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A bstract. Sunset solar axions traversing the intense m agnetic �eld ofthe CERN

Axion Solar Telescope (CAST) experim ent m ay be detected in a Tim e Projection

Cham ber(TPC)detector,aspoint-likeX-rayssignals.Thesesignalscould bem asked,

however, by the inhom ogeneous background of m aterials in the experim entalsite.

A detailed analysis,based on the detector characteristics,the background radiation

at the CAST site,sim ulations and experim entalresults,has allowed us to design a

shieldingwhich reducesthebackgroundlevelbyafactorof� 4com paredtothedetector

withoutshielding,dependingon itsposition,in theenergyrangebetween 1and 10keV.

M oreover,thisshieldinghasim proved thehom ogeneityofbackground m easured by the

TPC.
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1. Introduction

TheCAST experim ent[1]isplaced atCERN and m akesuseofa decom m issioned LHC

testm agnettolookforsolaraxionsthrough itsPrim ako�conversion intophotonsinside

the m agnetic �eld. The 10m -length m agnetisinstalled on a platform which allowsit

to m ove �8� vertically and �100� horizontally to track the sun during the sunsetand

the sunrise. The 9 Tesla m agnetic �eld is con�ned in two parallelpipes of4.2 cm of

diam eter.Attheend ofthepipes,threedetectorslook fortheX-raysoriginated by the

conversion oftheaxionsinsidethem agnetwhen itpointstotheSun.Thetwoapertures

ofoneoftheendsofthem agnetarecovered byaconventionalTim eProjection Cham ber

(TPC)[2]facing \sunset" axionswhile in the opposite end,a Charge Coupled Device

(CCD) [3]coupled to an X-ray focusing telescope [4],and a M icrom egas detector [5]

search for \sunrise" axions. The �rst results from the 2003 data analysis im plied an

upperlim itto theaxion-photon coupling ga
 < 1:16� 10�10 GeV �1 [6].A second setof

m easurem entscorresponding to 2004 with im proved detectorsand longerexposure set

an upperlim iton theaxion-photon coupling ofga
 < 8:8� 10�11 GeV �1 at95% CL for

axion m asses� 0:02eV [7].

All three detectors use discrim ination techniques to reduce background

contam ination ofthe expected signal. The X-ray signalproduced by the axionsinside

them agnethasa m axim um at4keV and vanishesataround 10keV [7].M oreenergetic

deposits ofenergy,or signals outside the detector volum e facing the apertures ofthe

m agnet,should berejected.Sim plerequirem ents,dependingon each detector,elim inate

m ost of the background due to charged particles like cosm ic rays, alpha and beta

radiation [2,3,4,5].

After the use ofsoftware cuts,the m ain source ofbackground is expected to be

gam m araysproduced predom inantly in theradioactivechainsof238U,232Th and in the
40K isotope decays. Their interactions with m aterialnear the detectors can generate

low energy photons via the Com pton e�ect and also X-rays (as those from copper

identi�ed in experim entalspectra [3]). Additionalsources are neutrons produced by

�ssion and (�,n)processesorthoseinduced by m uonsand cosm icrays.Asthedetector

is m oving tracking the sun, the background, and its inhom ogeneity, is a source of

uncertainty since the axion signalis com puted as the tracking (m agnet pointing to

the sun)m inusthe background (any otherm agnetorientation)signal. Therefore,not

only low background levelsbutalso a certain independenceoftheposition aredesirable

to reduce uncertainties.The shielding presented here hasbeen builtfortheTPC with

thisaim . In thisarticle we willstudy the e�ectsofthe com plete shielding installed in

2004,com paring itsperform ance to the copperbox used asshielding during the 2003

data taking period.Forthesestudies,theenergy range3{7keV hasbeen chosen asthe

controlregion to analysein ordertobesuretoelim inatethreshold orsaturation e�ects.

Prelim inary resultswerepresented in [8].

In the �rstSection,we willdescribe brie
y the detectorand the shielding. Next,

theexperim entalsiteand itsbackground willbeanalyzed in detailtaking into account
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gam m a and neutron sources. M onte Carlo sim ulations of the di�erent sources of

background willbe discussed in Section 4. In Section 5,the e�ects ofthe shielding

on background data willbestudied.Finally,a few rem arkssum m arizing thestudy.

