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Ton irradiation facilities
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- M-branch irradiation facility a’r G"{/
In situ experiments oAl
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_Online and in situ analysis facilities
at GSI-UNILAC
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SpaII strength studies using the PHELI_-"T
laser at GSI- experiment PO89 N L
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In situ experiments on
collimator related materials - results
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Inline measurements of heavy ion- m
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Collaboration with MSU  Experimental set-up M3/ UNILAC GSI
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Beam monitoring on target by IR ’rhermograp{]%
144

-~ Beam v

- Timing |

=2/l graph \ \

Temperature distribution

Temperature vs flux 45 um

Temperature (°C)

-POOE+08 £+10

N
.U

Flux (i/lcm?s)

M.TomuT, ColUSM meeting £8.06.2013, CERN

IR images of beam spot on thin graphite targets
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- IR monitoring of thermal conduc’riviﬂ L.
“degradation of copper diamond composite

Proposed experiment:
thermal conductivity and thermal resistance degradation at interfaces during
irradiation of new collimator materials

Preliminary offline test:
Post-irradiation IR imaging tests of thermal conductivity degradation in copper-
diamond composites exposed to high doses of 4.8 MeV/u 1°’Au ions at M-branch,
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In situ SEM monitoring of heavy ion lrr'adla’non_['-_'

effec’rs in novel copper-diamond composu’res
{8 3
| pr'ls‘rlne

5x1012 i/cm? 238), 4.8 MeV/u

5x1013 i/cm?

1.70 i/cm?

Raman spectra of individual diamonds in

15000
ion irradiated copper-diamond composites

B8 48 MeV/iu

—  pristine

Intensity (a.u.) 8

s

1x10" i/em
—  1x10% i/em’

*In-situ- SEM during ion irradiation shows:
-no detachment or cracks at interfaces :
-charge trapping at ion induced defects in diamonds

*Off-line Raman spectroscopy shows:
-increasing luminescence background due to
ion-induced optical active defects

—  1x10% ifem®

1000

' 2000
Raman shift (em )

M.Tomut, ColUSM meeting 28.06.2013, CERN GBS FAIR



"} ) RS v
i Post-irradiation analysis a’r?éﬁ i
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*  Mechanical properties

- nano/microindentor up to 750 °C, with impact
module

- universal testing machine
* Thermo-mechanical

- TMA up to 1650 °C

- LFA up to 2000 °C

» High temperature microscopy stage with electrical
contacts

* Large magnification objective for IR camera and
software for stress distribution mapping
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- radiation-induced hardening

Ex: Hardening of U irradiated
graphite
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- fatigue behaviour

Ex: fatigue resistance
degradation of ion irradiated
graphite
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197Au up to 1x10*ions/cm?, 5.6 MeV/u
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Irradiation- induced stress
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Nanoindentation testing of irradiated graphite
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Outlook for EUCARD 2

Material irradiation and characterization of ion beam-induced
radiation damage in situ and of fline:

 online IR monitoring (bulk and interfaces)
 fatigue studies with pulsed beams

* characterization of mechanical properties degradation as a
function of dose using micro- and nanoindentation: hardness,
Young modulus, impact resistance, fatigue behaviour, creep

« other in situ possibilities still open

Spall strength studies of single component and model composite
materials in ultrafast experiment, using the the Petawatt laser at
GSI

M.Tomut, ColUSM meeting 28.06.2013, CERN GBS FAIR



	�Options for ion irradiation tests of new collimator materials at GSI��M. Tomut� GSI Helmholtzzentrum für Schwerionenforschung, Darmstadt� �
	Foliennummer 2
	Beamlines for material research �irradiation at GSI
	Foliennummer 4
	M-branch irradiation facility at GSI�In situ experiments
	Foliennummer 6
	Foliennummer 7
	Foliennummer 8
	Foliennummer 9
	Foliennummer 10
	Foliennummer 11
	Online measurements of heavy ion-induced �electrical resistivity increase of graphite
	Failure of graphite exposed to pulsed U beam� Thermal camera monitoring
	Beam monitoring on target by IR thermography
	Temperature increase due to sample compaction  in the beamspot
	Foliennummer 16
	In situ SEM monitoring of heavy ion irradiation effects in novel copper-diamond composites  
	Post-irradiation analysis at GSI
	Ion- induced mechanical properties degradation
	Dose dependence of thermal conductivity �degradation of isotropic graphite
	Ion- induced swelling and creep?
	Irradiation- induced stress
	Hardening and embrittlement �of ion- irradiated graphite
	Foliennummer 24

