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The X,;; anomaly @ATOMKI £ ] rorviraas ZTNEN TEMR

Anomaly in the angular correlation of ete” pairs emitted via IPC in the 8Be, *He and 12C nuclear de-excitation.

It seems to be compatible with a new neutral mediator called X;;: Phys. Rev. C 106, L061601
’ mX17 ~ 17 Mev %::z E, =1.50 MeV "B(p, e*e')‘zc
2 2 o
_ € amX17 _ gv = s00
« Iy, = ” - (vector) Iy = 0.5 (0_001 eV i
e Observation at ATOMKI (Hungary) + HUS (Vietnam) o
g 450
s
8 * 4 * 12-% ? 0
Neutrino Constraints and the ATOMKI X17 Anomaly Be He - ¢ & e+& E =0
An analysis with the angular data alone of 11 differ- ((@ X — .
ent measurements finds that the data is well described e a’ ﬁ 0
by a new particle of mass E‘X = 16.85 = 0.04 MeV fwith ﬁ o0
an internal goodness-of-fit of 1.80 calculated rom Wilks’ + R 3 >0
theorem at y?/dof = 17.3/10. We use only the best fit p O @ N/ 7 = =
SFRCTROUETER g 400

350
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TABLE III. Nuclear excited states N,, their spin-parity JP*, and the possibilities for X (scalar, pseudoscalar, g a0 — I?EIIIEFDF
vector, axial vector) allowed by angular momentum and parity conservation, along with the operators that mediate g F Ep =2.10 MeV - ------ Background PDF
the decay and references to the equation numbers where these operators are defined. The operator subscripts label 2 280 | L 51 'E,g

- z : 2 : : a
the operator’s dimension and the partial wave of the decay, and the superscript labels the X spin. For example, Oi(;,' s g oo §g§a,

a dimension-four operator that mediates a P-wave decay to a spin-0 X boson.
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https://journals.aps.org/prc/pdf/10.1103/PhysRevC.106.L061601

Resonant X,, search @PADME Run Il 4 TORVERATA INFN TV NIDMIE
gy e\ e’
Ores X~ TZ O(Eres — Epegm) = dominant wrt other signal production processes ¥
* /s = my=> fine scan with the e*-beam looking for an excess over SM BKG 7
@PADME: X, production through resonant annihilation in diamond target: scan
E(e*) ~ 282 MeV aiming to measure 2 body final state yield N,(s)
PRD 106 (2022) 11, 115036
e e

JHEP 08 (2024) 121

SO T T ' ! ]

a [ ... | | o

Run Il collected data ~ 6x10% PoT ~ 10%°PoT per /s point: E “E Scan 2 BADH oy | E
* 47 on-resonance points: E,.,, @(263, 299) MeV, Ok, ..., ~0.75 MeV energy step '§’ 303— 25/11-21/12/22 ey o _
» 2 different scanin time = Scan 1 and 2 ‘_é . j : o

* 6 out-of-resonance points: X;; production forbidden = SM studies & sideband _g e e * 4 - 4
©fscan1 el -

- 12/10-10/11/22 I F

0 T T e

PRI T | M ° -
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Vs [MeV]
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The PADME Run lll experimental setup £ ] ror viraats ZTNEN TESSIIME

LNF

Run Il experimental setup for the Xy, search: Electromagnetic

. Calorimeter
Positron Spectrometer

* Active target polycrystalline diamond
« PADME magnetic field off

e ECal: 616 BGO crystals, each 21x21x230 mm3 ACtivia?;TO"dl S |e|_ B 'E e 6
* Charged particle vetoes not used O e arceii Bt
Tagger
. (scintillator detector) in front of ECal for e/y discrimination
* TimePix3 high granularity silicon-based detector for beam spot
_ ECal LG luminometer
* LG |luminometer (NA62 Large Angle Veto spare block) s o —

Charged particle vetoes

et beam "%
——

ar.

Diamond target | :
TimePix3

Vacuum tank
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TOR VERGATA
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Analysis inputs & final error budget

Signal + bkg hypothesis 2> NZ(S) / NPoT(S) B(S) = gR(s) = K(S)[l + S(S} Mx: gVe) ]

