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1. Introduction

The CAST expermm ent [1]isplaced at CERN and m akes use of a decom m issioned LHC
test m agnet to look for solar axions through itsPrin ako conversion into photons inside
the m agnetic eld. The 10m —length m agnet is Installed on a platform which allow s it
tomove 8 vertically and 100 horizontally to track the sun during the sunsst and
the sunrise. The 9 Teskh magnetic eld is con ned In two parallel pipes of 42 an of
diam eter. A t the end of the pipes, three detectors look for the X w+ays originated by the
conversion of the axions inside them agnet when it points to the Sun. T he two apertures
of one of the ends of them agnet are covered by a conventionalT In e P ro ction C ham ber
(TPC) [2]facing \sunset" axions while in the opposite end, a Charge Coupled D evice
(CCD) 3] coupled to an X xay focusing telescope [4], and a M icrom egas detector (9]
search for \sunrise" axions. The rst results from the 2003 data analysis in plied an
upper lin it to the axion-photon coupling g, < 1:16 101! Gev ! [@]. A second set of
m easuram ents corresponding to 2004 w ith in proved detectors and longer exposure sst
an upper lin it on the axion-photon coupling ofg, < 88 10 Gev ' at95% CL for
axion masses 0:02&v [1].

A1l three detectors use discrin ination techniques to reduce background
contam Ination of the expected signal. The X wray signal produced by the axions Inside
them agnet hasamaxinum at 4keV and vanishes at around 10keV [/]. M ore energetic
deposits of energy, or signals outside the detector volum e facing the apertures of the
m agnet, should be rejected . Sim ple requiram ents, depending on each detector, elin inate
m ost of the background due to charged particles lke coan ic rays, alpha and beta
radiation 2,13,4,5].

A fter the use of software cuts, the m ain source of background is expected to be
gamm a rays produced predom inantly in the radiocactive chains of 2*4U ,2*?Th and in the
0K isotope decays. Their interactions w ith m aterial near the detectors can generate
low energy photons via the Compton e ect and also X —+ays (as those from copper
denti ed In experim ental spectra [3]). Additional sources are neutrons produced by

ssion and ( h5) processes or those Induced by m uons and coan ic rays. A s the detector
is moving tracking the sun, the background, and its inhom ogeneity, is a source of
uncertainty since the axion signal is com puted as the tracking (m agnet pointing to
the sun) m inus the background (any other m agnet orientation) signal. T herefore, not
only low background levels but also a certain independence of the position are desirable
to reduce uncertainties. T he shielding presented here has been built for the TPC w ith
this ain . In this article we w ill study the e ects of the com plete shielding installed in
2004, com paring its perform ance to the copper box usad as shielding during the 2003
data taking period. For these studies, the energy range 3{7keV hasbeen chosen as the
control region to analyse In order to be sure to elim inate threshold or saturation e ects.
Prelin nary results were presented In [8].

In the rst Section, we will describe brie y the detector and the shielding. Next,
the experim ental site and its background w ill be analyzed in detail taking into account
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gamm a and neutron sources. M onte Carlo simultions of the di erent sources of
background w ill be discussed in Section [4. Tn Section [3, the e ects of the shieding
on background data w ill be studied. Fnally, a few rem arks sum m arizing the study.

2. The shielding of the CA ST TPC detector

The CAST TPC detector has a conversion volume of 10 15 30am® Ild with
A r(95% )CH,(5% ) gas at atm ospheric pressure. The 10an drift direction is parallel
to them agnet beam axis and perpendicular to the section of 15 30 an ? covering both
m agnet apertures. Two 6 an diam eter w indow s, consisting of very thin m ylar foils (3 or
5 m ) stretched on a m etallic strongbacdck, allow the X +ays com ing from them agnet to
enter the cham ber 2]. E xcept for the electrodes, the screw s, the Printed C ircuit B oard
(PCB) and the window s, the entire cham ber ism ade of 1.7an thick low radioactisity
plexiglass.

A shieding around the TPC was designed to reduce the badckground in a
com plem entary way to the e ect of the o -line software cuts [2]. The requiram ents
were to get a certain reduction of the background levels com ing from extemal sources
and a decrease of the background spatial inhom ogeneity observed in the experim ental
site. The naldesign hasbeen the result ofa com prom ise am ong the shielding e ectand
technical 1im itations such as weight and size restrictions in posed by the experim ental
m oving structure.
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Figure 1. Picture on the left: TPC cham ber inside the open shielding, consisting of:
a copper box and lead, cadm ium and polyethylene shields. A schem e has been drawn
on the right to show the 3D arrangem ent of the whole structure.

