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Study of the X17 anomaly
with the Experiment

Danilo Domenici on behalf of the PADME Collaboration
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The Dark Sector Paradigm

Standard Model .~ Portal Dark Sector
L~ quﬁl/)fyMl/)fA;ltu '

dark bosons dark fermio.ns
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can address g-2, antimatter in
cosmic rays, dark matter

gy K1

Feeble interaction
with ordinary matter

can be produced at accelerators

can decay back to ordinary matter
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Dark PhOton Production

electron and positron
beam experiments

A’-strahlung |

!
et - A
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only positron beam experiments

Associated Production - - Resonant production
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T - "

D. Domenici LNF-INFN } 3



Dark Photon Decay and Experimental Approaches

Invisible decays

Visible decays to SM particles (+ visible but long-lived mediators)
A -ete ; A»utu” A = xyx
« Thick target electron/proton beam (NA64) * Missing energy/momentum: A’ produced-in the
 Thintarget beam and search peakine*e- interaction of an electron beam with thick/thin
invariant mass target (NA64/LDMX)

« Missingmass:e*e™ - A'(y) search for invisible
particle using kinematics (Belle II, PADME)
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The ATOMKI Anomaly

Phys.Rev.Lett. 116 (2016) 4,042501 De-excitation of light nuclei via

" Internal Pair Creation shows anomalous peak

. . . L4 +

a): E,= 1.20 MeV in angular distribution of e*e~
b): E = 1.10 MeV
c): Ep= 1.04 MeV

d): E = 0.80 MeV

IPCC (relative unit)

|
—
T

different kinematics X100 SH(p.e'¢)*'He
but same invariant

mass
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E =510 keV
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The Hypothetical X17 Boson

CERNCOUR "R

Phys. Rev. C 106,L061601
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All anomalies are explainable with the

3 existence of a new boson dubbed X17
with these characteristics: o e
= He (meas.) my=106 MeV
w iy st e Be (meas.) =— my=17 MeV
bata mXC 2 = 1 6_84 i 0. 1 6 (Stat) i 0.2 O (SYSt) Mev 5k — C (meas.) =— my=18MeV

E; = 2.1 MeV Background PDF

-~ E1IPC
M1 IPC

J¥ = 17 (vector) or 17 (axial-vector)
Br(ete™ = X;;) 25x107® Br(ete™ - yy)
[y =eamy /3 < 1072%eV

Events /(3 degrees)

my-—my [MeV]

120 140 160
6% [deg]
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X17 Resonant Productlon at PADME

ATOMKI decay e~
X ' No model dependence just electron coupling!
17 L : L L
N High production rate expected at the resonance

¢ - 12

_ % Opeak = — 3

e i . : mflf

X17

Extremely small width T,y < 1072eV*

e .

We need a lot of positrons in a narrow energy range
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the accé\%%tor complex ofﬂii'F‘N’Frascatl Natr@‘@bora G

Energy: up to 550 MeV - 1% spread
Bunch spacing: 50 Hz

Intensity: 1+ 25x103 e*/bunch
Bunch lenght: 10 + 300 ns

Beam spot: o,, ~ 1 mm

Divergence: ~ 1 mrad

electrons

positrons
both




A PADME Picture

[2022 JINST 17 PO8032]
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The PADME Detector -

vacuum

'BGO crystal chamber with

calorimeter o vetoes diamond
' 7 | _ Ao 2 = sensitive
s P ' DR target

PbF, Cherenkov
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it z ol | .
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y ‘ﬂ . monitor
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Detector: Beam Monitors

Diamond active Downstream Timepix

annihilation target single bunch XY profile
and beam multiplicity

20x20x0.1 mm3 pCVD sensor
16+16 XY graphite strips
1 mm pitch
60 um resolution
10% intensity measurement
[INIMA 162354 (2019)]

2x6 matrix of 14x14 mm2 Timepix3
0.13 um CMOS technology
256x256 pixel matrix, 55x55 pm?2




Detector: Calorimeter and Tagger

Electromagnetic Calorimeter
ECAL

annihilation events _ Electron Tagger
bremmstrahlung suppression ETAG

616 scintillating BGO crystals
| 21x21%x230 mm?3

% PMT readout

A oE/E = 2.8% at 490 MeV
BGO decay time = 300 ns
Radiation length = 20.5 X,

[JINST 15 (2020) T10003]
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photon veto for X17 run

16 scintillators 600x45x5 mm?3 ¢ ‘ |
4 SiPM direct readout on |

both sides -
installed in 2022

(e
=
-
i

]
"
‘s
>

- g

4

MENU2023 Oct-23

. &“
D. Domenici LNF-INFN



PADME Detector for X17 Boson

Resonant annihilation
ete” - X{7 > ete”

e* high energy veto

dipole magnet OFF vacuum vessel
Electron

Tagger

ﬁ

TimePix
beam monitor

active

target ~<>-=;

BGO
calorimeter
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PADME Detector for X17 Boson

Bhabha background
ete” - ete”

e* high energy veto

dipole magnet OFF vacuum vessel
Electron

Tagger

4<>§.