To be compated with

B Uncorrelated uncertainty on gg(s)
Bkg only hypothesis 2 NZ(S) / NpoT(S) B(S) = K(S) 0.014- | | | | | | =
Analysis inputs: o =
° - 0.01F -
K(s) => DATA I\/IC-scaIe facto.r L el o 1 __' amm ]
* N,(s) 2 2-body final states in ECal A 0.008[- T -
* Npor(s)=> e* on target from LG beam-catcher x AR O e @ =
* B(s) = expected bkg yield per PoT @ : e -:,f.:m-:. g
* S(s; My, 8y.) = expected signal production for {mass, coupling} = {My, gy.} 0'0045_ e _
signal acceptance and selection efficiency 0.002- -
K(s), constant term %_...I...I...I...|...|...|.'
5 Cnortain i6> 164 66 168 1/ 172 4
ource ncertainty (%)
Lead-glass calibration 2.0 \/E [MEV]
Absolute B yield 1.8 Uncorrelated errors
Energy-loss correction to Npyr 0.5 Source Uncertainty (% per energy point)
Radiation-induced correction to Npyr 0.3 g ?(39) 862
Total C28 ) $ o
Npgr(s) 0.35
K(s), v/s-slope Total on gr(s) 0.88
Source Expected value (%/MeV)
Radiative corrections —w.ﬁ

Total —0.6 £0.6
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The blind unblinding
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Expected 90% CL UL in absence of signal: mgo_Q; LAes . n e E

 Likelihood fits performed for signal + background vs background only o8- | -

* Total error budget: 8g(r) =0.88% - 6K(s)=2.1% 07 s

« ForaM,: CLs =—3—to define the UL on g, o | oo [

1-Pp 0.5 — CLsMedian [

0.4 [JcLst2s -

0.3;_ = [ cLs 16 E

Before box opening, error estimate validation (JHEP 06 (2025) 040): oo . ann AN RLmedian. |5

T — Bkg stat only [

* Aim to blindly define a sideband in gg(s), excluding 10 periods of the scan o1 Expected 90%CL UL e =
« Define the masked periods by optimizing the probability of a linear fit in /s 165 17 75 ’Bnlnxl(nlnel\’/%

1.Threshold on the y? fit in side-band is P(x?) = 20%

2.1f , check if the fit pulls are gaussian

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

4.f , check if constant term and slope of the linear fit for N,(s)/B(s) are within two sigma of the
expectations

Successfully applied:
1. P(x?) =74%,
Pulls gaussian fit probability: 60% ‘ Ready to unblind

2.
3. Slope of pulls consistent with zero
4. Constant term: 1.0116(16), Slope: (-0.010 + 0.005) MeV-?
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https://inspirehep.net/files/8d4f5c7f4194a15f5128c66ccfb32f30

PADME Run Il result and outcome

Some excess is observed around 2o global coverage (2.50 local) ArXiv:2505.24797 [hep-ex]

= J} TOR VERGATA

NN TR

x107°
At M, =16.90(2) MeV, g,. = 5.6 x 104, the global probability o [
dip reaches 3.9, ,*1°> %, corresponding to (1.8 + 0.2) o one- 0.8
sided N
A 2nd excess is present at ~17.1 MeV, but disfavoured 0.6/—
(general probability 40%) E
If a3 ointerval is assumed for observation following the 0.4—
estimate M, = 16.85(4) MeV of PRD 108, 015009 (2023), the N
0.2

p-value dip deepens to 2.2 ;,5"12 % corresponding to (2.0 +

0.2) o one-sided

gr(s)

1.04
1.03
1.02
1.01
1
0.99
0.98
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PADME Preliminary
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Region masked by automatic procedure

T
90% CL UL: past experiments |

I:] KLOE 2015
- NAG4 2019

90% CL UL: B-only
= === CLs Median
[ CLs +2¢

[ CLs 16
........ Bkg stat only

= QObserved limit

e Global probability
e Local probability

16
27 Oct 2022

~
~
~

/

N, PoT, .. ... (NPOT*Bkg)
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17.5 18

18.5
M, (MeV)
1 x2/ndf 57.8/44 | | g
C Prob 0.07929 * ]
0.98— pO 0.9274 +0.001167 —
RN - Pl 0.1006 + 0.004158 ]
0.96/ e
s.\ E\
0.94— — ~~. R
0.92" = RN
;) E 8 Dec 2022
0.88 PADME Preliminary |
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http://journals.aps.org/prd/pdf/10.1103/PhysRevD.108.015009
http://arxiv.org/pdf/2505.24797
http://arxiv.org/pdf/2505.24797
http://arxiv.org/pdf/2505.24797

Conclusions

The analysis has been successfully blessed using the “blind unblinding” procedure
Overall uncertainties at 0.9% or slightly better

No indications of X;; well beyond two-sigma-equivalent global p-values

An excess has been observed, with global p-value equivalent to 1.8(2)o

New data acquired to better clarify:

TOR VERGATA

1T
zZ
=T
Z

2 new micromegas-based tracker installed to measure the absolute ee/yy cross section allowing combined analysis

Run IV-part 1 data already in the books: 18 energy scan points collected (~2e10 PoTs each) equally separated by 1.5 MeV
in the the E,.,,, = (269.5, 295) MeV /+/s = (16.60, 17.36) MeV region

Run IV-part 2 already scheduled for fall 2025 = 18-20 scan points + out-of-resonance below 16 MeV and above 18 MeV

1o
1o

26
24
22
20
18
16
14
12
[ ]

10 iida b pggd @i lgopfidyoppplgdaelgdg E Lgyesils
16.6 16.7 168 169 17 171 172 173 17.
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TORVERGATA Z7INFN TENIDME.

