ATOMHMTE aapa:
OCHOBHM rpafiUBHM KINeTKU Ha maTepusiTa U rOpuUBO Ha 3Be3guUTe

« OCHOBHM 3aA4ay4um npea cbBpeMeHHaTa sapeHaTta dumsmka

* ExcnepumeHTbT U3O0JIAE B LUEPH: ncropus, pesyntatu, 6baewe

* brnrapcko yyactue Ha U3OJIOE: noctxeHUs n nepcnekTuemn

[1. BanabaHcku Bbnrapcka yumMtencka nporpama, 1
LEPH 22 tonn 2009



(fAapeHn rpaHuLU) Ha HEBEXeCTBO Ha MOETO NMOKOoJsieHne

OcHoBHU 3a0a4u HA CbepemenHama s0peHd Pusuxa

[. BanabaHcku

o What are the huats for esqistence of -

clei”  Where are the proton and neu-
&

tron drip lines situated?”  Where does
Mendelevew's table end?

How does the nuclear force depend on
varving proton-to-neutron ratios’

How to explain collective  phenomena
from individual motion?

How are complex nuelel built from their
basic constituents?

Bbnrapcka yuutencka nporpama,
LEPH 22 tonn 2009



Special: New Learnin M___Gemetms,p_ge 70 |

Jloknag Ha Hanuonannara
akasmieMus Ha Haykute Ha CAILLL

FEBRUARY 2002

Komucust mo ¢guszuka Ha

Bcenenara (CPU)
Greatest
uugsﬂawgfed
Question 3

hysics
How were the elements from

iron to uranium made ?

=Z888¢E
EEze-u

1. bBanabaHcku Bbnrapcka yumMtencka nporpama,
LEPH 22 tonn 2009



the 3rd minute

cataclysmic binaries

stellar evolution

-

AGBstaku?i: NUCIG r AStrOphyS|CS Idm_iupernovae

" Origin and fate of the elements in our universe
Origin of radiation and energy in our universe
Physics under extreme conditions




PasnpocTtpaHeHue Ha enemeHTUTe — XMMMYEH cbCTaB Ha BceneHaTa

I'Ipep,m Aa 3agagemM BblpocCa 3a Npomn3xoga Ha eJfieMeHTUTe e p,o6pe Aa 3HaeM KOou
OT TAX N OOKOJIKO Ca pa3npoCcTpaHEH BbB BceneHnara...

OT KakBoO ce cbcTon BeeneHnata? -OTtrosop: He 3HaMm....

60% TbMHa eHeprnsa (A3 He 3Ham KakBo e ToBal)
35% CtyneHa TbMHa matepusi (A3 He 3HaM KakBo € ToBal)
5% HAapa v enektpoHn (Buanmm Kato 3se3au ~0.5%)

KakBo HU € rpmxa 3a 5% 7?7

Hakon BaxkHn 06eKTn ca CBbp3aHu C TaxX !

Bbnpocun, KOMTo o4akBaT OTroBop:

» OT KoM eneMeHTun (n30ToNKn) ce cbCcton Becenenara ?
» KakBo € pa3npocTpaHeHNETO Ha BCEKM enieMeHT? Ha Bceku nsoton?
» Kak e cuHTe3npaH Bcekn enneMmeHT ? Bcekun nsoton ?

[1. BanabaHcku Bbnrapcka yumMtencka nporpama, 5
LEPH 22 tonn 2009



number fraction

Hydrogen mass fraction X=0.71
Helium mass fraction Y =0.28
Metallicity (mass fraction of everything else) Z=0.019
Heavy Elements (beyond Nickel) mass fraction 4E-6
a~huclel
gag g 12C,160,20Ne,2*Mg, .... %°Ca general trend; less heavy elements
,Be,Li
100 | / / / / | | | | | | | | | | | | | | |
10"
10° /
10°
1 0_4 ul 3 r-process peaks (nuclear shell closures)
10°
10°
1 0_7 s-process peaks (nuclear shell closures)
-8
2 ] |
107 )
10" Fe peak U,Th
y 0-12 (width!)
10_13 | ] ] ] ] |Fel ] ] ] | ] ] ] ] | ] ] IAul P ] I|I|I
0 50 100 150 200 250
[1. Bana6aHcku Bbnrapcka yqmneg SSaNypomizen, 6
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S process

