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X17 anomaly @ ATOMKI
ÅAnomalous excesses in angular correlation of ὩὩ couples produced via Internal Pair Creation

of ║▄, ╗▄and ╒observed by the A. Krasznahorkay & collaborators.
Phys. Rev. C 106, L061601

Phys. Rev. C106, L061601Phys.Rev.Lett. 116(2016)4, 042501 Phys.Rev.C, 104(4):044003

ÅThe anomaly 

seems to be 

compatible with 

the production 

and successive 

decay of a new 

Ḑ17 MeV mass 

particle ║▄

╗▄

╒
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https://journals.aps.org/prc/pdf/10.1103/PhysRevC.106.L061601


Global ɝE vs angle consistency

Using the angular data only (11 measurement)Ą

PHYS.REV. D 108, 015009 (2023)Neutrino constraints and the ATOMKI X17 anomaly 

Using the width for (3 measurements)

Data form 8Be, 4He, 12C are consistent and point to: 

MX17=16.85 ± 0.04 MeV
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Dark sector candidate hypothesis

A dark matter candidate identikit: X17

1) It should be stable (or at least have an average lifespan of over 13 billion years!).                           

2) It should be electrically neutral or have strongly suppressed interaction with ordinary matter.        

3) It should be massive to have gravitational interaction

Possible portal mediator to the Dark Sector Ą Light DM

ÅThe mediator can have a small mass (MeV - 1 GeV)

ÅDark sectors particles can have their own new forces (dark 
forces)

ÅDue to its small mass the mediator can be produced at low 
energy accelerators

ÅIt can decay back to ordinary matter, ñvisibleò decays, or 
not, ñinvisibleò decays.

Dark sector candidates can explain SM anomalies: (g-2)m,
8Be, proton radius
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X17 particle hypothesis
Theory insights based ATOMKI data : (assuming P conservation and resonance emission)

Åάὢ17Ḑ17 MeV, ὄὶ(Ὡ+Ὡ-Ÿ ὢ17) ḗ5 × 10ī6ὄὶ(Ὡ+Ὡ-Ÿ ‎‎)

Åɜ πȢυ
Ȣ

eV for the vector case

ÅScalar excluded by parity conservation in 8Be

ÅPseudo scalar disfavoured by the 12C observation

What next in particle physics experiments:

ÅExplore the all-possible solution to search for signal outside nuclear physics

ÅConcentrate attention on Vector and Axial Vector case. Theoretically favoured solutions

ÅDonôt forget Scalars and Pseudo scalars. Nature can always be different from what we 

expect!

ÅTry to be as much model independent as possible
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X17 as a vector or pseudo -scalar state

ÅNew physics interpretations not fully excluded Ą still some phase-space available 

ÅThe PADME experiment is sensible to this mass range

Vector

▌
╥

□═ ἑἭἤ
Phys. Rev. D 101, 071101

Phys. Rev. D101, 071101

Pseudoscalar

Phys. Rev. D 104, L111102
Phys. Rev. D104, L111102 □═ ἙἭἤ
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Ⱡ
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.071101
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.104.L111102


Light DM search techniques @ accelerators

Main techniques:

ÅFixed Target: 
1. Thin target: 
ÅDirect production  
ÅSearch for decays through event reconstruction (tracking) 

2. Secondary beam:
ÅUsually in a thick target 
ÅSearching for new particles in meson decays Ą MX usually limited by meson mass, 

coupling sensitivity and statistics

ÅBeam Dump:
ÅProduction: X-strahlung, shower, absorption of secondaries 
ÅDetection: everything is signal vs kinematics of the final state 
ÅThe new particle has to survive the passage through the dump 

Åe+e- colliders:
ÅAssociate production of new states 
ÅSensitivity depends on the resolution on invariant/missing mass of the final state
ÅAlso searches through meson production and constrained initial state 

!ΩBeam

!Ω

Beam
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Resonant search on fixed thin target

Å„ ᶿ “ὤ‏Ὁ Ὁ goes with Z Ą dominant process 

with respect to alternative signal production processes.

Å ίhas to be as close as possible to the expected mass Ą fine 

scan procedure with the Ὡ beam Ą expected enhancement in 

ίover the standard model background

ὢ
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Analysis strategy: 

1. Change beam energy with a fine spacing in the 250-300 

MeV range 

2. Fit the background

╝╧
╟▫╣ᶿ

Ὣ

ςά
Љ
ὔ”ὤ

ὃ
ὪὉ ȟὉ

ὪὉ ȟὉ  beam energy spread

Ą Gaussian with spread ♯╔ 

3. Calibrate and measure the luminosity

4.  Go bump hunting 

The INFN-LNF Beam Test Facility (BTF) is the perfect  facility, considering  its  energy range, to 

perform  this  job 



The PADME experiment

Å Positron Annihilation into Dark Matter Experiment:  borned to look for

ὩὩ ᴼ‎ὃ based @ Frascati National Laboratories (LNF-INFN).