2. T he shielding ofthe C A ST T PC detector

The CAST TPC detector has a conversion volum e of 10 � 15 � 30cm 3 �lled with

Ar(95% )-CH 4(5% ) gas at atm ospheric pressure. The 10cm drift direction is parallel

to them agnetbeam axisand perpendicularto thesection of15� 30cm 2 covering both

m agnetapertures.Two 6cm diam eterwindows,consisting ofvery thin m ylarfoils(3or

5�m )stretched on a m etallicstrongback,allow theX-rayscom ing from them agnetto

enterthecham ber[2].Exceptfortheelectrodes,thescrews,thePrinted CircuitBoard

(PCB)and the windows,the entire cham berism ade of1.7cm thick low radioactivity

plexiglass.

A shielding around the TPC was designed to reduce the background in a

com plem entary way to the e�ect ofthe o�-line software cuts [2]. The requirem ents

were to geta certain reduction ofthe background levelscom ing from externalsources

and a decrease ofthe background spatialinhom ogeneity observed in the experim ental

site.The�naldesign hasbeen theresultofacom prom iseam ongtheshieldinge�ectand

technicallim itationssuch asweightand size restrictionsim posed by the experim ental

m oving structure.
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Figure 1. Pictureon the left:TPC cham berinside the open shielding,consisting of:

a copperbox and lead,cadm ium and polyethyleneshields.A schem e hasbeen drawn

on the rightto show the 3D arrangem entofthe wholestructure.

From insideto outside,theCAST TPC shielding (seeFigure1)iscom posed of:

- A copperbox,5m m thick.ThisFaradaycagereducestheelectronicnoiseand stops

low energy X-rays produced in the outer part ofthe shielding by environm ental
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gam m a radiation.Itisalso used form echanicalsupportpurposes.

- Lead bricks,2:5cm thick,which reducesthelow and m edium energy environm ental

gam m a radiation.

- A cadm ium layer,1m m thick,to absorb thetherm alneutronsslowed down by the

outerpolyethylene wall.

- Polyethylene pieces,22:5cm thick,used to slow them edium energy environm ental

neutronsdown to therm alenergies.Italso reducesthegam m a contam ination and

helpsthem echanicalstability ofthewholestructure.

- A PVC bag which covers the whole shielding assem bly. This tightly closes the

entire set-up allowing us to 
ush the inner part with pure N 2 gas com ing from

liquid nitrogen evaporation in orderto purgethisspaceofradon.

- A scintillating veto,80� 40� 5cm 3,placed atthe top ofthe shielding to reject

m uon-induced eventsworking in anti-coincidencewith thedetector.

Thedescribed schem eistheoutcom eofseveralsim ulationsand experim entaltests.

During the2003 data taking period,thedetectorset-up consisted justofa copperbox

with N 2 gas
ush. The fullshielding wasinstalled in 2004,aftera testcarried outin

therealexperim entalconditions.

3. Experim entalsite and background

The CAST experim entislocated atoneofthebuildingsofthe SR8 experim entalarea

atCERN.The lowerpartofthe walls around ism ade ofconcrete. The m aterialsfor

theupperpartare,however,quitedi�erent:plastic in thenorth and concreteforEast

and South walls with 11cm thick m etalpillars distributed every approxim ately 2.5m

allaround.North and Eastwallsfaced by theTPC detectorduring m agnetm ovem ent

areshown in Figure2.

Theinhom ogeneity ofthebuilding m aterialsled usto undertakea carefulstudy of

the radioactive background and a detailed analysis ofthe m easured TPC background

data.

3.1.Gam m a background

An hyper pure germ anium gam m a spectrom eter system , ISOCS (In-Situ Object

Counting System ),based on a HpGe coaxialdetector from Canberra has been used

for gam m a ray m easurem ents in a range from 50keV to 3M eV [9]. The gam m a

spectrom etrym easurem entscon�rm ed theradioactivechainsand potassium asthem ain

sourcesforbackground and showed a background disparity between thedi�erenttypes

ofwalls(seeTable1).

Assum ing a concrete density around 2:4gcm �3 and a wallthickness of30cm ,we

estim ate the gam m a production in the lower part ofevery wallas � 2.25 photons

cm �2 s�1 ,around 8 photonscm �2 s�1 in theupperpartoftheeastand south wallsand
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Figure 2.G raph showsthe TPC detectorpath facing the North and Eastwalls.

