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The PADME Experiment

Charged particle veto system

96 + 96 (90) + 16 (x2) plastic
scintillator-WLS-SiPM RO channels
Segmentation provides momentum
measurement down to ~5 MeV resolution

DA TimePix3 beam monitor at
mm beam exit window
Matrix of 2 x 6 detectors

for a total of 1536 x 512
pixels

Dipole magnet

Small-angle calorimeter

Active diamond target e g Naciilin vessal e (SAC)
2 %16 \5’_|_] llll+lllllllllllllllll — 25 crystals -
graphite J = ,fSAC‘/ ystals
electrodes: XY : e’ o . P - QL‘E 5 x & matrix,
beam profile =i vL == Cherenkov
and multiplicity gcr';‘;': e-_v-eto tEsmssssEEEEEREE — PbF,

ECAL

Dipole magnet
~ R 31 Electromagnetic calorimeter (ECal)
616 BGO crystals, 2.1 x 2.1 x 23 cm?3
BGO covered with diffuse reflective TiO,
paint; additional optical isolation: 50 —
100 um black tedlar foils
Scintillation light decay time — O(300 ns)




PADME Run Il Dark Photon search

Associated production: e*e - A’y -
Search for single photon events and calculate
the missing mass

Background composition:
e’ 4}

Bremsstrahlung in the field of the target nuclei: Photons mostly @ low beam
energy, background dominates the high missing masses

2 photon annihilation: Peaks atM_.. =0
3 photon annihilation: symmetry is lost — decrease in the vetoing

capabilities e’ 4{:
beam

Radiative Bhabha scattering
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Run Il data taking and results

Run I and PADME commiSSioning 5 7000;ll(;:ADMEi’rclir;linalj)" I I ] 5 6()0(': ]PA!Dﬂ)fEP;clilmin'arvv[ I ‘ I ‘
) th & 5000;_ Integrated luminosity trend _; & 5()()(); Integrated luminosit’y trend .
e Started in Autumn 2018 and ended on February 25 S000F- mamo o 1580 E I v ) E
o ~7x 10" PoT recorded with secondary beam P Run | E e Rundl ]
o PADME DAQ, Detector, beam, collaboration 000 E R ' E
commissioning 2000 4 2 g
o Data quality and detector calibration 1000} (102018 -022019) I ot - S 102 pOT
° PADMJE Tesztob»]egar? da(tja ¢ valuable dat 05 0030 60 80 100 O 16""%0 30 20 50 60 70
O uly , Tew days Of valuable aata: t [day] t [day]
certification of the primary beam S - . ]
o Detector performance/calibration checks oL - Babayagalo | e"e” — yy cross section
o  Primary beam with E____ =490 MeV E N IR i ,
ry beam B : ++ TURERIRSRER | Using 10% of Run Il
Run II: primary beam £ Sa T ] sample
= L 1 .« Tag-and-probe
e July 2020 i% - T ] meqthod OFr)1 two
o  New environment/detector parameter R Phys.Rev.D 107 (2023) 1
monitoring and control system - o1 gobs : ’ ~ ] back-’Fo-back clusters
o  Remote operation confirmation it | o ~ | . Exploit energy-angle
e Autumn 2020: g 12 — T ono correlation
o  Along data taking period with O(5x10"?) e* T s ot 3
On target © 0:8— . — e  m— oy —%
o E.__ =430 MeV " ' p
beam E-IGeV] g(ete™ = yy(¥)) =1.930 + 0.029(stat) + 0.099(syst) mb




Run Il Dark Photon Analysis

pd-N, Z
Ny = NpOtSJ(E)TA Check obtained cross-section  g(ete™ — U~y) _ 2,5
/ \ values using yy result olete” = vy) o

5% 1072 0.0106/bar_n
for R T (number of e”/unit of
or Run area of the target . .
get) Machine learning models were tested for the
M2 . for different A’ masses reconstruction of e+e-—yy events in Run |l data and
25“”_?'"'h;"zg)ld""'""l"""'"I""""'I""""' compared to the conventional reconstruction
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The X17 anomaly By

