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A meetingon the RadiationSurvivability of Scintillation Calorimetry,spon
soredby the SSCLaboratory,washeld on June15 and 16, 1989 at LawrenceBerkeley
Laboratory. Attendeesarelisted at the endof this summary. Theobjectiveof the
meetingwas to ascertainthe statusof theradiationsurvivability of plasticscintilla
tors andto investigatethe effect of radiationdamageto scintillatorson scintillation
calorimetry.

Don Groombeganthe meetingby remindingus of radiationdosesasa func
tion of pseudoradity1 and distancefr9m the interac2tionpoint for an integrated
luminosity of 10 cnc2an SSC yearof 10 s at io cni Seeattachedtrans
parencycopy 1. The regionof concernfor a scintillation calorimeterusing present
scintillatorsis ats greaterthan2.5. At an of 3 the maximumconsideredfor a cen
tral calorimeterthe doseat electroiagnticshowermaximumat 4 m from the in
tersectionpoint is 2.5 MRad for Io cnf . The dosefor hadronicshowermaximum
is approximatelya factor of 10 less. For a survival of ten years,scintillation calorime
try would haveto withstandten times the abovedoses. Theapproximateprofile of
radiationdoseasa function of depthis shownatthe bottom of transparencycopy 1.
Thepeakof electromagneticdosespansa depthof 5 to 10 radiationlengthsseveral
radiationlengthsin from the front of the calorimeter.

Transparencycopy 2, from StanMajewski’stalk, shows the two types of dam
ageinducedby radiationto plastic scintillator. CaseI shows reductionin light pro
ductionat the site of particle traversallocal scintillationyield. Case2 showsreduc
tion of transmissionof light along thescintillator attenuationlength effects. Case3
showsa combinationof the two effects.

Transparencycopy 3 showsthe effect of radiationon thetransmittanceof
polystyrenesamples. Theupperfigure showsthat the radiationdamageoccurs
chiefly at wavelengthsbelow 700 mm. Hence,if transmissionof scintillation light
canbeaccomplishedat wavelengthsgreaterthan700 mm, theeffectsof radiation
will begreaterlessened.Thelower figure showsthat thepolystyrenerecovers
transmittanceannealsafter removingthe samplesfrom the radiation. In this case
the annealingwasdonein oxygen. Thereis debateasto the role of oxygenandother
gasesin the damagingand annealingprocesses.

*
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AnnaPla of Alan Bross’s groupat Fermilabpresentedthedata in trans
parencycopy 4. This showstheaffects of 10 MRad on the transmissionof light in a
specific radiationhardenedfiber from Kyowa. Theradiationhardeningwasaccom
plishedby shifting light transmittanceto longerwavelengthswith the 3HF/p-
Terphenyldopants.The threedisplayedcurveswere mostlikely normalizedto each
otherat the -10 cm distance,hencelesseningof local scintillation yield is not shown.
Whatis shown arethe attenuationlengthsfor the non-irradiated,10 MRad irradi
ated,and annealedfiber. Attenuationlengthsof 1.0-1.6m for theannealedfiber are
shown.

Transparencycopy 5, from thepresentationof Kurtis Johnson,shows
normalizedlight outputas a function of distancefrom a photomultiplier tubefor
sevenfibersafter 10 MRad irradiationand eight daysof recovery. The3HF fiber, the
one in the previoustransparencycopy, is seento be the most radiationhard. The
lower half of the next transparencycopy 6 showsrecoverytimes for the various
scintillators. Most of the recoveryfor the 3HF dopedscintilla tors takesplacein five
dayswith someadditionalrecoveryout to tendays. Siloxanebasedscintillators
show little, if any, recovery.

Transparencycopy 7 showsthe effect of amountof 3HF dopanton primary
local light productionafter irradiationto 100 MRad and recovery. The Bicron F
samplehastwice the amountof dopantastheBicron E sample. Theabsolute
amountsareunknown. The light outputof the non-irradiatedportions of the
samplesareshownasplateausin the middle of the plot; the irradiatedportionsare
the tails nearnormalizedoutput equal1. Bicron F shows a primary light reduction
of approximately40%. Primary light lossafter10 MRad and recoverywasreportedas
approximately20% for 3HF dopedfibersby StanMajewskiduring the meeting,
althoughit wasnot dearwhat level of dopingwasbeingreferredto.

