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Abstract

Re ectivity of two materials,high ef ciency mirror (HEM) and aluminizedMylar, underintense
radiationwere compared.In the UV range,Mylar seemgo performbetter At longerwavelength
(400+nm)region, thereseemso be no signi cant difference.
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1 Intr oduction

Oneof the uniqueaspectof CompactMuon Solenoid(CMS) is the forward calorimeter(HF). This is a device
thatmeasureshe enegy of the particlescloseto thebeamline. At this position,the calorimetewill absorbarge
amountf radiationon the orderof 10 megaradover its expectedl0-yearsun. The materialsusedto build this
calorimetemeedto function undertheselarge dosesof radiation. This study comparedhe two materials,High
Ef ciency Mirror (HEM) andaluminizedMylar, for theeffectsof radiationontheir ef ciency of re ectivity before
andafter exposureto radiation. It wasfoundthatthe effectsof radiationon both materialswere minimal within

the precisionof this test. In the 2 visible wavelengthsested HEM provedslightly superiorto Mylar and Mylar

provedsuperiorin the Ultra Violet wavelengthtested.

2 Setupand Experiment

A laserbeamwasdirectedthroughthe centerof aprotractortable. There ective samplevasmountedatthecenter
usinga half-sectionof one-inchPVC pipecutin half alongtheaxial line. Thepipe sectionwascompressedith a
vice anddouble-sidedapeattachedhere ective samplego the cut-sidesof the pipe. Thevice wasthenreleased
to stretchthe sampleandremove ary ripples. The pipe wasmountedon a shaftthat pivotedat the centerof the
protractortable.

The HEM samplesvereobsenedto scintillatewith the threewavelengthsof radiation. The Mylar samplesscin-
tillated if they wereplacedbackwardsbut did notvisibly scintillateif placedaluminizedsidetowardsthebeam.

Initially, a beamcollimator consistingof a 1mm holein a pieceof aluminumfoil wasmountedto the protractor
alongthe 0 markasshawn. This wasfollowedby a beamsplitteranda referencgphotomultiplier(PMT) (Hama-
matsull6l)tubesetata angleto the beamoppositethe measuremerquadrantsThis provideda very small
diameteheam(approximatelylmm)at the point of re ection. A measuremerMT (HamamatsuE934-01)was
placedon thepivot armof the protractor(seeFig. 1).

Figurel: Initial set-up

After the rst setof measurementshis setupprovedunstableasthe tablemovedslightly andthe aperturenould
getoff thecenterlineof thelaser To stabilizethebeam thecollimatorandreferencd®MT wereplacedonthesame
tableasthelaser The singlehole beamcollimator wasreplacedby one consistingof two aluminumfoil sheets
spacedapproximately2.5cmapartwith Immholesin eachside.

The "ProtractorTable” was setup so that the collimatedlaserbeampassedhrough0-center180 mark. On the
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samering standasthe collimator, a referencePhotomultiplierTubewasmounted. This tube satabove the beam
andhada signalsentto it from a small beamsplitterlocatedin the beamafterthe collimator. This alloweda set

partof the beamto comeinto a PMT andgive a referencebeambeforethe beamenteredhe protractortable(see
Fig. 2).

Figure2: Final set-up

The beamthenwentonto the centerof the circular”ProtractorTable” andwasdirectedinto a secondPMT. The
alignmentwas maintainedusing a removeablescintillating maskwith crosshairsin the centerof the PMT. The
tablewasmovedsothebeamwentthroughthecentralshaftthenontothecrosshairén the PMT masksetat straight
fromtheLASER. Sincethe PMT's wereabout5cmin diameterary straylight from there ecting surfacethatwas
within about  enteredhe surfaceof the PMT andwaspartof the measurement.

Theoutputsof the PMT's wereobsened on a digital oscilloscope A printoutof a typical oscilloscopeaeadingis
shavnin Fig. 3.

