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The overall Spanish Nuclear Physics picture -

i ...:,}:‘I | g
v FN-USAT_"'

FNE- IEM“ JGFNM.EM '

,_{ ‘-'.__,._ : L-' -.1_ .,, '; .r. ;
=" {{,ic;-"lh A
I -

o

FAMN-UIB
Py

5 I'.,'.'
¢ ol
e

- 20 groups (11 are or there is experi”'t‘)" '
e 215 physicists, 119 tenured track (2006)
* Theory: 101, Experiment: 114 (2006)




Nuclear Innovation Group, CIEMAT-Madrid

Staffs: Research interest:

2 Permanent Nuclear reactions and decay with technological and
D.Cano astrophysical applications
E.Gonzalez * Neutron cross section measurements

2 Postdocs « Beta delayed neutron emission

3 PhD Students

Experimental activity:
(8: approximate * (n,g measurements at n_ TOF-CERN
figures in 2007/8) » Beta decay experiments at IGISOL-Jyvaskyla

Instrumentation:

« Gamma-ray calorimeters

* Neutron ToF spectrometers with liquid scintillators
e Development of a neutron array for DESPEC-FAIR




CNA-National Accelerator Center / U. Sevilla

Staff: Research interests:

3 Permanent Nuclear structure and reactions
J.Gomez e Nuclear reactions with exotic nuclei
J.M.Espino « 2p radioactivity
J.M.Quesada e neutron reaction cross-sections

2 Postdocs

2 Students

2 Technicians Experimental activity:

* RIB experiments at ISOLDE-CERN and
CRC-Louvain-la-Neuve

 neutron reactions at n_ TOF-CERN

* SB experiments at CNA

Instrumentation:

» charged particle / tracking detectors

e fission chambers

e Development of tracking system for HISPEC-FAIR




Experimental Nuclear Physics Group, IEM-CSIC (Madrid)

Staff: Research interest:

3 Permanent: Nuclear structure and reactions with stable and exotic nuclei
M.J.G.Borge  Particle spectroscopy on light drip line nuclei
® A. Jungclaus e Halo nuclei properties
O. Tengblad « Multi-particle decay of exotic nuclei

2 Postdoc » Radiative particle capture of astrophysical interest

4 PhD Student

1 Technician Experimental activity:

* RIB experiments at ISOLDE-CERN, GSI-Darmstadt,
GANIL-Caen, IGISOL-Jyvaskyla, KVI-Groningen

* SB experiments at ATOMKI-Debrecen, CMAM-Madrid,
CNA-Sevilla

Instrumentation:

» Charged particle advanced detection systems
« Gamma-ray detection systems

* Development of R3B-FAIR calorimeter

* Nuclear Physics beam-line at CMAM




Gamma Spectroscopy Group, IFIC-CSIC/U.Valencia

Staff: Research interest:
4 Permanent Nuclear structure and reaction studies
A. Algora * ISospin symmetries
® A. Gadea * Nuclear shapes
B.Rubio Applications to astrophysics and reactor technology
J.L.Tain * (n,g) for astrophysical s-process and ADS
3 PhD students » Reactor decay heat studies
- Sy Experimental activity:

e Decay studies at ISOLDE-CERN, GSI-Darmstadit,
IGISOL-Jyvaskyla, GANIL-Caen, CRC-Louvain-la-Neuve
* In-beam studies at LN-Legnaro

» Reaction studies at RCNP-Osaka and n_ TOF-CERN

Instrumentation:

* High-resolution Ge gamma-ray spectroscopy

 Total absorption scintillator gamma-ray spectroscopy
* Development of a Ge tracking array and a TAS for
DESPEC-FAIR




Nuclear Physics Group, U. Autonoma (Madrid)

Staff:
1 Permanent

A. Jungclaus (now at IEM)
2 PhD students

Research interest:

Nuclear structure studies

* Nuclear shell closure phenomena
* Nuclear shapes and transitions

Experimental activity:

* RIB experiments at GSI-Darmstadt, REX-
ISOLDE, GANIL-Caen

» SB experiments at LN-Legnaro

Instrumentation:

 Ge gamma-ray spectroscopy

* Development of a Ge tracking array for
DESPEC-FAIR




Nuclear Physics Group, U. Complutense (Madrid)

Staff: Research interest:

2 Permanent: Nuclear structure and reactions
L.M.Fraile * Reactions with exotic nuclei
J.M.Udias » Beta decay of exotic nuclei

2 PhD students  Electron dispersion experiments

1 Technician

Experimental activity:

» Experiments with RIB at ISOLDE-CERN and
GSIl-Darmstadt

» Experiments with electrons at JLAB

Instrumentation:

« Gamma-ray and particle detectors

» Fast-timing half-life measurements

e Development of electron spectrometer for ELISE;
R3B calorimeter and FT-array for DESPEC




Structure of the Matter Group, U. Huelva

Staff: Research interest:
2 Permanent Nuclear reactions and structure
|.Martel  Reactions with light exotic halo nuclei
J.E.Garcia
3 Postdocs ) ;-
WEND =lLdent Experlmen_tal activity: |
B hician  RIB experiments at CRC-Louvain-la-Neuve, REX-

ISOLDE and GANIL-Caen
e SB experiments at CNA

Instrumentation:

e light charged particles telescopes

» development of charged particle arrays for
HISPEC-FAIR and SPIRAL?2

Activity moving now to UGR
 Precision trap measurements
and other applications




Nuclear Engineering Section, U. P. Catalunya (Barcelona)

Staff:

4 Permanent
F.Calvino
G.Cortes
A.Poch
C.Pretel

1 Postdoc

1 Student

Research interest:

Nuclear data for nuclear technology

* Neutron cross section measurements
» beta-delayed neutron emission

Experimental activity:
* neutron reactions at n_TOF
» decay experiments at IGISOL-Jyvaskyla

Instrumentation:
e neutron counters with moderated 3He chambers
» development of neutron detectors for DESPEC-FAIR




lonizing Radiation Laboratory, U. Salamanca

Staff:

2 Permanent
B.Quintana
J.C.Lozano

2 PhD

1 Postdoc

1 Technician

Research interest:
Development of instrumentation for
gamma-ray spectroscopy

Instrumentation:
» Development of Ge tracking array for DESPEC-FAIR




Experimental Group of Nuclel and Particles,
U. Santiago de Compostela

Staff:

5 Permanent
H.Alvarez
J.Benlliure
E.Casarejos
D.Cortina
|.Duran

2 Postdocs

6 PhD students

4 Technicians

Research interest:

Nuclear structure and dynamics studies. Astrophysics and
nuclear technology applications

e Structure of light neutron rich nuclei

* Reaction studies for the rp-process

» Half-life and structure of heavy r-process path nuclei

* Nuclear fission studies

Experimental activity:
e RIB and SB experiments at GSI-Darmstadt and GANIL-Caen
* (n,f) measurements at n. TOF-CERN

Instrumentation:

e Magnetic spectrometers

e TPC detection systems

 RPC detection systems

 PPAC fission chambers

* Development of the R3B-FAIR particle and gamma calorimeter




Nuclear structure and dynamics S 114

Reactions of astrophysycal interest o

Applications to other fields

N @ —— Proton number,Z —

2 8 —— Neutron number, N —




USE, UHU, IEM

Dipole polarizability in the scattering of halo nuclel

Experimental program performed at CRC, Isolde and Triumf

Goal: distorsion of halo nucleus in the strong coulomb field (target)
new phenomena discovered: long range absorption of halo nuclel

6

He + “°Pb @ 22 MeV _
. One channel calculations (---)

> PH1B i unable to describe the scattering
° PH218 -

,f"\ - = 1 channel 1 data

A \\.l = Coupling to continuum|

l

Coupling to the continuum
needed ( ——) :

