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ISOLDE@CERN

Proton Beam
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Cross sections

enherqgy dependence
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energy dependence
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Converter target
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2 Converter target

scanning the proton beam

~—+ 142 Cs H-scan 1 GeV std beam 5E12
o 142 Cs H-scan 1GeV focussed beam
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lonization by
electron impact

o 3 st fast .\
electrons
(e

atom

3 7

continuumJ //%

b
ionization

] LINE ener
CURRENT . gy

<
o electron

ANODE impact
VOLTAGE energy

ground state;(_)—

Summer students Mats Lindroos
2002



ISOLDE = "= lon source
=R

mmmmmm
xxxxxx

7,
analysing magn

Ton source

Laser ionization

Laser lonization

[ ]
)
laser
beams

oo "= atom ion

|

I
n
11
"y

Distance to Target: 20m

Target lon Source Unit

60 kV
Proton beam = .
Target Extraction [ ionization L Eexcited states
Electrode bt
energy |

—\ ; < 9-10 eV ‘

e . oW b ’

Laser * lonizer '
|| cavity

- someV 4

f
) 4 )
~

Target ground state

Summer students Mats Lindroos
2002




Summer students Mats Lindroos
2002




&

TJG June 2000

Summer students Mats Lindroos
2002



&

/

rp—process

50

2 8
Summer students
2002

N——>

-
- -

Mats Lindroos

162/

)
|
-

r=process

stable nuclides

€, B* - decay

B~ - decay

o - decay
spontaneous fission
p - decay

D oC0OmEm




&

Pure beams?

To get pure beams free from isobaric
contamination:

Target material

Target and ion source chemistry
Proton energy

Ion source

Magnetic separation
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&l 150U facilities 2001

World Wide Radioactive Beam Facilities

2001
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2 Why bother?

+ A few-body system of hadrons (neutrons
and protons) with many remaining question
marks

» "Largest” system where strong and weak
interaction are manifested

+ "Applications”
- Astrophysics
- Condensed matter

- Energy
- Medicine
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2 Physics at ISOLDE

O Particle and
Astrophysics
B Solid state physics 14%
17% B Biology/Medicine

2%

0O Atomic Physic

18%
35 Experiments
O Weak Interaction 270 Users
and Nu?lear 77 Institutes
Physics 22 Countries
49%
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Applied Physics

Implanted Radioactive
Probes, Tailored Isotopes
for Diagnosis and Therapy
Condensed matter physics
and Life sciences

Nuclear Physics

Nuclear Decay Spectroscopy

undamental
and Reactions

Physics

Structure of Nuclei
Exotic Decay Modes

Direct Mass Measurements,
Dedicated Decay Studies - WI
CKM unitarity tests, search for
-v correlations, right-handed
currents

Nuclear
Astrophysics

Atomic Physic

Laser Spectroscopy and
Direct Mass Measurements

Dedicated Nuclear
Decay/Reaction Studies

Radii, Moments, Nuclear
Binding Energies

Element Synthesis,
Solar Processes
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ISOLDE target.-fon source

Astrophysics
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Halo nuclei
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ISOLDE target on source

Reaction
Cross Sections

Momentum
Distributions

Unbound
Nuclei
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Mass measurements
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Bl Mass measurements
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\)Pm (arbitrary units)

P, (arbitrary units)
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ISOLDE

Solid state physics =

Radioactive ions as "spies” (PAC) in high-Tc
superconductors...
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Medical physics

Example: samarium
Isotopes

“in vivo" dosimetry
by positron
emission
tomography (PET)
142-Sm (e, T1/2 =
72m) ->  142-Pm
(b, T1/2 = 40s)

Therapy: 153-Sm
(b, T1/2 = 47h)

PET scan of a rabbit 60 min p.i. of ISOLDE
produced 142-Sm in EDTMP solution
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<4 Linker

Proteins in healthy sells, (CHX-A-DTRA)

w MoAb (Rituximab)

specific to

CD20 antigens

Protein strand in 1n r calls of B cells
- (CD20 antigens of B.cells)
I - Plasma
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Post acceleration