From inside to outside, the CAST TPC shieding (see F gure[l]) is com posed of:

— A copperbox,5mm thick. T hisFaraday cage reduces the electronic noise and stops
low energy X wrays produced in the outer part of the shielding by environm ental
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gamm a radiation. Tt is also used for m echanical support purposes.

— Lead bricks, 2:5an thick,which reduces the low and m edium energy environm ental
gamm a radiation.

— A cadm im layer, lmm thick, to absorb the them alneutrons slowed down by the
outer polyethylene wall

— Polyethylene pieces, 225 an thick, used to slow them edium energy environm ental
neutrons down to themm al energies. Tt also reduces the gam m a contam ination and
helps the m echanical stability of the whole structure.

— A PVC bag which covers the whole shielding assembly. This tightly closes the
entire setup allow ing us to ush the inner part with pure N, gas com ing from
liquid nitrogen evaporation in order to purge this space of radon.

— A scintillating veto, 80 40  5an’, placed at the top of the shielding to rejct
m uon—-induced events working in anticoincidence w ith the detector.

T he described schem e is the outcom e of several sin ulations and experin ental tests.
D uring the 2003 data taking period, the detector set-up consisted jast of a copper box
with N, gas ush. The full shielding was installed in 2004, after a test carried out in
the real experin ental conditions.

3. Experim ental site and background

The CA ST experin ent is located at one of the buildings of the SR 8 experin ental area
at CERN . The lower part of the walls around is m ade of concrete. T he m aterials for
the upper part are, how ever, quite di erent: plastic In the north and concrete for East
and South walls with 11an thick m etal pillars distributed every approxin ately 2.5m
allaround. N orth and East walls faced by the TPC detector during m agnet m ovem ent
are shown i Figure[d.

T he iInhom ogeneity of the buiding m aterdals led us to undertake a careful study of
the radiocactive background and a detailed analysis of the m easured TPC background
data.

3.1. Gamm a kackground

An hyper pure gem anium gamma spectrometer system , ISOCS (In-Situ Objct
Counting System ), based on a HpG e coaxial detector from Canberra has been used
for gamma ray measuram ents In a range from 50keV to 3M &V [9]. The gamma
Soectrom etry m easurem ents con m ed the radioactive chains and potassium asthem ain
sources for background and showed a badckground disparity between the di erent types
of walls (see Tablk[).

A ssum ing a concrete density around 2:4gan
estin ate the gamm a production in the lower part of every wall as 225 photons

an % s!,around 8 photonsan 2 s? in the upper part of the east and south walls and

3 and a wall thickness of 30an , we
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Figure 2. G raph show s the TPC detector path facing the North and East walls.

Table 1. M ean gamm a production in the CAST site Bg/kgl. For the radiocactive
chains, equilbrium activities are quoted. In the case of radon em anation from the
238U chain, equilibriim isbroken and activities for the nuclides before and after ?*’Rn
are given separately.

W all 238y Chain 235y 232Th 40K
description 238y 1 226Rg  218pol 29pg  chain chain
East (lower) 25 2 11 07 10 2 113 10
and N orth P illars
East (upper) 923 274 32 5 40 12 34 6 388 45

and South (upper)

2 photons an 2 s! i the north wall pillars. W e should also add around 6 photons
an 2 s! coming from the soil

T hese data pointed also to a radon em anation for the east and south walls. Later
radon m easurem ents [9]gavem ean valuesof 20 10Bg=m *in summerand 15 5Bg=m ’
n w Inter, not incom patible w ith a certain dependence on tem perature.

W ithin this category, we could also include gamm as arriving from radioactive
contam ination in the m agnet platform , electronics m aterial and also the contribution of
the detector itself. M ost of these m aterdals are steel, plastics and m etals (ie. Fe,C ,H,
Cu, ...) whose In purities are also uranium , thorium and potassium .

N eutrons and protons com Ing from cosn ic rays can also induce radioisotopes in the
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detector gas and m aterials (m ainly **C and °H ) whose contribution can be neglected
ow ing to their low production rate (0.003 nuclei of '*C and 0.001 nuclei of °H per
litre and day in argon, com puted considering saturation w ith a m odi ed version of the
COSM O [10] code based on the sam iem pirdcal form ulas of Siberberg and T sao [111]).
Another gamm a contribution corresponds to the coan ic ray photon ux, being only a
an all fraction ( 1% ) of the total [12].

