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Is the Standard Model the final answer to the present
particle physics obserbables'? o
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Electroweak Hadron Dark photon

Are more particles necessary? N e T N
- Different phenomena seem not to be explained well within the Standard Model of particle physics
- Related to Astrophysics and Cosmology: matter-antimatter asymmetry, Dark matter, Dark energy...
There could exist a completely new sector of partlcles

All their interactions with us are through a limited number of mediators — portals to the hidden (dark) sector
Questions:

- what could be the masses/properties of these particles?
- Is it possible to observe some of them, or at least the mediator?




Techniques

* Thin target e, p beam dump smdeecror ¢ Associate production of new
target Ao e _Alanz. = State%‘. N
* -------------- > .  Sensitivity depends on the
—

‘ resolution on invariant/missing

+

Thin target experiments ‘ | mass of the final state
* Production: A'/a/h/?-strahlung, N
- Direct production (usually X- shower, absorption of secondaries € _
strahlung) « Detection: everything is signal vs
- Search for decays through kinematics of the final state statistics
event reconstruction (tracking) - The new particle has to survive acgelerator
 Production of secondary beam the passage through the dump d enpray
etector
— Usually in a thick target € resolution
— Searching for new particles in survival in M g
meson decays the dump X

~ My limited by the meson mass, * Also searches also through
coupling sensitivity — by meson production and

statistics production constrained initial state

>
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where colliders were born ...




DADNE complex
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@ LNF, INFN

Beam test facili
]

PADME

xperiment

small angle ]

Maximum beam energy (E,_. ) 750 MeV 550 MeV calorimeter [l

[MeV] -

Linac energy spread [Dp/p] 0.5% 1%

Typical Charge [nC] 2 nC 0.85nC

Bunch length [ns] 1.5 - 40 (can reach 200 in 2016)

Linac Repetition rate 1-50 Hz 1-50 Hz

Typical emittance [mm mrad] 1 ~1.5 l*j

Beam spot s [mm] <1 mm

Beam divergence 1-1.5 mrad DHPTe02 BTF-1line
BTF t;rget

Primary beams

From single particle ... 750 MeV e~
to 10° particles per bunch 550 MeV et
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Physics case of PADME

Y Background Cross section Comment
process e*@550 MeV beam Carbon target
,,,,, B S ere — yy 1.55 mb
\\\ Beam axis e +N-—e'Ny 4000 mb Ey > 1MeV
2= (p +p -p )2 \\\\ . e'e =yyy 0.16 mb CalcHEP, Ey > 1MeV
miss pos elec  Fy & Non interacted beam e‘e — e‘ey 180 mb CalcHEP, Ey > 1MeV

MMiss? for different M,,

* Bremsstrahlung in the field of the target nuclei

- Photons mostly @ low energy,
background dominates the high
missing masses

— An additional lower energy positron that +

y.
could be detected due to stronger deflection y

beam T U

0500 * 2 photon annihilation -
- PeaksatM__ =0 beﬁ )

— Quasi symmetric in gamma angles for Ey > 50 MeV

e 3 photon annihilation

- Symmetry is lost — decrease in the
vetoing capabilities

* Radiative Bhabha scattering
- Topology close to bremsstrahlung

= M2, no cuts
Wz, cuts

Events/5 MeV?

100 200 300 400



PADME

Positron Annihilation into Dark Matter Experiment

] C-fiber window

Mimosa beam monitor W

(LNF)

BGO calorimeter
(Roma, Cornell U., LNF,
LE)

Active target
ecce & University Salento)
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)

PbF, calorimeter

(MTA Atomki, Cornell U.,
LNF)

TimePIX3 array

(University of Sofia, Roma)®
(ADVACAM, LNF)



Active target
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Calorimeters

ECAL: The heart of PADME
e 616 BGO crystals, 2.1 x 2.1 x 23 cm?

paint

pum black tedlar foils

Calibration at several stages:

« BGO covered with diffuse reflective TiO,

— additional optical isolation: 50 — 100

BGO + PMT equalization with 22Na source before construction
Cosmic rays calibration using the MPV of the spectrum

Temperature monitoring

Small Angle Calorimeter (SAC)

« 25 crystals - 5 x 5 matrix, Cherenkov PbF,

* Dimensions of each crystal: 3 x 3 x 14 cm?