TimePix
beam monitor

active

target ﬁss

BGO
calorimeter
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PADME Detector for X17 Boson

vy Background
ete” - yy

e* high energy veto

dipole magnet OFF vacuum vessel
Electron

Tagger

TimePix
beam monitor

active
target

calorimeter
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X17 Resonance Scan

PADME Run3 Beam Energy [MeV]
September - December 2022
Energy scan around X17 Mass

NPoT Collected

] 2IO L
Vs [MeV]

Background contributions
Bhabha t channel

' Bhabha s channel
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First Look at Off-Resonance Data

Selection of 2 clusters in ECAL within 5ns
(no need to rely on Etag efficiency)

&&
Energy vs Angle compatible with a 2 body final state.

Combining with other observables

N(ete™) N(yy) N(eTe™)
Npor Npor N(yy)

Existence of X17 and its spin-parity can be assessed
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#2CI/NPoT

EnvsTheta

%2 / ndf 2.091/4
p0 2.864e-06 + 1.266e-08

over 5runs
compatible with pure statistics

236 236.5 237 2375 238 2385 239 2395 240
#Run




X17 Expected Limits

projected sensitivity for vector

KLOE, 2015 |

Darmé et al. Phys. Rev. D 106,115036

e s o 193 projected sensitivity for pseudo-scalar
My [MeV]
NAGS, 2019

KLOE, 2015
We made a unique i
; 10-5 | Lepton couplings only| = : : |
. scan with 15 16 17 18 19 20
width of blu and My [MeV]

density of green
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Lepton couplings only

New plots coming soon iz 16 17 18
Mx [MeV]
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.115036

Conclusions

In 2022 the PADME experiment, with a modified setup, was
dedicated to the search of X17 with resonant production
of a positron beam on target

Energy scan performed in range 16.35MeV <M, ,,<17.5 MeV

Current analysis on off-resonance data shows <1% observable

stability and very good background separation
Next step is move to sidebands closer to My,

PADME results on X17 coming soon..Stay tuned!
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Detector: Ve_toes and SAC

Electron-Positron Vetos _ Small Angle Calorimeter

EVETO-PVETO o , SAC
B — bremmstrahlung suppression
E veto]ﬁars)

P vet

) bars) detection of visible decays.

plastic scintillators bars
10x10x178 mm?3
WLS fiber + 3x3 mm?2 SiPM
500 ps time resolution
2% momentum resolution

INIM A 936 (2019) 259]
* [JINST 15 (2020) 06, C06017]

25 Cherenkov PbF, crystals
30x30%140 mm?
PMT readout
PbF, signal time = 3 ns
Time resolution = 80 ps
Rate capability = 40 cluster/bunch
[INIMA 919 (2019) 89]

HEP veto
(16 bars)
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7000
PADME Preliminary

60001 Integrated luminosity trend

20k POT/bunch
S()(N) nominal bun

ch At250ns

EBeam = 545 MeV R n I
Runl u

4000
3000

2000F
(09/2019-02/2020)

HERE > 5% 10'2 POT

0
40

RUN1 - 2019
Secondary Beam
7x1012 POT

250 um Be window
545 MeV

25kPOT /250 ns bunch
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Data Taking Runs
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X
= 60007

--------------------- TE NCr]?

an
8 PADME Preliminary
5000 Integrated luminosity trend
27k POT/bunch

nominal bunch A t 28(

4()0() EBeam =

Runll

3000
2000
1000

(L=
0

e Run

(09/2020-12/2020)
~ 5% 102 POT

RUN2 - 2020

Primary Beam
250 um Be window 6x1012 POT
490 MeV 125 pm Mylar window
25kPOT /250 nsbunch 430 MeV

28kPOT /280 ns bunch
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normalised to 1.6-107 PoT
normalised to 1.6-1010 PoT

‘ 2| BB e
700 800 900 1000
E,i +Ep2 [MeV]

RUNS3 - 2022 - X17 search
Primary Beam

6x1011 POT

125 pm Mylar window

283 MeV

2kPOT /260 ns bunch
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TimePix
monitor

Energy beam selection and Reslution

TIMEPIX
)

First dipole used to select energy

Second dipole used to correct
trajectory and center beam on
PADME axis

Measure displacement with
TimePix to compute energy step

Large spread beam
from Linac
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ete” - yy Cross-Section
Physics case:

* known only with 20% accuracy below 0.6 GeV
« Mostrecent measurementis 60y old " Babayaga L0
e Useddata of Run2 .. —e— Colgate and Gilbert (1953)

Malamud and Weill (1963)
¢ Fabiani et al. (1962)
® - PADME

+ Data

PADME 2020
E,. = 430 MeV, NPOT=4 - 10" —— ClacHEP LO
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data/NLO

R, [mm]

olete” — yy)=(1.930 £ 0.029., £ 0.156,,;) mb

most precise measurement
in this energy regime

Exploit energy vs polar angle
correlation to select photons
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