=y At. ﬁra;zgfmkay Excess in e*e” pairs angular correlation: <) &
£ 200 I etal, . . . . 8Be* o3
Jr (2016) 042501 _ e Similar physics observables in ®Be, “He and '2C m’& x B
P H : experiments: 2 leptons in the final state, produced via ~4 ‘WWWZ‘{ |
E‘Z:Z e ﬂ%ﬂ% # internal pair conversion ot —o— O @
ot A e Kinematics properties determined by the mass of a "Li e
100 | AN . . . .
e decaying X particle, compatible with M, ~ 17 MeV
s Phys. Rev. D 101, 071101(R) (2020) Phys. Rev. D 104, L111102 (2021)
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PADME X17 Search

Electromagnetic
Calorimeter
Charged particle | ly vet|o / |
vetosystem _ /
switched off . ot o
€ K17 i
| ——_ l
Dipole magnet  44ive piamond e R TimePix3 +
SWitChed Off: Target LeadGlass
RUNNINGWITH ___——» [T PTTTT] i
FIELD Charged Particle
Tagger
et et .
Xy, Goal: measure the e*e" final state and look for excess
above the SM background
Data-taking divided in 3 parts:
e e

Search for resonant
X17 production and
subsequent decay:
e'e” — X17 — e'e

> Nominal scan: 47 points (scan 1 and 2) @ (263-299)
MeV, corresponding to Vs= [16.4, 17.4] MeV

> Below resonance: 5 points @ (205-211) MeV
> Above resonance: 5 points @ 402.5 MeV
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the ECal (plastic
scintillator array)

SAC replaced with TimePix3 + Lead
Glass beam monitoring system

light guide

Charged particle tagger
(ETag) placed in front of
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Run lll analysis strategy PRDOME @

Main analysis observable: the ratio g (s) between the number of observed events with a two-body final state
and the expected number of background events

4 - M .
K(s)[1 + S(s; Mx, gv,) - €sig(s) ] Signal + background
No(s) £8) hypothesis

gr(s) = Nror(s) - = <

K(s)
L )
N5(S) - number of two-cluster events selected
Npor(S) - number of positrons on target

- expected background yield per POT

Goal: measure the two-body final state and
evaluate systematic errors. Establish if the

5 (s; Mx; gv.) ;nea)g;el\c/fegséggsllj plricr)]duction for obtained rate is compatible with SM
. _ X P g. Yve . expectation or with the
€si¢(8) - signal acceptance and selection efficiency presence of an hypothetical X17 signal

K (5)- DATA-MC scale factor with a possible
additional linear dependence on sqrt(s)



N2 selection

Selection of two-cluster events in the ECal - algorithm as
independent as possible on beam and detector conditions:
e Maximum radius defined by ECAL dimensions
e Minimum radius within the “two-cluster” kinematic range —
following the beam center conditions
e Energy within the “two-cluster” kinematic range
e ECAL illumination affected by material along the beam line
(below flange) — Cut regions in ¢

Two cluster selection cuts:
e Time difference AT <5 ns
e Distance AR > 60 mm (minimum GG difference)
e ¢, —¢,vs0 +0,cutinthe center of mass frame isolates the

o
s ™,
7

.J
o
Y,
AN

signal
Source Error on N, [%]
Statistics ~0.6
Background subtraction 0.3
Total 0.65

0 f \)\’ }
Il | | cut { 7\
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5 4_5?,...,...l...l...|...,...,...,...,...,._E
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4.0 Meany 3.13 Igna egion —
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® 3B L s -
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NPoT estimation