The next transparencycopy 8 from the presentationof RogerClough of
SandiaLabspoints out a problemwith the wayradiationdamagestudiesare
currentlyconducted.Theupperplot showsthe waydamagestudiesareperformed.
Theradiation is initiated at time zero at a high rateto achievea givendoseand then
turnedoff andrecoveryallowed to takeeffect. During the radiation,absorbanceof
the light increasesrapidly thenrecoversafterwards. Theoperatingcasefor a
calorimeteris presentedin thelower plot. The radiationdoseincreasesat some
lower rateand recoveryoccurswhile the sampleis accumulatingdose. If no
permanentdamageaccumulates,theabsorbancewill reachsteadystateasindicated
by the solid line which is asymptoticallyflat. If permanentdamageaccrues,thenthe
absorbancewill rise with time asindicatedby the dotted line. How well an
accelerated-radiation-dosetest representsthe slowly-accumulating-doseoperational
caseis oneof the most importantitems that needsto be studiedin the immediate
future. This will bedoneby RogerCloughand his groupat SandiaLabs in
Albuquerque.

Data on the radiationhardnessof polysioxaneplasticscintillators was
presentedby JamesWalker. Hedaimed little orno radiationdamageto dosesof
10 MRad. JamesWalkerdid not want to havehis transparenciescopiedso thereare
no copiesto present.
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Thesummaryof StanMajewski’s talk is shownin transparencycopy 9. The
main conclusionsare: 1 the majorcontributionto radiationdamageis due to
radiation-inducedabsorptionin the plastic matrix i.e., reducedattenuationlength,
2 recoveryis an experimentalfact,3 damageto intrinsic local scintillation yield is
relatively unimportantStanMajewski expressedreservationson this point during
his talk, and4 a remedyfor damageis to shift the transmissionof light to longer
wavelengthsand thus awayfrom thedamageto transmissionthat occursat
wavelengthsbelow approximately700 mm.

Transparencycopy 10 presentstheobjectivesof RogerClough’sprogramto
studythe effectsof radiationon the opticalpropertiesof polymersi.e. plastic
scintillators. As canbeseentherearea numberof variableswhoseeffect canbe in
vestigated. Much remainsto be donegiving rise to the hopethat plasticscintillators
that cansurvive dosesto 100 MRad canbe fabricated.

Thesecondhalf of the meetinginvestigatedtheeffects of radiationdamage
on scintillation calorimetryperformance.Transparencycopy 11 presentsa cartoonof
radiationdamagein a fiber anda plate scintillation calorimeter. As thetop plot
shows,the damageis mainly localizedto the regionof electromagneticshowermax
imum which is 5 to 10 radiationlengthsthick nearthe calorimeterfront face. The
middle drawingshowsa fiber calorimeterwith damageat electromagneticshower
maximum. In this regionscintillation light yield will be reducedby approximately
10-20% andthe attenuationlengthswill be reducedto order of one meter. These
valuesare for the 3HF scintillators,which arepresentlythe most radiationhard, ir
radiatedto 10 MRad andallowed to recover. For scintillating fibers therole of light
productionand transmissionareboth performedby the fiber. For plate scintillation
calorimetry,the roles of primary local light productionand light transmissionare
separatedasshownin thebottom sketch. Theupright plates,on orderof 10 cm in
width, do not imposesevereconstraintson attenuationlength; however,their pri
mary light productionshould remainhigh. The horizontallydrawnlight guideand
wavelengthshifter needsto retain long attenuationlengthsunder irradiation.

