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Aim

This project aims to build a 𝑒+𝑒− pair spectrometer to study the anomaly
in the angular correlation distribution of the Internal Pair Creation (IPC)

of the 12
+ → 01

+ transition in 8𝐵𝑒.
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8𝐵𝑒(𝑀1): 12
+ → 01

+
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Challenges in the IPC measurements
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Challenges in the 𝑒+ 𝑒- angular correlation 
distribution measurements in 8Be

➢The low probability of the pair emission (~10−3 in comparison with 𝛾-ray emission)

➢The low cross-section for the population of the states of interest (~0.1 mb for the 12
+)

➢Higher 𝑒+/𝑒− emission energy than in beta decay (~0-2 MeV)

➢Background suppression:

➢ 𝛾/𝑒+𝑒−

➢𝜇/𝑒+𝑒−

➢Multiple scattering of electrons/positrons inside matter

➢Vacuum compatible detectors
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➢The low probability of the pair emission (~10−3 in comparison with 𝛾-ray emission)

➢The Low cross-section for the population of the states of interest (~0.1 mb for the 12
+)

➢Higher 𝑒+𝑒− emission energy than in beta decay (~0-2 MeV)

➢Background discrimination:

➢ 𝛾/𝑒+𝑒−

➢𝜇/𝑒+𝑒−

➢Multiple scattering of electrons/positrons inside matter

➢Vacuum compatible detectors

When electrons from the target pass through the set-up to the wire chambers multiple

scattering in the target holder, in the wall of the carbon fiber vacuum chamber, and in

the wire chamber windows takes place. This gives rise to an angular spread of the

reconstructed angular correlation.

The simulated angular resolution corresponds to FWHM ~7º

J.Guyás et al., Nucl Instr and Meth in Phys Res A 808, 21 (2016)

MWPC

(Currently, 

DSSD)

Target 

LiF2

Challenges in the 𝑒+ 𝑒- angular correlation 
distribution measurements in 8Be
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Detector Design and Construction
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Telescope Design 
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PROPERTIES EJ-200

Scintillation Efficiency (photons/1 MeV e-) 10,000

Wavelength of Maximum Emission (nm) 425

Polymer Base Polyvinyl toluene

Vapor Pressure Vacuum-compatible

High emission of 

Bremsstrahlung 

radiation

High scattering 

probability

How can we improve the current detectors?
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Δ𝐸 − Δ𝐸 − 𝐸 Telescope
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Δ𝐸𝐹𝑟𝑜𝑛𝑡:
• 10 bars in a horizontal configuration

Δ𝐸𝐵𝑎𝑐𝑘:

• 10 bars in a vertical configuration

→ 𝑫𝒆𝒕𝒆𝒓𝒎𝒊𝒏𝒆 𝒕𝒉𝒆 𝒑𝒐𝒔𝒊𝒕𝒊𝒐𝒏

Material: Plastic Scintillator EJ200

EJ-510 refractive painting

𝐸𝑐𝑎𝑙𝑜𝑟𝑖𝑚𝑒𝑡𝑒𝑟:

• Scintillator block

→ 𝑴𝒆𝒂𝒔𝒖𝒓𝒆 𝒕𝒉𝒆 𝒆𝒏𝒆𝒓𝒈𝒚 𝒐𝒇 𝒆+/𝒆−

(~100 keV- 20 MeV)

WPCF. Budapest, Hungary. May 18th-22nd, 2026



Light Readout 

Benito Gongora-Servin, benito.gongora@lnl.infn.it 5

� � � ��� � :	

� = 	
� − �

� + �

� � � � � ��� � 	
� � � � � � :	

� = � + �

��

Reduced-Channels Board

10 signals → 2 signals 

Best performance at 0º temperature 
F. Acerbi et al. IEEE Trans. on Nucl. Sci, Vol. 71, No. 12, 2024

𝐷𝑒𝑝𝑜𝑠𝑖𝑡𝑒𝑑
𝐸𝑛𝑒𝑟𝑔𝑦:

𝐸 = 𝐸1 + 𝐸2
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Angular Resolution

The angular resolution estimated 

~2.52 ± 0.02º

Geant4 Simulation

• 4 clover detectors

• Refractive painting

• Supporting structures

• LiF Target (100 𝜇g/cm2)

• C Backing (40 𝜇g/cm2)

• A beam spot of 5 mm of diameter

• 12.5 cm Target-Detector distance

Experiment Angular 

Resolution 

Atomki 5º

MEG-II 5.5º

J.Guyás et al., Nucl Instr and Meth in Phys Res A 808, 21 (2016).