PoTs measured with the end-of-line Radiation induced loss Energy loss in passive material
lead glass calorimeter: .
e Runlll dose ~ 2.5 krad — transparency e Beam movements — passive
Npop = Qre > 402 changes for O(krad) material crossing (TimePix
Qe 402Mev)  Eveam|MeV] e Linear energy dependence on the cooling system)
. integrated flux — LG yield decreases by e Test beam: evaluate the
Uncorrelated systematic errors 0.097 + 0.007 — NPoT flux corrected overall energy loss for the
Source Error on Ny . [%] e Error associated both to the constant specific beam conditions —
Statistics, ped subtraction | negligible term and to the slope of the correction flux corrected for each energy
Energy scale from BES 0.3 point
'_‘055 I T | LR AL R ) | TR TSI 70 5 R R 79 75 %) LR VR T LR SR T A |
Rad. induced loss, slope Variable, ~0.35 % F ' ' 2/ nd a1 U ]
= 0.50 sfrJOb o422+%:)?)61 ] u 1? : ' ?
Total 0.45 'S - pi 069550607 ] gals ) ’ =
Common systematic errors £ Bk . ‘ 5 ]
Source Common error [%] § F }Mm“* H “| 'I” H *‘{ ) 08r E
pC / MeV (JHEP 08 (2024) 2.0 w o.4o;—*qr}"}‘|‘ ‘ [ - 0.4l -
121) - . [ —~ MC ]
i ] 0.2— —
Energy Loss, data/MC 0.5 0:99c 1 oo "TTB“““ ]
Rad. induced loss 0.3 0301 T I B FETTIREONNE . 8- B it o
100 200 300 400 500 600 E ok RN
Total 2.1 PoT |ntegrated 06725 <) 0 10 ] 6 20 30 Y[.:fm]
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Expected background B(s)

The expected background / e+, B(s), is determined with MC and validated with data-driven checks.
e Reconstruction efficiency estimated with Tag&Probe method
e Background subtraction at tag level dominates the statistical-systematic error — 6B = 0.35%

e Beam spot direction & shape — acceptance variation of 0.08% - 0.1% / mm of vertical shift

o

Stability of cuts due to acceptance edge effects and leakage — estimated by varying R

Source of uncertainty

Error on B [%]

Data/MC efficiency with
tag-and-probe technique

Efff clency MC true

LIS TR

“100

P o T O [ S VT W e 0 W B B L2
0 100 200 300
Xeca (MmM)

=
MC statistics 0.40 E

& 200
Data/MC efficiency 0.35 >
(Tag&Probe) ‘°°,5-;
Cut stability 0.04 o
Beam spot variations | 0.05 %

—200
Total 0.54 _aoof

—300 —200
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max

Radiative corrections e+e-(y) and yy(y)
evaluated using BabaYaga — 3% decrease in the

total cross section @ 16.92 MeV and a Vs slope of
-0.6(6) % MeV™!

0.BabaYaga/ oTreeLevel

Radiative Corrections

-
-
o

o
o
(%3]

-
Q
=]

0.95

0.90

T T T T T

T T T T

T T T T

0.85

E —— Bhabha

- || - i
S b
s o o i l I 0 i J Gl ReSR e 3]
- 42/ ndf 47/39  4*/ndf 40/39
— Prob 0.17 Prob 04 —
- po 0.98 +0.0026 poO 0.97 +0.00046 |
C pt 0.0059 +0.0096 p1 0.0061 +ooo17 .
C. 1 P P TR | o
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Total error budget

Uncorrelated uncertainty on g.(s) = N,(s) / ( N, (s) B(s)):