Transparencycopy 12, from DaveUnderwood’stalk, depictsthe average
showerprofile for a 10-CeVphotonshowerin theupperplot and the depletionof
light resulting from this profile in thelower plot. This depletionintegratesto ap
proximately30% for a I fARad doseand no recoveryon SCSN38scintillator. SCSN38
is much less radiationharda factorof 5 or 10? thanthe newer3HF scintillators.
Also, recoverywould probablyreducethe 30% light loss to approximately5%.
Consideringali theabovefactors,a 3HF scintillator irradiatedto 10 MRad andal
lowed to recoverwould havelight lossat the photomultiplier tubeon orderof 10%.
The next transparencycopy 13 showsan estimateof the effect on resolution from
radiationdamagehavingprofilesof 0.5 GeV upperplot and 10 GeV lower plot
photons. The resolutioneffect is estimatedfor a 10 GeV photonby consideringthe
exponentialdistribution of showerinitiation in conjunctionwith the damagedzone
giving rise to variation in light reachingthe photomultiplier tube. The gist of the
estimatesis that the effect on resolutionis on order 1%.

Transparencycopy 14 presentsa summaryof calculationsby HansPaaron
light yield and on resolutioneffectsversusthedegradedattenuationlength in the
damagedregionof a scintillation fiber. For a degradedattenuationlengthk of

3



50 cm, roughly comparableto a 3HF fiber irradiatedto 10 MRad andannealed,the
light yield decreasesby 7% andresolutionincreasesby 0.2%. Theseestimatesessen
tially agreewith the magnitudeof the previous estimates.The effect of primary
scintillation light lossarenot consideredin this calculation.

A concernfor plate-wavelengthshifterscintillation calorimetryis illustrated
in transparencycopy 15 from the talk of Allen Caldwell of the ZEUS collaboration.
Wavelengthshiftersarecarefully tunedto provideuniform responsefor light origi
nating at any location. This tuning is dependenton the attenuationlength which
may changeunderirradiation. This effect hasyet to be investigated.

Calibrationand monitoring of scintillation calorimetrywill be essentialto de
tectingand trackingof radiationdamage.Transparencycopies16, 17 and 18 presenta
summaryof the in-placecalibrationand monitoring systemfor the ZEUS detector.
Transparenccopy16 showsan exampleof longitudinal depth monitoring with the
movableCo source. Longitudinalmonitoring will be essentialto detectandmea
sureradiationdamageat theSSC. Transparencycopy 18 presentsthelevelsof cali
brationand stability for the ZEUS calorimetry. The Uraniumnoise UNO calibra
tion of the EMC appearslargerthandesired,but otherquantitiesarereasonablefor
an SSC experiment.

Transparencycopy 19 presentsconclusionsaboutradiationdamagein a scin
tillation calorimeterif the 3HF scintillatorspresentlyavailableareused. The zoneof
concernfor the centraldetectoris for pseudorapidityii between2.5 and3 assuming
the centraldetectorcoveragestopsat t = 3. Thedepthof concernis approximately
the first 10 cm of thecalorimeter. Attenuationlengthsin this zonewill decreaseto
approximatelyI m after annealingof a doseof 10 MRad. This decreasewill cause
light at the photomultiplierto decreaseby about 10% and resolutionto increaseby
about1%. Therewill be an effect to the readoutbalanceof the wavelengthshifters.
Also in the zoneof concern,primary light productionwill decreaseapproximately
20% for the samedoseafter annealing. This will decreaselight at the photomulti
plier by 20% for electromagneticparticles. This wifi alsoaffect theelectromagnetic
hadronicbalanceof thecalorimetere/h. Resolutionwill also increaseby about 1%
in the electromagneticsection. Theabovepredictionsareassumingtheaccelerated-
radiation-dosemeasurementrepresentsthe damageincurredat low doserates. This
assumptionwill be checked. Damageto othercomponentsof calorimetryhasnot
beenconsideredglues,papers,tapes,etc.. Testsof realcalorimetersat high radia
tion dosesareneeded.

