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PHYSICAL MOTIVATIONS



DARK MATTER EVIDENCES

Galactic rotation curves

Galaxy clusters & GR lensing Dark Matter

Dark Energy

Bullet Cluster

Velocity dispersions of galaxies

Cosmic Microwave Background

Baryon Acoustic Oscillations THEY ALL ASK “WHAT IS DARK MATTER?”
AND “WHERE 1S DARK MATTER?” BUT

_ | NOBODY ASKS “HOW IS DARK MATTER?D
Type la supernovae distance measurements /

Big Bang Nucleosynthesis (BBN) =

Structure formation 0
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A NEW GAUGE BOSON

Candidates challenged by LHC and direct
detection experiments
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Introduction of a new Gauge symmetry
Up(1)
L ~ g'qy"vw:A)
New massive Gauge Boson A’ : dark
photon

U(1) breaking mechanism

Higgs like mass for A’ — dark
Higgs existence needed

Stuckelberg mechanism — The
only new light state remains A

Kinetic mixing coefficient
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A’ SEARCH WITH POSITRON BEAM

o] W o(1.2GevV)
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A’ DECAY MODES MEV-GEV SCALE

Decays | | . A’search d
— To SM model particles if 2M,,, > M, > 2m, |

— To DM (invisible) particles if 2M,,, < M} . -visible decay
: -invisible decay

Ma: Heavy DM y>GeV light mediator Ma: Light DM y and light mediator

M,

6
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[1110.1007/978-3-030-62519-|
[2]10.1088/1361-6471/ab4cd2

VISIBLE AND INVISIBLE LIMITS
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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

A’ production
mechanism

A’ decay
Technigue
Beam energy

A’ mass reach

POT
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Calorimeter — /
Beam }/ | e+e —_ }/A
Annihilation " ,
—| c(ete”— Ay) ~tens of nb
Target A,
M, =10 MeV
Invisible e2 ~ 1076
Lo _A42 __( + _ )2
Missing mass miss — \Pe= T Pbeam — Py
550 MeV (4 x 10" Positron On Target POT)
140:— L [1]
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At Laboratori

Nazionali di Frascati

F (Rom

e)

Positron beam
from LINAC

Small Angle Calorimeter (SAC),
made of a 5 x 5 PbF2 crystals,
readout based on fast
photomultipliers.

— o c— — — —- — D S . T e e e S & —- — — - — — - — - — —- —- — - — — - —- —  — - - —  —— o

target

Active diamond
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Veto system for

charged particle, \ N

inside the vacuum

top view

Corfu2021

*_high énergy
‘e_+~ve.t0 NN

small angle veto

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 Diarnond HEPVeto

Target PVeto NCECAL
| Y _ sac
Signal e+4.| ......................... ®
One photon in ECAL
SM backgrounds —elo A’
Bremsstrahlung Magnetic Field ~
One photon in ECAL + one positron in PVeto e’ y
e” PP L
f E,> 1 MeV and E,,,,,, = 550 MeV, ’r AR 1
c(etN — etNy) = 4000 mb
Annihilation
ete” — Yy

Two symmetric photons in ECAL with correlated energy

and polar angle 510 E WV no outs Simu Iation
s - miss
fE,,,, =550 MeV, o(ete™ - yy) = 1.55 mb S Ve, cus
ete” = yyy g

I IIIIHI

Symmetry lost
If Ey,,, = 550 MeV, 6(ete™ = yyy) =7.5%x 107> mb ¢
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PADME DATA TAKING

Primary positrons (470 MeV)
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[IJEOliva,‘The PADME Active Diamond Target and Positron Bremsstrahlung Analysis’, PhD thesis (2020)

SM PROCESSES IN PADME

+ + + _,—
e"N — e "Ny e e —vyy
Bremsstrahlung positron profile on PVeto 450;_' PAIDMEll)rellmllnary o —;
estimated by subtracting data with target 400 {POT= 6.1E+09 E
and without target in data and MC 350F (rescaled to 2.7E+09) { targetin =
compared to analytical formula (PDG = 20k POT/bunch target out =
P Y ( ) 300:_ bunch A t 150 ns ﬁ { e =
e s I S “:
S [ PADMEInternal  _* mc-mo No Diamond W [17 200 ¥ Analysis ongoing
= = — MC-MC No Target N o i
O aPOT=9 3x10° — Analytical formla 1s0E- + toward a cross section
510° = = - } measurement at
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o [ 7 =
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Annihilation spectrum in the main
calorimeter for a standard run
configuration (red) and in a special one
(black). The improvements on the beam
line and in the ECAL reconstruction allow
to have a negligible background

0....10...20....3]()....4-10....510....60....710....80...m
PVeto Cluster Seed Channel
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FUTURE SEARCH IN PADME




ALP

Axion Like Particle

[.Oceano Corfu2021

[1]JHEPO7(2018)092

ete” = ya

Possible pseudo-scalar spin-0
mediator between the Standard Model

and the Dark Sector
PADME accessible final states

. yl
Visible < & |
a =Yy
: ‘]

a—ete”

Invisible

@ — XX

Same signature of the dark photon!
15
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DARK HIGGS

ete”™ = Al

Assumption
my, > 2my.

No high background pileup in standard
run condition (27 kPOT/bunch)

The time coincidence of six leptons in
Veto suppresses the backgrounds

If the veto is used as spectrometer,
requiring that the sum of all
momentums is comparable with beam
energy would increase the S/B ratio
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[1]arXiv:2012.04754

Dark contribution can have sizeable
Impact on the total cross section
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Sensitivity studies ongoing
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[1TarXiv:1910.1045

PROTOPHOBIC X BOSON

8 4
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ATOMKI results
my = 16.70 £ 0.35(star) = 0.5(sys) MeV !
my = 17.00 £ 0.13(star) = 0.2(sys) MeV

10-5 2 2 a8

A new run was planned to test this 100 m.x [MeV]

hypothesis Beam energy set at 252.7 MeV_
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CONCLUSION

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

Model-independent (kinetic mixing)
Several dark sector candidates are potentially accessible at PADME

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

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

Run Il data analysis on SM physics
interesting by itself and a step towards the invisible dark photon analysis
New runs are planned to test other DM hypotheses!
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