The IRIN project at the reactor PIK

Direction 5 of the scientific program of PNPI NRC KI “Fundamental and applied researches
with the neutrons”:

The project development and construction of the ISOL facility IRIN at the PIK
reactor for study of neutron-rich nuclei far from R-stability and production radioisotopes for

medicine
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IRIS facility - the ISOL installation at the beam of PNPI synchrocyclotron
(in function from 1975), collaboration with ISOLDE (CERN)
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Long-lived Cs isotopes measured
by a Faraday cap at the mass-
Separator collector. The release-
bending condensors ionization efficiency ~ 70%
IRIS is the only in Russia on-line
installation on nuclear and astrophysics
investigations of radioactive isotopes.
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IRIS-ISOLDE

The region of neutron-deficient nuclei

close to proton and neutron magic numbers
Z=82,N=126 attracted a special interest

due to discovered isomeric forms of mercury nuclei
and measured lately asymmetrical fission of nucleus

180
U f=82

=8

The IRIN goal:
to move to new regions of neutron-rich
isotopes and to study form of nuclei of
isotopes of Te, Sb, Sn, In, Cd

and Ag with neutron number close to the
magic neutron number N=82 in the region of
border of neutron stability;

to study form of nuclei of

isotopes of Ge, Ga, Zn, Cuu Ni in the valley
of nuclei with the proton magic number Z=28
and neutron magic number N=50 fo establish
the influence the shell effect on the nucleus
form;

Precise masses of nuclei measurements in
the pass of r-process:;

production of radioisotopes for medicine
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UC target for short-lived isotope production

The lay-out of nuclear-laser complex IRIS - ULISS

ULISS provides selective highly efficient ionization of radioactive <
species produced s
and gives the possibility to measure on-line nuclear charge radiiand  —»

electromagnetic moments of nuclei

Laser complex IRIS
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The ionization scheme of Bi
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Laser beams focused into the volume
of laser ion source

UC target of a
High density

Laser ion source
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The charge radii of nuclei in the led region (Z=82)
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The project IRIN (Investigation of Radioactive Isotopes produced by

Neutrons)

e The reactor flux of thermal neutrons
A o b —eplGeV : higher than 10% n/cm?3s,
et E d I btain the highest yield
£ P —B-pIS6MeV = allows to obtain the highest yields
[ —epdOMeV nﬂh)+z3st\ ] of neutron-rich nuclei far from the region
s P —a-CTIMeVh : of beta-stability
2100 ¢ —e-n(Th) \
0

MoTok TensnoBbIX HEUTPOHOB Ha OCY FOPU3OHTaNIbHOIO
kaHana 3K 5 ®,(r)*10™ nicm’c

Py —— 152 Mm

== B
\_\1\
Y

—

~

-10 0 10 20 30 40 50 60 70 80 90 100 110
L oT ueHTpa, cMm

-
[«2)

EPEPETYITT ST EPTIIN S ST B e
(o]

N
~

R e B (el e BRI WS (o ey ) Ry ISR A

76 78 80 82 84 86 88 90 92 94 96 98 100
A

0.01

-
N

-
o

Hlem?c
o
(o]

o«
o

NN
[N

The production cross-section of Rb isotopes

at different particle beams o0

MoToK TennoBbIX HEUTPOHOB mm(r)*1014 ,

ISINN-23, V. Panteleev



The lay-out of the IRIN facility at the reactor PIK
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Target-

Highly enriched 23°U prepared
as uranium carbide of a high
density

Uranium mass - 3-4 g.

Neutron flux through
the target -
(3-5)x1013 n/cm3s

Power dissipated by the
target - 2.5 - 3 kW.

[ L
//Ton Penning traps at one of the

mass-separator beams allows to
measure masses of nuclei far from
stability with the precision of
several keV

The yields of neutron-rich nuclei at
the collectot of the mass-separator of
IRIN facility
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Target-ion source with the ion optical system
in the horizontal channel GEC-6-6' of the PIK reactor

The time table of the poject
IRIN works

2010-2015r.r.

Development and tests of U-238
target devices at IRIS facility at
the beam of PNPI synchrocyclotron

2015-2016

Construction and tests of the
prototype of the ion-optical system
of the IRIN mass-separator.

2015-2018
Detailed elaboration of the
project, facility construction

2019
Trial start of the facility
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Summary

ISOL facility IRIN at the PIK reactor with the neutron flux on the target

up to 5x10!3 n/cm?s will allow to obtain the highest yields of neutron-rich nuclei. It
gives the possibility considerably expand the region of investigated nuclei, especially
to reach almost not studied isotope region with a big excess of neutrons that is very
important for astrophysics (r-process)

The use of Penning traps (ISOLTRAP type) allows to measure the masses of a large
amount of nuclei far from stability with a very high precision (several keV).

Making use of a high sensitive and high selective method of resonant laser-ionization
spectroscopy give the possibility to measure charge radii and electromagnetic
moments of nuclei in the most interesting for nuclear physics regions, surrounding
double magic nuclei 132Sn and regions of nuclei with the magic amount of neutrons
N= 50 (neutron-rich isotopes of Ge, Ga, Zn, Cu u Ni).

Additionally, at the IRIN facility there are planned for production of a high purity
radionuclides for medicine.
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* np-dy -YctaHoeka «beta-pacnapg HeWTpoHa»
» IRINA - Macc-cenapaTtopHbIi nasepHo-aaepHbIv komnneke MPUHA
*  n4 - YcTaHosKa «HelTpuHo» (pacnonoxeHa 8 NOAPEaKTOPHOM MPOCTPAHCTBE)

U3 poknasna aupextropa OHM B.B. Boporura Ha Yd. Cos. TTHSP