Figure3: Typical PMT signalsareshovn superimposed

Thevoltagesveresetto give similarintegralsof voltageVs time plotsonthescope.Theintegralsof thepulsesvere
notvery stableso ve pulseswererecordedandaveraged.Sincethelaserwasveryintense neutraldensity lters
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werenecessaryo attenuatehe pulsesoit didn't saturatehe PMT's therebyloosingtheir sensitvity. Initially, the
rst runsweredonewith aonethosuandtimeutraldensity Iter . After afew trialsit wasnotedthatsomere ections
hadlarger signalsthanthe non-re ectedsignal. At thatpoint, it wasdecidedthe PMT's werebeingsaturatedy
the laserbeamso more Iters wereaddedto make a combinedattenuatiorof 10-5.3. This combinationyielded
moresensitve readingsafterthe high voltagesweresetsothetwo PMT signalsmatchedeachother However, the
beamwasinvisible soa onehundredthlter wasremovedfor alignmentandthenreplacedor readings.

A run consistedf sendinghebeamstraightthroughwith nore ector rst. Fivereadingsveretakenandthenthe

measuremer®MT wasswung  andthere ector wasplacedontheshaft. There ector wasrotatedsothebeam
hit the centerof the PMT. This madeanangleof from thenormalto the surfaceandtheincidentandre ected

beam.Smallerangleswerenotreliableasthe beamwidth wasnot coveredby the sampleandsomebeamwasnot

re ectedintothePMT. Thisproceswasrepeatedor every  downtoa  anglewheretheapparatuinterfered
with amorehead-ommeasurementlhis procesyieldedanglemeasurementsf to in  incrementfrom

thenormalto there ective surface. At the endof eachrun, thedirect, non-re ectingmeasuremenwvasrepeated.
Eachsetof runswas repeatedor two Mylar samplesand two High Ef ciency Mirror (HEM) samples. One

samplehadno radiationexposureandthe otherhada 10 Megaraddosefrom a source.Runsweredonefor

wavelengthsof , and usingdifferentdyes. Eachanglemeasurementastaken vetimes

andaveraged.The averagesverethendivided by the averagemeasuremernf the referencebeam. Theseratios

werethenaveragedandnormalizedby dividing by the averageof the PMT ratiostakenwith nore ection to give

apercentageThesepercentagewereplottedagainsianglesandcompared.

3 Results

Theaveragenormalizedratiosof the pulseintegralswereplottedagainstheangleswith the normalof there ector
surface. The pulseintegralswere averagedover the 5 samplesaken. The ratiosof re ective pulseto reference
pulsewerenormalizedusingthestraight-line hon-re ectivepulseto giveare ectivity percentageThispercentage
wasplottedagainsthe angleof re ection measuredrom the normalto there ective surface. Theplotsin Fig. 4
andFig. 5 werefor UV radiation.

In thesetwo plots, it is obvious that at a wavelengthof , Mylar hasa much betterre ective percentage
thanHEM. The differencebetweerthe radiatedandnon-radiatedsampleis not signi cant for HEM but slightly
signi cant for Mylar.

For awavelengthof , thereis adifferencebetweerHEM andMylar. Here,clearly, theHEM is superiorasit
hasmuchhigherpercentagef re ection. Again, radiationseemso havelittle effectuponthepercenof re ection
for eithermaterial.

Theplotsin Fig. 6 andFig. 7 werefor UV radiation.
For the wavelength,the two materialscomparequite similarly. The radiationdoesnot seemto have a
signi cant effect. Theplotsin Fig. 8 andFig. 9 werefor UV radiation.

4 Conclusions

To the extentof the precisionof this experiment,jt would seemthatHEM hasa slightadvantageover Mylar in the
visible range.In UV, Mylar hasa signi cant advantage.



Figure4: The averagenormalizedratiosof the pulseintegralsfor irradiatedandnon-irradiatedHEM samplegor

Figure5: Theaveragenormalizedratiosof the pulseintegralsfor irradiatedandnon-irradiatedVlylar samplegor



Figure6: The averagenormalizedratiosof the pulseintegralsfor irradiatedandnon-irradiatedHEM samplegor

Figure7: Theaveragenormalizedratiosof the pulseintegralsfor irradiatedandnon-irradiatedylar samplegor



Figure8: The averagenormalizedratiosof the pulseintegralsfor irradiatedandnon-irradiatedHEM samplegor

Figure9: Theaveragenormalizedratiosof the pulseintegralsfor irradiatedandnon-irradiatedVylar samplegor