Sum m arizing, the experim ental site contrlbutes to an in portant, and non-unifom ,
gamm a background ow ing to radioactire contam ination. M ost of the gam m a radiation
described above would traverse the active volum e of the detector w ithout interacting
at all due to the special features of the detector (only sensitive to energies of a few
keV ). H owever, energetic gam m a background loses part of its energy after interactions
w ith m aterials surrounding the detector creating secondary photonsw hich do contribute
signi cantly to the badckground signal. T herefore, any shielding designed for the TPC
detector should be a com prom ise between the external ux reduction and the increase of
Interactions In thesem aterdals aswell as their own radicactive contam nation. T he best
controlofall these variables isachieved after M onte C arlo sin ulations plus experim ental
tests.

3.2. Neutron lackground

Even if the neutron com ponent of the background isbelow the levelof the typicalgamm a
badkground by three or four orders of m agnitude, neutron signals in the detector could
m In ic those from X rays.

Q uantitative m easurem ents of neutron background have been perform ed in the
experin ental site w ith a BF 3 detector. T he hom ogeneousm easured ux of neutrons in
the CAST siteisaround 3 102 am 2 s! . Thisvalue, and its hom ogeneity, points to a
cosam ic source. Coan ic ray generated neutrons have energies below a few G &V and the
spectrum show s a dependence as 1/E°#® up to 50M eV and as 1/E above this energy [13].
T his is the m ost im portant neutron contribution, not only for its intensity but also for
its high energy. O ther sources of neutron background are neutrons induced by muons
In the surrounding m aterials, ( ;n) reactions on light elem ents and the spontaneous

ssion.

M uons Interacting in shielding materials produce neutrons. FLUKA [14]
sinulations with a measured totalmuon ux of 50 10° an 2 s! gave usa yied
or neutrons entering the detector of 12 10° an 2 s! and a neutron spectrum
peaking below 1M &V .M ost of these events are rejpcted by anti-coincidence w ith the
veto Installed as part of the shielding.

In naturem ainly three nuclides (***U ,%°°U and **Th) undergo spontaneous ssion.
T he rate of spontaneous ssion of 2°8U , the nuclide of shorter half life, is 0 218/year/qg of
concrete for 1ppm of2*®U and the average num ber of neutrons em itted per ssion event
is24 02with a typical evaporation spectrum peaking ataround 1M €V .M ost of these

ssion neutronsw ill com e from the concrete walls. A ssum ing a penetration for neutrons
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of 10am , we estin ate the volum e and surface production of neutrons in the concrete
walls from around 060 10° an ? s! for the ower East walland 1 10° an ? s?
rthemetalpillarsto 30 10 ° an 2 s! in the upper East and South walls.

The particles am itted in the radioactive chains can interact w ith other elem ents
and produce neutrons through ( ;n) reactions. For the upper South and East walls
the nalestin ated neutron yield , ollowing [15],is 10° an 2 s!. The radicactive
activity of soil (or of the lower East wall) will produce one order of m agnitude less
of neutrons 10 ° an ? s'. The energy spectra for these neutrons consist of peaks
related to  particles energies, with 8.79M &V being the highest energy for naturally
em itted particles (decay of *?Po).

In sum m ary, w e have collected all the neutron productions in Table [2. T he energetic
cosam ic com ponent appears as the m ost relevant contribution.

Table 2. Com parison of the estin ated order of m agnitude for neutrons com ing from
di erent sources. Values are given in neutrons per an 2 and second.

Cognic M uon induced Fission ( ;)

10 ° 10 3 10 ° 10 °

4. M onte Carlo sim ulations

A com plete st of M onte Carlo simulations has been carried out In order to estin ate
the external background 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 the sim ulations, but also them ain software cuts to be able to discrin inate
the expected X +ay signal. T hey show that the use of cuts reduce the registered events
by two orders of m agnitude in good agreem ent w ith the experin ental data. T his fact
results In Jow statistics, having to establish a com prom ise between com puting tin e
and non-negliglble statistical errors. D egpite this, M onte Carlo sim ulations have been
very usefiil to understand and quantify the num ber of counts com ing from the extemal
badckground in the 2003 and 2004 sets of data of the TPC detector.

T he background level (in the 3{7keV region of interest) for three di erent shielding
con gurationshave been com pared: a 5m m —thick copperbox, the copperbox plis2.5an
of lead, and a com plete shielding consisting of 5m m —thick copperbox plus2.5an of lead
plus 22 5an of polyethylene.

