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Dark Sector extension to SM
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additional U(1) symmetry with a single vector mediator A’
A’ is kinetically mixed with γ

can address g-2, antimatter in cosmic rays, dark matter



PADME Technique
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search for a dark photon A’ produced in
positron (beam)  electron (target)

annihilations with the missing mass technique
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A’ mass up to 23.7 MeV/c2

and mixing parameter 𝜀2 > 10-6

can be reached with
4 x 1013 Positrons On Target (POT)

→ 2 years of data taking

Positron Annihilation into Dark Matter Experiment



PADME Outline
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the accelerator complex of INFN Frascati National Laboratories

• Energy: up to 550 MeV – 1% dispersion
• Bunch spacing: 50 Hz
• Intensity: 1 ÷ 25x103 e+/bunch
• Bunch lenght: 10 ÷ 200 ns
• Beam spot: σxy ~ 1 mm
• Divergence: ~ 1 mrad



the PADME Detector
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Diamond Active Target
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CHARACTERISTICS
• diamond sensor 20x20x0.1 mm3

• 16 X - 16 Y graphite strips 
• 1 mm pitch, 0.15 mm interstrip
• in vacuum retractable from beam

GOAL
• annihilation target
• provides single bunch XY profile
• provides beam multiplicity



Diamond Active Target
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target also provides online beam multiplicity

to reach Padme missing 
mass resolution

interaction-point resolution  
must be < 1 mm

PERFORMANCE
• 0.06 mm space resolution
• 10% intensity measurement



Charged Particle Veto
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HEP veto (16 bars)

P veto (90 bars)E veto (96 bars)

GOAL
• bremmstrahlung suppression
• detection of visible decays

CHARACTERISTICS
• plastic scintillators 10x10x178 mm3

• WLS fiber + SiPM Hamamatsu 3x3 mm2 readout



Charged Particle Veto
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clear Bremsstrahlung signal

PERFORMANCE
• time res. = 700 ps
• momentum res. = 2%
• Efficiency = 99% for 500 MeV e+



Calorimeter System
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GOAL
• detection of annihilation events
• bremmstrahlung suppression

CHARACTERISTICS
ECAL - High resolution Electromagnetic Calorimeter
• 616 scintillating BGO crystals 21×21×230 mm3

• PMT readout
• radius 29 cm at 3.45 m downstream the target
• central hole 105×105 mm2 for SAC
• angular coverage 15 ÷ 84 mrad

SAC – Small Angle Calorimeter
• 25 Cherenkov PbF2 crystals 30×30×140 mm3

• PMT readout
• 50 cm behind ECAL
• angular coverage 0 ÷ 19 mrad

ECAL

SAC



Calorimeter System
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ECAL PERFORMANCE
• σE/E = 2.7% at 490 MeV
• BGO decay time = 300 ns
• Radiation length = 20.5 X0

• Gain = 15.3 pC/MeV
• Energy threshold = 0.5 MeV
• LY vs Temperature = -0.9%/°C

front view

back view

preliminary

beam energy 
in ECAL



Calorimeter System

16Danilo Domenici – INSTR’20 – 27.2.2020

ECAL is calibrated on line 
with cosmics

triggered by external 
scintillators

with 17.5 MeV avg CR 
energy

ECAL efficiency is 100%

without target
with target

preliminary

γγ energy in ECAL
without target (background)

and with target
(background + annihilation) 



Calorimeter System

17Danilo Domenici – INSTR’20 – 27.2.2020

SAC PERFORMANCE
• PbF2 signal time = 3 ns
• Time resolution = 86 ps
• Rate capability = 40 cluster/bunch



Mimosa Beam Monitor
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PERFORMANCE
• Single point resolution= 3 µm 
• Readout time = 200 µs

GOAL
• measure beam position
• measure beam divergenge
• measure beam entrance angle 

CHARACTERISTICS
• Monolitic pixel tracker in vacuum
• 19.9x19.2 mm2 sensor area
• 960x928 pixel array
• 20.7 µm pitch – 0.9 million pixels
• Cannot be used during data taking

sensor
sensor holder with cooling



Timepix Beam Monitor
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GOAL
• measure beam energy resolution (  X rms spot)
• measure beam divergence (  Y rms spot)
• measure POT (  cluster counting)

CHARACTERISTICS
• 2x6 matrix of 14x14 mm2 Timepix3
• 0.13 µm CMOS technology
• 256x256 pixel matrix, 55x55 µm2 pixel size
• Custom device by Advacam company 



DAQ System
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CHARACTERISTICS
• VME digitezers CAEN V1742

• up to 5 GS/s
• 12 bit ADC
• 29 boards for all detectors (but Timepix)

• Trigger
• 2x32 channels custom distribution boards
• physics, cosmics, random signals
• L0 – no suppression
• L1 – event merging and selection

• Data volume
• 200 kB/event
• 10 MB/s throughput



PADME Data Taking
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Run1 POT vs Time

Christmas
shutdown

Primary
positron

Npot/day = 0.9x1011

Run1 (Oct 18 – Feb 19)
7x1012 POT collected

beam optimization, background study
and detector calibration

clear beam background in data

Run2 (Jul 19)
meant to test primary e+ beam 

but many problems prevented taking data

Run3 (Apr 20 – Jul 20)
physics run

replacement of Be window with Mylar
primary positrons beam

GOAL
4x1013 POT in 2 years  



	

SHERPA
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Slow High-efficiency Extraction 
from Ring Positron Accelerator

extract a high quality e+ beam
from DAFNE ring

using channeling in a bent crystal 

• Emittance < 10–6 rad m
• Length 1 ms ÷ 1 s
• PADME statistics  1017 POT (x10–4)
• A’ sensitivity x102



X17 Hypothetic Particle
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X17 could be resonantly 
produced with a 282 MeV 
positron beam on target 

PADME modification needed
• thick target
• spectrometer for visible decays 

ATOMKI group of Debrecen, Hungary
found anomaly peak in angular distribution of e+e–

from 8Be and 4He decays

DAFNE
Main Rings

MX = 16.70 ± 0.35 ± 0.5 MeV  MX = 17.00 ± 0.13 ± 0.2 

MeV  



Conclusions
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PADME is starting to explore the Dark Sector

Run1 has been very fruitful to understand and 

optimize the positron beam

Next Run2 (May-July 2020) is expected

to give the first physics results

Final goal of 1013 POT is feasible in 2 years

Promising future measurements

and upgrades are under study


