Heavy lon Laboratory, University of Warsaw
an overview
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Heavy lon Laboratory, University of
Warsaw :

* National nuclear physics laboratory open
for external users

* Recognized in Europe
* Involved in teaching
* developing medical applications



M. Pfitzner et al.
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First Nuclear Physics Lab in Poland
Hoza 69, prof. A. Softan (1937)

deuterons 0.4 MeV, I‘up to 200 pA
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GSI: HI beams
FAIR: NuSTAR
Radioactive HI beams
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IPN-ALTO:
(Radioactive) HI beams

GANIL: SPIRAL
(Radioactive) HI beams

SPIRAL 2 INFN LNL: HI beams
Radioactive HI beams SPES
EURISOL? Radioactive HI beams
' EURISOL?

CERN: ISOLDE
Radioactive HI beams

HIE-ISOLDE INFN LNS: |, .
Radioactive HI beams Hl beams |, -
EURISOL? ¢

NuPECC LRP2010 Town Meeting Madrid,
31/5/10

Guenther Rosner



Nuclear facilities in

Europe:

NuPECC Long Range Plan

r Accelerator laboratory JYFL,
h[ﬂi. University of Jyvaskyld, Finland

(‘*&_ Electron accelerator ELSA, University

of Bonn, Germany

"\ &

s _',. European Centre for Theoretical
*au® Studies in Nuclear Physics and
Related Areas, ECT*, Trento, Italy

'J JoLIcH Forschungszentrum Jilich, FZJ

------ = (COSY and HPC), Jiilich, Germany
ﬂ!' Institut de Physique
— Nucléaire, IPNO, Orsay, France

Sy l Grand Accélérateur National d’lons
———— "= Lourds, GANIL (SPIRAL), Caen, France

ss=sx Helmholtzzentrum fir

Schwerionenforschung
GmbH, GSI, Darmstadit,
Germany

European Organisation for
Nuclear Research, CERN
(ALICE, AD, COMPASS
and ISOLDE),

Genéve, Switzerland

quvl

] NuPECC member countries
O FP7 facilities

O Smaller-scale facilities

Kernfysisch Versneller
Instituut, KVI, Groningen,
The Netherlands

Laboratori Nazionali e
del Sud of INFN, LNS, C
Catania, ltaly

Laboratori Nazionali " ,’;t

di Frascati of INFN, LNF, (o=
Frascati, ltaly

)

Laboratori Nazionali
di Legnaro of INFN,
LNL,Legnaro (Padova), Italy

-
=
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Mainzer Mikrotron, MAMI,
University of Mainz,
Germany

Max-lab, University of
Lund, Sweden

h2o-Creative



Nuclear Facilities in Poland

O Szczecin

HIL _ j
&) R
SLCJ o (=

Warszawa
Lodz O

: O
Katowice
0O Lublin




ce

wi

Cyclotron Centre Brono




What is foreseen in NCRH - CCB?
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ELBRUS at Szczecin Univ.




Science Campus Ochota

SLCJ

BN

. o+ Zwirki i Wigury str.




First oncological hospital in Poland
29.05.1932




Heavy lon Laboratory UW -

a national lab.

Programme Scientific
Advisory - Director Council
Committee

| l N ‘

Deputy Head of Accelerators ] Secretary Administration
(Scientific)

Nuclear Physics HI Cyklotron Lab. Radiofarmaceutical
Lab. Prod. Centre
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Scientists — 13
PhD students -7
Technicians — 35
Administration - 8
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Medlcal applications
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Energies 2 <10 MeV/A

L

Radioactive

Isotopes

EXPERIMENTAL HALL

o

CYCLOTRON
K=160




Cyclotron U-200 and ion sources

2.9m

4m

\

- istniejace czesci zradta ECR

- nowaoprojektowana czesg linii

istniejgaca i nowglinie

® ©e06

(do stanowiska ciata statego)

- dublel kwadrupolowy

1] - dublet steeringéw

1m

- pompa prozniowa

=== - zawor prézniowy
EP - sonda prézniowa

X - komora diagnostyczna

materjal science

iIII E@) Xm -
X

43m ,|" ion source






EAGLE vy - spectrometer

» upto 30 HP Ge
detectors coupled
to:

+» Internal
conversion
electron
spectrometer

+» Scattering
chamber with
charged particles
detectors




Electromagnetic properties of nuclei
(dr P. Napiorkowski, dr J. Srebrny...)

ZONe

57 MeV



GOSIA Code

« Standard tool for Coulomb excitation data analysis
 Used worldwide, maintained and developed at HIL

« GOSIA Workshop — organised at HIL in April 2008
ISOLDE (MINIBALL). CERN:

J. Cederkall, A. Ekstrom — 108105 n, 1080 JYWASKYLA, FINLAND

J. Iwanicki - ®Kr, 22Kr F. Becker — Kr

A Hurst - tSe M. Hackstein — “Xe

|. Stefanescu — =Cu, ™Cu

J Van de Walle — #7n ANL (Gammasphere), USA
E. Clément — *Sr A Hayes — "°Hf

A Petis, N. Bree - 13188188 Hg

GANIL (EXOGAM), FRANCE: J. Iwanicki— 170

E- Clément — ™ TSKT K. Wrzosek- LIPSH&] - Mo

M. Zielinska — “*Ar

JAEA TOKAI JAPAN:
M. Koizumi - #Z2n, *Zn
T. Hayakawa — ™Se
A Osa - =Kr
Y. Toh — "Ge
M. Zielinska — %Mo

Upcoming experiments — GOSIA used for simulations

B. Bastin — #8202Pg
M.Scheck — #*#°Rn, ****Ra

HIl WARSAW, POLAND
M.Scheck — *Zr (Mar 2010)

M. Zielifiska — "™Pd (May 2010)



Deformation of 1Mo g.s. and
0+ exc. state

Theory:
L. Préchniak Int. J. Mod. Phys. E19 (2010) 705,
L. Prochniak, S. G. Rohozinski, J. Phys. G: Nucl. Part. 36 (2009) 123101
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Symmetries and nuclear structure
( Dr J. Srebrny, dr E.Grodner...)

