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ALTO is recognized as Trans
National Access facility in the
framework of FP7

4PN

INSTITUT DE PHYSIQUE NUCLEARE
ORSAY

JYFL:
HI beams

MAX-lab:
250 MeV v

GSI: HI heams
FAIR: NuSTAR
Radicactive HI beams

IPN-ALTO:
(Radicactive) HI beams

GANIL: SPIRAL ‘

(Radigactive) HI beams

S-DALINAC:
120 MeV e

e Ty

-

. SP_IRAL 2 LMU & TU Munich:
Radicactive HI beams HI beams
EURISOL?

&. -_La .1
MPI Heidelberg: b~ INFM LNL: HI beams
HI beams - ! SPES r-
Radioactive HI beams |{

EURISOL?
CERN: ISOLDE y .
Rzdioactive HI beams '\“' 5
HIE-ISOLDE ' b

Radioactive HI beams IMFN LNS: oM ‘f}
EURISOL? HI beams L]
&=

Joint LAL-INR NASU workshop — Orsay mai 2013 Maher CHEIKH MHAMED




.JIPN TNA EACILITY JIN2P3
INSTITUT DE PHYSIQUE NUCLEAIRE UNIVERSITE
ORSAY (

PARIS
ALTO AIMS SUD

Accélérateur Linéaire auprés du Tandem d'Orsay

velopmg sta ble

.zi’

x x Support for experlments
ol B 30 engineers and technicians,
5 physicists
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Inside accelerator building (109)
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Linac: e- 50 MeV 10 pA Target lon source

PARRNe mass separator

radioactive ion beam lines
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Tandem/ALTO general layout
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s&g Di:ulvsgf NUCLEAIRE SPLIT POLE ISOL

beams line 320 BACCHUS ORGAM phase2 , Beta-decay: BEDO/TETRA
p; \90 nuclear orientation on line:
"\S‘ < POLAREX

line 410 \
line 420 \

ORGAM phase \6> 410

PUPITRE

s | ARGET

cluster/ PARRNe Thin TargetLab ~ AB
molecular/

droplets ]
beams

AGAT TANDEM: 15 MV Van de Graaff

Radioactive beam lines

Stable beam without spectrometer
Stable beam with spectrometer

A complex facility with many scientific equipment, 2 accelerators, 2 separators one off line and one on line, 2 spectrometers

high-resolution, 8 beams line and a laboratory for the manufacturln% of the uranium carbide targets UCx 5
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Part 1
Stable beams - (Tandem) installation
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STABLE BEAMS
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 3ion sources: 6 beam lines: O Acquisition room
-Duoplasmatron -Split-Pdle
-Sputter ion sources -Bacchus
-Liquid Metal lon Source: Au, -ORGAM
-AGAT
Bench for testing ion sources _SIFAGA

-Free beam line 410




OPERATION OF THE TANDEM
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ORSAY
Tandem/ALTO beam
schedule
For the two accelerators: 33 weeks (4000 H) Bilan
'Tandem 27 WeekS Time of scheduled and realized 3624
functioning (h)
Number of week 27
=] inac 6 weeks
Conditionning(h) 240
=Produced Beams: p, D, 3He, “He, "Li, 12C,
13C, 14C, 24Mg, 31p, 328, 40Ca, 48Ca, 127|’ Cn, Tests **Ca , **Ca (h) 120
CnHm
Time attributed)to the physics(h) 3284
»60% of heavy ions Breakdowns (h) 260
»45% of pulsated beams Number of operators 7
. Management of the breakdowns,
=Terminal voltage: over 10MV for 65% of additional Time (h) 260
time and 13,5-14,7 for 12% of the time.
. .. Ion b Target (h)
We compensated the time of the breakdowns by additional o e e e AP
time, one working the weekend % 100%
9
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Users

v' 250 researchers from 26
foreign institutions and 15
national ones.

