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NEXT

DEMO detector operating at IFIC

NEXT searches ββ0ν decay
• Electroluminiscent TPC holding 100 kg of high-pressure 136Xe.
• Great energy resolution, track reconstruction, radio purity and mass scalability.
• Under construction in the Laboratorio Subterráneo de Canfranc (LSC) in Spain.
• Two main prototypes: NEXT-DEMO (DEMO) and NEXT-WHITE (NEW).

– DEMO has been operating for more than 2 years in the Instituto de Física Corpuscular (IFIC).
– NEW is currently under construction in LSC. It will start operations by the end of the year.

• Monte Carlo data in both DEMO and NEW has been used to test the ML-EM algorithm. Design of NEW detector

Maximum Likelihood Expectation Maximization (ML-EM)
Maximum Likelihood Estimation (MLE)

• Generic method for solving different kinds of inverse problems.
• Given any outcome, look for the parameters that maximizes the likelihood

(L(λ(v)|n(d)) = P (n(d)|λ(v))). These parameters are the most probable source.
• The log-likelihood function (logL(λ(v)|n(d))) is used to simplify the process.
• Problems that allow analytical solutions are rather uncommon.

Expectation Maximization (EM)
• Iterative method for finding MLE in 2 steps:

– E-step Calculate the forward projection with the current value of the parameters.
– M-step Calculate the parameters that increase the log-likelihood function value.

Flowchart of the ML-EM algorithm
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ML-EM reconstruction diagram for NEXT

The mathematical formalism developed in medical imaging can be
applied almost directly to NEXT case
The problem of reconstructing events in NEXT is very similar to the one in PET (Positron Emission Tomography) extremely
complex images have to be reconstructed. There are several sources that may affect the signal so a MC simulation is used
to convolute all the effects into a probability matrix.

In both NEXT and PET cases the emitted light is detected by photomultipliers and the detection process can be described
by Poisson statistics. This makes both cases equal from a mathematical point of view.
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Mathematical expression of the ML-EM algorithm in
NEXT

Event reconstruction

ML-EM in NEXT
• Voxelize active volume of the detector.
• The signal detected in both the tracking and energy plane is the input. This allows good

energy resolution and precise track reconstruction at the same time.
• Each iteration will calculate the energy for each voxel that maximizes the likelihood.
• The calculated set of voxels and their charge is the reconstructed track.
• Only a bidimensional probability matrix is being tested. Z-dependent effects (diffusion,

attachment) are not considered in the matrix → The method will reconstruct tracks
smeared by these effects.

• Further plans include the testing of a complete tridimensional probability matrix.
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Energy resolution of electrons of the en-
ergy of the 137Cs decay (662 keV). The
resolution extrapolated toQββ (2458 keV)
is 0.57% at FWHM
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and the reconstructed mean position of a
point-like energy deposition (x-rays)

2 reconstruction modes
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• Charge collapsed into the XY plane.
• The integral over time of the signal is

the input for the ML-EM method.
• The output is a bidimensional projec-

tion of the event.
• Fast method.

X (mm)
-80 -60 -40 -20 0 20 40 60 80

Y
 (

m
m

)

-60

-40

-20

0

20

40

60

E
ne

rg
y 

(a
.u

.)

0

2000

4000

6000

8000

10000

12000

14000

16000

18000

20000

22000

Reconstructed track
after 1 iteration
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Reconstructed track
after 70 iterations

Bidimensional reconstruction of an event in DEMO

3D mode
• Signal is sliced in time divisions.
• ML-EM is applied to each fraction of

the signal.
• Combining the output of each slice gives

a tridimensional reconstruction.
• Optimal for well defined tracking.
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Reconstructed track

YZ projection of a simulated ββ0ν decay in NEW
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