* 50 cm behind ECal

* PMT readout: Hamamatsu R13478UV with
custom dividers

* Angular acceptance: [0,19] mrad
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Charged particle detectors

* Three sets of detectors detect the charged particles
from the PADME target (at Epeam = 550 MeV):

- PVeto: positrons with 50 MeV < pe: < 450 MeV

- HEPVeto: positrons with 450 MeV < pe: < 500
MeV
- EVeto: electrons with 50 MeV < pe: < 450 MeV
* 96+ 96 (90) + 16 (x2) scintillator-WLS-SiPM RO
channels

* Segmentation provides momentum measurement
down to ~ 5 MeV resolution

PVetoSAC ___PVeloSAC . .
e <oy e | Custom SiPM electronics,
- it e Hamamatsu S13360 3 mm,
- i 3980 ¢ 34.2 25um pixel SiPM
8000 == pi 0.1558 + 0.0061 . . .
I P2 ose83:00073 | o Differential signals to the

controllers, HV, thermal and
current monitoring

5
=
%
>
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Time calibratit

Bremsstrahlung events
6000

5000

W * Online time resolution: ~ 2 ns
3T T T PR TR, T e « Offline time resolution after fine T calculation — better than 1 ns

T 0 5 10 15 20
Time Difference PVeto - SAC [ns]




W
Data takin R —
O F PADME Prehmmar)

a ]
6000 Integrated luminosity trend _:

F "{)k POleunLh

PADME commissioning and Run-1 started in Autumn 2018 and ended on February 25" ™" S2iad™  gon | / E

4000F-
- ~7 x 10" positrons on target recorded with secondary beam . E

- PADME DAQ, Detector, beam, collaboration commissioning 2000 RUN | —
- Data quality and detector calibration 1000}~ (10/2018 - 02/2019)
ot 0 20 a0 &0 80 100 :

PADME test beam data e S ”da"]
- July 2019, few days of valuable data e 50005 m?ffdpfﬁ,]::::ffﬂ; - /1
* Certification of the primary beam so00L. s o130 Run || :

- Detector performance/calibration checks ook ) E
—  Primary beam with Epeam = 490 MeV S E. - E
| . gl T

2020 era - RUN 2: pr| mary beam ot 0 : 020 30 20 50 60 70 -
- July 2020 e
« New environment/detector parameter monitoring and control system %‘:2“"‘prng”|| PADNE Sl
* Remote operation confirmation gm’”; gl s —

- Autumn 2020: ik ol -
* Along data taking period with O(5x10") e* on target o e '
*  Epeam = 430 MeV L
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counts/1 MeV

SM: Two photon events
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 PADME Preliminary
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Prospects: ML for double particle separation in ECal

Efficiency

PADME ECAL Two photorécs:;clw_wers in the Identified and missed events based on amplitude
" g E'r;uiashisz15?2555§ E mé = T
. E PRELIMINARY  |gine, 1937 é PRELI;II\::"I:Y
! 80 2 |
! : e . st M “\l}\
i 1 l i H _Z“Z- FEEHH . L I
- | ges aof WWM
B - Sie 0 I R ——
! ! im| It 4] 200 400 600 BOO 1IJ|0|3
el I A4S eTEYRR II.I“ (1T hi'l. DErR RO MBS0 S‘ 105:L
£ :
§soo :\r/I]EUt \;vavteform ih g PRELIMINARY
. . u E
* Al to identify the number of = outp : G ~520 ps
= P
. 10° ~
pulses in a waveform E s RMS ~ 3.2 ns
400 L
* Simple output — up to five pulses 10°E
: 200 B
* Trained on 100 000 events jol
Efficiency based on time difference B o M SR
= ! At [ns]
1 —_ OI— 260 460 660 360 10‘00 .
0'9? PRELIMINARY %‘ Time [n ] - Reconstructed vs. tfrue .a_n’lpl.ltude Nun..barof?:;ah
08— g - —%o0 - Inout waveform % gog;' PRELIMINARY .,
E Classification NN g p - s
e = ML output N
06— 00 § 7005 40
= . . .. . Q 2 600
o 100% signal discrimination g | .
i above 50 ns difference 3 "
0.3 g 3005.
el * 90% above 30 ns = - Il
0‘10' a0 40 Blo ' 'Slo" 00 "150' ' "13101 “te0 180 01 B T TN\ R TR
Time difference between signals [ns] 0 e o True?gg'lpliludss of the sig?g?[rn\l‘]

T T T T T T
1] 200 400 600 800 1000

Time Insl



N,... (Weighted Counts/0.5 MeV)

Counts/(5 degrees)