Coulomb dipole couplings

do/dQ (mb/sr)

Contributions
Nuclear couplings

D. Escrig et al., NPA 792(2007)2
A. Sanchez- Benitez et al, UHU PhD, NPA (2008) in press

(courtesy D. Cortina)



IEM
Stellar triple-a process from measurement of 12C nuclear resonances

Experimental study performed at ISOLDE & IGISOL

Goal: Multiple-decay mechanism
Revision of the triple-a process
astrophysical interest  observed abundances of 12C and 10 at the end of helium burning

Experimental technique: b-decay of 12N and 1?B

7

% 1| Decay

o/
mechanism * 9/@

. //% 025Pin?

12 71

Windowless Si DSSSD,
Tengblad et al, NIM A525(2004)458

Q@‘ o

(courtesy D. Cortina)



Excitation Energy in "*C (MeV)
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Nucleosynthesis: 3a-fusion rate (Hoyle + 10 MeV) ‘g
c r -
T<108K  Half time for primordial stars to reach " e //f
12C abundance to ignite the CNO cycle. < | S8
g - —

At high temp (T>3x10°) reduction (factor 2-3) in
production °6Ni and heavier elements in proton rich

supernova.

15

Counts/20keV o o =

Stellar triple-a process from measurement of 1°C nuclear resonances

Nuclear Structure Information

Breakup of the 1* 12.7 MeV

IEM

mainly sequential .

Energy, width and JP = O* for the 10 MeV state.

Decay channels of the 10 MeV state through 0" and

2% states in Be.

|0910(Te)

H.O.U Fynbo et al., Nature A33 (2005
y (?:ou(rzte

SQ/B Cortina)



USE, UHU, USC

Observatlon of two proton radloactlwty of 19Mg

Experlmental study performed at FRS
Goal: Observation of 2-p radioactivity of 1°Mg gs

22Mg@591 A MeV 10° pps

Experimental techniaue: in-filaht tracking of the decay products

FRS setup
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beam moniter  production target TOF S3.54
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(courtesy D. Cortina)



USE, UHU, USC

Observation of two-proton radioactivity of 1°*°Mg

target
The unknown isotope °®Mg is observed by
grow-in @ using the novel tracking technique.
' b ’ Two-proton decay with T,,=4.1(1.5) ps
30 | and Q,,=0.75(5) MeV was detected by
Vertices of ing d fi df t
TINe+p+p measuring decay vertices an17 ragmen
20- events from short.  correlations from coincident *’Ne+p+p events
2 lived resonances _
= 10- Three-body decay mechanism of 2p
o . .o .
g8 radioactivity has been confirmed.
z 0-
v}
g£301 ¢ a
20{ A0 J ]
Y 3 2 4 6 8 10
iAY J R J Halt-life (ps) v/ertex distribution from
10- £ N 19Mg
|+ /% }\\ % (delayed activity)
= |E T T T T T \ '-kl: "'I‘"i--q
-30 -25 -20 15 -10

I. Mukha et al., PRL 9(2007 1825 é :
Vertex position (mm) courtesy D. ortlna)



IFIC

Mirror symmetry for N=Z

Experimental study performed at RISING

Goal: Study of mirror symmetry for N=Z
b- decay of >*Ni complemetarity of b-decay and charge exchange

S8Ni@680 MeV/u 10° pps Target Be 400mg/cm?

Experimental technique: b-decay of >*Ni
delay gdetected in RISING

Beam

Dipole
magnets W w2 Ge-Cluster
Pl;odtcition / kgq
arge o (e
® 1 / { ( = .&L

/7 £
HUSIC "‘\;: i ".:"_r.__
scl2 L

Catcher

Y. Fuijita et al., PRL95 (2005) 212501 :
courtesy D. Cortina)



IFIC

Mirror symmetry for N=Z

Charge exchange

0+ 0+
Tz=-1 Tz=+1
T=1 T=1
0+
Tz=0
T=1
b-delayed g-rays from >*Ni decay b-decay seen for the first time
(GSI, RISING)

On going analysis ...