J. Krasznahorkay et al., Phys. Rev. Let. 116 (2016) 7.

MEG-II Collaboration Eur. Phys. J. C (2025) 85: 763

WPCF. Budapest, Hungary. May 18th-22nd, 2026



Setup @ AN2000 (30º beamline), LNL-INFN
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30º

𝐿𝑎𝐵𝑟3
(3
× 3 𝑖𝑛2)

➢Nuclear reactions of interest:

➢
19𝐹 𝑝, α𝑒+𝑒− 16𝑂

➢
7𝐿𝑖(𝑝, 𝑒+𝑒−) 8𝐵𝑒

Target:

➢ LiF (30-950 μg/cm2)

➢LaBr3 Detector to monitor 

the target.

Proton Beam Energy:

➢ 441 keV

➢ 1030 keV

Beam Intensity:

➢ 500 – 800 nA
• Acquisition carried out with 6 V1730 CAEN digitizer.

• Acquisition under the trigger processor through a V1495 CAEN FPGA. 

WPCF. Budapest, Hungary. May 18th-22nd, 2026
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Experiments @ AN200 accelerator (LNL-INFN)

COM EXP I EXP II

WPCF. Budapest, Hungary. May 18th-22nd, 2026



Analysis

Benito Gongora-Servin, benito.gongora@lnl.infn.itWPCF. Budapest, Hungary. May 18th-22nd, 2026



Benito Gongora-Servin, benito.gongora@lnl.infn.it 9

Gamma-ray Energy Spectrum (LaBr3) @ 441 keV 

19𝐹(𝑝, α𝛾)16𝑂
7𝐿𝑖(𝑝, 𝛾) 8𝐵𝑒

WPCF. Budapest, Hungary. May 18th-22nd, 2026
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𝛾-ray suppression

Front – Back – Cal Coincidence

𝛾-Annihilation 

(Compton: 341 keV)

Compton,

1st and 2nd scape peak

of the 𝛾-ray from the 31
− → 01

+

transition in 16𝑂

• Time coincidence of the three layers:

• 𝛾-rays interact mostly with only one

component

• Reduction up to 4 orders of magnitude

the 𝛾-ray background

WPCF. Budapest, Hungary. May 18th-22nd, 2026
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Add-Back

�

� − � � �

c� �
_0

c�
�_1

c�
�_2

𝐸𝐴𝑑𝑑−𝐵𝑎𝑐𝑘 =෍

𝑖=0

3

𝐸𝑐𝑎𝑙𝑖

For Clover i and j in coincidence:

𝐸𝑝𝑎𝑖𝑟 = 𝐸𝐴𝑑𝑑−𝐵𝑎𝑐𝑘
(𝑖)

+ 𝐸𝐴𝑑𝑑−𝐵𝑎𝑐𝑘
(𝑗)

Geant4 Simulation

16O (6.05 MeV):02
+ → 01

+

8Be (17.6 MeV):12
+ → 01

+

P/T (peak to total ratio) improves from 82% to 90% in a 6.05 MeV transition 

and from 25% to 39% in an 18.13 MeV transition.

WPCF. Budapest, Hungary. May 18th-22nd, 2026
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Add-Back

Add-Back

Calorimeter Sum
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Add-Back

Add-Back

Calorimeter Sum

Events corresponding to 𝜇 detection are partially shifted to the high-energy region

WPCF. Budapest, Hungary. May 18th-22nd, 2026
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Asymmetry

𝑦 =
𝐸𝑒+ − 𝐸𝑒−

𝐸𝑒+ + 𝐸𝑒−

𝑒−

𝑒+

0

1

2
3

4

5

6

7

A small effect was observed by gating on the asymmetry 

𝑦 < 0.5 Atomki

𝑦 < 0.75 This work

WPCF. Budapest, Hungary. May 18th-22nd, 2026



Benito Gongora-Servin, benito.gongora@lnl.infn.it 14

Γ6.05 = 0.42 MeV

Γ17.6 = 0.88 MeV

Transition Energy Reconstruction
@441 keV

Reconstruction of the transition energy from the energy deposited by the 𝑒+𝑒− pairs

WPCF. Budapest, Hungary. May 18th-22nd, 2026
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Transition Energy Reconstruction
@1.03 MeV

Reconstruction of the transition energy from the energy deposited by the 𝑒+𝑒− pairs

WPCF. Budapest, Hungary. May 18th-22nd, 2026
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Angular Correlation Distribution 
in 16O

The red line represents the theoretical curve predicted by the model of Rose for an E0

transition (average discrepancy of 5%).

