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At the Paul Scherreinstitute (Switzerlandpan ECR lon Trap(ECRIT) hasbeensetup with the goal to producenarrow
X-raylines for a high statisticsdiagnosisof the resolutionfunction of a high resolutionBraggcrystalspectrometerThe
ECRIT itself hasa hybrid structuremagnetictrap (consistsof a superconductingplit coil magnetwith specialiron
insertsanda permaneninagnethexapolepanda 6.4 GHz microwaveemitter. Without extractingand analyzingthe ion
beamsargonplasmaswveregenerateavith differentionisationdegreeThe magneticdipole °S;-'S, transition of helium-
like argon(lifetime 0.21us) with a peak/backgroundatio of 8:1 with an intrinsic width of about40 meV was usedto

successfullycharacteriséwo differentsphericallybentBraggcrystals.

1. INTRODUCTION

Theeffortdescribedhereaims at the productionof X-
raysat energie®f 3 keV with small intrinsic line widths
asatool to determinepropertiesof Bragg crystals[1]. It
makesuse of the factthat E1 X-raysfrom hydrogen-like
atomsas well as M1 X-rays from helium-like atoms
havenaturalline widths negligibly small comparedo the
expected resolution of the Bragg crystals. Electron
cyclotron resonance (ECR) devices profit from an
additionalfeatureas comparedo othersourcef X-rays
from highly chargedons asthe kinetic energyof the ions
is onthelevel of eV only, which for 3 keV X-raysresults
in a Dopplerbroadeningf only 40 meV [2].

The investigationsdescribedhere are different from
earlier experiments using crystal spectrometers in
combinationwith ECR sourcesThesemostly aimedat a
determinationof plasmapropertiesleading to a deeper
understandin@f the processegoverningthe physics of
suchsourceg3,4].

The work describechereplays a decisiverole in the
courseof an ongoing experimentat PSI [1,5], which
heavily relieson a well determinedesponsedunction of
the crystalspectrometer.
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2. EXPERIMENTAL SET-UP

The experimentas depicted in figure 1 can be
subdividedinto threeparts:

1. The ECRion trap (ECRIT) deviceitself (figure 2)
consistsout of a superconductingplit coil magnetwhich
togethemwith specialiron insertsprovidesthe mirror field
configuration,an AECR-U [6] style hexapoleand a 6.4
Ghzpowerregulatedmicrowaveemitter. The mirror field
parametergrovide one of the highest mirror ratios for
ECRsourcewith valuesof 4.3 of overthe length of the
plasma chamber.The hexapoleis cooled at the front
piecesand on the inner radius by a forced flow of
demineralisedvater.The plasmachambelis formedby a
0.4 mm thick stainlesssteeltube of inner diameterof 85
mm and a length of 265 mm axially limited by copper
insertions. At the position of the hexapolegap the
stainlesssteeltube is perforatedby a seriesof diameter
2.5 mm holesallowing for radial pumping in addition to
axial pumping.An extractionvoltageof 2 kV had been
routinely appliedwith the currentmeasurederving as a
parameterfor a stable operation. A reference pressure
(without plasma)of 1.7 10° mbar was achieved.Gas
filling was supplied radially through the gapsin open
structurehexapole. The gas compositionwas routinely
surveyedwith a quadrupolemassspectrometeiWith the
exceptiorof the hexapolall pieceshad beenbuilt at PSI
or wereavailablethere.
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2. A Bragg crystal spectrometeiof reflectiontype [111] and a quartz[10-1] crystal were subjectof the
(Johannconfiguration)was installed at a distanceof investigation The crystals are circular plates with a

2330mm from the centerof the ECRIT [1]. A silicon diameteiof 100mm and a thicknessof 0.3 or 0.2mm,



respectively. They were spherically bent with a
curvatureradiusof 2985.4 mm. It wasthe goalto use
theM1 transition of helium-like argonwith an energy
of 3104 eV ard a lifetime of 0.2lus. The
correspondinddragg angleshad valuesof 36.7 degree
for the quartzand 39.6 degreefor the silicon crystal,
respectively.The expectedresolutions as calculated
with the XOP code [7] are 22” and 23” which
correspondto an erergy resolutionof about444 meV
(quartz) or 418 meV (silicon). The calculatedfocal
distanceof the plasma source from the crystal is
1784mm (quartz) and 1903mm (silicon) indicating a
not optimal set-up with the plasma being placed
outsidethe Rowlandcircle. The focal position of the
CCD detectorcould be changedver a distanceof 86
mm only implying the X-raysof the lower ionization
degreedelow 12+ not being properly localized. The
angularrangecoveredallowed the differentionization
levelsup to 16+ to beobserved.