Pb (82

LHuazpama Ha Ceepe

B Mass known

[[] Half-life known
[ ] nothing known

p process

Sn (50)

rp process

Fe (26
stellar burning

Supernovae

Cosmic Rays

protons

H(1)=

neutrons

r process




CNO cycle

CN cycle (99.9%)

Ne(10)
O Extension 2 F(9) T\

N(7) | e
C(6) b{/

3 4 5 6 7 8 9

neutron number

All initial abundances within a cycle serve as catalysts and accumulate at largest t

Extended cycles introduce outside material into CN cycle (Oxygen, ...)

[1. BanabaHcku Bbnrapcka yumMtencka nporpama, 8
LEPH 22 tonn 2009



\ the S process (from Rene Reifarth)

(n,y)
=D

proton number

e s-only ,
0B, t,,=17 %ﬁa 92 % Q%\(Bﬂ\? y
\g\ly Kr [

Sr .

Rb

N\

(B*) AS 85 t1/2=\a
\ Ge ]
Ga N&e, t,=62 ka
Zn [ -O‘ﬁ}y &
Cu K &Q
Ni[[ll \ 2 Y
Co 64Cu, t,,,=12 h, 40 % (B), 60 % (B*)
Fe % NipepsroiDBamber
[1. BanabaHcku Bbnrapcka yumMtencka nporpama, 9
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OcHoBHYM 3agaun npea CbBpeMeHHaTa AapeHarta (*)VI3MKa

flppeHa acTpodumamka:

Oanu HaucTMHa cMe HasACHO C npoueca Ha CUHTE3 Ha eJfieMeHTUTe ?

N/Z

D — 0
9 —o
L ]

IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIII§
3 126
| (0 - Pin
E .fSJE I
o ] 137 cm—
§ - stz B
= | - 1-9,'2 I
%E I'U ? fwz
: o @
5 1 d , -
R = NS
o = 1172 —
s ] 5112
E - ng I
I?-— 10 I experiment = W =——
= — o e shell simolore = o
— shez]] sirociore quenched IH ] w
I.U.-I ||||||.:.|| il ral s Lia |.:-|||| g{)-_.
1240 L4 1 fdl .11 2
mass number A
[1. BanabaHcku Bbnrapcka yumMtencka nporpama,
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Kou ca maruveckute uucna
aaneyv ot crabunHoct ?

unum

+ TTpomeHa nu ce cnuH-
opbutanHoTo B3aumoaeucTaue?

- OkaseaTt nu BnusHUue u Apyru
YneHoBe OT HYKSOH-HYKSTOHHUS
noteHuuan ?

[1. BanabaHcku Bbnrapcka yumMtencka nporpama, 11
LEPH 22 tonn 2009



Marm4eckKkum 4umcria

3anvanenu croese 6 i0pama

Maria Goeppert Mayer's 1948 theory explained
why some nuclei were more stable than others
and why some elements were rich in isotopes.

"On closed shells in nuclei" Phys. Rev. 74: 235 (1948).
"On closed shells in nuclei II'" Phys. Rev. 75: 1969 (1949).
"Nuclear configurations in the spin-orbit coupling model.
I. Empirical evidence," Phys. Rev. 78: 16 (1950).

II. Theoretical considerations" Phys. Rev. 78: 22 (1950).

« Incidentally, is there any
evidence of
spin-orbit coupling in nuclei ? »

‘Enrico Fermi
remark on Maria Gepert-Mayer’s talk on isotope
aboundances, Chicago, 1948

. banabaHcku Bbnrapcka yuutencka nporpama, 12
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building blocks of nuclear matter

Intruder orbitals

Further splitting ML Itiplicity

Quantum energy from spin-orbit ~ of statas
states of potential effect \\ J'
well including ]

angular momentum 4 g The 8

4
o

effects. \ ,
£
&

19—

r 195, 10
2p, 2
oo Mg, 6 Closed shells
ee———2n. 4 indicated by
| [ — T2 ‘magic numbers"
— - f 1 .
V(r) V(r) + V.S.O _”:-2 g O NUCIS0nSs
: 50
1— 1d1|‘a\1 4 _)
2s e 2s = 2
— 1d———= .
— — e _E‘
I/SO f(f) -/'§ T 1d,,_ & p
(20)
S
p -7 1p‘*2 2
= Py, 4 .@:}
15 - 15 @l_
[1. BanabaHcku Bbnrapcka yumMtencka nporpama, 13
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OcHOBHM 3apauu npea CbBpeMeHHaTa AsAapeHaTa cbusvu(a

