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e Anomalous excess in angular correlation of e*e” pairs produced :
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successive decay of a new ~17 MeV mass particle
. . N)
e IfX17is a vector boson particle, extend the Standard Model $Be* §+<> 29
i ; ; : = X __ 9»
Lagrangian with a new term (_m analogy to QED): @ q, §§
Lx = goypXpu(@)p(x)7 () @ gz
+ S
mir _ € n p O @ ‘ gl 9
win = —5Fu (@) XM (x) i gupe. g5
1 8 e i
Be
+ mass term:
Lx, = %m%XﬂX“ — Test of the X17 hypothesis by many ongoing and new experiments
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The PADME experiment

Positron Annihilation into Dark Matter Experiment

Dipole magnet

@ National Laboratory of Frascati (LNF-INFN) T

e Fixed target experiment originally planned for searching the dark photon Active |_smmoxxmumnansssxenns ‘

target e~ veto

via associate production in positron-on-target annihilation - Run 1 and Run 1l

e Runlll and Run IV - study the resonant production of the hypothetical X17 boson
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The PADME detectors
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Resonant search on fixed thin target experiment

2 .
g Ve Electromagnetic

7Z0(Eres — Fream) g0oes with Z — dominant process Calorimeter
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e
with respect to alternative signal production processes

e+
e+ I X17
° \/_ has to be as close as possible to the expected mass 3
S p p Active Diamond e {imsg;xs +
eaq ass

— fine energy scan procedure with positron beam Target

— expected enhancement over the SM background
Charged Particle
Tagger

At PADME X17 to be produced via resonant annihilation in diamond target: e™ + e~ — X17 — et + e~

el et
PADME Run Ill: Beam energy scan in the range E, . =[262, 296] MeV Xi7
— corresponding to center-of-mass energy range for the e*e” pair of\/g =[16.4, 17.4] MeV
— measure two-body final state yield N,
e e
N,(s) = N_,(s) X [ B(s) + 5(s; M,, 8) ] vs. N(s)=N,,.(s) X B(s)
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The PADME beam monitoring detectors

Active diamond target Cherenkov lead-glass calorimeter

measuring beam spot position and measuring beam multiplicity
beam multiplicity
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Precise determination of Noor

Cherenkov electromagnetic calorimeter

e Lead-glass block Schott SF57
(75% PbO) with density of p = 5.5 g/cm?3

e Photomultiplier Hamamatsu R2238

e Multichannel ADC V1742 - _
— measures the collected charge on the - ‘ T -
photomultiplier anode and convert it to energy: ik

PMT
light guide
tot
ot _ 2 PbGl
PbGl Q/E Figure: The Cherenkov lead-glass calorimeter with
\ its approximate dimensions
total deposited energy in the calibration coefficient or
leadglass response of the detector in pC/MeV
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Test beam for LeadGlass calibration

FitPix TimePix

e beam ~ | - H PbGlass

Two types of corrections needed:
e Energy-loss correction

- due to beam spot movements and variable
passive material before the lead-glass
calorimeter

e Radiation induced loss

- Run lll radiation dose ~ 2.5 krad —
transparency changes for O(krad)
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Precise determination of the NpoT

— two types of corrections applied on the beam monitor
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TimePix cooling geometry (mostly Cu) was e  Fitting parameter less than the expected value
described in detail in the MC simulation (given by Hamamatsu reference)
Good agreement between the data and the MC e Throughout Run Il a total of 7e11 PoT (of ~300 MeV
simulation — validation of the profile shape inY each) has passed through the PbGI block
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https://arxiv.org/abs/2505.24797

PADME Run Ill result

« At My = 16.90(2) MeV, g, = 5.6 x 104, the global
probability dip reaches 3.9_ 1*1° %, corresponding to
(1.77 + 0.15) o one-sided (look-elsewhere calculated

exactly from the toy pseudo-events)

* A second excess is present at ~17.1 MeV, but the

absolute probability there is ~ 40%

+ If a 3o interval is assumed for observation following the
estimate My = 16.85(4) MeV of PRD 108, 015009
(2023), the p-value dip deepens t0 2.2 ;52 %

corresponding to (2 0+0. 2) c one-S|ded
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Need for more data — Run IV in 2025
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https://link.springer.com/article/10.1007/JHEP11(2025)007

Run IV improvements

— for increased sensibility to confirm/disprove Run Il result

e Active diamond target position moved downstream ~ 30 cm
— increase acceptance

Passive material removed and magnet fully degaussed — B,,,,,- <1G
Beam kept stable in the central position during the full data-taking period
— NO LATERAL LEAKAGE on the beam catcher
New detectors:
e TMM Micromegas replace the TimePix3 beam monitor
o 10cm x 10cm MM gas chamber, with x-y strips readout,
with ~250 ym pitch for beam shape and spot monitor
o  Greater active area wrt TimePix and less passive material
e PadMMe Micromegas chamber in front of ECAL
o e/ydiscrimination
o  spatial resolution ~350 pm
o beam spot monitor already implemented in Run IV
online monitoring
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Run IV improvements

LED pulse generator + 2" lead-glass detector

o LED pulser Tektronix AFG3101 to control the
radiation induced loss of the lead-glass calorimeter
Independent trigger included in the DAQ system
A 2" lead-glass block installed (out of the
acceptance and only acquiring the LED signals)

o Online LG response renormalized to the
non-fired-block
— monitor and calibration
— reference for light yield response