Table 1. M ean gam m a production in the CAST site [Bq/kg]. For the radioactive

chains,equilibrium activities are quoted. In the case ofradon em anation from the
238U chain,equilibrium isbroken and activitiesforthenuclidesbeforeand after222Rn

aregiven separately.

W all 238U Chain 235U 232Th 40K

description 238U! 226Ra 218Po! 210Po chain chain

East(lower) 25� 2 1:1� 0:7 10� 2 113� 10

and North Pillars

East(upper) 923� 274 32� 5 40� 12 34� 6 388� 45

and South (upper)

� 2 photonscm �2 s�1 in the north wallpillars. W e should also add around 6 photons

cm �2 s�1 com ing from thesoil.

These data pointed also to a radon em anation fortheeastand south walls.Later

radon m easurem ents[9]gavem ean valuesof20� 10Bq=m
3
in sum m erand 15� 5Bq=m

3

in winter,notincom patiblewith a certain dependence on tem perature.

W ithin this category, we could also include gam m as arriving from radioactive

contam ination in them agnetplatform ,electronicsm aterialand also thecontribution of

thedetectoritself.M ostofthesem aterialsaresteel,plasticsand m etals(i.e.Fe,C,H,

Cu,...) whoseim puritiesarealso uranium ,thorium and potassium .

Neutronsand protonscom ingfrom cosm icrayscan alsoinduceradioisotopesin the
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detector gas and m aterials (m ainly 14C and 3H) whose contribution can be neglected

owing to their low production rate (0.003 nucleiof 14C and 0.001 nucleiof 3H per

litreand day in argon,com puted considering saturation with a m odi�ed version ofthe

COSM O [10]code based on the sem iem piricalform ulas ofSilberberg and Tsao [11]).

Anothergam m a contribution correspondsto the cosm ic ray photon 
ux,being only a

sm allfraction (� 1% )ofthetotal[12].

Sum m arizing,theexperim entalsitecontributesto an im portant,and non-uniform ,

gam m a background owing to radioactivecontam ination.M ostofthegam m a radiation

described above would traverse the active volum e ofthe detector without interacting

at alldue to the specialfeatures ofthe detector (only sensitive to energies ofa few

keV).However,energetic gam m a background losespartofitsenergy afterinteractions

with m aterialssurroundingthedetectorcreatingsecondaryphotonswhich docontribute

signi�cantly to the background signal. Therefore,any shielding designed forthe TPC

detectorshould beacom prom isebetween theexternal
ux reduction and theincreaseof

interactionsin thesem aterialsaswellastheirown radioactivecontam ination.Thebest

controlofallthesevariablesisachieved afterM onteCarlosim ulationsplusexperim ental

tests.

3.2.Neutron background

Even iftheneutron com ponentofthebackground isbelow thelevelofthetypicalgam m a

background by threeorfourordersofm agnitude,neutron signalsin thedetectorcould

m im icthosefrom X-rays.

Quantitative m easurem ents ofneutron background have been perform ed in the

experim entalsitewith a BF3 detector.Thehom ogeneousm easured 
ux ofneutronsin

theCAST siteisaround 3� 10�2 cm �2 s�1 .Thisvalue,and itshom ogeneity,pointstoa

cosm ic source.Cosm ic ray generated neutronshave energiesbelow a few GeV and the

spectrum showsadependenceas1/E0:88 up to50M eV and as1/E abovethisenergy[13].

Thisisthem ostim portantneutron contribution,notonly foritsintensity butalso for

itshigh energy. Othersourcesofneutron background are neutronsinduced by m uons

in the surrounding m aterials,(�;n) reactions on light elem ents and the spontaneous

�ssion.

M uons interacting in shielding m aterials produce neutrons. FLUKA [14]

sim ulations with a m easured totalm uon 
ux of� 50� 10�3 cm �2 s�1 gave usa yield

for neutrons entering the detector of 1:2 � 10�3 cm �2 s�1 and a neutron spectrum

peaking below 1M eV.M ost ofthese events are rejected by anti-coincidence with the

veto installed aspartoftheshielding.

In naturem ainly threenuclides(238U,235U and 232Th)undergospontaneous�ssion.

