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1 Introduction

Evidence for dark matter is found in many observed features of the universe. New-

tonian gravitation predicts the rotational velocities of galaxies by v(r) =
√

GM(r)
r

,

where mass is described by M(r) = 4π
∫

ρ(r)r2dr. Actual measurements of the rota-
tional velocities of galaxies, however, describe a distribution of mass where M(r) ∝ r.
Fritz Zwicky studied this inconsistency in the Coma galaxy cluster in 1933, and he
proposed the existence of a non-luminous dark matter. Over thirty years later, Vera
Rubin supported Zwickys work with additional observations of galaxy rotational
curves. Their studies imply the existence of a halo of dark matter with ρ(r) ∝ 1

r2 .
Further evidence of dark matter is gravitational lensing. The General Theory

of Relativity predicts the bending of light through areas of gravitational potential.
Observations of this phenomenon show that the amount of bending around galaxy
clusters corresponds to a greater amount of mass than is visible. Dark matter also
helps to explain the formation and temperature distribution of the universe.

A favored candidate for cold non-baryonic dark matter is the Weakly Interac-
tive Massive Particle (or WIMP). Direct detection of WIMPs in experiments like
XENON aim to detect the energy released from the elastic scattering of a WIMP off
a terrestrial nucleus.
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2 The XENON Dark Matter Search

The XENON experiment aims to detect dark matter particles by measuring the
scintillation and ionization of the nuclear recoils which result from the elastic collision
of WIMPs with Xe nuclei using a dual phase (liquid/gas) xenon time projection
chamber. Ionization electrons are extracted from the liquid by an applied electric
field. They are then drifted across a layer of Xe gas by another, much stronger,
electric field, and as they are accelerated, they produce proportional scintillation
photons along their path. The ratio of the scintillation signal in the liquid (S1) to
the scintillation signal in the gas (S2) is used to discriminate dark matter particles
from the overwhelming background due to gamma-rays, alpha and beta particles.
The liquid Xenon must be rid of impurities that may absorb ionization electrons
before they reach the detectors. To measure in a fast and reliable way the purity
level of the liquid xenon within the time projection chamber, a Purity Monitor has
been developed, and its testing is ongoing.

Figure 1: The XENON detector has a bottom array of 41 and a top array of 48
photomultiplier tubes to detect scintillation light from nuclear and electron recoils.

3 The Purity Monitor

The Purity Monitor is a gridded chamber containing a cathode, an anode, and two
parallel grids, enclosed in a stainless steel vessel. An electron cloud produced by a
flash of UV light is sent down an optical fiber onto a Cesium Iodide photocathode.
It travels from the cathode, across the cathode grid, across the drift region of about
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10 cm to the anode grid and then to the anode. The cathode and anode signals are
compared and used to determine electron lifetime and the purity of the Xenon.

The number of impurities is related to electron lifetime by the equation

τe =
1

NsKs

(1)

where τe is the electron lifetime, Ns is the number of impurities, and Ks is the
attachment rate.

Figure 2: A photograph of the Purity Monitor chamber.

4 Electron Lifetime

A charge amplifier integrates the cathode and anode current signals, creating a trape-
zoidal waveform. The waveforms rising edge corresponds to the positive signal of the
cathode, the flat top corresponds to the drift gap between the grids, and the falling
edge corresponds to the negative signal of the anode. The amplitudes of the edges
of the waveform correspond, separately, to the number of electrons drifting from the
cathode to the cathode grid and from the anode grid to the anode.

The number of electrons ∆N after a time ∆t is found by

∆N(t) = −N0(t)Ks∆t
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where N0 is the number of electrons produced at the photocathode. The drift time
∆t is a function of the distance between the two electrodes and the electron drift
velocity at the operating temperature and field. Integrating, the equation becomes

N(t) = N0e
−t/τ where τ =

1

Ks

(2)

The number of electrons at the cathode NK is found by

NK =

∫ t1

0

N0e
−t/τdt = −N0τ(e−t/τ + 1)

And the number of electrons at the anode NA is found by

NA =

∫ t3+t2+t1

t2+t1

N0e
−t/τdt = N0τ(e−

t1+t2+t3
τ + e−

t1+t2
τ )

The ratio R between the two, using some algebraic manipulations, becomes

R =
NA

NK

=
−e−(t3+t2+t1)/τ + e−(t2+t1)/τ

−e−t1/τ + 1

=
t1 sinh(t3/2τ)

t3 sinh(t1/2τ)
e−tw/τ

where ∆t = td = t2 + 1
2
(t1 + t3). The quantity t1 sinh(t3/2τ)

t3 sinh(t1/2τ)
e−td/τ can be approximated

to 1 for t1, t3 � t2, reducing the relation between the two charge amplitudes to

R = e−td/τ (3)

Factors such as electronic noise and fluctuations in the number of electrons ex-
tracted limit the precision with which td and R can be measured. The uncertainty in
these measurements can be used to determine the sensitivity of the electron lifetime
measurements. Using the error analysis equation

∆τ

τ
=

√
(
∆td
td

)2 + (
1

log R

∆R

R
)2 (4)

which is also graphed in Figure 3, we find that when R is close to O or 1, the
sensitivity of electron lifetime measurements is very low. Also, looking at R vs. ∆t
for different electron lifetimes τ , the sensitivity of electron lifetime measurements is
very low for small drift time td. Resolution can be improved by increasing td; that
is, by reducing the electric field or increasing the gap distance.
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Figure 3: Error analysis for electron lifetime calculations.

5 Charge Amplifier

The electrode signals are integrated by an A250 Charge Sensitive Preamplifier. We
desire an amplifying system with a large gain and long decay time for clear output
signals. One variable in the amplifier configuration was the field-effect transistor
(FET), and I measured the gain and calculated the decay time of the system with
four different FETs: K147, BF244, 2N3819, and 2SK152. The 2SK152 proved to be
the most effective FET, corresponding to a high gain and the longest decay time in
the amplifier system.

6 Gas Purification

Figure 5 shows the configuration of the gas purification and handling system. We
measured the degassing rate to be 8.83 ∗ 10−7 mbar*L/s.
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Figure 4: A photograph and a drawing of the gas circulation system.

7 The Cooling System

A cold finger is an economical and effective way to cool the Purity Monitor. The
heat transfer equation

∆Q

∆t
= kA

(T1 − T2)

L
(5)

was used to determine the length of the immersed rod. For thermal conductivity
kCu = 385 J

smC
, power loss P = ∆Q

∆t
= 100W , T1 = −110C, T2 = −193C, and

A = .022πm2, the length L is 40cm.

8 Conclusions

With an error under 10 percent, we are able to measure electron lifetimes between
22 and 220 µs. The degassing rate shows that the system is airtight. We have
demonstrated that 3 kg of liquid Xenon can effectively be liquified and circulated.
The next step is for the Purity Monitor to be tested in dual-phase.
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Figure 5: A drawing of the Purity Monitor system with Cold Finger.
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