- Acceleration of B/A

radioactive e Y
lons:

fragmentation (FRS)

ion cooling

- Low intensity
- Short half lives

(storage rings

post-acceleration

- Charge state

1eV =
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ISOLDE beam
>600 isotopes
>70 elements
60keV,Q=1*

\
REXTRAP
accumulation, phase space
reduction, bunching

Mass separator
Q/A selection

REXEBIS
charge state breeding
Q/A=1/45

e

4-rod RFQ
300 keV/u

IH-structure
1.1-1.2MeV/u

7-gap resonators
0.9-2.2MeV/u

L + aux. detectors
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52
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Future plans
An RFQ cooler at ISOLDE

Buffer gas cooling of an ion in an

RFQ
T

ISOLDE

Distance from optical axis (mm)

s s s s
0 500 1000 1500 2000
Time of flight (us)
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2 Future plans
The SPL

* A new high intensity proton source for CERN

Detailled in
the SPL Conceptual

45 keV 7 MeV 120 MeV 1.08 GeV 2.2 GeV .
13m N T8m — 334m 345m DeSlgn Report
T (CERN 2000-012)
3 I\i[eV ISI\iIeV 23 71\1[6\/ 389i\/le\/
H™ HRFQI ‘chop. RFQ2 —DTL}CCDTL HB0.52/B 0.7 p0.8 H  LEP-II

Source Low Energy section DTL Superconducting section
* / / Stretching and

RF system:
H- source, ||| Cell- new SC collimation line « freq.: 352 MHz
25 mA coupled || cavities: PS /Isolde - ampli.: tetrodes
16.5% DTL =0.52,0.7,0.8 A . / and LEP klystrons
duty cycle ccumulator Ring

Fast chopper (2 ns)

From the CERN SPL project
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) Future plans
A next generation RNB facility
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2! New probes for A
huclear physics

Probing of nuclear

surface

“Halo model" vs
Neu‘rron skin model”

Neutron Density Distributions
Deduced from Antiprotonic Atoms
A. Trzcinska, J. Jastrzebski, P.
Lubinski, F. J. Hartmann, R.
Schmidt, T. von Egidy, and B. Klos
Phys. Rev. Lett 87, 2001

— Study of the annihilation
residues with mass number
one unit smaller than the
target mass A4,

— Study in-beam antiprotonic
X-rays
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TISR

Antiproton Decelerator
Experimental Hall =
(8 =
HV platfor
ISOLDE | ¢y kV " back to ISOLDE I¥: 0‘°/
s?::\l/ main bear line s —
— | PENNING to target e
Trap Re- and
buncher 7-gap resonators _ detector
Separator MINIBALL
EBIS H-
A RFa m
Alq<4.5 e structure
HV platform
2040 kY. 5keViu 300 keViu  1.1-1.2MeViu  0.8-2.2 MeViu

Inter-secction anti-proton ion storage ring

anti-proton
storage ring

anti proton

beam
—_—

ISOLDE eroston seuree ion storage ring

ion beam

proton beam
(1GeV)
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ISOLDE target on source

analysing magnot
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radioactive ion beams

Electron Neutrinos

o - 2 s —
I = = =100, 350 MeV@50 Km.
0+:T=1 0 ‘
6 L Possible neutrino physics scopes (P.
= 2He w5 krrf Lﬁ Zucchelli):
QB_=3507.8 ! I i
N f ﬂ 1. v, cross sections (astrophysics)
N J iLH 2. Short baseline oscillations (LSND)
g f 11 3. LBL: 6,, (disappearance and
100% 29, 1*:T=0 0 stable o appearance)
BLI S I R I R 4. CP violation.
3
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&
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ratory of Gran Sasso

732km
~ neutrino beam ——»
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The beta beam

* Production of an intense collimated
neutrino or anti neutrino through beta
decay of accelerated radioactive ions

SPL

ISOL
target &
Ion source

Linac

Cyclotron (or

FFAG)

Accumulato

ring
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Conclusions

* Nuclear physics and its applications:
- are fascinating subjects

- have an exciting future at new large
scale facilities

- are exciting research opportunities for
you; for a Ph.D. and a future research
career

» Thank you for your attention!
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2 ISOLDE visit

» Today at 15.00!

* We are meeting outside the ISOLDE
hall T : T —
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