Therateofspontaneous�ssion of238U,thenuclideofshorterhalflife,is0.218/year/gof

concretefor1ppm of238U and theaveragenum berofneutronsem itted per�ssion event

is2:4� 0:2with atypicalevaporation spectrum peakingataround 1M eV.M ostofthese

�ssion neutronswillcom efrom theconcretewalls.Assum ing apenetration forneutrons
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of10cm ,we estim ate the volum e and surface production ofneutrons in the concrete

walls from around 0.60�10�6 cm �2 s�1 forthe lower Eastwalland 1� 10�6 cm �2 s�1

forthem etalpillarsto 30 �10�6 cm �2 s�1 in theupperEastand South walls.

The� particlesem itted in theradioactivechainscan interactwith otherelem ents

and produce neutrons through (�;n) reactions. For the upper South and East walls

the �nalestim ated neutron yield ,following [15],is� 10�5 cm �2 s�1 . The radioactive

activity ofsoil(or ofthe lower East wall) willproduce one order ofm agnitude less

ofneutrons � 10�6 cm �2 s�1 . The energy spectra for these neutrons consist ofpeaks

related to � particles energies,with 8.79M eV being the highest energy for naturally

em itted � particles(decay of212Po).

Insum m ary,wehavecollectedalltheneutronproductionsinTable 2.Theenergetic

cosm iccom ponentappearsasthem ostrelevantcontribution.

Table 2. Com parison ofthe estim ated orderofm agnitude forneutronscom ing from

di�erentsources.Valuesaregiven in neutronspercm 2 and second.

Cosm ic M uon induced Fission (�;n)

� 10� 2 � 10� 3 � 10� 5 � 10� 5

4. M onte C arlo sim ulations

A com plete set ofM onte Carlo sim ulations has been carried outin order to estim ate

the externalbackground contribution to the TPC detector data during the 2003 and

2004 taking data periods. W e have not only reproduced the TPC detector and its

shielding in thesim ulations,butalso them ain softwarecutsto beableto discrim inate

theexpected X-ray signal.They show thattheuseofcutsreducetheregistered events

by two ordersofm agnitude in good agreem entwith the experim entaldata. Thisfact

results in low statistics, having to establish a com prom ise between com puting tim e

and non-negligible statisticalerrors. Despite this,M onte Carlo sim ulationshave been

very usefulto understand and quantify thenum berofcountscom ing from theexternal

background in the2003 and 2004 setsofdata oftheTPC detector.

Thebackground level(in the3{7keV region ofinterest)forthreedi�erentshielding

con�gurationshavebeencom pared:a5m m -thickcopperbox,thecopperboxplus2.5cm

oflead,and acom pleteshieldingconsistingof5m m -thick copperbox plus2.5cm oflead

plus22.5cm ofpolyethylene.

Firstofallwewillfocuson gam m a sim ulationssincethisisthem ain contribution

to theTPC background,then wewillm akeafew com m entsaboutneutron sim ulations,

though they arequitedi�cultto verify experim entally.
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4.1.Sim ulationsforexternalgam m a

These sim ulations have been perform ed using the GEANT4 code [16]since it allows

to take into account allthe aspects ofthe sim ulation process including the detector

response.The prim ary events,corresponding to theradioactive chainsand potassium ,

have been generated uniform ly and isotropically on a sphere surrounding the m ost

externalsurfaceoftheshielding.

The shielding m ade of 5m m of copper plus 2.5cm of lead plus 22.5cm of

polyethylene reduces the external gam m a background by m ore than one order of

m agnitude,(92�3)% in the 3{7keV range. Since the thick layerofpolyethylene helps

in the gam m a attenuation,the sam e shielding without polyethylene is about a 15%

less e�ective, causing an estim ated reduction of(77�4)% . Com pton interactions in

the polyethylene resultin lowerenergy photonswhich are easily absorbed in the lead.

Though a thickerlayeroflead could stop a largerfraction ofthe externalgam m as,it

can bea sourceofsecondary neutronsand itwould add too m uch weightto oneofthe

endsofthem agnet.

Due to the spatialinhom ogeneity ofthe gam m a background com ing from walls,

sim ulationsallow usto m akejusta rough estim ateoftheTPC recorded counts.These

externalphotonscausebetween 30and 55countsperhourin thevolum eofthedetector

facingthetwo windowsforthe3{7keV energy region in thecaseofthecoppershielding

(2003 data),and between 2 and 5 countsperhourin thecaseofthecom pleteshielding

con�guration of2004. This result,as we willsee in next Section,is com patible with

m easured data.