Nuclear Landscape

'] less than 300 stable

proton number Z

terra incognita

known nuclei

_
2 8 neutron number N

Pa3nuyHu ekcnepuMeHTanHu noaxoau ca HeobxoauMu 3a uscneaBaHe Ha aapa ¢ pasnuyHu N un Z,
3a uenTa ca HeoOX0AMMM YCKOPUTENN PaboTeLW B PasfiMyeH pexuM.

L. banabaHcku bbrirapcka yuuTtencka nporpama, 14
LEPH 22 tonn 2009



)

0
Limits of nuclear
existence
L'I:
o
=
=

. ot
28 neutrons l

§ 4.
3
po Shicl Towards a unified
LEL . L& . A .
Ab fiiitio Model description of the nucleus
few-body
calculations No-Core Shell Model Lo
G-matrix
[1. BanabaHcku Bbnrapcka yumMtencka nporpama,

LEPH 22 tonn 2009
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THE EAST BAY'S INDEPENDENT NEWSPAPER

Japanese supercomputer beats top U.S. machine

Scalable from 32 GFLOPS to 7.3 TFLOPS

Hitachi SR8000

. banabaHcku Bbnrapcka yuutencka nporpama, 16
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Aug. 25, 2006

“Q)\ U.S. DEPARTMENT OF

B Oyk Pnopx Mapuo Ctouuos
e cped OCHOBHUTE KIMMEHTU
Ha Aryapa...

Apropo, nogobHa malunHa
paboTu B YHMBepcUTETa B
BepreH (Tam MopTeH XbopT-
VeHceH paspaboTsa cBOUTE
MOLENNMN)

DOE’s Oak Ridge Supercomputer Now World’s Fastest for Open Science

[1. BanabaHcku Bbnrapcka yumMtencka nporpama, 17
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FROTON NUMEER

20 40 G0 g0 100 120

NEUTRON NUMBER

* KaKBa € crioecraTta CTPyKTypa Aared ot ctaburnHocTt
* KaK ce npomMmeHs cpopmaTta Ha “eK30TUYHU afpa

[1. BanabaHcku Bbnrapcka yumMtencka nporpama,
LEPH 22 tonn 2009
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KbAe ca rpaHMUuTe Ha rmynocTra Hu?

Cpueate Ha a0penama napaouema

from: NUPECC 2004 Long Range Plan

™ o L] I|I
[ ] _1I'|I |'.!'|"'|IIE'I:.| T _I"lf.ll'.'r."." I'.'rl'.lllluI .'I _Illulll:l [ _'11::3;

- . . . l| Y a1 y ] |r r ¥ § / (i |r'|l ] |r T r 17 |r
For all stable 1sotopes the density in the . -F"r".’f” Z and N numbers depend on N ana

.l”.af. II t ""_Il:lt |'.lll l'l.lillllulllllfl.
Shell gaps seem to shrink or disappear.

atomic mucleus as well as the difuseness

of the surface are nearly constant.  Ex-

plorations into the far-unstable regions of and new ones appear when leaving the

the nuelear chart have convineinglv shown valley of stability. Also. experimental ev-
that the diffuseness. and thus the radn of idence for new deformed magic numbers
the atomic nuclel. vary strongly. 1= now avallable.

7 I . . | 5
L ] _1..Ir|'.'|'-l'_fn'l Tty |'IJ|"J|'.!' Teid il .'.!'r'.'lr U I"..l".".";.ll |II|I||'I'.'|'||' NN

'“.J"Jt.' ted,

The neatron drip line 15 much further oud

than anticipated twenty vears ago. The

importance of micleon correlations and
clustering that create more hindine for
the muclear system has been underesti-
mated.