LED pulser

€14209_b10_c0_tr4
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i
Mean 1346
StdDev 2289

126 128 130 132 134 136 138 140 142 144
Q[pC)

Off-Beam LG
et beam

On-Beam LG

LED independent Trigger 0(2-4 Hz)
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Run IV data-taking

— Energy scan technique as in Run lll

36 energy scan points collected (~2x10'° PoT each) equally separated by 0.75 MeV in the resonance region
3 out-of-resonance energy points @ 260,300, 330 MeV
e 15 no-target (for multiple scattering bkg evaluation)

Collected PoT per mass point corrected for m Uncertainty [%]

beam energy

PADME PRELIMINARY g0 Run il Run IV target
3.00E+10
250E+10 N2 0-6 0.3
2.00E+10
'é 150E+10 BPoT comected B 035 0.3
1.00E+10
5.00E+09
N 0.55 0.3
F LSS ISP el

TOTAL 0.88 0.5

Invariant mass [MeV]

— Overall uncertainty to be decreased from 0.88% to ~0.5%
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Run IV beam monitoring with LG

e LG radiation-induced loss monitor - system continuously operated during Scan 2

offline analysis - work in progress: T T
e study different pedestal evaluation methods
e correct for electronics effects L
e calibrate the response of the two detectors e
e compare run-by-run LG response normalised to i T

the off-beam-LG block to evaluate the aging effect 'L VI A
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3aK1r4yeHme

e EkcnepumeHTbT PADME MMa Bb3MOXHOCT a NOTBBbPAU NN OTXBBbPAN XMUMOTe3aTa 3a CbLLEeCTBYBaHETO Ha
HOBa XMMoOTeTUYHa YacTnua X17, HO 3a TOBa e He0b6XoMMa NpeLr3HO U3MepBaHe C HeornpeeneHoCT OT MNo-
ManKo oT 1% Ha XapakTepnCcTUKMTE Ha CHonMa.

e bsaxa aHanusvpaHu faHHUTEe OT TeCTOB HAabop Ha AaHHW Npe3 2024 r., NoNy4YeHN OT YepeHKOBCKMS
KafiopyMeTBbp OT O/I0BHO CTHKIIO, C Lies onpejensiHe Ha KanubpaunoHHust koedunumeHT Q/E, Heobxoanm 3a
TOYHOTO M3UNCNSIBaHe Ha 6POsi Ha YacTULMTe, NOoMaZHaNAN B MULLEHATA.

e /lBa OCHOBHU edekTa 6axa YCTAaHOBEHM 1 XapaKTepPU3NPaHU - 3aryba Ha eHeprusa B NacMBHUA MaTepuan npeg
KanopuvMeTbpa U BNOLLABaHE Ha OTK/IMKA Ha AeTeKTopa Nopaam rofisMa nosyyeHa pagmaumoHHa 4o3a —
o6LuaTa HeKope/MpaHa cMcTeMaTU4YHa HeonpepeneHocT e 0,35%.

e B pamkmTe Ha HOBMS Run IV ce n3non3Ba HOBA TEXHMKA 3a KannbpurpaHe C Len HaMmansiBaHe Ha
HeornpeAeneHocTTa Npy USMepBaHeTO Ha MHTEH3KTEeTa Ha CHoMa - Ypes 1n3nonssaHe Ha LED nmnynceH
reHepaTop 1 BTOPW AeTeKTOP OT 0/I0BHO CTHKJI0 KaTO pedepeHTeH AeTeKTop 3a OTK/ANKA Ha CBET/INHHUS
[06VB - KaTo MO TO3M HaYMH CMCTEMaTUYHaTa HeonpeaesieHOCT ce ovakBa Aa ce nogobpu ao nop 0,3%.
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My6nunKyBaHU CTaTUM U OOKNaOM Ha KOHdepeHLUUnn
npes3 rNMbpBaTa rNOAMHa OT AOKTOPAHTYpPaTa

Ny6nukyBaHu cTaTuUm:

*

*

Calibration of the PADME beam monitoring calorimeter,
K. Kostova for the PADME Collaboration, PoS COSMICWISPers2025 (2026) 064 (Q4)

Search for a new 17 MeV resonance via e+e- annihilation with the PADME experiment,
PADME Collaboration, JHEP 11 (2025) 007 (Q1)

[oknapn Ha KOHpepeHLUN:

*

*

04.06.2026

»Calibration of the PADME beam monitoring calorimeter”,
3rd Training School COST Action COSMIC WISPers (CA21106), AHcn, ®paHums, 16 - 19.09.2025 .

»Detector studies and services development with BTF @ INFN-LNF Test Beam”,
EURO-LABS (Fourth Annual MEeting (FAME)) B JSI, lto6naHa, CnoseHus, 29.09 - 01.10.2025 1.

.Searching for Dark Photons with PADME”,
HauvnoHaneH ¢popyM 3a CbBpeMeHHU Kocmuyeckn nicnessanns 2025 (HAPCKN-VI), Codus, bbarapus, 27.10.2025 .

.V3cnedeaHe napamempume Ha cHona e Run Il u Run IV Ha ekcnepumeHma PADME”,
Kateapa ATomHa ¢u3mka Ha 80 roanHn, Copus, benrapus, 18.04.2026 .

.Searching for new light particles with PADME”,
SUMMIT THIRD ANNUAL CONFERENCE, SOFIA UNIVERSITY ST. KLIMENT OHRIDSKI, Sofia, Bulgaria, 22.04.2026 r.
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