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l The Universe as we

Standard Model of Elementary Particles and Gravity

three generations of matter
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(don’t) know it

In search of a fundamental theory
- particles and interactions

* The Higgs boson
* But the puzzle remains with missing pieces

« If the Standard model is a low energy
approximation of a more fundamental theory,

than which is this theory?
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l Looking for A'nswers
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GAUGE BOSONS
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A new massive gauge boson

Weak interaction with SM particles

Only two model parameters -

Visible decays
- To SM particles if M, >M, >2m_

Invisible decays

- To dark particles if 2M_,, <M,

A

Hidden-sector Dark Matter: Anomalies,
Production Mechanisms, and Detection Strategies

DhYl-spin-dep. (8.g Magrana)
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Small scale fixed 5 =
target experiment \.ﬁ
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Positron beam (E <= 550 MeV) on a thin target

Positron momentum is determined by the
accelerator characteristics

Missing mass technique




Background Cross section Comment

- process e*@550 MeV Carbon target
Physics case of PADME
y e'e — yy 1.55 mb
+ g Az
e e - y y et+N—-oe'Ny 4000 mb Ey > 1MeV
e'e —yyy 0.16 mb CalcHEP, Ey > 1MeV
T e'e — e‘e 180 mb CalcHEP, Ey > 1MeV
Beam axis Y Y

—

—

2 — Y _
Mmiss - (ppos * Pelec py) ™ Non interacted beam

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
could be detected due to stronger
deflection

W e ey ® 2 photon annihilation

- PeaksatM_ =0
o 48 - Quasi symmetric in gamma angles for
Ey > 50 MeV

* 3 photon annihilation

- Symmetry is lost — decrease in the
vetoing capabilities

. Radiative Bhabha scattering

300 400 500 600
M. e (MeV)

- Topology close to bremsstrahlung



Detector system in a nutshell

e = P - * HEPVeto
- 16 scintillating bars
- detects positrons with

momentum up to 500 MeV

. Dipole magnet
- deflects the beam
- magnetic field ~ 0.45T
(CERN TE/NSC-MNC)

imePix3

- notinteracting e+beam

- position, time and energy
of each particle
ADVACAM, LNF

e
Dipole magnet R

. Target
- 100 um thick polycrystalline diamond target
- information about incoming beam

. : ; ; j ! SAC
(position, size and intensity) a* ~o ) B e l— = _T_i/'

University of Salento (Lecce) beam — |
i

eam monitor

e* veto

. Mimosa : | .
ACt | BN BN BN E E B B B EEE R EEEEEEW H .
e oitacer  Acive L e | | Shc Smatangi camimeey
- information about beam position and divergence ECAL PbE. crystals (Cherenkov)
_——— 2

MTA Atomki, Cornell U., LNF

ECAI

- Detect the y in the final state

- BGO crystals

- 616 crystals 21 x 21 x 230 mm3

Roma, Cornell U., LNF, LE

Total 186 scintilating bars, SiPMHamamatsu S13360 3 x3 mm2x25 um cell
Both in vacuum (10-5 mbar) and magnetic field (~ 0.45 T)

Veto Bremsstrahlung events

Sofia University




Active target B
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Calorimeters .

8 508
ECAL: The heart of PADME E
* 616 BGO crystals, 2.1 x 2.1 x 23 cm?® " 0
« BGO covered with diffuse reflective TiO, ; § 250
paint gm -
- additional optical isolation: 50 — 100 8 "m N
um black tedlar foils = N
« Calibration at several stages: JINST 15 (2020) T10003

- BGO + PMT equalization with 22Na source before
construction

— Cosmic rays calibration using the MPV of the spe%relégr]ded bunch
Temperature monitoring

TTT

Samples
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TTT

Small Angle Calorimeter (SAC) il “J"'ﬂ r! |
« 25 crystals - 5 x 5 matrix, Cherenkov PbF, }} ‘ 1 "J |

* 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

w
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* 400 ps/sample
*_time resolution: < 100 ps

