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Abstract

Re�ectivity of two materials,high ef�ciency mirror (HEM) and aluminizedMylar, under intense
radiationwerecompared.In the UV range,Mylar seemsto performbetter. At longerwavelength
(400+nm) region, thereseemsto benosigni�cant difference.
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1 Intr oduction
Oneof the uniqueaspectsof CompactMuon Solenoid(CMS) is the forward calorimeter(HF). This is a device
thatmeasurestheenergy of theparticlescloseto thebeamline. At this position,thecalorimeterwill absorblarge
amountsof radiationon theorderof 10 megaradsover its expected10-yearsrun. Thematerialsusedto build this
calorimeterneedto function undertheselarge dosesof radiation. This studycomparedthe two materials,High
Ef�ciency Mirror (HEM) andaluminizedMylar, for theeffectsof radiationontheiref�ciency of re�ectivity before
andafterexposureto radiation. It wasfoundthat theeffectsof radiationon bothmaterialswereminimal within
theprecisionof this test. In the2 visible wavelengthstested,HEM provedslightly superiorto Mylar andMylar
provedsuperiorin theUltra Violet wavelengthtested.

2 Setupand Experiment
A laserbeamwasdirectedthroughthecenterof aprotractortable.There�ectivesamplewasmountedat thecenter
usingahalf-sectionof one-inchPVCpipecut in half alongtheaxial line. Thepipesectionwascompressedwith a
vice anddouble-sidedtapeattachedthere�ectivesamplesto thecut-sidesof thepipe. Thevice wasthenreleased
to stretchthesampleandremove any ripples. Thepipe wasmountedon a shaftthatpivotedat thecenterof the
protractortable.

TheHEM sampleswereobservedto scintillatewith thethreewavelengthsof radiation.TheMylar samplesscin-
tillated if they wereplacedbackwardsbut did not visibly scintillateif placedaluminizedsidetowardsthebeam.

Initially, a beamcollimatorconsistingof a 1mmhole in a pieceof aluminumfoil wasmountedto theprotractor
alongthe0 markasshown. This wasfollowedby a beamsplitteranda referencephotomultiplier(PMT) (Hama-
matsu1161)tubesetat a ����� angleto thebeamoppositethemeasurementquadrants.This provideda very small
diameterbeam(approximately1mm)at thepoint of re�ection. A measurementPMT (HamamatsuE934-01)was
placedon thepivot armof theprotractor(seeFig. 1).

Figure1: Initial set-up

After the�rst setof measurements,this setupprovedunstableasthetablemovedslightly andtheaperturewould
getoff thecenterlineof thelaser. To stabilizethebeam,thecollimatorandreferencePMT wereplacedonthesame
tableasthe laser. The singlehole beamcollimatorwasreplacedby oneconsistingof two aluminumfoil sheets
spacedapproximately2.5cmapartwith 1mmholesin eachside.

The ”ProtractorTable” wassetup so that the collimatedlaserbeampassedthrough0-center-180 mark. On the
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samering standasthecollimator, a referencePhotomultiplierTubewasmounted.This tubesatabove thebeam
andhada signalsentto it from a smallbeamsplitter locatedin thebeamafter thecollimator. This alloweda set
partof thebeamto comeinto a PMT andgive a referencebeambeforethebeamenteredtheprotractortable(see
Fig. 2).

Figure2: Final set-up

Thebeamthenwentonto thecenterof thecircular ”ProtractorTable” andwasdirectedinto a secondPMT. The
alignmentwasmaintainedusinga removeablescintillating maskwith crosshairsin the centerof thePMT. The
tablewasmovedsothebeamwentthroughthecentralshaftthenontothecrosshairsin thePMT masksetatstraight
from theLASER.SincethePMT'swereabout5cmin diameter, any straylight from there�ecting surfacethatwas
within about � �

� enteredthesurfaceof thePMT andwaspartof themeasurement.

Theoutputsof thePMT's wereobservedon a digital oscilloscope.A printoutof a typical oscilloscopereadingis
shown in Fig. 3.