Relative uncorrelated error per period
SN B B BEAE A B (AR (A B O DU BN B

Uncorrelated errors

B 5 Source Uncertainty (% per energy point
0.014F E (% per energy point)
L 4 AN,(s) 5 2(s) 0.60
u ] B(s) 0.54
— x pa—
0.0121 AN, (s) " Npor(s) 0.35
0.015 " AB(s) = Total on gg(s) 0.88
. . . un . . ey K (s), constant term
L - 7
0.0081- g ug g ey oy e .l. Lo 4 Source Uncertainty (%)
. L A i ] Lead-glass calibration 2.0
B A A, ,AAA A Ak A ik A A A - Absolute B yield 1.8
- A A A%AA A A LATA A A A -
0006— ) A ® AK 0000 00 00 ‘ f % A Aﬁ > ,A“ “ = Energy-loss correction to Np,p 0.5
- e sl v Ay Radiativi-indiosd Berisction to Megs 0.3
0004_ X% % x x ® % —— x % . xx* 7 Ta 'lla lon-induced correction to Npyy
B % X % X X X % %X x x * x XXX % x x & ota. 28
0 002' - K(s), /s-slope
) - . Source Expected value (%/MeV)
C 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 N RB'dia‘tive corrections —0.6+0.2+0.6
1%.2 16.4 166 168 17 172 174 Topad ~0.6+0.6

s1/2 (MeV)
Next step: is g,(s) compatible with 1 or 1 + ( S(s) £(s) / B(s))?



Signal yield S(s; M,g ) and efficiency eSig/B BPRDOME.

10°
+ 4?("I"'l"'l"'l"'l"'l"'l T T
. . . . o 3 ]
Signal yield: the width of the expected excess depends on the beam energy S 3.5 [z, <0’ - o
spread (BES) the electron motion in the target. § M IE T O LT
w

pl (17.000 +0.001) MeV 7
(1.725 + 0.039) MeV |

n
%))
[Trrr[rrs

Functional form is a Voigt distribution parametrized as function of the beam

[ | seneee BES =0.0025 P2

energy: convolution of the Gaussian for the BES with a Lorentzian — 2 3
Uncertainty in the curve parameters as nuisances: 18 E
: : 1 -
o Lorentzian width around the resonance energy: 1.72(4) MeV GEE. E
274 276 278 280 282 284 286 288 290 292
Egeam (MeV)
QUSOOOG T T T T T T
Z i e Scan 1. PO=24805 37, P1= (2680 < 120) MeV'!
w " x¥/ndf = 16.8 / 20, Prob = 0.67 " ) Lo i
BBO00-| & bung PUNMESEEA0 RIS 0 LlaOMeYY [ Expected signal efficiency determined from MC:
x*/ndf =16.9/17, Prob = 0.46 —

......... y Use of the ratio ssig/B significantly reduces detector-related systematic

. - ] uncertainties (similar detector illumination for both signal and background).
& <}
24000 . — Fit esig/B with a straight line — fit parameters as nuisances:
] e Errors: APO/PO ~0.1%, AP1/P1 = 3%, correlation = -1.8
22000— =

PR SRR [N TR S TN [ N T pop e Iy g g 8 ge o [ ompe
162 164 166 168 17 172 174 176
s (MeV)




110 —F———7————7—————

— T T
- L] Sideband data, Scan 1 3
B #®  Sideband data, Scan 2 PADM E
un lll results R
r L] Masked data, Scan 2
B Sideband fit
1.06— ) - '
= | ®eeesss Sideband fit in masked region

—o— S+Bfit

Blind - unblinding procedure 1.04]

Large expected X17 mass resolution — no sideband region in Vs can be defined to validate

the statistical approach — Validation procedure described in JHEP 06 (2025) 040 was used
e Aim to blindly define a sideband in g.(s), excluding 10 periods of the scan g .
e Define the masked periods by optimizing the probability of a linear fit in s 09864 166 168 170 172 174
e Data validation criteria are based on the fit quality, the distribution of the fit pulls, and s MeV]

1.02k

1.00F

the parameters of the linear fit X107 JHEP 11 (2025) 007
Statistical treatment o [ "“:""""‘“ d
Test statistic based on likelihood ratio between S+B and B-only 0.8— — - =
and includes terms for each nuisance parameter - 2]