200 400 600 800 1000
Samindex

T




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 M - _ _
s000= Mear oets | Custom SIPM electronics,
. fa wem|  Hamamatsu S13360 3
Time calibratjgir wrt SAC PO 3999 +34.2 ; ;
Bremsost[ahlung events b 05865 2 0.0073 mm, 25um plxel SIPM

* Differential signals to the
controllers, HV, thermal
and current monitoring

7000

6000

5000

* Online time resolution: ~ 2 ns
- Offline time resolution after fine T calculation — better than 1 ns

B:FI\‘I\\\‘\\I\‘II

i R
5 10 15 20
Time Difference PVeto - SAC [ns]
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Data takin
8 E PADME Preliminary ]
6000F= Integrated luminosity trend =
] ) ] ) 5000:_ 20k POT/bunf_h
PADME commissioning and Run-1 started in Autumn 2018 and ended on February 25" - eSS Run |

4000

- ~7 x 10" positrons on target recorded with secondary beam

3000F

- PADME DAQ, Detector, beam, collaboration commissioning 2000f- =

- Data quality and detector calibration 1000}~ 3
0= 0 20 40 60 80 l(l)()

PADME test beam data g Hee

6000 T T T
-t PADME Preliminary

5000 Integrated luminosity trend -

POT

- July 2019, few days of valuable data
 Certification of the primary beam

- Detector performance/calibration checks

- Primary beam with Epeam = 490 MeV

4000F pp.

30001 = R

2000 [~ ud o
F ' (09/2020-12/2020)

. 10()02— i ~ 5% 102 POT
2020 era - RUN 2: primary beam T
- July 2020 e
* New environment/detector parameter monitoring and control system EZSMRPHQWII PADKER Sty ]
* Remote operation confirmation ‘§2000‘ e
- Autumn 2020: “isoor Run |

Secondary R u n I

Secondary
%

* Along data taking period with O(5x1012) e’ on target Y
* Epeam =430 MeV 500—'

iy o I A
2000 4000 6000 8000 10000 12000 14000
Ery " [MeV]




PADME studies and future prospects

107

BaBar (2017)

Bellell 20 iy

Limits from the beam:
- Beam energy 550 MeV limits M, < 23.7MeV

Most of the regions
excluded
i

(ma’, €2) plane

~(ma, €) plane

PADME is the first experiment
designed and built to search for the DP
in a model-independent way.

Dedicated X17 data acquisition run

Invisibly Decaying Dark Photon

1041 5 L
107° 1072 107"
m,, (GeV) ma [GeV]

M.Raggi and V..Kozhuharov, “Results and perspecnvefs in dark photon physics”,
\ Riv.Nuovo Cim. 38, . 10, pp. 449-505 (2018,
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Current set up Improvement
- Modify the LINAC
- target with higher thickness '~

107 107 10"

Beacham, J at al. “Phyaics Beyond Callders st CEAN: Beyond the Standard Modsl Working Group
\ Fsport.” dournal of Physics G: Nucisar and Particle Physics 47.1 (2013)

- DA®NE ring 10+
Multiplicity and ¢ | 4SS Vector X17 Pseudo scalar X17
Belle ].ll 20 fb-") -3 -
Sensitivity 10+ B _ + KLOE, 2015 ] —
Other possibilities 9 | Tl — e L 2
- Cornell ol 10 m’f 10° £ 104 E
- J Ia b my [MeV] 5 _.u
e'i’; £141 %:
Currently a proposal to repurpose the UVX storage ring : an |
in Brazil and use it as positron beam facility ; -
W 10_215Lepmm1ugmgso 17 18 19 20
. . 15 6 17 8 19 20
- 1= 3_ GeV pOS|tron energy depending on . My [Me\l/] My [MeV]
configuration L. Darmé, M. Mancini, E. Nardi, M.R.
- NLP associated production (with photons) Darmé et al. Phys. Rev. D 106,115036

