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NUclear
Matrix
Elements for
Neutrinoless Double Beta Decay

Cross section measurements
of heavy-ion induced

Double Charge Exchange (DCE) reactions

Tiny value of cross sections demand 
higher beam intensities

UPGRADE
New tracker system

More details in talks by
Dr. Calabrese
Dr. Brischetto
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Requirements for new Tracker system:

1) Ability to cope the rates of particles as high as MHz 

2) High resolution measurement at the focal plane of the phase space 
parameters
• horizontal position Xfoc resolution 0.6 mm (FWHM)
• horizontal angle θfoc resolution 0.5° (FWHM)
• vertical position Yfoc resolution 0.7 mm (FWHM)
• vertical angle φfoc resolution 0.7° (FWHM)

Gas Tracker for NUMEN
Limits of Wire-Based Detector: 
Secondary effects è Gain limits 
Space charge è Counting-rate limits (104 Hz/mm2)
Aging è Damage after long-term operation
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Gas Tracker for NUMEN

The new gas tracker (1122 x 185 x 108 mm3

active volume) will consist of: 

• a gas drift region delimited by a cathode
and a Frish grid (or mesh plane) where the
drift time and consequently the vertical
position and angle will be measured

• an electron multiplication region
(Multiple-Thick GEM)

• a segmented read-out plate where the
horizontal position and angle will be
measured
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Charged ion

Mesh
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Working principles
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Multi-layer THGEM (M-THGEM)
Assembly of Three THGEM elements stacked together
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MHz/mm2 rate capability

No loss of charge è high gain @ low voltage
Robust avalanche confinement  è lower secondary effects

Long avalanche region è high gain @ low pressure
Field geometry stabilized by inner electrodesè reduced charging up

Cortesi M., et al., Review of 
Scientific Instruments 88.1 
(2017): 013303.
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THGEM characterization

Full THGEM F10 ROW THGEM R1

Measured parameters:
• Max working voltage
• Gain
• Ion Backflow (IBF)

Controlled parameters:
• Pressure of Isobutane gas (C4H10) 
• Voltage of THGEM
• Voltage of induction region
• Voltage of drift region

7



Irene Ciraldo for the NUMEN collaboration

Tracker prototype
Active volume 107x107x185 mm3

Gas chamber

Scattering 
chamber

Beam line

TeBe beam line @ LNS-INFN Lateral view

Top view

Incident ions

Beam
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Measured parameters: Gain
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ROW THGEMGa
in

Gain = !
"#$ #%&'!
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Controlled parameters:
• Different pressures of Isobutane
• Different VDRIFT

Results:
Maximum reached Gain is inversely 
proportional to the pressure

Maximum reached Gain about 105

Similar results with FULL THGEM

Preliminary
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Measured parameters: Ion Backflow (IBF)
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ROW THGEM

Full THGEM
IBF = !"#$ %& '%&(")**+%& %#")*

Controlled parameters:
• Different pressures of Isobutane
• Different VTHGEM

Results:
IBF is higher for ROW THGEM

FULL THGEMPreliminary
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Example of an alpha track obtained with tracker prototype
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Charge vs strip

Time vs strip

Stripped anode hit map

Vertical angle

The tests performed with 
the reduced size tracker 
prototype, in terms of 

resolution, are compliant
with the requests for 

NUMEN.

Horizontal angle
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Prelim
inary
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Secondary e-
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THGEM
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Preliminary
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Prospects

ROW THGEM Full THGEMAnodic stripped plane Anodic pad plane

Work in progress…
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Thanks for your attention!
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The working principle of the 5 rows configuration

THGEM Segmented Anode
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Measured parameters: Ion Backflow (IBF)
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Measured parameters: Gain

Full THGEM F10 ROW THGEM R1
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Measured parameters: Gain

Full THGEM F10 ROW THGEM R1
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Mechanical design of gas tracker prototype
Connector to FE 

chip

PCBs

Aluminium
profiles

Multiple Thick-GEM

Plastic part created
with 3D printers

D. Bonanno et al.Irene Ciraldo for the NUMEN collaboration 21



60 Silicon Detectors
→    Eres

6 Proportional Wires
→    ΔE

6 Induction Strip  
→ X1,X2,X3,X4
→    Xfoc,θfoc

6 Drift Chamber (DC)
→ Y1,Y2,Y3,Y4

→   Yfoc,φfoc

Ion
identification

Ray-
reconstruction

Section view

Top view