Back-up slides
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Other experiments in the race =] rorvERaATE ZINFN TEORDME
Recent result from MEG I, arXiv:2411.07994 still to be published
 Measurement on ’Li target to reproduce 8Be ATOMK]
- no Signal found le—6 Projected limits at 90% C.L. le—5
F( 8Be*— ®Be X17(ee)) . 1.75 — Rue limit < 1.8e-06 | 12
e ULson F(°pe > °Bey) for 17.6 and 18.1 MeV transitions —— Rysq limit < 1.2e-05
1.50 @® ATOMKI (stat. + syst.)
MEG Il result compatible at 1.5 ¢ with the ATOMKI combination M, e
= 16.85(4) MeV [Barducci, et al. , JHEP 04 (2025) 035] '
21.00
Further attempts to verify: S e
@ AN2000 facility @INFN-LNL [data taking ongoing] 020
e 0.25 e
NTOF  n_TOF EAR2 neutron line @CERN [2025 proposal] 16.5 16.6 16,7 16.8 16.9 17.0 17 1

mx17 [MeV/c?]

‘”\ Tandem accelerator @Montreal [JPC Ser. 2391 (2022) 012008]

Van de Graaf accelerator @IEAP Prague [NIM. A 1047 (2023) 167858]

18/09/25 X17@ Padme - M.Mancini y
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https://arxiv.org/abs/2411.07994
https://iris.uniroma1.it/retrieve/97b858b3-2453-43fd-8cf6-2b0a37f231a9/Barducci_On-the-Atomki_2025.pdf
https://agenda.infn.it/event/43758/contributions/253065/attachments/134224/200782/20250409_LDMA25_X17_TM.pdf
https://cds.cern.ch/record/2920978/files/INTC-P-727.pdf
https://iopscience.iop.org/article/10.1088/1742-6596/2391/1/012008/pdf

Draft of expected Run IV exclusion limit

Lessons for Run IV to improve:

Increase monitoring power and redundancy: guarantee better stability
Alternative flux determination: yy, new flux monitor system, target, chambers
Increase acceptance: allow even safer treatment for edge effects

Increase statistics per energy points

Assumptions for Run IV:

X2 acceptance increase (target closer to ECal + Phi-cut removal)
x2 statistics increase, 1.5 x 101° POT per energy point

2 days for data collection, 3000 e* / spill as in Run Il

Points divided into 2 scans: 16—20 points per scan (summer —autumn)
Stable beam condition + no target runs for bkg studies

Uncertainty [%]

18/09/25

N,

N PoT

B

Total on gg

Run Il
0.6
0.35
0.55
0.89

Run IV
0.3
0.3
0.3
0.5

x10°

6 16.5 17

RV CINFN TR
LHF
-3
g 1 x10 .
U’ 90% CL UL: past exps
0.9 ' |[] kwoe 2015
[ nasa 2019
0.7
C ' '{ 90% CL UL: B-only =
0.5 o y |- CLs Median H
- _ | ClLs 120 -
0.4— ] o / ] 2
= : g [Jets+o 3
0.3 A Bkg stat only E

18 Mx (Me\}?.S

16.5 17 17.5

Projection: Run Il data, systematics lowered
X17@Padme - M.Mancini

90% CL UL: past exps

[ ] kLoE 2015

- NA64 2019

90% CL UL: B-only
=== CLs Median
[ JcLs+2
[ cLs #16

..... RL median
---------- Bkg stat only

18 18.5
M, (MeV?
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N, selection cuts £ J TR VERGATA NFR ey

00
0

00
002
00¢

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

WA

» Selected a cluster pair with the following criteria
* Maximum radius defined by ECal dimensions

0 00lL— 00Z— 00¢
Vi

* Energy within the “two-cluster” kinematic range

* Minimum radius within the “two-cluster” kinematic range 2>
following the beam center conditions

\
S/

/
11/
/i

\
A\
Ne
AN

* lllumination clearly affected by material along the beam line
(magnet bore) = Cut regionsin ¢