ÅὩbeam  (E<550 MeV  on a diamond active target 2 cm × 2 cm ×100 

ɛm

ÅMeasure of  ɝὓ using a BGO ECal.

Å Could be sensitive to sub-GeV new physics (e.g. ALPs) 

Can exploit the resonant production of X17 Ą fine scan: PADME Run III. 

Å Some modification to the setup were necessary
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PADME ïThe facility
ÅPositrons from the DaɮNE LINAC up to 550 MeV, O(0.25%) energy spread

ÅRepetition rate up to 49 Hz, macro bunches of up to 300 ns duration

ÅIntensity must be limited below ~ 3 ×104POT / spill against pile-up

ÅEmittance ~1 mm x 1.5 mrad @ PADME

Past operations:

Run I e- primary, target, e+ selection, 250 µm Be vacuum separation (2019)

Run II e+ primary beam, 125 µm MylarTM vacuum separation, 28000 e+/bunch (2019-20)

Run III dipole magnet off, ~3000 e+/bunch, scan s1/2 around ~ 17 MeV (End of 2022)

Run IV same conditions as Run III (currently ongoing)
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PADME ïThe detector

BGO ECAL 

Small Angle PbF 2 calorimeter 

Scintillating e +, e- VETO

Dipole Magnet

TimePix

Beam monitor

Active diamond target
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Main SM background are Bhabha scatterings and ‎‎pairs productions, fitted directly from data Ą needed some 

setup optimization:

Å Active diamond target

Å Charged particle veto not used

Å PADME dipole turned off Ą no magnetic field after the target interaction

Å New hodoscope in front of ECAL added to identify charged particles

Å SAC replaced with a TimePix3 beam monitor and a Leadglass luminometer

Run III - setup 
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Data-taking divided in 3 parts:

ü On resonance points @ (263 -299) MeV Ą scan 1 and 

2: 0.75 MeV spacing, 16.4 MeV < MX17 < 17.5 MeV,  
~1x10 10 NPoT per point 

ü Below resonance points @ (205 -211) MeV: 1.5 MeV 

spacing, used to normalize the absolute yield

ü Over resonance runs @ 402.5 MeV: 2x1010 stat, used

to validate NPoT measurement

Some terminlogy:

ÅñPeriodò: a point at a fixed beam energy, typically lasts 24 

hours

ÅñScanò a chronological set of periods typically decreasing 
in energy

Å Scan 1 and 2 periods spaced ~ 1.5 MeV but interspersed 

in energy

Å Detailed Geant4-based MC performed for each period

Run III - dataset

C
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o
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l 
ID

 
s1/2 [MeV]

Scan 1 

(12/10/22 ï10/11/22)

Scan 2 

(25/11/22 ï21/12/22)
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Analysis inputs 

N2(s) / (NPOT(s) ṋ B(s)) = K(s) [1 + S(s; MX, g) eS(s) ]  to be compared to N2(s) / (NPOT(s) ṋ

B(s)) = K(s)

Inputs:

Å N2(s) number of two-cluster events selected Ą our signal candidates

ÅNPOT(s) number of e+ on target from beam-catcher calorimeter

ÅB(s) background yield expected per POT

ÅS(s; MX, g) signal production expected for {mass, coupling} = {MX, g}

ÅeS(s) signal acceptance and selection efficiency

ÅK(s) DATA-MC scale factor with a possible dependence from s

ÅN2Cl (bkg subtracted) on 

data

ÅPoTs

ÅSignal Efficiency

ÅSignal shape

ÅMC Expected Yield

Aim: measure and evaluate systematic errors on: 

Oct 14 2025 Hunting X17 at PADME - E. Di Meco 14/32



N2 selection cuts

Selection algorithm as independent as possible on beam 
and detector conditions :

ÅSelected a cluster pair with the following criteria  

ÅMaximum radius defined by ECAL dimensions 

ÅEnergy within the ñtwo-clusterò kinematic range

ÅMinimum radius within the ñtwo-clusterò kinematic range 
Ą following the beam center conditions