v 33% Nuclear
Physics/Astro-Physics

v" 15% Clusters/Astro-
Chemical

v' 19% Instrumentation
and other applications

v 13% Material
irradiations

v’ 20% R&D

improvement/development -nr NASU workshop — Orsay mai 2013

2012

CLUSTERS
3%

ALTO RIBs
16%

MACHINE (Tandem
and ISOL)
19%

IRRADIATIONS
8%

ultipurpose line
nuclear structure
and reactions)
8%

INDUSTRIAL SERVICE
6%

INSTRUMENTA
R&D
11%

SPLITPOLE
12%

the topics of the experiments are very multi-field, with always a
dominate for the nuclear physics

Maher CHEIKH MHAMED
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Development on ion beams
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Installation of new high intensity
1on source for Clusters
and 8Ca

Eullerene beams are produced by bombarding a target made of compressed fullerene with a 20 keV cesium
eam

— Production of 107 C3*4,/s at 48 MeV
Cs sputter ion source (type 860C) was tested off line in order to produce Cg,ions and “Ca

— The results showed that the new source produced 10 times more beam (*2C = 100 pA instead of 10
HA)

— Next test with fullerene and “8Ca targets underway (2014)




[‘ Development on ion beams

INSTITUT DE PHYSIQUE NUCLEAIRE
ORSAY 14C Beam

Objective : intense beam of 14C :

Previous experiments at Tandem with radioactive FeC paste :

initial activity = 25 mCi or 2.59 GBq
This experiment with a mixture of Carbon 14 and 12 in powder :

initial activity = 70 mCi or 7.25 GBq

Prepa ration of the ta rget of 14%Cin a gloves box : Images of preliminary tests with only 12C

NC AN P

17 of 14C + 53 of 12C:
70 mg of carbon

Filling the target
with a spatula

Pressing to compact
the powder 14C target

Assembly operation under extraction hood :

New method to produce the
targets of 14C, we obtained an
analyzed current of 100nA.
Multiplied by 3

The '4C target is placed in the source



Development on ion beams

!TUIT o PHYSQUIE NUUIEA.RE INSTALLATION OF AN AUTOMATON
ORSAY
SYSTEM IN THE TERMINAL OF THE

VANl |
' TANDEM

Development of a new C&C and to installation of an automaton inside the accelerator at the terminal
15MV. Support the pressure of SF6 and the Sparks - first successful test for the Tandem

Beam
ELERAE | PASCEAL |

TAMNK Laddertron

cram:

lons EFELWNEW W WD |
sourc | w 4 B & @

e

stripper

181
e

Accelerating structure

| | Neampaar oo e

il
Orion: Beams of heavy gold cluster /' " '"I\n oy
Produced by liquid metal ion source 7 4 T g A |
(LMIS) : = .o~

The control and command system installed in

the terminal

Seen through the bottom
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Part 2
ISOL installation (RIBS)
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RIB production by photofission
A

50 MeV electron driver

e Energy : 50 MeV
Average intensity : < 10 pA

Repetition rate: 100 Hz max

RF frequency : 3 GHz

Pulse duration : 0.2- 2us

Emittance: 0,6 r mm.mrad @ 50 MeV
Diameter of the beam on target: 10 mm

g - "3 Production target
. & —~
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Good news of year 2012
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a S n Green light from the safety authorities:
/ full authorization to run the ISOL facility at nominal primary

electron beam intensity (10 pA, 50 MeV) — duration 5 years
no limitation in number of runs per year (to be confirmed)
—> access to non-IPN users is fully open
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ISOL installation
B . | ‘7:
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nuclear orientation
Jitd W

e-LINAC
10 pA 50MeV




The productions (with the most appropriate source)
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R&D ON ION SOURCE for RIBs
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Efficient and reliable system for the next generation of ISOL facilities (=10
High ¢, and longer runmng(%lme)/ strong irradiations

Hot plasma ion source
* Material operating at high T/Physicochemical interaction

e Study of the space charge compensation
* Design of an efficient extraction (60 kV)

Radial configuration
— Cylindrical cathode (T >2500°)
— Insulating placed awa':
— No magnet

Status : Competetive effeciency

Comparing to the conventional ion sources

Design Study Jomt LAL-INR NASU Workshop Orsay mai 2013 Maher CHEIKH MHAMED

Simulations with Lorentz code and IDEAS
20




Alto laser ion source
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Alto Laser ion source at IPN Orsay : more selectivity ...