First of allwe w ill focus on gamm a sim ulations since this is the m ain contribution
to the TPC background, then we w illm ake a few com m ents about neutron sin ulations,
though they are quite di cult to verify experim entally.
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4.1. Sim ulhtions for externalgamm a

T hese sim ulations have been perform ed using the GEANT 4 code [14] since it allow s
to take into account all the aspects of the sim ulation process including the detector
response. T he prin ary events, corresponding to the radioactive chains and potassium ,
have been generated uniform Iy and isotropically on a sphere surrounding the m ost
extemal surface of the shielding.

The shielding made of S5mm of copper plus 25an of lead pluis 225an of
polyethylene reduces the extemal gamm a badkground by more than one order of
m agnitude, (92 3)% in the 3{7keV range. Since the thick layer of polyethylene helps
In the gamm a attenuation, the sam e shielding without polyethylene is about a 15%
less e ective, causing an estinm ated reduction of (77 4)% . Compton interactions in
the polyethylene result in lower energy photons which are easily absorbed in the lead.
Though a thicker Jayer of lead could stop a larger fraction of the extermal gamm as, it
can be a source of secondary neutrons and it would add too m uch weight to one of the
ends of the m agnet.

D ue to the gpatial lnhom ogeneity of the gamm a background com ing from walls,
sim ulations allow us to m ake just a rough estim ate of the TPC recorded counts. T hese
extemal photons cause between 30 and 55 counts per hour in the volum e of the detector
facing the two w Indow s for the 3{7keV energy region in the case of the copper shielding
(2003 data), and between 2 and 5 counts per hour in the case of the com plete shielding
con guration of 2004. This result, as we will see In next Section, is com patible w ith
m easured data.

TheGEANT 4 package hasalso been usaed to sin ulate thee ect ofthe radon trapped
nside the copper box. Radon decays have been produced isotropically in the volum e
between the TPC and the copper box. T hese sin ulations quantify the point-ike signals
In the 3{7keV range in 0.04 counts per hour for an overestim ated radon concentration
of 25Bq/m >. T herefore, the radon contribution to the background can be neglected in
the 2003 and 2004 shielding conditions due to the plastic bag around the entire set-up
and the nitrogen ush.

4.2. Neutron sin ulations

T hough neutrons interacting in m aterials can produce  particles, m ore neutrons,
particles and ssion fragm ents depending on m aterials and energies, the m ost e cient
reaction is the elastic scattering, energy transferred to nuclear recoils. This energy is
determ ined by the energy of the neutron incident (E, ) and the scattering angle
4
Er = — (o )E,: 1
RS A ) (1)

In the cass ofargon, A = 40, assum ing a quenching factor of 028, them axin um visble
energy and the neutron energy are related as follow s

Ermax = 00266E,: (2)
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T herefore, the neutrons able to deposit a visible energy in the analysed range of 3{7
keV arem ostly those w ith an energy between 0.11 and 027 M €V .

A GEANT4 simulation, using G 4ND L.3.5 high precision neutron data library and
a real coan ic spectrum  as input, has been carried out. This sim ulation has allowed us
to roughly estim ate about 2 counts per hour caused by cosn ic neutrons inside the two
window s of the TPC in the (3{7)keV visbl energy region In the case of the copper
shieding. Aswe will show in Section [§, this rate is between 25-45 tin es an aller than
the counting rates in 2003.

To understand the e ects of the di erent layers of shielding we have used the
FLUKA code of proven reliability for the transport of neutrons. T his second sin ulation
shows the e ects of every layer of shielding material on cosn ic neutrons: while
polyethylene decreases the num ber of background neutrons per cosm ic neutron, the
25an of lead increases this number (see Figure[d) due to (n;2n) processes (observe
the evaporation spectrum ). Cadm um absorbs them al and epitherm al neutrons w ith
energies below 1keV .
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F igure 3. Coan ic neutrons in the 10 keV 20 M €V range after traversing every layer of
shielding: incom ing coam ic neutrons (sold circles), neutrons after traversing 22.5an
of polyethylene (open circles) plus Imm of cadm um (solid stars) plus 2.5an of lead
(sold triangles) plus Smm of copper (open squares). Spectra are nom alised to one
cosm ic neutron.