[1. BanabaHcku Bbnrapcka yumMtencka nporpama, 19
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The Li chai
e L1cnadin oo I Hy4
E 3 O B " - .
sl Lithium isotopes
% [
:.8 L
= .
: S
I E | o
A E
2_0 i 1 1 1 1 | 1 1
9 5 10
g Mass number
7
5 7
£ | %%
g 5
S |4
E 3 Stable
E 2 Unstable
=
1 Neutron halo
Borromean
1 2 3 4 5 6 7 8 9 1011 12 13 14 . . .
- Why is "Li so big?
Neutron number
[1. BanabaHcku Bbnrapcka yumMtencka nporpama, 20
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COLLAPS: Collinear laser spectroscopy

I In weak magnelic field:
: valid quantum numbers: m;

I
: 512

Optical pumping

512 -3/2 -112 112 32 5/2
L-P e | SE— I I N N
- 2 1+ of
w1 Excitation
. i
i
Mg !
-
! Decay
w2 |
2 I l' I I N
Siz ! 32 - T
! 03
|
vz
1 —— l S E— Qa2
' -1/2 -1/2
oot
\ lon beam Q
0.

- I (
10° Deflection '

Retardation
lenses

Photo multiplier

[. BanabaHcku

Charge exchange cell

Optical detection
region

Bbnrapcka yuutencka nporpama,
LEPH 22 tonn 2009
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Basyrrmary

D, k= 2800m
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23] <200 =130 -1

G. Neyens et al, PRL (2005)
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The case of 11 Li

—_— 9Li TLj —
yoE

LI O) 1.0 T T T T t b) 4.0
= soo0f BT 5.5
= 8 ]
i) Q 3.0
% 2.78 f_’ s 2.5
o =
R 2 . B r
= z ‘o

2
9 10 N N |
o] 20 40 60 O 20 40
Ascan = VR — VLjix (KHZ)
R~ A3 7?2?77
Quadrupole Splitting
P .
11 1
Q("'Li) nbpeo dupekmHo dokazamesicmeo
Q(gLi) =1.090(14) 3a kopenayuu Mexdy si0ka u xaso
. i
15,5 - ‘ ‘ ‘ ‘
0 2 M t 8 10
1. bBanabaHcku e, easuremen nr. 23
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The HIE-ISOLDE linear accelerator

The HIE (High Intensity and Energy)-ISOLDE project embraces
new developments in radioisotopes selections, improvements
in charge breeding and target-ion source development, as well
as construction of the new injector for the PS Booster, LINACA.
For extending the physical reach of the facility, the most
significant component is the SC linear accelerator with a
minimum energy of 10 MeV/u (HIE-LINAC) which will replace
most of the existing REX structure. It will be based on
independently phased Quarter Wave Resonators (QWRs).

[1. BanabaHcku Bbnrapcka yumMtencka nporpama, 24
LEPH 22 tonn 2009



REX - ISOLDE ‘
The state-of-the-art instrument

= Radioactrve beam through trap hay 2000
= Stable bearn through FFQ) November 2000
* Beatn injected into EBIS August 2001,
* First accelerated FIB October 2001

= Two physics run autumn 2001

1. bBanabaHcku Bbnrapcka yumMtencka nporpama,
LEPH 22 tonn 2009



Experimental setup for
Coulex @ Isolde

Miniball

CD - detector
Beam dump
PPAC detector

REX- 68msCu,75Cu 2/ L— =
ISOLDE | E=2.86 MeV/u _JWW»,H

(2.3 mg/cm?) Beam Beam

Yy (63™Cu) ~ 3 - 105 pps !
monitor

impurities

Yyp(7°8Cu) ~ 5 - 104 pps

o particle identification: Double Sided Segmented Silicon Detector;
o detection range: 16°-53° in the laboratory system;

e 4 quadrants, each divided in 16 annular (6) and 24 sector (¢) strips. ;;'_

[1. BanabaHcku Bbnrapcka yumMtencka nporpama,
LEPH 22 tonn 2009



“Non-standard” Coulomb excitation

/'
o |G 1320 5) . 506
0
> 4- 956 Z X
G_)Q'.< ( )_-ﬁ— I 242 T,=6.6
S 3) 778 0.7 ns <T,,, <4 ns (@) Ei 228\K
< 3- 101 T 33
= - ] m 12= 99 S
e%‘ 2+ 84 T,,=7.84 ns 6 1= 45.58
- 0 >
Q1+ " 11,=31.1s 70 B
(@]
68Cll39
- 6 3000
%‘0:18 H[} 25001 0Cu 3*
g0 ©Cu —8 § am *
52-12_ ; 15004 1
;%0;: yf\ 1+ % 1000 ,
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T -1
Transition frequency (cm™) Frequency of first transition / cm