P 0.6{— asas CLA N —
Upper limiton g  defined as CLg = S for a given M, B [ CLs 426 7
1 - PB = [ CLs 10 2
04— Ry | Bkg stat only —_—
[ —— Observed limit | i
Results = S
e The observed limit is consistent with the expected
for most of the parameter space S !
e Slight excess observed, 2.5 ¢ local, 1.8(2) ¢ global 510 1 . flii?L‘::ZZT.'.l'J”
significance corresponding to mass M, = 16.9 MeV 10° : . : :
i =5 % -4 16 16.5 17 17.5 18 18.5
and a coupling g  =5x%10 M, (MeV)




PADME Run IV improvements

PADME Run IV realized in 2025: optimized setup with
increased sensibility to confirm/disprove Run
lll result
e Diamond target moved downstream by ~30 cm
e Passive material removed and PADME Magnet fully
degaussed - B<1G

light guide

e Beam stable in the central position along the whole Diamond target moved Led pulser to control the
data taking — NO LATERAL LEAKAGE on the beam downstream by ~30 cm radiation induced loss
catcher

e Led pulser Tektronix AFG3101 to control the radiation Source |Uncertainty [%] |Improvement
induced loss Run Il |Run IV

o Independent trigger included in the DAQ N, 0.6 0.3 New target position — acceptance
o Asecond LG block installed (out of the increased
acceptance and only acquiring the LED trigger) B 035 0.3 PadMMe — eelyy discrimination +
o Online LG response renormalized to the better angular momentum resolution
not-fired-block NPoT 0.55 0.3 Three different beam spot monitor

(target-PadMMe-TMM) + online LG

o Almost instant reference for light yield response S
calibration system

Total 0.88 0.5



PADME Run IV improvements

PadMMe MicroMegas chamber (replaced the Etagger):

e ely discrimination — possible normalization to
e’e” — yy process

e Spatial resolution ~ 350 ym — angle
disentanglement

e Multitrack events can be collected

e Beam spot monitor — Implemented in the Run IV
online monitor

e 3 HV regions for a better control on the
amplification in the "beam” region

e Gas Mixture Ar.CF4:lsobutane (88:10:2)

TMM MicroMegas (replaced the TimePix beam monitor)
e Greater active area wrt TimePix and less passive
material budget
e Beam shape and spot monitor

PadMMe MicroMegas
chamber

TMM MicroMegas




Conclusions By

Run Il

e About 5x10'? PoT with primary positron beam collected

e e'e” — yy cross section at E.. =430 MeV measured with ~5% uncertainty
e Analysis for Dark Photon search currently ongoing

Run i
e Analysis has been completed: no indications of X17 well beyond s 132 ;
two-sigma, slight excess has been observed at M, = 16.9 MeV, with || os Run IV -Bkgonly | § /= o
global p-value equivalent to 1.77(15)c 08 e
Run IV =
e Improved setup: new Micromegas tracker installed to measure the oRs 90% CL UL: B-only ]
absolute ee/yy cross section + TMM to the end of the line for beam 055 e [
monitor 0.4 e E
e Run IV-part 1 completed in July 2025 03 (SRS |- Bgstatony |
o 18 energy scan points collected (~2x10'° PoTs each) equally 0.2]] : =
separated by 1.5 MeV in the range of £, ___= (269.5, 295) MeV—|| o.1| PADME Preliminary
Vs = (16.60, 17.36) MeV 16 165 7 175 oL
e Run IV-part 2 completed in November 2025 X
o 18 scan points interspersing part 1 ones
o  Out-of-resonance: Vs below 16 MeV and above 18 MeV
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The PADME Experiment

Active target

. Polycrystalline diamond:

06/03/2026

100 um thickness:

Qg

2 x 16 x 1 mm strips provide X-Y

readout in a single detector:
graphite electrodes using
excimer laser

Beam XY profile and multiplicity

TargetRecoBeam e*/bunch

35000

30000

g F
F % g r
e ! o,
E . : -
0 ? : 150~
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- [
F o 10—
E $ r
o~ E
”h . i 60::
- ] F
F LA o~ 9 © :
-~ = ™ L] -
e L Il Adn Al 1 t
6 4 2 2 4 L] “,0“‘ -8 6