L
See Attila J. Krasznahorkay talk Pr0b| ng x17

‘ Phys. Rev. D 101, 071101(R) arXiv:2104.13342 [hep-eX]
m PRL 116 (2016) 042501 102
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e Similar physics observables as in the 2Be, “He and 2C experiments
- 2 leptons in the final state
- Kinematics properties determined by the mass of the X particle
40 50 60 70 80 90 100 110 120 130 B oo o |r bl (2 bOdy decayS)
© (degrees) 0 beerorinbinss dven b Lo o

70 80 90 100 110 120 130 140 150 160
® {degrees)



ole'e »Uy)oee »y17y)

20

18

16

14

12

10

X17 @ PADME strategy

Cross section enhancement with the L. Darmé et. al.,
approach of the production threshold 106
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Resonant production of X17 et
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energy at resonance: ~283 MeV: scan Orealbla) = Onesk
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Need to measure the final state to A

reconstruct the invariant mass
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PADME strategy: e'e” - X17 - e'e
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Bhabha scattering dominates the
event rate in the background
contribution for high Pe.

Differential cross section [pb]

?+ 1ot 0 0.05 0.1 0.15 0.2 0.25
* Resonant cross section significant — X17 event yield P [GeV]
2 (1 MeV i
NYra 18 1077 ¢ (Lﬁ_) —_ Production of O(103%) X17 events
it 2.10—4 OF - 10 )
with 10*° positrons on target
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Dedicated X17 run: PADME RUN I

Beam position monitoring

Rate variation from point to point:

— precise beam control

k—ﬂ—ﬂ—;’i—.’]—ﬂ_

= ) ‘F NRANAN

Beam axis positioning
dipole o P

* Matrix of 2 x 6 Timepix3 detectors (each 256x256
pixels)
e Operated in 2 modes:
o Image mode, integrating
o streaming mode, feeding ToT and ToA for each
fired pixel

Large spread beam
from Linac

Energy selector dipole



Dedicated X17 run: PADME RUN I

- s s o s s s wEs e s s ey

* Be inventive — measure charged particles without a magnet

o Less systematic uncertainty in momentum determination /:/H

> Disentangle between positrons and photons with an extra — :
detector

o Energy based kinematics reconstruction, relying on BGO
ECal :

e Lessons from PADME RUNI & RUNII ..
o Lower intensity — lower pile up — easier reconstruction )

o Need various observables to control beam rate, energy

spread, qualility ¢ fobmT
o Need great support from the lab beam department to
obtain the best possible conditions |

* “Signal” event rate as a function of beam energy
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Modified experimental setup

« HODOSCORPE for particle identification, attached to ECall

« A wall of plastic scintillator slabs, instrumented with SiPM cards
o 16 scintillators BC408 (600x45x5 mm?3)
o Hamamatsu S13360 SiPMs (4 per slab)

N°14 scintillator units
600x45x5 (mm3)

N°2 scintillator units

: HH : FEEEEH '—— HH '. 260x45x5 (da definire) _ .
1 SRS _ ETag illumination

=

=

Channel number

&

% 02 04 06 08 1 12 14 15 18 2
LeMtFight ETag b




Data taking
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e Resonance scanning
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NPoT Collected

o 47 points in the range 263 MeV — 299 MeV

16

o Spacing between the points: AE = 0.75 MeV 14
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o Naive precision on Mx;; ~ 20 KeV *e
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e Off resonance data sets:
o Above Resonance: 402 MeV: ~ 1.2E10 POT s e
o Below Resonance: 205-211 MeV, 5 different E beam = 402 MeV

]
@
I l 1 1 l 1 1 1 1 l L 1 1 1 I L
7 18 19 20
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EnveThata

5

Entries 86104
Mean x 2301
Mean y 0.04697
RMS x §7.15
0.01303

energies, ~ SE10 POT
e First selection aimed at N(2cl)/N

b Studies:

Cluster Angle rad
=
o
""\j

—150

o Provides information about the stability of the
detector operation and acceptance during the data
taking 0.05

3
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L —40

—130

o 2 in time clusters in the At < 5ns in ECal o

20

o Energy and radius cuts, CoG consistency

0.03 10

o Cluster energy vs angle correlation compatible with a
2 bOdy final state. 0.0zl

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 O
100 150 200 250 300 3= 400 450