TheGEANT4packagehasalsobeen usedtosim ulatethee�ectoftheradontrapped

inside the copperbox. Radon decays have been produced isotropically in the volum e

between theTPC and thecopperbox.Thesesim ulationsquantify thepoint-likesignals

in the3{7keV rangein 0.04 countsperhourforan overestim ated radon concentration

of25Bq/m 3.Therefore,theradon contribution to thebackground can beneglected in

the 2003 and 2004 shielding conditionsdue to the plastic bag around theentire set-up

and thenitrogen 
ush.

4.2.Neutron sim ulations

Though neutrons interacting in m aterials can produce 
 particles,m ore neutrons,�

particlesand �ssion fragm entsdepending on m aterialsand energies,the m oste�cient

reaction isthe elastic scattering,energy transferred to nuclear recoils. This energy is

determ ined by theenergy oftheneutron incident(E n)and thescattering angle�

E R =
4A

(1+ A)2
(cos2�)En: (1)

In thecaseofargon,A = 40,assum ing a quenching factorof0.28,them axim um visible

energy and theneutron energy arerelated asfollows

E R m ax = 0:0266E n: (2)
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Therefore,the neutrons able to deposit a visible energy in the analysed range of3{7

keV arem ostly thosewith an energy between 0.11 and 0.27 M eV.

A GEANT4 sim ulation,using G4NDL3.5 high precision neutron data library and

a realcosm ic spectrum asinput,hasbeen carried out.Thissim ulation hasallowed us

to roughly estim ate about2 countsperhourcaused by cosm ic neutronsinsidethetwo

windows ofthe TPC in the (3{7)keV visible energy region in the case ofthe copper

shielding. Aswe willshow in Section 5,thisrate isbetween 25-45 tim essm allerthan

thecounting ratesin 2003.

To understand the e�ects of the di�erent layers of shielding we have used the

FLUKA codeofproven reliability forthetransportofneutrons.Thissecond sim ulation

shows the e�ects of every layer of shielding m aterial on cosm ic neutrons: while

polyethylene decreases the num ber ofbackground neutrons per cosm ic neutron, the

2.5cm oflead increases this num ber (see Figure 3) due to (n;2n) processes (observe

the evaporation spectrum ). Cadm ium absorbs therm aland epitherm alneutrons with

energiesbelow 1keV.
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Figure 3.Cosm icneutronsin the10keV-20M eV rangeaftertraversingevery layerof

shielding: incom ing cosm ic neutrons(solid circles),neutronsafter traversing 22.5cm

ofpolyethylene (open circles)plus1m m ofcadm ium (solid stars)plus2.5cm oflead

(solid triangles)plus 5m m ofcopper (open squares). Spectra are norm alised to one

cosm icneutron.

The shielding without polyethylene has been also com pared to the com plete

con�guration. The num ber of cosm ic neutrons able to produce nuclear recoils and

a deposit ofvisible energy in the TPC in the 3{7keV range decreases by only 20%

afterthecom plete shielding due to theproduction ofneutronsin lead.Thenum berof
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neutronscould even increaseby 10% ifthe22.5cm ofpolyethylenearetaken o�.Then,

theshielding hardly reducestheam ountofneutronsand itwould increase thenum ber

withoutpolyethylene. Thisbackground contribution hasbeen estim ated in around 1.5

countsperhourforthe2004 shielding conditions.

The neutron production in the shielding due to m uonshasalso been investigated.

M ost ofthese neutrons are produced in lead. As m entioned in Subsection 3.2,the

num ber ofneutrons produced by each sea levelm uon is 0.024,giving a neutron 
ux

reaching the detector of1.2�10�3 per cm �2 s�1 ,six orders ofm agnitude higher that

thecalculated in [17]fora thickershielding buta m uch lessintenseunderground m uon


ux. W e can roughly estim ate about 0.02 the counts per hour inside the windows

corresponding to neutronsinduced by m uons,three ordersofm agnitude sm allerthan

them easured background rates.

Regardingotherpopulation ofneutrons,wehavenotconsidered thosecom ingfrom

radioactivity (�ssion and (�,n) processes) since 22.5cm ofm oderator would reduce

theirtiny contribution (oftheorderof10�5 cm �2 s�1 )by two ordersofm agnitude[17].