Studies of identical bands in A~130 nuclei



Results:
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ICARE large scattering chamber




A. Lemasson et al. PRL
103 (2009) 2327701

107"

Tunneling

| I I I

m ‘Hes Ay
0 SHe+'¥7Au
e "He+Ay

i

-,

10"

10% F

Toenlad

107" F

15

Enhancement below the barrier !




Coulomb barrier distribution
prqf. E.Eiasecki, dr A. Trzcinska
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Structure dependence
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a-structure of light nuclel

160 = 12C +
M.C. Morais, R. Lichtenthiiler / Nuclear Physics A 857 (2011) 1-8

Table 2 _

Alpha spectroscopic factors for lhDH_g.

Work Eeaction S

This work 2e1%0,20)%0 1.45-1.58
Refs. [22.23] 2c(°Li.d)'%0 7.6-10
Ref. [24] 2e("Li, n'%0 0.38

Ref. [25] 2eLi. )0 0.34

Ref. [26] 60 o+ 12C 5.41

Refs. [9.19] 2edep,l2¢)lto 1.0-2.0

Experyments in HIL — A. Pakou et al. Uniwersytet loannina, Grecja

N. Burtebayev, University of Aimaty, Kazakhstan



Interaction of exotic nuclei

New ,,magic” numbers
Nuclear halo

Three body forces

Clustering

etc.

What about en effective optical potential??



Interaction of exotic nuclel
prof. Adam Rudchik, IBJ UAN Kiev

atA —_—

Probability: optical potential a + A
+ structure

+ opt. potential b + B



IGISOL — magnetic spectrometer




e Trans — lead nuclear isomers investigated by isotope

separation on — line

J. Kurcewicz et al. Phys. Rev. C/6(2007)054320
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Survival of irradiated cells
(dr z. Szeflinski...)
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Detector laboratory

f 4. « CH, \

T~700°C pavH}OO mbar

CH, « H® =—5=®CH;" + H,
-

[ X J,;wgin 1

K A diamon or Si, Ir,.. /
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prof. A. Kordyasz
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Target laboratory

dr Anna Stolarz

Head of International Nuclear Target Development Society

www.intds.org

N ar——

polyimide (C-“H'"N-O")

Perfect mechanical
properties, high chemical
resistance, low radiadion
damage




D, Education

'@’. One-week workshop for undergrad. students

Srodowiskowe Laboratorium Ciezkich Jonéw, Uniwersytet Warszawski.

B UAM w Poznaniu B Uniwersytet Slgski
- B Uniwersytet Szczeciriski @ UMCS w Lublinie
Warszawa, 20 - 25 April 2009 r. Y
B UMKW Toruniu M Politechnika Warszawska
= IP) w Swierku W Uniwersytet Warszawski

Uniwersytet Wroctawski ® Politechnika Gdarska

Uniwersytet todzki
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:;s\ I n{ ational %orkshop
2/ |/ onAcc d Applications -

Partners:

. University of Warsaw, Poland

SORIA UNIVERSITY @lmvcrsxdad

« University of Huelva, Spain »St Kiiment Ohrldskl® de Huelva

« University of Sofia, Bulgaria
« Akdeniz University, Antalya, Turkey



ional %orkshop
d Applmons
o




1

{a

&
-

b
! Intg;:(gatlonal Workshop
onﬂ\ccel/e\ratlon and Applications -

S ) of Heavy Ions




Positron-Emitting Tomography

— During 80 and 90s mostly a research tool

— Since 2000: standard technique in large hospital in EU/US for diagnosis
of cancer

Coincidence
Processing Unit
ssing

Sinogram/
Listmode Data

Annihilation Image Reconstruction



|Isotopes

Nuclid| T,, | E,.. | Range Target Reaction
(min) | (MeV) | y (mm)
8F  1109,7 | 0,635 0,2 180 water | 180(p,n)'8F
Ne gas | *°Ne(d, o)'°F
1C 20,4 | 0,96 0,4 N, - gas 14N(p,o0)1'C
13N 9,96 | 1,72 0,8 160 water | 190(p,a)'°N
12C(d,n)"3N
150 2,07 | 1,19 0,5 N, - gas 14N(d,n)">0
68Ga | 68,3 1,9 1,2 Generator

(from 8Ge)




Radiopharmaceutical research and production
centre

p / d cyklotron
16/8 MeV
(General Electric)

il i N i
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Opening ceremony, 15.05.2012




Therapy using a-emitters
(prof. J. Jastrzebski, dr J. Choinski...)

« a’ s strongly interact with matter
* Have short range — do not kill healthy cells
» Perfect theraphy for small cancers

0

211At, 225AC, 212,213Bi, 223,224Ra, 212Pb,
226Th



Isotope
production

0 0
Buﬁ“@( —0—N _Na At @ |(‘ —0—N
) TBHP

hwa’(ko —NH,

i
2”;“@( —NH—hiatko

chemistry



liczba zliczen N

Gamma spectrum from a irradiated Bi target
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Summary

Heavy lon Laboratory, University of
Warsaw :

* National nuclear physics laboratory open
for external users

* Recognized in Europe
* Involved in teaching
* developing medical applications



