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PADME @ LNF
Present status
Prospects

Conclusions

All numbers and estimates are preliminary.
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where colliders were born ...
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@ LNF, INFN

Beam test facili
]

PADME

xperiment

small angle m

Maximum beam energy (E,_. ) 750 MeV 550 MeV calorimeter

[MeV] .

Linac energy spread [Dp/p] 0.5% 1%

Typical Charge [nC] 2 nC 0.85nC

Bunch length [ns] 1.5 - 40 (can reach 200 in 2016)

Linac Repetition rate 1-50 Hz 1-50 Hz

Typical emittance [mm mrad] 1 ~1.5 l*j

Beam spot s [mm] <1 mm

Beam divergence 1-1.5 mrad Elioz BTF-1 line
BTF t;rget

Primary beams

From single particle ... 750 MeV e~
to 10° particles per bunch 550 MeV e* %,%
,}Tﬁfﬂ*‘ £
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Physics case of PADME

Background Cross section Comment

Y process e*@550 MeV beam Carbon target
,,,,, B S ere — yy 1.55 mb
\\\ Beam axis e +N-—e'Ny 4000 mb Ey > 1MeV
2= (p +p -p )2 \\\\ . e'e =yyy 0.16 mb CalcHEP, Ey > 1MeV
miss pos elec  Fy & Non interacted beam e‘e — e‘ey 180 mb CalcHEP, Ey > 1MeV

MMiss? for different M,

* Bremsstrahlung in the field of the target nuclei

- Photons mostly @ low energy,
background dominates the high
missing masses

— An additional lower energy positron that +

y.
could be detected due to stronger deflection y

veam W

L e 2 photon annihilation o
- PeaksatM__ =0 beam + ‘
— Quasi symmetric in gamma angles for Ey > 50 MeV

e 3 photon annihilation N

- Symmetry is lost — decrease in the
vetoing capabilities

* Radiative Bhabha scattering
— Topology close to bremsstrahlung
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PADME

Positron Annihilation into Dark Matter Experiment

C-fiber window
Mimosa beam monitor

(LNF)

BGO calorimeter
(Roma, Cornell U., LNF,
LE)

Active target
ecce & University Salento)

==\| Dipole magnet
_{CERN TE/NSC-MNC)

PbF, calorimeter

(MTA Atomki, Cornell U.,
LNF)

TimePIX3 array

(University of Sofia, Roma)®
=% (ADVACAM, LNF)




Active target

Target Beam Multiplicity
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Spatial resolution

NPOT from target in reconstruction
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Calorimeters

ECAL: The heart of PADME
e 616 BGO crystals, 2.1 x 2.1 x 23 cm?

paint

um black tedlar foils

Calibration at several stages:

« BGO covered with diffuse reflective TiO,

— additional optical isolation: 50 — 100

BGO + PMT equalization with 22Na source before construction
Cosmic rays calibration using the MPV of the spectrum

Temperature monitoring

Small Angle Calorimeter (SAC)

e 25 crystals - 5 x 5 matrix, Cherenkov PbF,

* Dimensions of each crystal: 3 x 3 x 14 cm3

* 50 cm behind ECal

* PMT readout: Hamamatsu R13478UV with
custom dividers

* Angular acceptance: [0,19] mrad
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Charged particle detectors

* Three sets of detectors detect the charged particles
from the PADME target (at Epeam = 550 MeV):

- PVeto: positrons with 50 MeV < pe: <450 MeV

- HEPVeto: positrons with 450 MeV < pe: < 500
MeV
- EVeto: electrons with 50 MeV < pe: < 450 MeV
* 96+ 96 (90) + 16 (x2) scintillator-WLS-SiPM RO
channels

* Segmentation provides momentum measurement
down to ~ 5 MeV resolution

PVetoSAC ___PVeloSAC . :
. 2 Sosers | © Custom SiPM electronics,
- ,za“'}:nd, %%%EQEE Hamamatsu S13360 3 mm,
- ro : H 1
i e Eeey  25um pixel SIPM
: p2 0se83:00073 | Differential signals to the

controllers, HV, thermal and
current monitoring
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Time calibratit

Bremsstrahlung events
6000

5000

W * Online time resolution: ~ 2 ns
TR ST TIT DU RN T el « Offline time resolution after fine T calculation — better than 1 ns

a0 =5 0 5 10 i5 20
Time Difference PVeto - SAC [ns]
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Data takin e
O - PADME Preliminary

o 6000;— Integrated luminosity trend —f

- 20k POT/bunch ]