NPOT from target in reconstruction

x2/ ndf 4.725/5
po -8.062 +216.7
p1

25000

1.00140.01088

20000

—&- 29 Oct 2020

15000

10000

5000

0

[TTTTT T T I T TTTIT[TTTTI]TTTT I|II|I|
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11 1111 L1 1111
5000 10000 15000 20000 25000

| | 1
30000 35000

BTF Calo e"/bunch

Target Beam Multiplicity
L
e : 3%
¢ beam Y profile
i g
3
(] o
10
’ e
it % Tox 2%
Y La
[]
2 4 8 S et e+ multiplicry
Spatial resolution
€ Entries 979
£ E X2/ ndf 11.22/15
S e Constant 156.7 + 6.4
2 r Mean 0.6593 + 0.0020
3 120 Sigma 0.06159 + 0.00155
100
80—
60—
40—
20—
E Il Il I? i i
02 1 s 1.4

1.6 1.8
X charge gravity [mm]

JINST 12 (2017) 02, C02036
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The PADME Experiment
Charged particle detectors

e Custom SiPM electronics, Hamamatsu
S13360 3 mm, 25um pixel SiPM
e Differential signals to the controllers,
HV, thermal and current monitoring
e Online time resolution: ~ 2 ns
e Offline time resolution after fine T,
calculation — better than 1 ns
PVetoSAC e e
9000 RS R
- ‘ f .
. Three sets of detectors detect the charged particles from the r I
PADME target:
. PVeto: positrons with 50 MeV < p_, <450 MeV -
- HEPVeto: positrons with 450 MeV < p_, <500 MeV R
EVeto: electrons with 50 MeV <p_, < 450 MeV ot
. 96 + 96 (90) + 16 (x2) plastic ‘scintillator-WLS-SiPM RO :

channels ot

Time Difference PVeto - SAC [ns]
. Segmentation p_rowdes momentum measurement down to Time calibration with SAC
~ 5 MeV resolution

using Bremsstrahlung events



The PADME Experiment

Electromagnetic calorimeter (ECal)

25 crystals - 5 x 5 matrix,
Cherenkov PbF,

Time resolution: < 100 ps

Angular acceptance:
[0,19] mrad

. \ Run lll: Beam monitoring system:
TimePix3 + Lead Glass Calorimeter
616 BGO crystals, 2.1 x 2.1 x 23 cm?®

BGO covered with diffuse reflective TiO, paint
- additional optical isolation: 50 — 100 pm black
tedlar foils

Scintillation light decay time — O(300 ns)

light guide



The PADME Experiment BROME

ECAL: The heart of PADME EESESEcaiE Simnmninad M
* 616 BGQ crystals, 2.1 x 2.1 x23cm?  : i | -
*  BGO covered with diffuse reflective Al L H .

TiO, paint : ‘—Fa s

* additional optical isolation: 50 — 100 l77 . e |

um black tedlar foils : r

Calibration at several stages:

* BGO + PMT equalization with 22Na source before
construction

* Cosmic rays calibration using the MPV of the spectrum
* Temperature monitoring

BRLEE
|JINST35{2020) T10003"

Recorded bunch

Small Angle Calorimeter (SAC)

» 25 crystals - 5 x 5 matrix, Cherenkov PbF, i T | u i ”"I' oo
* Dimensions of each crystal: 3 x 3 x 14 cm? “ “
* 50 cm behind ECal i "
* PMT readout: Hamamatsu R13478UV with
custom dividers - ¢ 400 Q,s/sam%
* Angular acceptance: [0,19] mrad =0 * time resolution: < 10q ps

