Radioactive ion beams will be available at energies where
It will be possible to study GT transitions (RIKEN,
NSCL, FAIR, EURISOL)

= Determine GTZ* strength in unstable sd & fp shell nuclei

Electron capture rates (presupernova) and neutrino
capture rates and inelastic scattering cross sections

= Use IV(S)GDR as tool to determine n-skin

Charge-exchange cross section proportional to n-skin
= EXxotic excitations such as Double GT

@ KVI



Nuclear structure studies with CE

reactions In inverse kinematics

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

-

®— ¢ @ —

d-target

(d,’He)

heavy projectile O\p heavy ejectile

ey e
Lucia-Ana Popescu
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How low?

12

kinematic calculations
10 | .

Example:

0]
T

“H(**Ni,**Co)?He ‘
E(¢*Ni) = 350MeV/u

E(*He) [MeV]

university of
groningen
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How low?

12

kinematic calculations
10 _
Example:
< °[ °H(*Ni,**Co)’He :
& E(%Ni) = 350MeV/u
@
T | _
AN - -
o region of interest
/ low-energy protons!
2r i
0 0 1 2 3 I4 5 6 7 8
0., [deg]
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Detection system @ FAIR

Heavy-lon
Spectrometer

—_ Neutrons /
Charged Ejectiles

#1» Recaoll
Detector

Gas jet 1 Beamin

Storage Ring

Figure 1: Schematic view of the EXL detection systems. Left: Set-up built into the NESR storage ring.
Right: Target-recoil detector surrounding the gas-jet targer.

= Use of EXL recoil detector is under evaluation
* Design & implementation of a dipole magnet for the
momentum analysis of the protons
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SN-explosion scenario
interior of star gets enriched with Fe

@ gravitational pressure increases

balanced by degenerate electron gas up to
Chandrasekhar limit: Mgh =1.44 (2Ye)< M5

@ start of collapse at
T=102Kand p=3x 107 g/cm3 # nucleon
accelerated by neutronization (de-leptonization)
e+ p——>n + Ve =

escaping

e” + (Z,A)—(Z-1,A) + ve T~

@ loss of pressure
@ accelerated collapse

@ reduction of Ye
and loss of energy!!

Ye at freeze-out determines the

w7y university of
/ groningen
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Performed (d,’He) reactions @ KVI

EX7 university of
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Summed AL=1 strength depends on the
neutron-skin thickness as follows:

_ N 9
SvsGDR ~ O VSGDR :Z(N<r2>n _Z<r2>p)

Here, S"and S are the spin-dipole total strengths in
B-and PB* channels

Using the calculated B = St /S~ ratios the neutron-skin thicknesses can be deduced

(r )1;2 (r z}uz A0eep(l — B) — (N — Z)(r?), (3)
N (r2)}/? |
( ﬂ s “-‘_.:;. university of
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A0

Counts

counts

T T - iy I
D450 955 4350 4355 440 445 450

Triton Energy (MeVW )

@ KVI



~ 0.35

R -R (fm)

0.25

0.2

0.15

0.1

0.05

FllllllI|IIII|IIII|IIII|IIIIIII!I

Sn isotopes 1 5

Z

I|II||[IIIII|III|II

y
A

110

115 120 125 130 A

@ KVI




AL=0 AS=0 AT=0

ISGMR

AL=0 AS=0 AT=1 AL=0 AS=1 AT=1
IVGMR IVSGMR
@ Non-spin-flip & spin-flip
O T..\b...
D n D n

—IAS ---IVGMR GTR ==-IVSGMR
OD=D D=0 DD OP=D

njl  nijl njl  Tn+1jl njl  Tnjl njl  Tn+1jl
—’

= O

njl - Tnj+1l Tl T+l

KVI
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Measurement of IVSGMR via
208Pb(C’“He t+p)

« DW81 (Raynal)

| — e — ok o TVSMR Effective 3He-N potential
S g '
to e E,~38 MeV + V,=0.73+0.01 MeV

I'=10 MeV (1AS)
¢ V_=-2.1+0.2 MeV
(known ratio to V,)
V1,=-2.0 MeV/fm?
« most coherent 1p-1h wave-
/ function (normal modes).