10


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.115036
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.115036
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.115036

Summary: NP @ PADME

Dark Photon A’ Axion Like Particles

BE anomaly - X Dark higgs
arXiv: 1608.08632v 2HER 07_ (3?182 982 boson arXiv:2102.12143v1
PRD 95 (2017)

035017

1 - Jm
10°° - KK
- 4m,nn,...
0.100
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& 0.010 T
107 —ee
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s ] 0.001 i -
1078 E : = b
! : ! LHCb 0.1 05 1 5 10 50 100
2 -2 0.1 1 10 —
10 10 - 100 my [MeV] ms [GeV] - hadrons
+,- ' +,-
e’e” H-yA e'e” - vya . :
e , 4 ete” - yXy, dark higgs decay: h" —
Visible, invisible decays: ALPs final states: . ANA A —ete vy
’ S i _ 4 Final state X17—>ee , e e xx
A - xxe’e a->xx.ee,yy

Final state: A’A’A" - ete” ete  ete™

arXiv:2012.07894 arxiv:2012.04754 11



Conclusions

PADME has collected about 5x10*2 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 E.. = 430 MeV measured with ~5% uncertainty

A’ analysis is on the way

Quest for X17: PADME RUN III completed
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SM: Two photon events
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SM: e'e” - VY cross section
 countenerms Vs [MeV]
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(Weighted Counts/0.5 MeV)

Ne&é—

Counts/(5 degrees)

See Attila J. Krasznahorkay talk

s, PRL 116 (2016)
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Probing X17

arXiv:2104.13342 [hep-ex]

Phys. Rev. D 101, 071101(R)

1072

/“De’
© )
-3
ATOMKI 10
1074
_ CHARM .
102 10~
ma [Gev] mA.' v GBV

« Similar physics observables as in the 8Be, “He and 2C

experiments
2 leptons in the final state

Kinematics properties determined by the mass of the X
particle (2 body decays)
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X17 @ PADME strategy

Cross section enhancement with the
approach of the production threshold

50 x10°

-
[e2]

| == 250 MeV beam
550 MeV beam
=t 750 MeV beam

16

14

12

Forvs>>M,
' ) = 2kgDkC

10

o

U mass [MeV]

* Resonant production of X17

* Need to measure the final state to

reconstruct the invariant mass

— Or change in cross section

energy at resonance: ~283 MeV: scan

L. Darmé et. al.,

10°
C target 100um —— 10"poT, S8E=1.4 MeV, 8runs
105 ——— 2.10"'poT , SE=0.7 MeV, 16 runs
L 104_
T 103
g 102
1l
2 10!
Qo Ny, et e~ —Xu7y, Ep=550MeV
= 10°;
1074 | mememgesovey |
102 - . : . !
16.5 16.8 17.0 17.2 17.5
M x [MEV]
et )
() = 0o r2,/4
res e; €a
PR (Vs —ma )2 + T2, /4
A

A8y 2 1 2
gpeak = 12m/m%y T o = SMgE-Q
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PADME strategy: e'e” - X17 - e'e

Mg, Pz, e i
\/ t-channel Bhabha
10" ----s-chan-n;e-l-Bhabha- B e e e SRRt
. S ete > yy
5 10 5
< 10

10°

Bhabha scattering dominates the
event rate in the background
contribution for high Pe.
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Differential cross section [pb]

10°

10*

0.1 0.15 0.2 0.25
Ipl [GeV]

0 MJBOS
Resonant cross section significant — X17

gve \2 (1MeV Production of O(10°) X17
2. 10—4) ( ) events with 10'° positrons

Nyeet = 1.8-1077 x (

O
2
» 1 MeV on target
NEP ~58.1077 x (Egﬁ) ( UEE ) g

Ot - beam energy spread Change in o.(e'e - e'e)



Dedicated X17 run: PADME RUN I

Rate variation from point to point:

- precise beam control

1 e
5

i

Beam axis positioning
dipole

7 Po

Large spread beam
from Linac

Energy selector dipole

Matrix of 2 x 6 Timepix3 detectors (each 256x256

pixels)

Operated in 2 modes:

o image mode, integrating

o streaming mode, feeding ToT and ToA for each
fired pixel



Dedicated X17 run: PADME RUN 1

* Be inventive — measure charged particles without a magnet

|
o Less systematic uncertainty in momentum determination /{

o Disentangle between positrons and photons with an extra :
detector I : I

o Energy based kinematics reconstruction, relying on BGO
ECal

* Lessons from PADME RUNI & RUNII
o Lower intensity — lower pile up — easier reconstruction
o Need various observables to control beam rate, energy

spread, quaility L.f

o Need great support from the lab beam department to
obtain the best possible conditions

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

-

B e =

______
______
______

""""""
——

signal

nd

~——




Modified experimental setup

HODOSCOPE for particle identification, attached to ECal

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)

2
¥
;
¥
¥
I=
"'.'
!
:
;
1:.
¢

N°2 scintillator units
~260x45x5 (da definire)

ETag illumination

z

Channel number
b=

4

20

10/

uﬂ D2 04 08 08 1 12 14 16 18 2

Left/Right ETag bar




Data taking

e Resonance scanning

o 47 points in the range 263 MeV — 299 MeV
o Spacing between the points: AE = 0.75 MeV
o Naive precision on Mx;; ~ 20 KeV

Off resonance data sets:
o Above Resonance:; 402 MeV: ~ 1.2E10 POT

o Below Resonance: 205-211 MeV, 5 different
energies, ~ 5E10 POT

First selection aimed at N(2cl)/N, ; studies:

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

o 2 in time clusters in the At < 5ns in ECal
o Energy and radius cuts, CoG consistency

o Cluster energy vs angle correlation compatible
with a 2 body final state.
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e a SeDS @ UVX: ALP82305.13384 [hep-ph]

L. Angel, P. Arias, C. O. Dib, A. S. de Jesus, S. Kuleshov, V.

et —a—hmnnnnnnn T Kozhuharov, L. Lin, M. Lindner, F. S. Queiroz, R. C. Silva, Y. Villamizar
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https://arxiv.org/abs/2305.13384

Prospects: ML for double particle separation in ECal

PADME ECAL

Two photon showers
in the ECAL

* Al to identify the number of
pulses in a waveform

* Simple output — up to five pulses

* Trained on 100 000 events

Efficiency based on time difference

e Classificatiof™
- NN
os—| '« 100% signal discrimination
:33 above 50 ns difference
|« 90% above 30 ns

L pode Il g §
20 40 60 80 100 120 140 160 180
Time difference between signals [ns]

o

hig2

3
L T B

Entries
Mean

PRELIMINAR¥td Dev

157696

425.5
193.7

T I
400

I T R R R |
600 800 1000

ude [mv]

Amplit

2
3
S

N
o
)

mv]

Input wav
ML outpu

PRELIMINAR

reform
t

600 800 1000

uéde

Amglit

S
s}
S

Time
e

[ns]

Input waveform

ML output

PRELIMINARY

600 800 1000

Time nsl

Reconstructed amplitude of the signal [mV]

Number of events

1000

90!

3

80

3

70

3

60

3

50

3

40

3

30

3

20

3

100

Identified and missed events based on amplitude

70[—
eof
E PRELIMINAR
50—
= i
40— i
= '\‘ \ !
o | RIF
mayl ‘
=R
=
10}~
os A Buimial, | o uk | " Y
100 200 300 400 500 600
Amplitude [mV]
105§
104 = PRELIMINARY
C ~ q
il 520 ps
i RMS ~ 3.2/ns
102§
0E ! ! | ! I L
50 40 30 20 -10 0 10 20 30 40
t[ns]
Reconstructed vs. true amplitude Number of signals
60

PRELIMINARY-

..............

I I B
300 400

True ampl\lude ol the swgnal [mV]




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25