ÅECAL Illumination affected by material along the beam 

line (below flange) Ą Cut regions in ⱴ

ÅMutual cluster conditions:

ÅæT (clu0-clu1) < 5 ns

ÅæR (clu0-clu1) > 60 mm (Minimum GG difference)

Åꜚ ꜚ vs Ᵽ Ᵽ cut in the center of mass frame 
isolates the signal
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Masked 

cells

Accepted 

region



Selection region

Sideband region

ꜚ ꜚ vs Ᵽ Ᵽ Ą N2(s)
ÅNeglecting me/E terms, the c.m. angles are 

independent on the lab energies

Åꜚ ꜚ vs Ᵽ Ᵽ cut isolates the signal

ÅCut range: 3ů around the mean value

üFlat beam bkg in ꜚ ꜚ Ąbkglevel<4%

üBremsstrahlung tail in Ᵽ Ᵽ Ą To be 
removed with MC shape using the sideband 
region

Sideband 

region

× Statistical error:  ŭN2Ḑ0.6% up to 0.7%

× Systematic uncertainty due to bkg

subtraction: ŭN2Ḑ0.3%

Source Error on N2 [%]

Statistics Ḑ0.6

Background subtraction 0.3

Total 0.65
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N2(s) events selected quality

ÅEvents surviving the whole set of cuts, also related to the time difference of the 2 Clusters

ÅEnergy sum of the 2 clusters selected gives back the beam energy (as expected for a two-body 
final state)

ÅECAL relative energy resolution ~ 5%

æT [ns]

E
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]

Oct 14 2025 Hunting X17 at PADME - E. Di Meco 17/32



Efficiency MC true

Dead cells

Expected Background ĄB(s) 
The expected background / e+, B(s), is determined with 

MC + data-driven checks

Reconstruction efficiency taken into account:

ÅData/MC efficiency with tag-and-probe technique

Åbkg subtraction at tag level dominates the statistical-

systematic error ĄŭB= 0.35%

ÅCut stability at MC and Data level also under control 

together with COG (beam) variations

Source Error on B [%]

MC statistics 0.40

Data/MC eff. (Tag&Probe) 0.35

Cut stability 0.04

Beam spot variations 0.05

Total 0.54

B
(s

) 
[1

0
-6

]
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Source Error on NPOT [%]

Statistics, ped subtraction negligible

Energy scale from BES 0.3

Rad. induced loss, slope Variable,Ḑ0.35

Total 0.45

Positron on target ĄNPoT(s)
ÅPoTs measured with the end-of-line lead glass calorimeter Ą 2% scale error on the calibration 

considered

Å2 main effects: radiation induced loss + energy loss in passive material

üRun III radiation dose Ḑ2.5 krad Ą transparency changes for O(krad) 

×Estimated from 3 flux proxy observables: Qtarget-x , <EECal>, period multiplets

×LG yield decreases with relative PoT slope of 0.097(7) Ą Slope error included dNPoT=0.35%

×Constant term uncertainty of dNPoT=0.3% added as scale error

üLoss due to beam movements during the whole Run III Ą passive material crossing

×Checked against data of October test beam + MC simulation Ą systematic correlated error dNPoT=0.5%

Source Common error [%]

pC / MeV (JHEP 08 (2024) 121) 2.0

Energy Loss, data/MC 0.5

Rad. induced loss 0.3

Total 2.1

Common systematic errorsUncorrelated systematic errors
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https://link.springer.com/article/10.1007/JHEP08(2024)121


Total error budget

ÅUncorrelated uncertainty on gR(s) = N2(s) / ( NPoT(s) B(s)):

R
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Å Next step: is gR(s) compatible with 1 or 1+ S(s) Ⱡ(s)/B(s)? 
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Signal shape and Ⱡ(s)/B

ÅElectron motion inside the target changes significantly the shape of the resonance Ą not 
anymore just a gaussian with ůequal to the beam energy spread

ÅParameterized S vs Ebeam with a Voigt function:

ÅConvolution of the gaussian BES with the Lorentzian

ÅUncertainty in the curve parameters as nuisances:

ÅLorentzian width around the resonance energy: 
1.72(4) MeV

ÅRelative BES : 0.025(5)%

ÅExpected background signal efficiency determined 
from MC:

ÅLarge cancellation of systematic errors seen 
using Ⱡ/B

ÅFit Ⱡ(s)/B(s) with a straight line, include fit 
parameters as nuisances:

ÅErrors: ɿP0/P0 ~ 0.1%, ɿP1/P1 = 3%, 
correlation = -2.5%

Ebeam [MeV]
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Possible K(s) scale effects