E. Rose, Phys. Rev. 76 (1949) 678.

E. Rose, Phys. Rev. 78 (1950) 184.

- Model of Rose 

(E0)

WPCF. Budapest, Hungary. May 18th-22nd, 2026
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Main Background Sources
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External Pair Creation

𝑒−

𝑒+

The "efficiency" of detecting 𝑒+𝑒− pairs coming from the 

EPC @ 18 MeV is of ∼0.00001%. 

WPCF. Budapest, Hungary. May 18th-22nd, 2026
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𝜇- 𝜇 Correlation

𝜇 𝜇

WPCF. Budapest, Hungary. May 18th-22nd, 2026



Benito Gongora-Servin, benito.gongora@lnl.infn.it 19

Single 𝜇

𝑒−

𝜇

𝑒+
Δ𝑡 ~1 𝑛𝑠

WPCF. Budapest, Hungary. May 18th-22nd, 2026

Background
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Single 𝜇

𝑒−

𝜇

𝑒+
Δ𝑡 ~1 𝑛𝑠
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Background
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𝜇 − 𝑒+/𝑒− Correlation

𝑒−

𝜇

𝑒+

WPCF. Budapest, Hungary. May 18th-22nd, 2026
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𝜇 − 𝑒+/𝑒− Correlation

𝑒−

𝜇

𝑒+
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Energy Spectrum @ 441 keV

Telescope Correlation

𝑒−

𝑒+

WPCF. Budapest, Hungary. May 18th-22nd, 2026
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Energy Spectrum @ 441 keV

Clover Correlation

𝑒−

𝑒+

WPCF. Budapest, Hungary. May 18th-22nd, 2026
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Background

Experiment Muon Simulation
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Background

Experiment Muon Simulation
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Background

Experiment Muon Simulation
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Background

Experiment Muon Simulation
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E0 Transition in 16𝑂 at 6.05 MeV
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E0 Transition in 16𝑂 at 6.05 MeV

WPCF. Budapest, Hungary. May 18th-22nd, 2026



Benito Gongora-Servin, benito.gongora@lnl.infn.it 27

M1 Transition in 8𝐵𝑒 at 17.6 MeV
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M1 transition in 8𝐵𝑒 at 18.13 MeV

WPCF. Budapest, Hungary. May 18th-22nd, 2026
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Summary

➢A new 𝑒+𝑒− pair spectrometer has been built at LNL-INFN to study the IPC in light nuclei:

➢The energy resolution (Γ17.6 = 0.88 MeV)
➢Currently, it is the only spectrometer that works under vacuum conditions
➢𝛾-ray suppression of 4 orders of magnitude
➢An excellent angular resolution of 2.52º ± 0.02º
➢The angular correlation distribution for the E0 transition in 16O was measured with an average

discrepancy of 5% with respect to the model of Rose
➢Realistic background model was developed, showing crucial results

➢The data analysis to determine the angular correlation distribution in 8Be for the 12
+ → 01

+

transitions is ongoing.

WPCF. Budapest, Hungary. May 18th-22nd, 2026
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Thank you for your attention!

*Ajolote: Salamander endemic from Mexico 

WPCF. Budapest, Hungary. May 18th-22nd, 2026



Efficiency Estimation

EXP I

EXP II

Efficiency estimation for random

pair emission.

• Pairs generated by merging two

events with a multiplicity of one

Benito Gongora-Servin, benito.gongora@lnl.infn.itWPCF. Budapest, Hungary. May 18th-22nd, 2026



Setup @ AN2000 (30º beamline), LNL-INFN

• Cooling system based on

antifreeze liquid.

• Block on top of the target ladder

to cold down the target frame.

• PT100 sensor to monitor the

temperature in the detectors,

target frame, and chamber

• Thermal camera to monitor the

temperature in the target on the

beam spot

• GRAFANA website to check in

live time the temperature, vacuum

levels, and beam current.