PADME commissioning and Run-1 started in Autumn 2018 and ended on February 25" ™" Sid™  gon | ;
4000F -

- ~7 x 10" positrons on target recorded with secondary beam - 3
- PADME DAQ, Detector, beam, collaboration commissioning 20005— RUN I -
- Data quality and detector calibration 1000 (10/2018 - 02/2019)
T T T e 80100

d

PADME test beam data " t[day]
5 O pADMEPrtminary T

- July 2019, few days of valuable data S ity :
* Certification of the primary beam ool s o E

- Detector performance/calibration checks o ; E
- Primary beam with Epeam = 490 MeV sk =" :

_ o SR

2020 era - RUN 2: prlmary beam O 102030 2050 s 10
- July 2020 - _________________lim],
* New environment/detector parameter monitoring and control system Ezs‘“‘€Rpun I CeNeE s E
 Remote operation confirmation e sl
° 1500y Run'l ]
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counts/1 MeV

SM: Two photon events
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e'e” - yy cross section

Below 0.6 GeV known only with 20%
accuracy

Can be sensitive to sub-GeV new physics
(e.g. ALP’s)

Using 10% of Run Il sample
Tag-and-probe method on two back-to-
back clusters

Exploit energy-angle correlation

Count tag photons with

Match using and count probes
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Full details, see talk by
. Oceano @ Moriond 2022

SM: e*e” - yy cross section

+ counterterms \/E [MGV]
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Full details, see talk by

Prospects: ML In reconstruction  « swimenova @ cator 2022

PADME ECAL Two photon showers in the ” , .
Identified and missed events based on amplitude
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Dedicated X17 run: PADME RUN I
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 Resonant production of X17
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Similar physics observables as in the ®Be and “He

experiments
- 2 leptons in the final state

- Kinematics properties determined by the mass

of the X particle (2 body decays)

- Beam energy at resonance: ~283 MeV: scan
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Dark Photon A’
arXiv:1608.08632v1
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0.1 1 10
mg [GeV]
ete” - yA
Visible, invisible decays:
A > yrete

Summary: NP @ PADME

Axion Like Particles

JHEP 07 (2018) 092
+

e i

m, [MeV]

ete” - vya
ALPs final states:
a- xx.ete ,yy
arXiv:2012.07894

BE anomaly - X boson
PRD 95 (2017) 035017
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Dark higgs
arXiv:2102.12143v1
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arxiv:2012.04754



Conclusions

PADME has collected about 5x10** PoT with primary positron beam
Detectors performed as expected (and sometimes better)
SM processes being looked at and used for experiment validation

— Reconstruction/detector efficiency,

- e*e” - yy cross section at E.. = 430 MeV measured with ~5% uncertainty

A’ analysis is on the way

Quest for X17: PADME RUN Il planned for THIS autumn






PVeto Clusters/Channel

Data/MC

SM: Single photon events

Bremsstrahlung: major background source
Independent control on the calibration
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PADME SM physics
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X17 @ PADME

104

E_.=350MeV

Phys. Rev. D 101, 071101(R) arXiv:2104.13342 [hep-ex]
102 :
_ 10°
/q,\f»
10-3 O
1073 ATOMKI 10°®
104 w
. 10
10~
102 101 [
i eV m,[GeV] 10°
Searching for X17 in production
Limited parameter space PO I T I 1
: 10° 102 10
- Depending on the nature of X17 M, (GeVic)

Nominal PADME technique accounts for both — decaying and invisible new particles

- With non-zero background contribution, detector performance verification and control regions
— Expecting reach with present dataset: €2 ~ X*10°
- Covering partially the vector case
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Detector performance

MC simulations
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Signal simulation

* Generation of noise + several waveforms (predefined maximum number)
* Noise taken as white noise — gaussian amplitude at random time
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* Pulse generation — currently taken as difference between two exponents
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Number of reconstructed hits

DNN performance

Reconstructed vs true hits
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True number of hits

* Efficiency for lower numbers of signals are
higher because of unrecognized signals from
events with higher numbers

* For closely located signals: Most of the
missed events are with dt < 10 ns

* Most of the events with amplitudes < 50mV are not identified
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Matched and missed events based on time difference
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