Cluster Energy MaV



#2CI/NPoT

Data quality checks

4x10° x2 / ndf 2.091/4
| pO0 2.864e-06 + 1.266e—08
35— PRELIMINARY
3_
— 8 $ i }
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236 236.5 237 2375 238 2385 239 2395 240
#Run

e (0.7 % RMS of the ratio Nya/Npor

o Compatible with statistical fluctuations

o Systematics seems under control for Me. > Mxi7

T
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#2CI/NP

2 I ndf 6.164/3
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e Scales linearly with energy
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Beam Energy (MeV)

1 I 1 1 1 | |
21 212

o Fluctuations compatible with statistics

o Systematics under control for Me. < Mxi7



Expected sensitivity

Vector X17
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Summary: NP @ PADME

Axion Like Particles

Dark Photon A JHEP 07 (2018) 092 BE anomaly - X boson Dark higgs
arXiv:1608.08632v1 et a PRD 95 (2017) 035017 arXiv:2102.12143v1
e
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I : 4 ete” - yX;, dark higgs decay: h" —
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arXiv:2012.07894 arXiv:2012.04754



Conclusions

PADME has collected about 5x10*? PoT with primary positron beam
Detectors performed as expected (and sometimes better)
SM processes being looked at and used for experiment validation

- Reconstruction/detector efficiency

- e*e” - yy cross section at Ee: = 430 MeV measured with ~5% uncertainty

A’ analysis is on the way

Quest for X17: PADME RUN Il completed
- Mass range: 16.35 MeV < Meie- < 17.5 MeV
- 47 points

- Systematics seem to be under control



Near term prospects

 PADME approach is general for a positron-in-flight annihilation experiments

- And PADME was the first one to put the technique in operation

e Several suggestions for upgrades, extending the accessible mass range
- MMAPS (higher energy)
- PADME @ Jlab (higher energy)
- Dark photon searches at VEPP3 (luminosity)

- Unfortunately no much progress

* Currently a proposal to repurpose the UVX storage ring in Brazil and use it as positron
beam facility

- 1 - 3 GeV positron energy depending on configuration

- NLP associated production (with photons)



I a SQDS @ UVX: ALPS 2305.13384 [hep-ph]

L. Angel, P. Arias, C. O. Dib, A. S. de Jesus, S. Kuleshov, VK,
L. Lin, M. Lindner, F. S. Queiroz, R. C. Silva, Y. Villamizar
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https://arxiv.org/abs/2305.13384

SeDS @ UVX
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Disentangle between electron or photon mediated process through variation of the beam energy



Conclusions Il

PADME paved the path to positron-on-target annihilation experiments

Currently the biggest question is the nature of X17 and its possibility to be produced and
studied in e+e- interaction

- Reversed to IPC in light even-even nuclei

Most of the experiments sensitive to any new light physics states, independent on the mode,
even to more exotic (tensor) interactions:

M
Nucl.Phys.B 986 (2023) 116044 — e U — i aWA”\IJ 4 65\11

— But the accessible parameter space depends on the particular model

crwfy5Ag’\If

PADME results expected soon
— It took 4 months to publish the idea

- It took ~4 years (after having built the detector) to get through the detector commissioning,
MC simulation and understanding of the experiment, calibration, etc. to the first results






Precision of the Standard Model

Standard Model of Elementary Particles

——— * Wrong, but intuitive approach: from moving point-like charge with current
I 1] .
e e e ) () [ Self orbital moment
- @|-@|f @[ @ w
up J charmJ top J gluon Higgs . I_ .
— | rotating space charge Wt
rolel®| @ o | , ne——
A down J strangeJ bottom J L photon | g
,, Loeeon J{_mon J{_ H b * In 4D space the spin S is internal characteristic of every existing particle
g: g}:ﬂ ggJ @J" W |8 - Related to the space properties — i.e. fundamental property
G |_stesten || omions | netiting | [ Wooson | 2

 Magnetic moments M are calculable using the Quantum Field Theory

Every particle has an antiparticle

N
=)

experiment: g. = 2.0023193043615 (6)

12 coinciding digits!
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https://www.nature.com/

X17 @ PADMERUNI &Il

arXiv:2104.13342 [hep-ex]

E,.. = 550MeV

Phys. Rev. D 101, 071101(R)
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* Searching for X17 in production

0 i iidiil i 0 i iiiiil [ |

* Limited parameter space

10°

10° 102 10"
M,.(GeV/c?)

- Depending on the nature of X17
 Nominal PADME technique accounts for both — decaying and invisible new particles

- With non-zero background contribution, detector performance verification and control regions
— Expecting reach with RUNI and RUNII dataset: € ~ X*10°
- Covering partially the vector case
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