5. T PC background data

First tests ofthe fullshielding (with a 5-cm -thick layer oflead in this case) at the

laboratory showed areduction factorof� 8below thebackground levelofthecham ber,

without any shielding ornitrogen 
ush,for energies between 1 and 10keV.Once the

detectorwasm ounted in them agneton them oving platform ,thisfactorbecam e� 4:3

(� 6:4 in the6-10keV range).

Afterthese �rsttests,anothersetwasundertaken atthe CAST experim entalsite

to observe the e�ectsofevery com ponentofthe shielding. The m agnetwasplaced in

horizontalposition facingtheNE corner,faraway from theforced airwindowsand in an

interm ediateposition between theNorth andtheEastwallin ordertogetam oreaverage


ux.Herewem easured theTPC background in di�erentshielding conditions.Forthis

position,ithasbeen checked thatthefullshielding (copperpluslead pluspolyethylene)

reducesbackground levelsbyafactorof�3inthe3{7keV energyinterval,incom parison

tothecoppershielding,thanksm ainly tothe2.5cm oflead,whileadoublelayeroflead

(5cm )doesnotim provetheseresults(seeFigure4).W hen com paringtheexperim ental

reduction factor from those obtained in sim ulations,it m ust be kept in m ind that in

thelatterwewerejustdealingwith externalgam m aradiation,forgettingaboutinternal

contam ination or radon intrusion which contribute to m easurem ents in allshielding

conditions. Otherreason forthe discrepancies lies in the factthatin sim ulations the

shielding isallaround the detectorwhile the TPC isactually attached to the m agnet

pipes,and thuspartially notshielded from it. Asa consequence ofthese two reasons,

thebackground leveldecreaseislowerthan expected aftersim ulations.

Otherexperim entaltestwasperform ed to quantify the contribution ofthe radon

trapped in the copperbox.M easurem entswere carried outwith and withoutnitrogen


ush atthesam espatialposition and onerightaftertheotherto avoid tim evariations.
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Figure 4.Background data obtained in theshielding testattheexperim entalsitefor

di�erentshielding con�gurations: fullshielding set-up (bottom line),the copperbox

plus2.5cm oflead (solid linein them iddle),thecopperbox plusa doublelayeroflead

(dotted line in the m iddle)and justthe copperbox (upperline).

Thesubtracted spectrum (withoutand with nitrogen 
ush)can bethoughtasduetothe

radon insidethecopperbox sincetheplasticbagpreventstheouterradon from entering

theshielding.Despitethepoorstatistics,theestim ated radon ratein the3{7keV range

forpoint-likesignals(0.13� 2.33countsperhour)in thevolum efacingthetwowindows

oftheTPC,showsa negligible contribution to the background and iscom patible with

the0.04 countsestim ated in sim ulations.

Finally,we can also com pare the experim entalbackground data,since during the

two data taking periods(years2003 and 2004)theTPC detectorhasrecorded notonly

tracking data,when the opposite partofthe m agnet is pointing to the sun,but also

background data atany othertim e ofthe day. In orderto getthe bestcontrolofthe

background and determ ineitsinhom ogeneity,thesem easurem entshavebeen perform ed

at precise horizontal(m ovem ent along a circle) and verticalpositions. The Figure 5

showsm easured background levelsforninepositions:thethree�rstm easurem entpoints

arefacingtheNorth wall;thethreenextpointsfacetheNE cornerand thelastonefaces

theEastwallnearoneofthem etalpillars.Duringtheyear2003,with theTPC covered

by a 5m m thick copperbox and a nitrogen 
ush inside,thebackground m easurem ents

showed a high degreeofinhom ogeneity asitcan beobserved.Higherbackground rates

areregistered in theproxim ity ofm oreintensesourcesofradioactivity such astheupper
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partofthe Eastwallorthe soilwhile the closeness to a m etalpillarorto the plastic

wall(upperpartofNorth wall),decreasesrates.Also m etalcom ponentsassca�olding,

ladders,...can a�ectm easurem entsatsom epoints.Thankstotheshieldingdescribed in

Section 2,the2004 background data show ratereductionsby m orethan a factorof2.5,

reaching even a factorof4 atsom epositions(seeFigure5).M oreover,thebackground

isnow fairly hom ogeneous.
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Figure 5. July-August background data for 2003 (squares) and 2004 (circles).