() "3
00S 002 00}
N\

* Mutual cluster conditions:
e AT (cluO-clul) <5 ns > S
* AR (cluO-clul) > 60 mm (Minimum 2CL difference) 4 N

* ¢$1— Py vs 01 + 0, cutin the center of mass frame isolates the , u
signal T

A\ A
\\

av,
|

Beam

\[
\
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N, selection and Bremsstrahlung substraction =] rorVERGATA ZINEN TEXIIME

LHF

* ¢1— ¢ vs 4 + 0, cutisolates the signal=> 30 around the mean value E 4'5;' [N};al,,lxr e S(lalecltlorl\rel |oln * 60

» 2 Clusters event surviving the whole set of cuts: f‘: 4'05_ g;%aégyx; g%ﬁ% e © 15150

e E,+E,=E,.,, as expected for a 2-body final state process I e o 1840

* Time coincidence verified — 30

* Flat beam bkg in ¢p1 — ¢po = bkg level < 4% — 20

* Bremsstrahlung tail in 84 + 0, subtracted by using MC shape on the sideband — 10
10

—> Statistical error: 8N, ~0.6% up to 0.7%
—> Systematic uncertainty due to bkg subtraction: 8N, ~ 0.3%

Ly il I I I \ I "H
= F t data ]
&, 08 ++++ ++ _ =
. Ent 28402 -
£ os-Sideband P 4, Moan 8181 2
E o.ei—region X ++ Std Dev 0.1105_2
= Entries 753 7
_— E ‘ *  Mean 3.005 7
Statistics ~0.6 03 - ' " StdDev 0.1947
= * I
Background subtraction 0.3 02F A " E
0.1 * ‘s -
Total 0.65 R M"’"”“‘" o e 0t et 8e P e Spiseestat | . . . ]
2.7 28 29 3 3.1 3.2 3.3 3.4 3.5 3.6
0, + 6, [rad]
Shape of ee signal due to residual PADME magnetic field
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The SM bkg B uncorrelated error budget

The expected background yield B is determined with MC + data-driven checks

Reconstruction efficiency:

» Data/MC efficiency with tag-and-probe technique

* bkg subtraction at tag level dominates the statistical-systematic error 2 6B = 0.35%

The selection relies on the expected beam direction: spot measured at the target and the _1005:"'-.._‘

Center of Gravity (COG) of 2 body final states at ECal
» Systematic shifts in the COG position = acceptance systematic errors
* Largest effect in y due to acceptance limitations (magnet bore)

* Fractional variations range from 0.08% to 0.1% mm for /s =

PADME ToyMC

S 1010 1 B E
e T C ! : —e— sqri(s) =17.28 MeV -
g 1.005— i i —— sqri(s) = 17.05 MeV
§ = i ] —e— sqri(s) =16.83 MeV  —
— 1 ] i
o hs " i I —— sqri(s) =16.60 MeV
El C 1 1 =
@ 0995 4 | i =
- ! ! _
0.99 i i " =
E i i $ =
- 1 1 -
0.985— ' ' .
- Variation observed ¢ -
0.98— -
I ] 1 -
— 1 | 1 1 1 1 | 1 1 1 lll | 1 1 1 II 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | | 1
—10 -5 0 5 10 15 20

Ycog [mm]

18/09/25

X17@Padme - M.Mancini

= J} TOR VERGATA

INFN TRDME

Eff|C|ency MC true

Yeca (MM)

100}/

-200 ¥

—300:—

..... | T O O S |

-300 —200

(16.4, 17.3) MeV

—100 0

100 200 300
Xgca (MmM)

roron

MC statistics

Data/MC eff. (Tag&Probe)
Cut stability

Beam spot variations

Total

0.40
0.35
0.04
0.05
0.54
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The Np 7 error budget £ ] ror vERGATA ZTNEN TENRIME

LMF
402 MeV :
Qe - common systematic error @2%
Qiet a0z Mev]  Ebeam [MeV]

2 main effects: radiation induced loss + energy loss in passive material
* Run Il radiation dose ~ 2.5 krad = transparency changes for O(krad)

Flux Ny, determined using LG detector charge: Npor =

* Estimated from 3 flux proxy observables: Q. get«, <Egca>, period multiplets
* LG yield decreases with relative PoT slope of 0.097(7) = Slope error included dNp = 0.35% (after correction applied)
* Constant term uncertainty of dNp,;=0.3% added as scale error

* Loss due to beam movements during the whole Run Il = passive material crossing
* Checked against data of October test beam + MC simulation = systematic correlated error 8N,,=0.5%