In overall conclusion,radiationsurvivability of scintillators is an areawhere
progresshasbeenmadeand progresswill continueto be made. Even todaywhile
the magnitudeof the effectsof 10 MRad of radiationareuncomfortabletheyarenot
unmanageable.Optimism to makescintillators ten times more radiationhard than
presentsampleswasexpressedby most researchers.
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Attendees

GerryAbrams LawrenceBerkeleyLaboratory

Jim Bensinger BrandeisUniversity

David Bintinger SSCCentralDesignGroup/SSC-CDG

Allen Caldwell Nevis Laboratory

William Carithers LawrenceBerkeleyLaboratory

RogerClough SandiaNational Laboratories

M. G. 0. Gilchriese SSC Laboratory

Donald Groom SSC CentralDesignGroup

CharlesHurlbut Bicron Corporation

Kurtis Johnson Florida StateUniversity

Stan Majewski University of Florida

Michael Marx SUNY, Stony Brook

David Nygren LawrenceBerkeleyLaboratory

HansPaar University of California, San Diego

Adam Para Fermi National AcceleratorLaboratory

Anna Pla Fermi National AcceleratorLaboratory

Cliff Renschler SandiaNational Laboratories

Rudi Thun University of Michigan

GeorgeTrilling LawrenceBerkeleyLaboratory

David Underwood ArgonneNational Laboratory

JamesWalker University of Florida

Ed Wang LawrenceBerkeleyLaboratory

JamesWhite TexasA&M University
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Fig. 6. Transmittance of 1 cm thick polystyrene samples after gamma
doses of 5-50 MRad as measured mediately after irradiation upper
figure and after annealing in oxygen lower figure. Also,
transmittance of a non-irradiated sample curve A is shown for
comparison from 19fl.
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FIBER RECOVERY AFTER 10 MRAD
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EFFECT OF 3HF AMOUNT ON DAMAGE
100 MRADSJ, AFTER RECOVERY
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4. SUMMARY OF TIlE RADIATION DAMAGE RESULTS

1 The atn conclusion from all the presented data is that the_majoç
contributto.to radiation damage in plastic scintillators comes
thu radiation-induced ahqr2cion/dtsco1oration t4 the plastic matrix,
In some cases, additiona1Tihsmissiona1 effects due to zzuors were
observed -

2A7ecovii?of transmission after the accelerated Irradlatton tests is
a x& 1Iorcant and well-documented experimental - fact that
demonscrateTthe existance of a process of continuous dynaatc repair
which shall take place in the real experimental condtttons. However,
at present the exact predictions of the speed and extent of this cure
are impossible, especially for air conditions.

3 Deaqe to the intrinsic scinttilatton yield of many fluors seems toJpto 4 Thtivetjftnortihc;itiriWae fluor solecules exhibTETng*
p1asti matrtcetan excettona1 radiation resistanet approaching our

goal of 100 Mad example: TPB in polystyrene.

4 From the above, it stems that the best remedy for the damage
problem is to bypass the jLmanent1v,I aesnzssioQ in the
transmission sitirum toE ThiAve Ytjjt tue scintillation light.
preferably in a small number o steps by utilizing large Stoke’s shift
fluors, such as molecules undergoing inera-molecular protovt transfer,
the examples of which are 3-HF, B?D and H8T.

‘-a ‘a -

5 Oygen pla S ! important rolC in the damage and recovery

processes,

an torn ‘tfl scifl preliminary data it seems that the
negative effects outweigh the stimulating effect it has on accelerating
recovery of transaission in plastics.

6 Contrary to the original "coton wisdom’, polystyrene- and PVT
0 - based £Sptii1ators stern to recover in transmission in argon and

L noge, though much more sio1y than in air or oxygen.

7 Th. additional effect of radiation damage to the local primary
scintillation ytild is probably due to direct transfer of excitation
*nngy in plastic itatrices into heat. The experimental data indicate
that this is the second non-recovering part of the radiation damage, in
addition to rssidual transmission daaage.
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SUMMARY I

ZEUS U-scinti. calorimeter

0
- 18 % /IE for electron

E - 357./yE forhadron

e/h 1 1-100GeV

calibration and stability

electronics < 0.5 ADC channels

after 24 hours

IJNO C 1 Z after 8 hours

UNO calibration

EMC 3.5%e

HAC 1.2Zz,1.6Zh
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