Nucl Instrum.Meth.A 919 (2019) 89-97 ’ e i e = " samindax



TimePix3 beam monitor EROME

COG at the ECal front face from 2

cluster events o
Movement within 10 mm

7 =i Mo\ I\ B o L B E e, 2 .;Z:l E | I .;2;
£ 0 A4 L=¥ -..at'; ¢« 8 P 4 1§ T
A > # A .4.—?- e ¥ : > " ; ‘
.LI.—_I.L.L : vt e iU PR
‘ o o ¥ ,,{‘ §
4 i #:_f t :& ' "
T 7 AR R
350 380 400 420 440 460 480 stgun :gu 7 380 400 420 440 460 480 5cgm?\ée
« Matrix of 2 x 6 Timepix3 detectors Timepix was rrtgved by 1.8 mm
. © 5~ -
* each 256x256 pixels Q14 315 smdssins /
. — Q12 = o g 4 0 125600t 1300000 =
* Operated in 2 modes: S Sy gos
1 H H n 3o é 5
. . ).04; o ‘ 15 Envles.
* streaming mode, feeding ToT O e 7 e
. . 0.5; g
and ToA for each fired pixel SIS i85 16 165 17 175 R e
Invariant mass [MeV] Invariant mass [MeV]

JHEP 2024, 2024(8), 121



e'e"—yy cross-section

> SRS WL VL R B L |
g 450; ’ADME Preliminary =
@ 400 1POT= 6.1E+09 E
g 35 E  (rescaled to 2.7E+09) | targetin =
2 E 20k POT/bunch i 3
° 300E bunch A 1150 ns ﬂ f geton =
E  EBeam =450 MeV =
250? July 20 {H E
w0 L
150;* i E
1005 ! : E
S0 4 { oA =
PTT uc o. . S e

GO 100 200 300 400 500 600 700 800 900

Tag

E, [MeVIE ] Entries 32254
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Below 0.6 GeV known only with 20% accuracy

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

Using 10% of Run Il sample

Tag-and-probe method on two back-to-back clusters
Exploit energy-angle correlation

E, +E, [MeV]

photons selection

> 450007 T g
g 400005_ PADME Preliminary  Data, outerring _f
- & Run II, E=430 MeV, 4 x 10'' POT — Total it E
@ 35000 2.7 10* POT /280 ns Total signal =
< A\ ) . Signal 1st component
g 30000 E\\ ‘Tags for inner ring Signal 2nd component
o E \ Total background =
25000 —— Beambackground
20000 f_ Pileup background _f
15000 =
10000 -
5000F =

0: e 1 = U E——

-80 -60 -40 -20 0 20 40 60 80

A E,q4[MeV]

M I o
o 6 [rad]

Probe photons

counts/1MeV

10000
9000
8000
7000
6000
5000
4000
3000
2000
1000

AL AR LA LR LR LR LA L

Trrrrrrrrrrrr T
PADME Preliminary
Runll, E = 430 MeV

4 x 10" POT
2.7 x 10° POT / 280 ns

(I

T

¢ Data - background, inner ring

Gaussian fit

IHIIIIIIHH}IHMIIHMHAMIII|HHJ

S'80

-60

il | PR PR
-40 -20 0 20 40 60
A Epyop [MeV]

x
[=}

o~ (L L L R L A L L L L L L L |
> .. 5
g 18000 PADME Preliminary ¢ Data =
- 1 Total fit B
y 16000 nPOT=4x 10 Total signal —_
2 27k POT/bunch signal first component o
g 14000 nominal bunch A t 280 ns signal second component =
o) EBeam = 430 MeV Total background
Q 12000 Runll A ) = Beam background
10000 ¢ y € 1Mnerring Pileup background

8000
6000
4000
2000

-200

|lllll]lllllIllllllllllllllllllllll

Squared
missing mass

PSRRI IRV TR VI S SN N o s e e s e e e e o SO BTSN RV VRT

|lllllll||llllll|lll

111

-150 -100

=50

0

50

100
M2

mi

150

200

iss [MeV?]



