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Evidences of Čerenkov light from a 
TeO2 crystal
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Why searching Čerenkov radiation in TeO2 crystal?
The TeO2 crystals are currently used as bolometers in experiments searching 
for rare processes like double beta decay or Dark Matter interaction. The 
natural radioactivity represents for these experiments the main background 
source. The background component produced by α particles can be 
discriminated by the detection of Čerenkov light emitted at low energies (50 
keV ÷ 400 MeV) only by electrons.

Goal of the measurement
Assessment and measurement of the Čerenkov component in the light output 
of a TeO2 crystal at room temperature and disentanglement from a possible 
scintillation component:

Process Emission Rise Time Decay Time Spectrum Polarization

Scintillation isotropic prompt exponential
τ > 10÷15 ns visible peak? no

Čerenkov cosθC=(βn)-1 prompt prompt UV ~ 1/λ2 yes

Experimental setup

Photonis XP2970 PMT
fast ~ ns

UV sensitive  > 200 nm 

TeO2: 2.5x2.5x5 cm3

no wrapping

PMT 
Left

PMT 
right

��

�C

Scintillator 
Top Hodoscope

Scintillator 
Bottom Hodoscope

2 cm thick, 4 × 7 cm2 scintillators
muon trigger: 30 ns coincidence  

trigger rate ~0.1 Hz  
crystal rate:~0.01Hz  

~53 cm
,  δφ≈4°

Analog signals acquired by CAEN V1731 8-bit 1 Vpp, 1 GS/s sampling rate, 
BW = 250MHz; sensitivity ~ 4 mV, rise time = 2.2/(2πBW) = 1.4 ns

3. Crystal light yield

The light exiting from a face of the crystal can be separated in two compo-
nents:

• A: a part that is independent from the angle between the muon and the
crystal. This light can be scintillation light (which is isotropically pro-
duced) or Čerenkov light di↵used by the internal reflections on the crystal
faces loosing its initial directionality.

• B('): a component produced with a directionality and for which the prob-
ability of exiting from a face of the crystal is a function of the angle '.
This component is expected to be due mainly to the Čerenkov light.

The total light yield on the two lateral faces of the crystal will result:
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with ↵ and � two parameters that take into account possible non-equalizations
of the PMT responses and 1/cos' is proportional to the path length of the muon
within the crystal. If the system is completely symmetric, one may expect:
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For ' = 0, it follows:
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R̄(0) = � (A + B(0)) = �k (6)

Defining L(') and R(') as the responses equalised at ' = 0, it follows:

L(') =
L̄(')

L̄(0)
=

1

kcos'
(A + B(')) (7)

R(') =
R̄(')

R̄(0)
=

1

kcos'
(A + B(�')) . (8)

From the symmetry, it results that:

L(') = R(�'). (9)

4. Waveform analysis

The waveforms of the signals provided by the two PMTs are acquired and
analyzed o↵-line. The average waveforms obtained for 1000 muon events are
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duced) or Čerenkov light di↵used by the internal reflections on the crystal
faces loosing its initial directionality.

• B('): a component produced with a directionality and for which the prob-
ability of exiting from a face of the crystal is a function of the angle '.
This component is expected to be due mainly to the Čerenkov light.
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we can define the following variables

Muon trigger and signal read out

Results
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Average waveform for 1000 muons

• Fast signal: rise and decay time of 
the order of few ns

Charge distribution for a PMT

• For each angle the signal is fitted 
with a Landau distribution

Photonis XP2970 PMT
fast ~ ns

UV sensitive  > 200 nm 

Response corrected for the muon 
path length and PMT gain equalize

The symmetry of the setup is well 
verified

The angle dependence is clearly visible 
and similar on the two sides

Flat component ~ 0.6
Directional component ~ 1.5
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Figure 6: Behavior of the charge asymmetry � as a function of the angle '.

6. The charge asymmetry

In order to evaluate the ratio between the isotropic component of the light
and the one that depends on ', it can be useful to study the charge asymmetry.
We define �(') as:

�(') =
R(')� L(')

R(') + L(')
=

B(')� B(�')

2A + B(') + B(�')
(10)

The behavior of the �(') is shown in Fig. 6. Let suppose that for ' ' '
m

the angle dependent light yield reaches its maximum (B
max

) and, on the other
hand, that it is neglegible for ' ' �'

m

. From the data shown in Fig. 6 it
results: �(�'

m

) ' 0.4; therefore, it is possible to evaluate B
max

' 3.3 A.
According to our measurements, the component of the light yield that depends
on the angle ' is about the 75% of the isotropic one.

7. Conclusion

The performed measurements show that the a TeO2 crystal emits light when
crossed by a charged particle. The signals are very fast with rise and decay time
of the order of few nanoseconds. The amount of light provided to the PMT has
a clear dependence on the angle ' between the particle and the crystal and
the maximum of the light is collected for a value of ' compatible with the one
expected to maximise Čerenkov light output ('

m

). A certain amount of light
seems able to reach the PMTs also for angles far from '

m

. Most likely this is
Čerenkov light di↵used by the crystal lateral faces. However, this component
was evaluated to be at least three time lower than the other. We can thus
conclude that Čerenkov light represents at least the 75% of the light emitted by
a TeO2 crystal.
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Assuming B(22˚) = BMAX and B(-22˚) = 0, 
Δ = 0.4 e BMAX = 1.5 A.
If the flat component is due to the 
scintillation alone, Čerenkov would be ~ 
60 % of collected light.

Charge asymmetry

• TeO2 crystal emits light when crossed by a fast charged particle
• The signal is very fast: rise and decay time of the order of few ns
• There is a clear angular dependence compatible with Čerenkov emission 
• There is a flat component: most likely Čerenkov light diffused by crystal lateral faces
• The directional component is 60% of collected light

Flat component
@ φ = 22˚
R(φmax) : mainly Čerenkov 
L(φmax) = flat component

Typical waveforms of Čerenkov and "flat 
component", evidence of similar time 
behavior (rise and decay).
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