M easurem ents correspond to 3 verticalpositions and 3 horizontalpositions of the

TPC detector.The 9 m agnetpositionsrun �rstvertically and then horizontally.

W hen com paring these experim ental data with the results of the sim ulations

presented in the previous section,one notes than the background reduction obtained

with theshielding islargerin theexternalgam m a sim ulations(a reduction factorof10

{ 15)than in theexperim entaldata (2.5 { 4).Thisseem sto im ply that,whilem ostof

thebackground in the2003 setup wasindeed linked to theexternalgam m a background

(asproved by itsinhom ogeneity and the e�ectiveness ofthe shielding),m ostofthere

rem aining background in the2004setup m ustbehoweverofadistinctorigin thatthose

included in thesim ulations.Them ostprobablecandidatesareinternalcontam inations

ofthecom ponentsinside theshielding,orbackground com ing from theside where the

detectorisattached to the m agnet(and necessarily unshielded),from contam inations

present for instance in the m agnet com ponents. This hypothesis �ts wellwith the

factthatthiscontribution in constantforevery m agnetposition.Asshown in Table3,
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whereallcalculated andm easured background levelsarecollected,aspeculated constant

internalcontam ination (�rstcolum n)ofabout15 countsperhourwould �ttheoverall

scenario. W hatever the precise origin ofthe rem aining background,the e�ect ofthe

shielding on the2005 TPC operation,both in term sofreduction ofbackground and its

variability,yielded a substantialincrease ofsensitivity ofthedetectorin thecontextof

theCAST experim ent[7],when com pared to theprevious2003 period.

Table 3. Estim ated externalbackground contribution to TPC data corresponding

to the years 2003 and 2004. Values are given in counts per hour and correspond

to estim ated point-like,3{7 keV energy,deposits in the TPC volum e facing the two

windowsofthe cham ber,com pared to the m ean m easured values

M onte Carlo estim ates M easured

Year Internal External
 Cosm ic �� induced Radon values

cont. sources neutrons neutrons

2003 15 30-55 2 0.04 47-80

2004 15 2-5 1.5 0.02 0.04 19-21

6. Sum m ary and conclusions

Afteracharacterisation oftheradioactivecontam ination,wepresentherein thee�ectsof

a shielding on theCAST TPC detectorbackground data.Requirem entsofa reduction

ofthebackground levelsand ofa decreaseofthebackground inhom ogeneity havebeen

ful�lled.

Gam m a m easurem entshavereported a clearinhom ogeneusradioactivecontam ina-

tion due to the uranium and thorium radioactive chains and to potassium and radon

em anation from the Eastand South wall. Also neutronshave been studied,being the

cosm ic neutronsthe m ostrelevantcontribution. Otherbackground contam inants can

beneglected.

Then,aftertheidenti�cation ofthebackground sources,wehaveundertaken M onte

Carlo sim ulationswhich have allowed usto understand the TPC detectorresponse to

gam m a and neutron sourcesaswellasthe e�ectsofdi�erentcom ponentsofshielding

on thebackground levels.Asa resultofthesesim ulations,wehavelearned that2.5cm

oflead reduces the externalgam m a background in the 3{7keV range by (77 � 4)%

butproducesneutronsdueto high energy cosm icneutron and m uon interactions.The

addition ofa 22.5cm layer of polyethylene results in a (92 � 3)% reduction of the

gam m a background, decreases by 20% the cosm ic neutrons and elim inates any low

energy neutrons. These results are com patible with experim entaltests perform ed in

theCAST site.Forallthesereasonstheinstalled shielding in 2004 consistsof5m m of

copperplus2.5cm oflead plus22.5cm ofpolyethylene.

Finally,the2004datacon�rm areduction ofbackground levelsby afactorbetween

2.5and 4from the2003data(thehighestforpositionsclosetothem ostintensegam m a
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sources) as wellas a quite acceptable degree ofhom ogeneity. For this period,m ost

ofthe contam ination is due to sources near the detector (around 15 counts per hour

in the volum e facing the two windowsforthe 3{7keV energy interval),while external

gam m aradiation and cosm icneutronsonlyadd 3-6countsperhourtotheTPC detector

background forthesam eintervalofenergies.
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