Possible offset Ą -2.8% @ 16.92 MeV 

Possible slope with ▼Ą -0.6(6)% MeV-1

The scaling with the below resonance is affected by a -1.5(1.5)% shift because of radiative correction, but the 
expected total error covers for it: 1.8%(B) + 2.1%(NPoT) = 2.8%

Insertion of Babayaga-generated events in the MC (up to 10 gΩs) Ą no effect on e(s)

Radiative corrections evaluated using Babayaga Ą e+e-(g) and gg(g) (Nucl. Phys. B 758 (2006) 227, Phys. Lett B 663 (2008) 209)
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https://arxiv.org/pdf/hep-ph/0609313
https://arxiv.org/pdf/0801.3360


Expected sensitivity
ÅEvaluate expected 90% CL UL in absence of signal

ÅModified frequentist approach, LEP-style test statistic

ÅLikelihood fits performed for the separate assumptions of signal + background vs background 
only, define Q statistic based on Likelihood ratio: Q = LS + B(gve, MX)/ LB. The likelihood includes 
terms for each nuisance parameter pdf

ÅFor a given MX, CLs = PS/ (1 ïPB) is used to define the UL on gve

Pseudo data (SM 

background) is 

generated accounting 

for the expected 

uncertainties of 
nuisance parameters + 
statistical fluctuations

Source Uncertainty  [%]

N2 0.6

B 0.35

NPoT 0.55

TOTAL on gR 0.88

TOTAL on K( s) 2.1
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Unblinding procedure
To validate the error estimate, we applied the procedure in JHEP 06 (2025) 040  

Å Aim to blindly define a side-band in gR(s), excluding 10 periods of the scan

Å Define the masked periods by optimizing the probability of a linear fit in s1/2

1.Threshold on the …2 fit in side-band is P(…2) = 20%, corresponding to reject 10% of 

the times

2.If , check if the fit pulls are gaussian

3.If , check if a straight-line fit of the pulls has no slope in s1/2 (within 2 sigma)

4.If , check if constant term and slope of the linear fit for N2(s)/B(s) are within two 

sigma of the expectations, i.e.: ±4% for the constant, ±2% MeV -1 for the slope

Ready to unblind
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Box opening 

PRD 108, 015009

(2023)

ÅAt MX = 16.90(2) MeV, gve = 5.6 x 10-4, 

the global probability dip reaches 3.9-

1.1
+1.5 %, corresponding to (1.77 0.15)

sone-sided (look-elsewhere calculated 

exactly from the toy pseudo-events)

ÅA second excess is present at 1ͯ7.1 

MeV, but the absolute probability 

there is ͯ40%

Å If a 3sinterval is assumed for 

observation following the estimate MX = 

16.85(4) MeV of PRD 108, 015009 

(2023), the p-value dip deepens to 2.2-

0.8
+1.2 % corresponding to (2.0 0.2)s

one-sided

Some excess is observed a ~2.5slocal coverage

ArXiv:2505.24797 [hep-ex]

Accepted from JHEP
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Box opening - 2

Check the data distribution vs likelihood fit done to evaluate Qobs(S+B)

Fit probability is 60%
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Box opening - Upper limits check 

Check on the UL behaviour comparing the bkg -only hypothesis with the B+S( m= 16.9 MeV, gve = 5x10-4)
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Box opening ïCheck of correction 

27 Oct 2022

8 Dec 2022

Å After box opening, can check ageing correction applied, slope was 0.097(7)

Å Fully consistent (observed excess alters only marginally)

Å A very compatible slope to the one used as nuisance for the radiation induced effect is found (when not 

applying the correction) with no significant change in the locations of the excess (distant 1 month apart) 

and in the global p-value
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Run IV improvements overview
The Run IV paradigm Ą increase sensibility to confirm/disprove Run 
III result

ÅDiamond target position moved downstream by Ḑ30 cm

ÅPassive material removed and PADME Magnet fully degaussed Ą
BPADME < 1 G

ÅBeam stable in the central position along the whole data taking

Ą NO LATERAL LEAKAGE on the beam cathcer

ÅLed pulser Tektronix AFG3101 to control the radiation induced loss

ÅIndependent trigger included in the DAQ

ÅA second LG block installed (out of the acceptance and only 
acquiring the led trigger)

ÅOnline LG response renormalized to the not-fired-block

ÅReference for light yield response almost on the fly

Diamond target

Led pulser
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Run IV improvements overview
New detectors:

ÅPadMMe MicroMegas chamber replaced the Etagger:

Åe/gdiscrimination Ą possible normalization to e+e-
Ąggprocess

ÅSpatial resolution Ḑ 350 mm Ą angle disentanglement 

ÅMultitrack events can be collected

ÅBeam spot monitor Ą Already implemented in the Run IV online monitor 

ÅTMM Micromegas replace the TimePix beam monitor
ÅGreater active area wrt TimePix and less passive material budget

ÅBeam shape and spot monitor

PadMMe

TMM

TMM

Source Uncertainty  [%] Improvement

Run III Run  IV

N2 0.6 0.3 New target position Ą acceptance increased  

B 0.35 0.3
PadMMe Ą ee/gg discrimination + better angular-

momentum resolution

NPoT 0.55 0.3
3 different beam spot monitor (target-PadMMe-TMM) + 

online LG calibration system

TOTAL 0.88 0.5
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Run IV projections

Source Uncertainty  [%]

Run III Run IV

N2 0.6 0.3

B 0.35 0.3

NPoT 0.55 0.3

TOTAL 0.88 0.5

Run III upper limit Run VI ïBackground only
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Conclusions
Å The PADME experiment is now focused on the search of the X17 particle

Å Run III analysis has been completed: no indications of X17 well beyond two-sigma-equivalent global p-

values, an excess has been observed, with global p-value equivalent to 1.77(15)„
Å New data acquired to better clarify:

Å Run IV-part 1 data already in the book: 18 energy scan points collected (Ḑ2e10 PoTs each) equally 

separated by 1.5 MeV in the the Ebeam = (269.5, 295) MeV / ί= (16.60, 17.36) MeV  region

Å Run IV-part 2 already scheduled for autumn 2025

Å Scan points = 18-20 + out-of-resonance below 16 MeV and above 18 MeV

Run IV ïScan 1
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Backup slides
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Physics case

Å▄▄ ᴼ♬═Ą signal

ÅBackgrounds:

1. Bremsstrahlung in the field of the target nuclei 
ÅPhotons mostly @ low energy, background dominates high  

missing masses 

ÅAn additional lower energy positron that could be detected due to 
stronger deflection

2. 2 photon annihilation
ÅPeaks at Mmiss = 0 

ÅQuasi symmetric in gamma angles for Eɾ> 50 MeV 

3. 3 photon annihilation
ÅSymmetry is lost Ą decrease in the vetoing capability

4. Radiative Bhabha scattering
ÅTopology close to bremsstrahlung 
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The PADME approach

ÅPositron Annihilation into Dark Matter Experiment:  ὩὩ ᴼ‎ὃ based @ Frascati 

National Laboratories (LNF-INFN).

Å▄beam  (E < 550 MeV  interacting with diamond active target 2 cm × 2 cm ×100ɛm

ÅFinal  states  particles : e+,e-, photons

ÅAim : Measure of  ɝὓ using a BGO ECal.

ÅSensitive to sub-GeV new physics
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Data taking
ÅPADME commissioning and Run-1 started in Autumn 2018 and ended on February 25th

Å7 x 1012 positrons on target recorded with secondary beam

ÅPADME DAQ, Detector, beam, collaboration commissioning

ÅData quality and detector calibration

ÅPADME test beam data

ÅJuly 2019, few days of valuable data

ÅCertification of the primary beam

ÅDetector performance/calibration checks

ÅPrimary beam with Ebeam = 490 MeV

ÅJuly 2020 Run-2

ÅNew environment/detector parameter monitoring and control system

ÅRemote operation confirmation

Å Autumn 2020: A long data taking period with O(5x1012) e+ on target Ebeam = 430 MeV
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SM diphotons events
Åe+eïŸ ɔɔcross section below 0.6 GeV known only with 20% accuracy

ÅCan be sensitive to sub-GeV new physics (e.g. ALPôs)

ÅUsing 10% of Run II sample

ÅTag-and-probe method on two back-to-back clusters

ÅExploit energy-angle correlation

ÅCount tag photons

ÅMatch using this correlation and count probes
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SM diphotons events Ą cross section

LO + NLO
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Bremsstrahlung bkg removal

ÅIn the — —  

distribution of the selected 

event in data and MC 

shows a Brem tail in 

outside the signal

ÅBy normalizing in the (0, 

2.94 rad) regions and then 

using the ratio between the 

(2.94 rad, 4 rad) integrals it 

is possible to get an 

estimate of the Brem 

events under the signal

Normalization

region

PADME Preliminary
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