I (] 08 3 208 -
00 05 1.0 15 20 25 3.0 25 30 35 40 45 50 55 60 65 Pb("He,t)" "Bi(IAS)

0 (deg) 208 10
cm E.("BD) (MeV) ol —— DWS1V,=0.73+0.01

40

do/ dQ} (mb/sr)
\
da/ d2(9,,=0") (mb/sr)

w - N

) <unuxgxeu1

107

Use difference-of-angle to identify
the monopole excitations

do/d  (mblst)

—_ N w A~ [V =) ] o

0
0 5 10 20 25 30

7 university of
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Continuum suppression

BASIC IDEA

Physical background (continuum) due
to:

TRITON

® PROTON

« breakup-pickup reactions °
. ) NEUTRON
« (uasifree knock-on reactions  m quasiFREE
B MONOPOLE
IVSGMR is wide (~10 MeV) and
lying on top of the continuum.
Continuum has a very flat angular
distribution at forward angles SILICON/
SCINTILLATOR
DETECTORS
3HEBEAM'

OUTGOING

}“ARGET

g\KVI Shonan , Japan ; 22-26 October 2012 92 Eﬁ][ /
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Experiment

RCNP facility
K=400 MeV ring cyclotron

Grand Raiden
spectrometer

Beam: 3 He**, 450 Me
Target: 28Pb foil

AVF Cyclotron Facility
M. Fujiwara et al., NIM A 422 (1999) 484

EY7 university of
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Experimental Considerations

Over-focus mode for Grand-Raiden (H. Fujita et al.
NIM A469, 55) refined to get:

i N
o

« Vertical angle resolution: i; 30
0.4° FWHM &
« Horizontal angle resolution: =
0.2° FWHM ’
 Negligible systematic errors "
* Sieve-slit is used for =
calibrations 0

o 40 -30 -20 -10 O 10 20 30 40

©, (mrad)
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Experiment: 410 MeV 3He-beam @
RCNP

Grand Raiden @ RCNP

AN .’"""“i""“‘!‘--\_
QRN
:0\\\\ \\\\. = ,\—“-}‘; i
b, --@;9&:\\\,-.,4? =

N

*Measure both t-singles and t-p
coincidences

« 8 AE-E telescopes
aS0N  _He . 4@13°
ey ﬁ/ . A@136°

university of
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Results

R.G.T. Zegers et al., PRL 90 (2003) 202501

t singles t-p coincidences
30 - - . . 0.3 . . . . .
— 1AS° “Pb(’He,t) % 1AS ¢+ **Pb(*He,tp)
> E('He)=410 MeV < . E('He)=410 MeV
>
; . . L[] — _ E -~ I a —
£ 20 . SDR : g_cm:cl).ff z 0.2 . spr ® &m—ﬂ-ff
= GTR, " em— < = GTR. } L ® 0 =12
ﬂ ” L .5
. . ) &4} i? [
58] = i L
S 10 - S 0.1 i eH T
P:g - J': % ii!i‘!i!.*i
= ustn IVSGMR 5 *
;.ﬂ"/ s ; IVSGMR
0 o 0 30 40 50 €0 0 10 20 30 40 50 60
E.C"B) (MeV) E.C"Bi)  (MeV)
[ Difference of angle ]
- : : : 0.12 ~ ~ :
1 2 i
% - *1AS VSGMR NE AS
Z g . < 0.06
g .. T b B } IVSGMR
g4 : . L lllllll-ll T "i‘-."'u\.' g LTJ# }}
] . continuum & 004 $GTR 14 } ad, o iiiii
% l.'ﬁ- GTR * I "—"-s‘ . 11 _LEEI*
— D “._ [] -J- C;
l"‘Ib - b E }
= . x15 _ g}
-+ SDR 0.06 R
0 10 20 30 40 50 0 10 20 30 40 50 60
ECPB)  (MeV) ECPB)  (MeV)
? university of
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Angular distribution