The shielding without polyethylene has been also com pared to the com plete
con guration. The number of coan ic neutrons able to produce nuclear recoils and
a deposit of visble energy In the TPC in the 3{7keV range decreases by only 20%
after the com plete shielding due to the production of neutrons in lead. T he num ber of
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neutrons could even increase by 10% if the 22.5an of polyethylene are taken o . Then,
the shielding hardly reduces the am ount of neutrons and it would increase the num ber
w ithout polyethylene. T his background contribution has been estim ated in around 1.5
counts per hour for the 2004 shielding conditions.

T he neutron production in the shielding due to m uons has also been investigated.
M ost of these neutrons are produced in lad. As mentioned In Subsection [3.7, the
num ber of neutrons produced by each sea level muon is 0.024, giving a neutron ux
reaching the detector of 12 103 per an ? s'!, six orders of m agnitude higher that
the calculated in [17] for a thicker shielding but a m uch less intense underground m uon

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

corresponding to neutrons induced by m uons, three orders of m agnitude an aller than
the m easured badkground rates.

R egarding other population of neutrons, we have not considerad those com ing from
radicactivity ( ssion and ( , n) processes) since 22.5an of m oderator would reduce
their tiny contribution (of the order of 10 ° an 2 s'! ) by two orders of m agnitude [17].

5. TPC background data

First tests of the full shielding (with a 5-an -thick layer of lead in this case) at the
laboratory showed a reduction factorof 8 below the background level of the cham ber,
w ithout any shielding or nitrogen ush, for energies between 1 and 10keV . O nce the
detector wasm ounted in the m agnet on the m oving platformm , this factorbecame 43
( 64 In the 6-10keV range).

A fter these rst tests, another set was undertaken at the CA ST experin ental site
to obsarve the e ects of every com ponent of the shielding. The m agnet was placed in
horizontal position facing the NE comer, faraway from the forced airw indow sand in an
Interm ediate position betw een the N orth and the East wall in order to get a m ore average

ux. Here wem easured the TPC background in di erent shielding conditions. For this
position, it hasbeen checked that the full shielding (copper plus lead plus polyethylene)
reduces background lkevelsby a factorof 3 in the 3{7 kéV energy interval, In com parison
to the copper shielding, thanksm ainly to the 2.5an of lead, while a double layer of lead
(5am ) does not in prove these results (see F gureld). W hen com paring the experin ental
reduction factor from those obtained in simulations, it m ust be kept in m ind that in
the atterwe were just dealing w ith external gam m a radiation, forgetting about intemal
contam nation or radon intrusion which contribute to m easurem ents in all shielding
conditions. O ther reason for the discrepancies lies In the fact that In sin ulations the
shielding is all around the detector while the TPC is actually attached to the m agnet
pipes, and thus partially not shieded from it. A s a consequence of these two reasons,
the background level decrease is lower than expected after sin ulations.

O ther experin ental test was perform ed to quantify the contribution of the radon
trapped iIn the copper box. M easurem ents were carried out w ith and w ithout nitrogen

ush at the sam e spatial position and one right after the other to avoid tin e variations.
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F igure 4. Background data obtained In the shielding test at the experin ental site for
di erent shielding con gurations: full shielding setup (bottom line), the copper box
plus25anm oflead (solid line in them iddle), the copper box plus a double layer of lead
(dotted line in the m ddle) and jast the copper box (upper line).

T he subtracted spectrum (w ithout and w ith nitrogen ush) can be thought asdue to the
radon inside the copper box since the plastic bag prevents the outer radon from entering
the shielding. D egpite the poor statistics, the estin ated radon rate in the 3{7keV range
forpoint—like signals (0.13 2.33 counts per hour) in the volum e facing the two w indow s
of the TPC, show s a negligible contrdbution to the background and is com patible w ith
the 0.04 counts estin ated In sin ulations.

Finally, we can also com pare the experim ental background data, since during the
two data taking periods (years 2003 and 2004) the TPC detector has recorded not only
tracking data, when the opposite part of the m agnet is pointing to the sun, but also
background data at any other tin e of the day. In order to get the best control of the
badkground and determ ine its inhom ogeneity, these m easuram ents have been perform ed
at precise horizontal (m ovem ent along a circle) and vertical positions. The Figure
show sm easured background levels for nine positions: the three rstm easuram ent points
are facing the N orth wall; the three next points face the NE comer and the last one faces
the East wallnear one of them etal pillars. D uring the year 2003, w ith the TPC covered
by a Smm thick copper box and a nitrogen ush inside, the background m easurem ents
showed a high degree of Inhom ogeneity as it can be obsarved. H igher background rates
are registered in the proxin ity ofm ore Intense sources of radioactivity such as the upper