Isolde-type ion source

extracted ion beam

Y

electron beam

8 m distance lonisation

3 mm diameter

B gated v spectrum \

uranium carbide
target

Gamma-ray energy (keV)



R&D on UCx material for RIBs

4PN

INSTITUT DE PHYSIQUE NUCLEARE
ORSAY

(collaboration with Radiochemistry group)

Best release properties

Synthesis and densification of UCx materials
e Carbo-reduction of uranium oxide and oxalate
e arc melting (metallic U, C)
* Composites UCx-C (fibers, nanotubes)
— Structure analysis
* Purity Density
* Porosity Morphology of the grains and pores
— On line measurement of the release parameters
Y spectroscopy
effusion-diffusion process
Waste reprocessing
» Study of the stabilisation of UCX by chemical dissolution
« Controlled oxidation process of the UCx material

Spiralz
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Part 3

detection systems and instrumentation
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gamma spectroscopy following 3-decay
fast-timing
detection of B-delayed neutrons + gammas

3He neutron detector (Dubna-
Orsay collaboration)
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Equipment of the secondary beam lines : on line nuclear orientation

POLAREX project (C. Gaulard et al.)

* study of the nuclear magnetic
moments and spins of exotic nuclei

* observe the decay of a spin-oriented
ensemble of nuclei

Joint LAL-INR NASU workshop — Orsay mai 2013 Maher CHEIKH MHAMED 27



BACCHUS 0° spectrometer

B s Could be used for nuclear physics but fully devoted to industrial applications and
irradiations (ex : see Planck proposal this year)

i R L
L -!EL]LJ{ =

Joint LAL-INR NASU workshop — Orsay mai :



iInstruments spectrometers
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ORSAY Split-Pole spectrometer

maximum magnetic rigidity : 1.65 Tm
maximum solid Angle : 4 msr
energy resolution E/AE~2000

focal plane detectors :

proportional counter : energy loss AE + localization
plastic : residual energy E

(+ time of flight if pulsed beam)

320
&
410 Wefg
e
%
d\ = >
420 A
PARRNe
AGAT
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iInstruments : Ge arrays

dIPN

INSTITUT DE PHYSIQUE@( 2IRE OSCAR
ORSAY ¢ 0, (Orsay
/))’)) 2%, J <& Segmented
& KD Clover
+°\\'*ﬂo Array)
\\Q 0(\\

47 B Plastic
L. Scintillator

IS
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Applications for the industrial ones
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Tests of embarked instruments and irradiations of components

N 1 "7\
N

Program JUICE

For the impact study of radiations on Schottky diode
manufactured with the LPN or by UMS for space program
JUICE of the ESA (mission of class L). The LERMA is
responsible for the delivery of several circuits using of the
Schottky diode for the submillimeter instrument heterodyne
receiver SWI which will observe Jupiter starting from 2030
(launching 2022).

Satellite Planck

Irriadiation of embarked measuring instruments :
HFI : detectors bolometric, multiple cooling systems, and
electronics with weak noise

Beam line dedicated
to the industrial ones
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[ Our community of users

- IN2P3

Qrsay

machine IPN France
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Abroad

400 researchers from
26 foreign institutions and 15 national ones

for nuclear physics and applied physics.

-Nuclear structure of exotic nuclei
-Cluster in nuclei

-Nuclear astrophysics

-Nuclear waste

-Nuclear physics for energy and
environment

-Atomic physics: cluster atoms collisions
-Nanotechnology (cluster atoms)
-Instrumentation

32



The third accelerator at IPN Orsay : soon...

JIPN
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EXXANDROMEDE

Surface Analysis/organic matter probe
NPs-Solid and surface interaction

NAPIS/LMIS |

ToF Mass
spectrometry

Triplet off axi
m/q selectio

Electron Emission
Microscopy

Multicharged atomic, cluster and
nanoparticle ion beams Nano particle Beams

el iquid Metal lon Source
eNAno-Particle lon Source

*ECR ion source
JotirtEAEHNR NASU workshop — Orsay mai 2013 Maher CHEIKH MHAMED
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Thanks for your attention ...
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