Use difference-of-angle method between narrow angular bins
to extract angular distribution of the resonance

_teference point

® Data
— DWZE1 x0.6

15 .
E
=
~ 10
e
=

5

0 B

0 1 2 3

O (deg)

IVSGMR angular distribution confirmed
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Strength exhaustion

0.06 —— - - Summed strength: (46+£4+10)¢10° fm*
» 371 1443 (contribution from IVGMR subtracted)
= 0.04 : _
O Exhaustion(%)
Z 0.0 method .
; ’ (—cstat —Gsys)
Z 00 ? Bpoots =i 1 Normal modes 60+5+14
&
2002 ® — tsingles Tamm-Dancoff

® —— tpcoincidences * Hamamoto & Sagawa 68+6+17
0.04 PRC 62, 024319
30 35 40 45| 50 55 _
E ("B MeV) Continuum RPA
Rodin & Urin 103+£9+25
Systematic errors: NPA 687, 276c
« extrapolation of continuum: 5% HF-RPA”
o h|gh_|y|ng GT Strength: small Auerbach & Klein 210+16+45
« tail of the IVSGDR: 10% PRC 30,1032
« DWBA: 10% of measured value * Different operator, includes GT
university of
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Decay studies ~

Successful:

GTR, IVSGDR in ?%®Pb(3He,t+p) at
450 MeV (Akimune et al.)

IVGMR/IVSGMR in Pb(3He,t+p) - .
at 177 MeV at KVI

o

P n

EXCITATION {

O
& 410 MeV at RCNP (Zegers et al.)
p n
Unsuccessful: SEMIDIRECT § (o v
00_>
IVGMR/IVSGMR 124Sn(3He,t+n) at eroron® @
200 MeV at IUCF 5100
O

n
STATISTICAL DECAY

university of
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Proton decay from the IVSGMR

IVGMR/SIVM -37.9
IVGQR 34.3
~-30 MeV
IVGDR 28.6
SDR 26.9

@ KVI



-

(mb/sr™-MeV)

do/dQ,d6) dE,

Final state spectra

E.(Bi)<30 MeV (IAS+GTR+SDR+....

IVSGMR (30<E (“"Bi)<45 MeV difference of angles

0.5 0.06 — : ~
3pya = 3psn  lhyp 172,129/
e Zoosr mm I EEEEEEEEEEEEEEENEEEE
04 o gjﬂ | =y 265, 26 lhyyp
P32 £ 004 mm 1100 EEEEEEEEEEE
03 Liya | E 5 13Piplipy  miss. val.
' 2% Tl EEE
i }1 I - lhgn g: 0.02
(R oy
0.1 ; I 1 ] LE 0.0 —1 T T YT ! T]—Ll‘
5 S LY R S ) 5 L S L B
00 ki L fgﬂgifEEﬂ IIIIIJEH 00— 5 10 15 20 *
1 o L 2 3 4 5 \Bi) MeV)
E.(V'Bi) (MeV)
S400]
- - § 4800+
Comparison with
208Pph(SHe, ) g sy
Gales et al. i 3 o |
Phys. Rep. 166,255 [e—=—=—=_frsiaiany
oo 200 @ 30 v sk sk 7k
CHAMMEL. MUMEBER
A university of
KVI Shonan , Japan ; 22-26 October 2012 101 E_EJ[ groningen



Final state population in 2°’Pb

Final state Data(%o) Theory(%)*
3P4y, 2f5;, 3P4, 11.3
<3
liy, 21.4
2f., 1hgy,, 1315 9.5
1hy, 2248
22.8
19-, 19q, 1748
All 52+12 66

*Rodin & Urin NPA 687, 276¢ (continuum RPA)
Large discrepancies for partial branchings!!
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Outlook

Radioactive ion beams will be available at energies where
It will be possible to study GT transitions (RIKEN,
NSCL, FAIR, EURISOL)

= Determine GT strength in unstable sd & fp shell nuclel

" Measure ISGMR and ISGDR in extended isotope chain
® Unravel the nature of the pygmy dipole resonance

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