1. bBanabaHcku Bbnrapcka yumMtencka nporpama, 27
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Study of selected structures in the same nucleus

E t1/2

160

(4) T 955 1405: =
P AT - 683Cu
6 721 3.7 min 802—
60
610 3 506
693 “ e
-20E=, 228
100 200 300 400 500 600 700 800
+ Energy [keV] / ! 127keV
2 84 _~T8 ns 3- 101 T,, =33s
1 L84 ) 0 305 \ T =
68 6- 0 1/2_ 44'5 S
Cu 70Cu
140 - -
m;‘)Cu (4>3 DC for A=70
2w 127keV
= F
S Br—
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g ~
2
O znf—
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Energy [keV]
|. Stefanescu et al., PRL 98, 122701(2007).
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Polarized beams at HIE-ISOLDE - from
dreams to reality.

G. Georgiev', M. Hass?, A. Herlert3, D.L. Balabanski*, L. Hemmingsen®, K. Johnston3, M. Lindroos?,
K. Riisager®, J. Van de Walle3, D. Voulot3, F. Wenander®, W.-D. Zeitz’
1. CSNSM, Orsay, France; 2. The Weizmann Institute, Rehovot, Israel; 3. ISOLDE, CERN, Geneva, Switzerland;

4. INRNE, BAS, Sofia, Bulgaria; 5. IGM, LIFE, University of Copenhagen, Denmark; 6. Department of Physics and
Astronomy, University of Aarhus, Denmark; 7. Helmholtz-Zentrum Berlin fir Materialien und Energie GmbH, Germany

Polarized beams — WHY?
o : u-u/ azl 318 I:E'-.'_
. - | o-_gb e [ B = . I-"n'- /
Precise test of the nuclear models VA N T L AN
: : N o o AT T\ BRRN /
for exotic nuclei: E . [8 ;j NS
: 3 sk & 2 | A BT
e transfer reactions I A S " of A M\ /44 |
§ ++ii LAY /?""u
(analyzing power) —>J=€ i . A W
. . . . u a e 0 20 0 400
e Coulomb excitation — spin/parity; HIGL: PDegroes AIGLE Degres
multiplicity assignments etc. (dajT_(do—ji
dQ dQ
¢ nuclear moments — proton/neutron character, A =
do do
, Tpl+ Lp?
angular momentum j dQ dQ
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Can one do it and how?
Tilted Foils - the principles: ! o

~]
e atomic polarization = nuclear polarization W" v
F

e higher nuclear spins = higher polarization

uJLI-\t1
(>10% achieved so far) . )
e strong velocity dependence , ;
: I
(poorly studied up to now) -
345 _.1 )
Left - Right  Asymmelry < - T sle,
o 20fF t ] -
% 10 ’ B ¥
“ ool g _.< e n
1o + - Wt
ib 172 BI0 uJL " J
o000 3 & &2 l 230 w&’f ﬁ,} L
{5 57 0 “ F 7
'j wE l o]
é I sy Elkev) A}J / :
1000 ”’ g E’ i 2 3 a erc,
s Y . s M. Hass et al., NPA 414, 316 (84)
s U /| o
‘”O% » ;»X,w¥,$.f1'%«ﬁm% eCan one post-accelerate the ions after polarizing them?
//,;/,; /: L ' ;,5,// .
| f//{;ﬂ% done for stable beams - noble-gas like charge states + LINAC
7 / '1'
% N N A" < J. Bendahan et al., ZPA 331, 343 (88)
0] 400 500 800 1000
CHANNE =
Fig. 3. Left-right asymmetry of the to?lihfnipjtched 51 on *%%Ph an rapCKa quTenCKa nporpaMa’ 30
at 195 MeV for the three main decay y-rays, Pb x-rays and y-particle LlEPH 22 N 2009
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What do we need to achieve it?

B-NMR setup from HMI Berlin transferred to ISOLDE
e gain of complete control on the TF polarization

* nuclear structure (moments, reactions ...),
nuclear methods in the solid-state physics,

biophysics etc. ...