N, selection =

Events selected — N,(s)
e Events surviving the whole set of cuts, also related to the time difference of the 2 Clusters
e Energy sum of the 2 clusters selected gives back the beam energy (as expected for a two-body final
state)
e ECAL relative energy resolution ~ 5%
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N, selection =

Yeca (Mm) | Yeca (MM) |
Stability of R cuts 200 i R, =230mm | " A4 0EET] Ryae = 300 mm
A R L 100, AR AR
e Check if MC and data yields stable vs A i |
R_,R__ (edge effects, leakage) - B R o
-100 s IBCGE!
e VaryR _ by +-2ECal cells around o 7 - H
nominal cut of 270 mm: 230 mm — . e g et
300 mm %00 200 -100 0 100 204 XECaI (mm) 0 -200-100 0 100 20( xECaI (mm)

o Yield variation: ~10%
o Uncorrelated error 0.3%
e Stability is observed within a
coverage band of +-0.2%, add 8
0.035% uncorrelated systematic error £ 1.002
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N2 selection

Bremsstrahlung background removal

e Inthe Ocm, + Ocm, distribution of
the selected event in data and MC
shows a Brem tail in outside the
signal

e By 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
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N2 selection

Tag and Probe — Reco efficiency

Efficiency <Method /MC true>
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1.08 —
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e Efficiency around 1 within few % except in specific regions (Ecal 1 oaf. s e =zl
edges, dead cells) e J{H uﬁ.AH& 4 &Hl ¥
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NPOT estimation

E/E,

Ratio
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Relative leakage correction
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TimePix cooling geometry (mostly Cu) was described in detail in the MC simulation 1015, @ o 7 F
Replicate the loss due to the beam passing in the Cu in Run lll is possible by using the 1E @ ¢ =
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N,

Radiation damage

T estimation

e Throughout Run Il a total of 7e11 PoT(of ~300 MeV each) has passed
through the PbGI block corresponding to a TID of 25 Gy (2.5 krad)

e The SF57 transmittance loss was never measured in literature, however
for similar blocks (SF5-SF6) a significant loss is shown, especially near

Cherenkov wavelengths
e Proof of loss of LY:

o Target X strips are way more sensible than Y — their charge can be

used for quantitative checks.

o  The overall energy on

ECAL over the NPoT
should be a stable
quantity, also here we
see a 10% slope

o Looking at the Data/MC
ratio on resetting every
6 periods a compatible
slope is found
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N, . estimation .

Radiation damage

e PbGl yield decreases with relative PoT slope of 0.097(7)
e Constant term uncertainty of 0.3% added as scale error
e Slope errorincluded in PoT uncertainty
e Checked the slope value on g.(s) after the unblinding— totally compatible results

Relative ageing correction Post unblinding
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U

nblinding procedure BROME

To validate the error estimate, we applied the procedure in 2503.05650 [hep-ex]
e Aim to blindly define a side-band in g(s), excluding 10 periods of the scan
e Define the masked periods by optlmlzmg the probability of a linear fit in s'’2

N =

Threshold on the 42 fit in side-band is P(y?) = 20%, corresponding to reject 10% of the times

If OK, check if the fit pulls are gaussian

If OK, check if a straight-line fit of the pulls has no slope in s"? (within 2 sigma)

If OK, check if constant term and slope of the linear fit for N,(s)/B(s) are within two sigma of the
expectations, i.e.: £4% for the constant, £2% MeV -1 for the slope

Successfully applied:
P(x?) = 74%

Pulls gaussian fit probability 60% _> Ready to unblind
Slope of pulls consistent with zero

Constant term = 1.0116(16), Slope = (-0.010 +- 0.005 ) MeV-!

=N =




After box opening, check of the
ageing correction applied, slope
was 0.097(7)

Fully consistent (observed
excess alters only
marginally)

The slope has been used to
correct for the
radiation-induced effect,
acting as a separate
nuisance

Again no significant change
in the location of the excess
and in the global p-value

N, PoT,_ ... /(NPOT*Bkg)
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