(courtesy D. Cortina)



UAM, USC

Isomeric decays in the r-Process waiting point 13°Cd

Experimental study performed at RISING

Kratz et al.
Goal: shell structure evolution
guenching of N=82 shell  peak r-process
abundance A ~ 130
130Cd is the most n-rich waiting

136X e fragmentation@ 750 MeV/u Target Be 4g/cm?
238 fission@ 650 MeV/u Target Be 1 g/cm?

Experimental technique:
implantation of excited isomeric
states in a passive stopper g-—delay
detected with EUROBALL Ge

: 130 . . e
4000 identified 13°Cd ions in fragmentation (2300 in ﬁssmr(]gourtesy D. Cortina)



UAM, USC

Isomeric decays in the r-Process waiting point 13°Cd

Singles g-spectrum in delayed coincidence with implanted 13°Cd ions

$ %& #'

Both SM calculations used modern interaction.

Very good agreement with experimental data

No evidence for a quenching in the N=82 shell

A. Jungclaus et al., PRL 99 (2007) 132501

4 transitions in coincidence

cascade from the isomeric state to the
gs. E2

T4=220(30) ns
summed time spectra of all transitions

(courtesy D. Cortina)



USC
First access to b-half-lives close to r-Process path near N=126

Experimental study performed at FRS

Goal: b- decay half lives of nuclei close to the r-path
first experimental access to N~126 south of lead  r-abundance A=195

208Pp fragmentation@ 1000 A MeV

Experimental technique: implantation in an active stopper
b —decay half- lives

(courtesy D. Cortina)



USC
First access to b-half-lives close to the r-Process path near N=126

25 new isotopes identified
Half lives measurement (or upper limit) for 13 isotopes
Considerably shorter than predicted by different theories.

This results in a faster r-process able to produce a larger number of heavy nuclei.

T. Kurtukian, PhD USC, submitted PRL arXiv:0711.0101
(courtesy D. Cortina)



CIEMAT
First accurate measurement of 237Np(n,g) cross section

n TOF * |sotopes relevant to the transmutation of nuclear
— waste in Fast Reactors and Accelerator Driven
Systems at

*Radioactive samples in the mg mass range (like
23INp, 24%Pu, 243Am): high intrinsic activity.

*High duty cycle (neutrons/PS pulse) and high
detection efficiency with a Total Absorption
Calorimeter.

237Np
sample

43.3 mg, 1.29 MBq! Applicable to s-process radioactive samples: NCAP




CIEMAT

PhD thesis of C. Guerrero.



UCM
Electron scattering of nuclei

Experimental study performed at JLAB and MAMI

Goal: Tests of nuclear structure, Coulomb Sum Rule experiment
(e,e’p) experiments: high precission spectroscopic factors and correlations
in oxygen and lead

ratio of G./G,, form factors in bound nucleons

Data from JLAB and MAMI

Data suggests the pressence of mild medium modifications of the form factors,
like the ones implied in QMC model. Alternative (nonrleativistic) modeling
(cyan area) is not compatible with data for induced (P,) polarization

Polarization transfer in the “He((e,e ®)3H reaction PRL 91, 052301 (2003)
(courtesy D. Cortina)



Detector development

Tracking detectors for FAIR / Spiral2 | | Charge particle detectors for FAIR / Spiral2

BrtErees. UHU

Charged 3 en :
particle o s
detectors = =
:-eir:o?ution %I Hm| I _ 1|
USE, UHU ( —
a & )
(courtesy D. Cortina)




Detector development

Gamma-ray
detectors

| . USC, IEM, UCM  ESiee e e e Al

132 LaBr3 crystals

IFIC, CIEMAT IFIC, UAM, USAL



Detector development

Neutron detectors

30 3He chambers + PE moderator

150 BC501 cells

CIEMAT, UPC, IFIC “DEsPEC REUTRON COUNTER |