\ -

. . . REXEBIS
REX-ISOLDE - unique opportunity
9-GAP 7-GAP
RESONATOR RESONATORS
@ 202.56 MHz @ 101.28 MHz IHS RFQ IBOULDE
Beam X*
=T~ ot
MASS
3.0WeV/u 2.2 MeViu 1.9&44 0.3MeV/u SEPARATOR REXTRAP 60 keV
Experiments
3 MeV/u and 0.3 MeV/u
1. bBanabaHcku Bbnrapcka yumMtencka nporpama,
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EBpona He e camo LIEPH (noHe 3a Hac!)

‘The present generation of laboratories and instruments allows to Keep the
European lead in nuclear structure physics on the international arena

NuPECC Roadmap for Nuclear Science in Europe

NuPECC recommends as the highest priority for a new construction
project the building of the international “Facility for Antiproton and
lon Research (FAIR)” at the GSI, Darmstadt.

After FAIR, NUPECC recommends the highest priority for the
construction of EURISOL.

NuPECC gives full support for the construction of AGATA
and recommends that the R&D phase be pursued with vigour.

Because of the time-line of EURISOL NUPECC strongly recommends

the building of intermediate-generation RIB facilities of the ISOL
type. Of these SPIRAL2 meets the criteria of a European large
research infrastructure in terms of scientific potential and size of
investment and will deliver RIBs in 2009.

[1. BanabaHcku Bbnrapcka yumMtencka nporpama,
LEPH 22 tonn 2009
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RIB Facilities : A Worldwide Effort

CIME Cyclotron
Acceleration of RI Beams
E <25 AMeV

Direet beam Hne CINIE-
GLAG2 caves

Production Cave
C eonverter+UC, target
= 10 fissions's

Deuteron source

Stuble Heavy-lon Exp.
Hall

e

Superconducting LINAC
E= 145 AMeV for heavy lons Afg=23
E =40 Me¥ for deuterons

Heavy-lon ECR
source {Afg=3), ImA

Fragmentation
Driver Lmac{ o 400 MeVimucleon) Production Ta rget

. o
P““"“' Ton So
on S0UrCe  \fodyl,
(HiroughU) oo
Isobar Gas Catcher/
Separators Ion Guide
Post Accelerator

] Experimental Areas: ayy
1:<12MeVin 2:<1.5 MeVAi 3: Nonaccelerated 4: In-flight ﬁagnl:jnts
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Michigan State University (MSU) was selected to design and
establish FRIB based on the evaluation against the Merit Review
criteria of the application submitted and information obtained from
the applicant’s response to questions of the Merit Review Panel,
oral presentations and site visits. Both applicants fully addressed
all aspects of the rated criteria, and demonstrated a very good
understanding of the major issues. However, MSU’s application
provided the strongest proposed budget that was reasonable and
realistic.

[1. BanabaHcku Bbnrapcka yumMtencka nporpama, 34
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MICHIGAN STATE
UNIVERSITY

Proposed configuration of FRIB at MSU
N

%
g Upto 3
; ECR lon Sources

Superconducting
Heavy lon Driver Linac

Radioactive lon Beam

e _C_:::-} gry-:.gapm
‘w Facilities
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FRIB experimental areas

9100 sq ft
- : Uy gy
%,
I I‘I"':l' ] “f'-*
i i
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0 10m T
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. banabaHcku Bbnirapcka yuurtencka nporpama, 36

LIEPH 22 tonn 2009



RIKEN RI Beam Factory (RIBF)

EAF\z eq- | Experiment facility |
Old facility

»
Accelerator
-. [Garis |SHE (eg. z=113) [

60~100 MeV/nucleon

To be funded
In phase IT

5 MeV/nucleon = RILAC

AVF - *'v,,-.fi'_.P_'-'-

|CRIB (CNS)]

350-400 MeV/nucleon

New facility ¢

Intense (80 KW max.) H.I. beams (up to U) of 345.4MeV at SRC
Fast RI beams by projectile fragmentation and U-fission at BigRIPS
Operation since 2007



First beam accelerated at SRC K2600MeV |

- I
T

16:00 28t Dec., 2006 2TAL 10+ 345MeV/u
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European
Strategy Forum
on Research
Infrastructures

About ESFRI

The European Strateqy Forum on Research Infrastructures - ESFRI - was launched in
April 2002 to support a coherent approach to policy-making on Research
Infrastructures in Europe. The Forum brings together representatives, nominated by

Research Ministers, of the 25 EU Member States and of 7 European countries
associated with the Framework Programme, and a representative of the European

Commission. ESFRI has set up various thematic working groups, has acted as an
incubator for some Research Infrastructure projects and has started to prepare a
Roadmap for Research Infrastructures of pan-European interest in the next 710-20

years.