Uncorrelated systematic errors on Ny Common systematic errors on Ny ;
Statistics, ped subtraction  negligible pC/ MeV (JHEP 08 (2024) 121)
Energy scale from BES 0.3 Energy loss, data/MC 0.5
Rad. induced loss, slope Variable, ~0.35 Rad. induced loss, const. term 0.3
Total 0.45 Total 2.1
18/09/25 X17@ Padme - M .Mancini
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https://link.springer.com/article/10.1007/JHEP08(2024)121

Signal shape and £ ] ror viraats ZTNEN TERR

-~ LNF

Electron motion inside the target changes significantly the resonance shape = not anymore just a gaussian with o equal to the
beam energy spread : My =17 MeV, g, = 1)

X
—
o
16
1 22
m
o
o
o
-

o e motion absent

® e e-motion included]

Signal parametrized vs E, .., with a Voigt function:

e Convolution of the gaussian BES with the Lorentzian

|IIII|IIII|IIII?-III|II_

Uncertainty in the curve parameters as nuisances:

BES =0.3%
* Lorentzian width around the resonance energy: 1.72(4) MeV 1

lII|IIIIIIIII|IIII|IIII|IIII|IJ—

* Relative BES: 0.025(5)% 974 2
* Expected signal efficiency ¢ determined from MC: 30000 [
. . . - g:’_’: i e Scan 1. PO=24805 =37, P1= (2680 £ 120) MeV"
* Large cancellation of systematic errors if using v oot o s s 0. o e 0 160) MV
28000171 o scan2: (ndf = 16.9 /17, Prob = 0.46

Fit g(s)/B(s) with a straight line = fit parameters as nuisances:
* Errors: 5PO/PO ~ 0.1%, 6P1/P1 = 3%, correlation = -2.5%

26000

- 5%
24000—

22000__ | | | | ] | ]
16.2 16.4 16.6 16.8 17 17.2 17.4 17.6
/s (MeV)

PRL 132 (2024) 261801
18/09/25 X17@Padme - M.Mancini
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https://arxiv.org/pdf/2403.15387

Possible scale effects — K(s)

= Jrorvircata ZINFN TENRIIME

= LHF

Radiative corrections evaluated using BabaYaga = e*e(y) and yy(y) (Nucl. Phys. B 758 (2006) 227, Phys. Lett B 663 (2008) 209)

o

] N I T T T I " T T | T T I T ! I 1 [ I T T I ! T T T T T | T T ! | T T T T 1
i L —— Bhabha & 1.04- — Bhabha + vy 2/ ndf 35/39
¢ F —— g F Prob 065
= 1.05— ] = oo— p0 0.97 +0.00065 _
=] o
e - | | I . ~x B p1 0.0058 +0.0024 -
= 1.00:— | | | | ||| | _: s 1.00— —
K T RIND BT D — & F | | Dl ]
—t yHt H ¥ ! e ] 0.98— H* bt T T
I — B 1 ' l I- 1, | I L1 i ] L =
0‘95: | l I | I - - I,' 1 T[EII}II *l{[*”itllll T l I -
- ¥*/ndf 47/39 2/ ndf 40/39 096 —
0.90— Prob 0.17 Prob 0.4 — N .
- po 0.98 +0.0026 p0 0.97 +0.00046 ] 0.94— —
- p1 0.0059 + 0.0096 p1 0.0061 =+ 0.0017 7 - ]
0.85— 1E|u.4 I — 15|.6 - ‘IEI.B — 1?1.1.] — 1?|'.2 — I 1?[.4 I 08— 1EI~.4 I I 1bl.6 I — 1E|.B — ‘ITI!.EI' — 1?[.2 — 1?1.4
(s [MeV] /s [MeV]
Possible offset > -2.8% @ 16.92 MeV . K{s), constant e "
. . _ 0 1 ource ncertainty (/o
Possible slope with /s = -0.6(6)% MeV T oad-glacs calibration -
) ) ) Absolute B yield 1.8
The scaling with the below resonance is affected by a -1.5(1.5)% Energy-loss correction to Npor 0.5
shift because of radiative correction, but the expected total error Radiation-induced correction to Npsr 0.3
covers for it: 1.8%(B) + 2.1%(Np.r) = 2.8% Total 28
K(s), y/s-slope
] ] , Source Expected value (%/MeV)
Insertion of Babayaga-generated events in the MC (up to 10 Y’s) Radiative corrections 06+02+06
- no effect on g(s) Total —0.6+£0.6
18/09/25 X17@Padme - M.Mancini
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https://arxiv.org/pdf/hep-ph/0609313
https://arxiv.org/pdf/0801.3360
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