3. A CCD pixel detectomwith apixel size 40 pm x
40 um andan energyresolutionof 140 eV at 3 keV
was usedto detectthe Bragg reflectedX-rays[8]. The
detectorconsistedout of six chipswith a total height
of 72 mm and a width of 48 mm. The granularity of
the detectorwas decisive in discriminating charged
particle events against X-rays possessingdifferent
topologies.For an optimized plasmasourcea drastic
increaseof energeticelectronswas discoveredwhich
requiredthe use of a cleaningmagnetinstalled at a
distanceof onemeterin front of the crystalinto the
direction of the plasma. The CCD chips and the
following electronicshadto protectedagainstlight as
well asHF stray powerby a 30 um thick Beryllium
window installedin the vacuumtube in front of the
CCD.

3. PERFORMED EXPERIMENTS

In afirst step with low HF power and minimum
field valuesaroundl.4 kG the properworking of the
whole set-up was checked with X-rays of low
ionization degree.In consequenceéhe HF power was
graduallyincreasedand with the Bragg anglesset to
the propervaluesfor a simultaneousobservatiorof the
well separableX-rays from both Ar'®* and Ar'* (
Figure3) an optimum for the HF powerwasfound at
about450W. The turn-aroundime from introducinga
change of parametersto the evaluation of a
measuremenvas about one minute. Going to Bragg
anglesvalid for higherionization degreesthe strength
of the mirror field aswell as the argon pressurewere
optimized for a maximum intensity of X-rays from
highly ionizedatoms.In addition a gasmixture Ar/O,
with amixing ratio of 1:9 wasfoundto be necessaryo
achievethis goal. The working pressurewas 1.4 10°
mbar. In a total tuning time of 10 hours the M1
transition °S;-'S, at 3104 eV as well as the E1
transition'P:-'S, at 3140eV of Ar®* could be observed
(Figure 4). The typical illumination time of the CCD
chips of 1 min before readoutresulted in a high
probability of double hits per pixel evenin the M1

peak.As aconsequencthe highestpeaksn the spectra
for medium chargestatesshow saturation effects. In

orderto reducethe intensity and especiallyin orderto

improve the peak/backgroundratio an aluminum
collimator wasinsertedat a distanceof 185 mm from

the centerof the plagna. It left a free hole with the
dimensionstémm(h)x 10mm(v). The optimum value
for the HF powerwas re-establishedas well as the
valuesof thefield strength.
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Figure 3: The Ar'” and Ar'" complexes as
obtained after optimization. Two spectrafor two
different settings of the crystal spectrometerare
superimposed. The most prominent peaks show
saturatioreffects.

In the subsequentinvestigations of the Bragg
crystals the responsefunction was determined for
different openings of the crystal surface Also the
sharpnessf the focuswas measuredas a function of
thedistanceof the CCD detectorfrom the crystal. For
a centeredcircular openingwith a diameterof 40mm
the theoreticalresolutionwasfound for both crystals.
The nominal configuration duting experimentswith
exotic excludesthe crystal surface at a horizontal
distance of +30mm from the center. For this
configurationa worseningby about20% was obtained
for both crystals.

4. RESULTS

Concerningthe operationof the ECRIT it canbe
statedthata 6.4 Ghz emitteris obviously sufficientto
provide a highly intensivesourceof M1 X-rays from
Arl6+ ions in the special hybrid magnetic structure
with radial pumping and using the gas mixing
technique After turning the systemon it workedin a
stable and reproducible way after about one hours
warmingup time. The observatiorof the X-raysalone
is sufficientfor a successfuluning in ashorttime thus
makingthe M/q analysisof extractedions superfluous.
An extractionvoltage was applied, howeer and the
currentdrawnwasmeasureds an additional indication
for a properlyworking apparatusNo influenceof the
high voltageon the intensity of the X-rays could be
observedor voltagesbetweerd and6 kV.
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Figure 4: The spectral region of At Ar'®* (M1
transition) and Ar” after optimisation.

5. CONCLUSION AND OUTLOOK

The characterizationof two crystals could be
performedin aboutten hourseach.This is in contrast
to a time of about two weeks of continuous
measurememeededor a chaacterizationwith exotic
atoms.The useof an ECR deviceas a sourcefor X-
raysis also preferablecomparedo a synchrotronlight
sourceas the whole crystal is illuminated fully thus
establishingsimilar conditions as in an experiment
with exoticatomsX-rays.

In future it is planned to improve on the
peak/backgroundatio by insertionof a properslit of
taperednaterialwith a hole of Imm(v) x 50mm(h). A
two frequencyheating (6.4+10.2)Ghz is foreseenas
well asaninsertionof an Al,O; coatedplasmachamber
and a small-size, disk-shape biased electrode. In
addition the achievablepressurewill be optimized in
reducing the surface of the iron insertion pieces
drastically. As a first goal it is plannedto observe
hydrogen-likeargonandto extentthe production of X-
raysto chlorine (in the form of CIH,) and sulphur
(H.S). Additionally alsoathoroughinvestigationof X-
ray intensitiesas a function of its radial origin inside
the plasma is easily possiblewith the specialcrystal
spectrometeset-up.

As an extensionof the presentinvestigationit is
plannedto measurghe Lamb shift in hydrogen-like
kryptonwith adouble-flatcrystalspectrometer.
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