For more information on the Forum: hitp://www.cordis.lu/esfri/

Facility for Antiproton and lon Research (FAIR)
Facility for intense secordary beams of unstable isotopes

(SPIRAL II)
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HISPEC/DESPEC

NUSTAR: SuperFRS and experiments on three branches
> 800 collaborators
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NUSTAR - The Project

DESPEC -, B-, a-, p-, n-decay spectroscopy

The Collaboration

ELISE elastic, inelastic, and quasi-free
e-A scattering > 800 scientists
EXL light-ion scattering reactions in 146 institutes

invere kinematics

38 countries

HISPEC in-beam y spectroscopy at low and
intermediate energy

ILIMA masses and lifetimes of nuclei in The Investment
ground and isomeric states 82 M€ Super FRS

LASPEC Laser spectroscopy

/73 M€ Experiments

MATS in-trap mass measurements and
decay studies

R3B kinematically complete reactions
at high beam energy

Super FRS RIB production, identification and
spectroscopy ‘pama,
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DESPE

Magnetic spectrometer
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future of y-ray spectroscopy

[1. BanabaHcku

The AGATA spectrometer
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AGATA

* X %

:T** (Design and characteristics)

*

MU 41 y-array for Nuclear Physics Experiments at European accelerators

AGATA providing radioactive and stable beams

ADVANCED GAMMA
TRACKING ARRAY

Main features of AGATA
Efficiency: 43% (M, =1) 28% (M, =30)
today's arrays ~10% (gain ~4) 5% (gain ~1000)
Peak/Total: 58% (M =1) 49% (M =30)
today ~55% 40%

Angular Resolution: ~1° >

FWHM (1 MeV, v/c=50%) ~ 6 keV llI

lml = =Tl

today ~40 keV
Rates: 3 MHz (M =1) 300 kHz (M,=30)
today 1 MHz 20 kHz Ié

- 180 large volume 36-fold segmented Ge crystals in 60 triple-clusters
- Digital electronics and sophisticated Pulse Shape Analysis algorithms allow
- Operation of Ge detectors in position sensitive mode - y-ray fracking
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Summary
List few items
Agata very powerful instrument for nuclear spectroscopy
Exciting science programme subject of this meeting
Aim to propose and start realisation of the full AGATA from 2008


revolution in y-ray detectors

What is AGATA

y-ray tracking is a novel
concept in nuclear spectroscopy
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3 encapsulated Ge crystals in one cryostat
111 preamplifiers with cold FET
~230 vacuum feedthroughs
LN, dewar, 3 litre, cooling power ~8 watts
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The SPIRAL 2 project

[ CIME Cyclotron
Acceleration of BRI Beams
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Figure & : Prototype assembly drawing



The EURISOL Concept

(based on 5" framework RTD)
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target stations
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One possible schematic layout
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EURISOL: The Main Challenges

« Design a 5SMW:; 1GeV proton driver with additional capability of 200

AMeV deuterons and A/Q=2 Heavy lons; build and test prototypes
of the cauvities.

« Design a liquid Hg converter which will accept 5 MW of beam
power.

« Design a UCx target which will make the most efficient use of the
neutrons produced.

« Evaluate the safety constraints of the above set up.
« Design an efficient multi-user beam distribution system.

« Design a superconducting HI LINAC capable of accelerating 132Sn
up to 150 AMeV

» Investigate technologies for the instrumentation of the future
« Provide a conceptual study for a beta-beam neutrino facility.
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EURISOL layout
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EURISOL










Beta-Beams

a collaboration between Nuclear and
Particle communities
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FEurope produces considerable
part of the nuclear structure data

wowew theodaora.com/fraps