Figure3: TypicalPMT signalsareshown superimposed

Thevoltagesweresettogivesimilarintegralsof voltageVs timeplotsonthescope.Theintegralsof thepulseswere
not verystableso� ve pulseswererecordedandaveraged.Sincethelaserwasvery intense,neutraldensity�lters
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werenecessaryto attenuatethepulsesoit didn't saturatethePMT's therebyloosingtheir sensitivity. Initially, the
�rst runsweredonewith aonethosuandthneutraldensity�lter . After afew trials it wasnotedthatsomere�ections
hadlargersignalsthanthenon-re�ectedsignal. At thatpoint, it wasdecidedthePMT's werebeingsaturatedby
the laserbeamso more�lters wereaddedto make a combinedattenuationof 10-5.3. This combinationyielded
moresensitivereadingsafterthehighvoltagesweresetsothetwo PMT signalsmatchedeachother. However, the
beamwasinvisiblesoa onehundredth�lter wasremovedfor alignmentandthenreplacedfor readings.

A runconsistedof sendingthebeamstraightthroughwith nore�ector �rst. Five readingsweretakenandthenthe
measurementPMT wasswung����� andthere�ector wasplacedon theshaft.There�ector wasrotatedsothebeam
hit thecenterof thePMT. Thismadeanangleof � ��� from thenormalto thesurfaceandtheincidentandre�ected
beam.Smallerangleswerenot reliableasthebeamwidth wasnot coveredby thesampleandsomebeamwasnot
re�ectedinto thePMT. Thisprocesswasrepeatedfor every � � � down to a � � � anglewheretheapparatusinterfered
with amorehead-onmeasurement.Thisprocessyieldedanglemeasurementsof � � � to ��� � in ��� incrementsfrom
thenormalto there�ective surface.At theendof eachrun, thedirect,non-re�ectingmeasurementwasrepeated.
Eachset of runs was repeatedfor two Mylar samplesand two High Ef�ciency Mirror (HEM) samples. One
samplehadno radiationexposureandtheotherhada 10 Megaraddosefrom a �����
	�� source.Runsweredonefor
wavelengthsof �
������� , ��������� and ��������� usingdifferentdyes.Eachanglemeasurementwastaken� ve times
andaveraged.Theaverageswerethendividedby theaveragemeasurementof the referencebeam.Theseratios
werethenaveragedandnormalizedby dividing by theaverageof thePMT ratiostakenwith no re�ection to give
apercentage.Thesepercentageswereplottedagainstanglesandcompared.

3 Results
Theaveragenormalizedratiosof thepulseintegralswereplottedagainsttheangleswith thenormalof there�ector
surface. The pulseintegralswereaveragedover the 5 samplestaken. The ratiosof re�ective pulseto reference
pulsewerenormalizedusingthestraight-line,non-re�ectivepulseto giveare�ectivity percentage.Thispercentage
wasplottedagainsttheangleof re�ection measuredfrom thenormalto there�ective surface.Theplots in Fig. 4
andFig. 5 werefor �
������� UV radiation.

In thesetwo plots, it is obvious that at a wavelengthof ��������� , Mylar hasa muchbetterre�ective percentage
thanHEM. The differencebetweentheradiatedandnon-radiatedsampleis not signi�cant for HEM but slightly
signi�cant for Mylar.

For awavelengthof ��� ����� , thereis adifferencebetweenHEM andMylar. Here,clearly, theHEM is superiorasit
hasmuchhigherpercentageof re�ection. Again,radiationseemsto havelittle effectuponthepercentof 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 theextentof theprecisionof thisexperiment,it wouldseemthatHEM hasaslightadvantageoverMylar in the
visible range.In UV, Mylar hasa signi�cant advantage.
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Figure4: Theaveragenormalizedratiosof thepulseintegralsfor irradiatedandnon-irradiatedHEM samplesfor

�
�������

Figure5: Theaveragenormalizedratiosof thepulseintegralsfor irradiatedandnon-irradiatedMylar samplesfor
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Figure6: Theaveragenormalizedratiosof thepulseintegralsfor irradiatedandnon-irradiatedHEM samplesfor
���������

Figure7: Theaveragenormalizedratiosof thepulseintegralsfor irradiatedandnon-irradiatedMylar samplesfor
���������
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Figure8: Theaveragenormalizedratiosof thepulseintegralsfor irradiatedandnon-irradiatedHEM samplesfor
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Figure9: Theaveragenormalizedratiosof thepulseintegralsfor irradiatedandnon-irradiatedMylar samplesfor
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