• System of two cameras for visual

check of the target integrity

Benito Gongora-Servin, benito.gongora@lnl.infn.itWPCF. Budapest, Hungary. May 18th-22nd, 2026



Selection of 𝑒− with Straight 
Paths

dEsum Gate : 0.5– 2.5 MeV𝑒−

𝑒−

F
re

q
u

en
cy

Energy
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METZTLI
Multi-variable Event Tracking and analyZed Topology of Lepton Interactions

Metztli = Moon ‘s 

Godness

Benito Gongora-Servin, benito.gongora@lnl.infn.itWPCF. Budapest, Hungary. May 18th-22nd, 2026



Wall Effect

𝑒+

𝑒−

𝑋 − 𝑟𝑎𝑦

Low efficiency in the borders of the detector

Benito Gongora-Servin, benito.gongora@lnl.infn.itWPCF. Budapest, Hungary. May 18th-22nd, 2026



𝐸𝑛𝑒𝑟𝑔𝑦 ∶ 𝑇𝑖𝑚𝑒 𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒

441 keV 1030 keV
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Background

Muon Simulation

𝜇
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Background

Muon Simulation

𝜇 𝜇

𝜇
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Background

Experiment Muon Simulation
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Muon SimulationExperiment

Background
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Calibration

𝑒−

𝑒+

19𝐹 𝑝, 𝛼𝑒+𝑒− 16𝑂

Benito Gongora-Servin, benito.gongora@lnl.infn.itWPCF. Budapest, Hungary. May 18th-22nd, 2026



Energy Calibration

𝑒−

𝑒+

Cal 6

Cal 7

19𝐹 𝑝, 𝛼𝑒+𝑒− 16𝑂
𝜎𝑒+𝑒− ≈ 1 𝑏

Energy calibration based on 𝑒+𝑒− pairs from the 02
+ → 01

+

transition in 16𝑂

J.Guyás et al., Nucl Instr and Meth in Phys Res A 808, 21 (2016).

Benito Gongora-Servin, benito.gongora@lnl.infn.itWPCF. Budapest, Hungary. May 18th-22nd, 2026



Calibration
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Position Calibration

The centroid is placed at the center position of the corresponding bar

The position reconstruction consists of determining the bar-fired 

0.5 cm

0

Benito Gongora-Servin, benito.gongora@lnl.infn.itWPCF. Budapest, Hungary. May 18th-22nd, 2026



Multiplicity 2

𝑒−

𝑒+

0

1

2
3

4

5

6

7

Avoid considering 𝑒+/𝑒− that suffered

backscattering, and reduce the 𝜇 detection

𝑒−

𝑒+

0

1

3

4

5

6

7
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Calorimeter Characterization

Geant4

Experiment Experiment

Geant4

10 cm

5 cm

Conventional 𝑒− sources have energies up to ~2 MeV

𝑒− accelerator was not available  

Benito Gongora-Servin, benito.gongora@lnl.infn.itWPCF. Budapest, Hungary. May 18th-22nd, 2026



Calorimeter Characterization

Geant4

Experiment Experiment

Geant4

10 cm

Method to calibrate the detector with cosmic 𝝁
The calorimeter can measure leptons with energies close to ~20 MeV

5 cm

Conventional 𝑒− sources have energies up to ~2 MeV

𝑒− accelerator was not available  
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Position Characterization

𝑒−

90𝑆𝑟/90𝑌
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Position Characterization

𝑒−

90𝑆𝑟/90𝑌

𝛼
241𝐴𝑚

No cross-talk was observed
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Position Characterization

𝑒−

90𝑆𝑟/90𝑌

𝛼
241𝐴𝑚

No cross-talk was observed

Only one pixel
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Telescope Design 

Single Telescope

Material: Plastic Scintillator EJ200

EJ-510 refractive painting

PROPERTIES EJ-200

Scintillation Efficiency (photons/1 MeV e-) 10,000

Wavelength of Maximum Emission (nm) 425

Polymer Base Polyvinyltoluene

Vapor Pressure Vacuum-compatible

Hamamatsu SiPM 

Efficiency
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Experiments @ AN200 accelerator (LNL-INFN)

COM EXP I EXP II

➢In-beam test @ 451 keV proton beam: 5 days, 2 Clovers. 

➢Target: LiF (80-950 μg/cm2) on Cu backing (20-60 μg/cm2)

➢
8𝐵𝑒(𝑀1): 11

+ → 01
+ @ 441 keV proton beam: 9 days, 4 Clovers. 

➢Target: LiF (30-100 μg/cm2) on Cu and C backing (30-90 μg/cm2)

➢
8𝐵𝑒(𝑀1): 12

+ → 01
+ @ 1.03 MeV proton beam: 18 days, 4 Clovers. 

➢Target: LiF (30-40 μg/cm2) on C backing (20-50 μg/cm2)
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Single Telescope Clover: Four Telescope Cluster

Telescope Design 
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Preparation of the components
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