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DARK MATTER EVIDENCES

Galactic rotation curves

Galaxy clusters & GR lensing
Bullet Cluster

Velocity dispersions of galaxies
Cosmic Microwave Background

Baryon Acoustic Oscillations

Type la supernovae distance measurements

Big Bang Nucleosynthesis (BBN)

Structure formation
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Dark Matter

Dark Energy

TAUP2021

THEY ALL ASK “WHAT IS DARK MATTER?”
AND “NHERE 1S DARK MATTER?” BUT
| NOBODY ASKS “HOW 1S DARK MATTER?D
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A NEW GAUGE BOSON

= Candidates challenged by LHC and direct detection experiments ' Introduction of a new Gauge symmetry UD(I)
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[1] I.Oceano ,’Studio della strategia di analisi dei dati dell’esperimento PADME per la ricerca del fotone oscuro’, thesis degree (2018)

PADME DARK PHOTON SEARCH
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Positron beam
from LINAC

target

Active diamond
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Small Angle Calorimeter (SAC),
made of a 5 x 5 PbF2 crystals,
readout based on fast
photomultipliers.
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Veto system for
charged particle,
inside the vacuum

top view
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Cylindrical BGO calorimeter
(ECAL) with a central squared
hole (100 x 100 mm?2),
detection of the signal photon
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S I G N ATU R ES Diamond HEPVeto

Target PVeto NCECAL
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PADME POSITRON BEAM

PADME uses the positron beam of the Beam Test Facility of the Laboratori
Nazionali di Frascati

Primary electrons from a gun can be accelerated up to 800 MeV

Primary positrons are produced in a converter (2 X, W-Re target) by 220 MeV
electrons S SR
' Positron beam parameters:
' * |% energy spread

| * [.5 mm spot size
i ¢ | mm mrad emittance §

Captured positrons accelerated up to 550 MeV

Secondary positron beam produced by a BTF 1.7 X, Cu

target. Energy selection collimation on the BTF transfer-
line for defining momentum, spot size, and intensity.

Transfer line: 2 FODO quadrupoles doublets for )
focussing positron converter
MeV e \ 550 MeV e* yranster n€ 1
-50 Hz pulsed beam 2 >
750 MeV e~

-300 ns pulse maximum duration
-~10000 e+/pulse

/
BTF target

-j,%::'. 1 LY 7
|.Oceano TAUP2021 August 23rd, 202



PADME DATA TAKING

Primary positrons (470 MeV)

Run I (09/2020-12/2020)
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PADME DATA TAKING

25000 kPOT /bunch
Due to the several condition of data taking, the quality of data is very different 545 MeV beam energy

Run | secondary beam: 250 NS bunch length
Huge background coming from the beam

Run | primary beam:

Beam related background is observed. 25000 kPOT/ bunch
Detailed beam line description in the MC used to investigate it. 490 MeV beam ENergy
With primary e+ beam the beryllium window, used to separate the detector vacuum 250 nSs bunch length
from the accelerator vacuum, produces a high beam momentum spread. As a

conseguence some particles can shower on the beam line;

Run Il primary beam: 28000 kPOT/bUDCh
Much cleaner beam. SM processes, like annihilation and bremsstrahlung, easy to 430 MeV beam energy
identify 280 ns bunch length

250 N ECAL cluster / event e ECAL total energy / event —ftsa.tulo_
Mean 9.182 10° = Mean 8950
3.119 RMS 1153

PADME
preliminary

PADME
preliminary
High number of -
photons in ECAL

Y

Background index:

~ 0.36 MeV/e*
~ 0.03 MeV/e*
~ 0.013 MeV/e™
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PADME DATA TAKING ON SM PROCESS

e™N — e"Ny

i Run | secondary beam

2000 Run | primary beam i
5000 Run Il primary beam

4000

3000 PADME preliminary

2000

1000

SAC CIEnergy [MeV]

QT-- -

m - | - = ~ --. - _._ _— ="
o - - ‘ — -'-’_ h .-- ——
- _' s =3—‘ — -

s _ _ o '—'PADME prellmlnar)’

0 10 20 30 40 S0 &0 byl . o0 .
PVeto seed channel

2400

ete” = yy

N T AcProsan 2a_g1 oo F nidag

2200
2000
1600
1600
1400
1200
1000

UP2021

350

300

250

200

150

100

00

HH

200

300

400

PADME preliminary

Normalised to

1.6 x 10’ POT
1.6 x 1010 POT

Goohmm.

Entries 01586
Mean 2316
RMS 159

800 900 1000

E, +E, [MeV]

CAL_EGammavSThew fOnsicmETwdd

Entries 32254

:_ E}/ —MeV] Meanx 0.05081
n Ly ean 207.1
R TI RMS: 0.01128
i ’ ] RMSy 467
] | -+ Y PADME preliminary| =
3 8
: _ 1 IlS 4

/ 2

10

003

004

0.05

0.06

ul 0078 [rad]



e+ momentum [MeV/ic]

[I]FOliva, ‘The PADME Active Diamond Target and Positron Bremsstrahlung Analysis’, PhD thesis (2020)

MOMENTUM CALIBRATION

Momentum calibration using
simulation
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Bremsstrahlung positron profile on PVeto

esti

mated by subtracting data with target and

without target in data and MC compared to

analytical formula (PDG)
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counts/16MeV
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CHALLENGING ECAL RECONSTRUCTION

ECAL energy resolution on 1e™/bunch special run
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POSSIBLE FUTURE SEARCH

Axion Like Particle BE anomaly- X boson Dark Higgs
[JHEPO7(2018)092] [arXiv:1910.1045] [arXiv:2012.04754]
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CONCLUSION

PADME is a fixed-target, missing-mass experiment to look for low-mass dark
photons

Model-independent (kinetic mixing)

RUN | and RUN |l acquired. The upgrade of the beamline in Run |l helped to
reduce the beam background.

PADME collected 5.58 X 10'? POT , about one half of the planned statistics,
during the pandemics

Run Il data analysis is ongoing: e e~ — y¥ (interesting by itself and a step
towards the invisible dark photon analysis)

New runs are planned to test other DM hypothesis!
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