CAST-TPC hackground studies and shieding e ects 12

part of the East wall or the soil while the closeness to a m etal pillar or to the plstic
wall (upper part of N orth wall), decreases rates. A 1so m etal com ponents as sca oding,
ladders,... can a ectm easuraem ents at som e points. T hanks to the shielding described in
Section [Z, the 2004 background data show rate reductions by m ore than a factor of 2.5,
reaching even a factor of 4 at som e positions (see F igure[d). M oreover, the background
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 vertical positions and 3 horizontal positions of the
TPC detector. The 9 m agnet positions run rst vertically and then horizontally.

W hen com paring these experim ental data with the results of the simulations
presented in the previous section, one notes than the background reduction obtained
w ith the shielding is Jarger in the externalgam m a sin ulations (a reduction factor of 10
{ 15) than in the experim entaldata (2.5 { 4). This seem s to in ply that, while m ost of
the background in the 2003 sstup was Indeaed linked to the extermal gam m a background
(as proved by its inhom ogeneity and the e ectiveness of the shielding), m ost of there
ram aining background in the 2004 setup m ust be however of a distinct origin that those
Included in the sin ulations. T he m ost probable candidates are intermal contam inations
of the com ponents inside the shielding, or background com ing from the side where the
detector is attached to the m agnet (and necessarily unshielded), from contam inations
present for instance in the m agnet com ponents. This hypothesis ts well with the
fact that this contrdbution in constant for every m agnet position. A s shown in Tablk[3,
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where allcalculated and m easured background levels are collected, a speculated constant
Intermal contam ination ( rst colum n) of about 15 counts per hour would t the overall
scenario. W hatever the precise origin of the ram aining background, the e ect of the
shielding on the 2005 TPC operation, both in temm s of reduction of background and its
variability, yielded a substantial increase of sensitivity of the detector in the context of
the CA ST experim ent [/], when com pared to the previous 2003 period.

Table 3. Estimated extemal background contribution to TPC data corresponding
to the years 2003 and 2004. Values are given in counts per hour and correspond
to estim ated pointlike, 3{7 keV energy, deposits in the TPC volum e facing the two
w indow s of the cham ber, com pared to the m ean m easured values

M onte C arlo estin ates M easured
Year Intemal Extemal Cogan ic induced Radon values
cont. sources neutrons neutrons
2003 15 30-55 2 0.04 47-80
2004 15 2-5 15 0.02 0.04 1921

6. Sum m ary and conclusions

A fter a characterisation of the radicactive contam ination, we present herein thee ectsof
a shielding on the CAST TPC detector background data. R equirem ents of a reduction
of the background levels and of a decrease of the background inhom ogeneity have been
ful Tled.

G amm a m easuram ents have reported a clear Inhom ogeneus radioactive contam ina—
tion due to the uranium and thorium radicactive chains and to potassium and radon
em anation from the East and South wall. A 1so neutrons have been studied, being the
cosam ic neutrons the m ost relevant contribution. O ther background contam inants can
be neglected.

T hen, after the denti cation of the background sources, we have undertaken M onte
Carlo sim ulations which have allowed us to understand the TPC detector response to
gamm a and neutron sources as well as the e ects of di erent com ponents of shielding
on the background levels. A s a result of these sim ulations, we have leamed that 2.5an
of lead reduces the extermal gamm a background in the 3{7keV range by (77 4)%
but produces neutrons due to high energy coam ic neutron and m uon interactions. T he
addition of a 225an layer of polyethylene results n a (92 3)% reduction of the
gamm a background, decreases by 20% the cosn ic neutrons and elim inates any low
energy neutrons. These results are com patible w ith experin ental tests perform ed in
the CA ST site. For all these reasons the installed shielding in 2004 consists of 5mm of
copper plus 25an of lead plus 22.5an of polyethylene.

F inally, the 2004 data con m a reduction of background levels by a factor between
25 and 4 from the 2003 data (the highest for positions close to them ost intense gamm a
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sources) as well as a quite acceptable degree of hom ogeneity. For this period, m ost
of the contam ination is due to sources near the detector (around 15 counts per hour
n the volum e facing the two w indow s for the 3{7keV energy interval), whil extemal
gam m a radiation and cosn ic neutrons only add 3-6 counts perhour to the TPC detector
badkground for the sam e interval of energies.
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