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A complex dark sector and the dark photon

* Dark matter could belong to a complex dark sector

* Simple extension of the standard model (SM) is the dark photon (4'):
= A’ is the gauge boson of a new symmetry, U(1)p, similar to photon in SM
" Only dark matter (not SM) is charged under this gauge symmetry

= A “bridge” to the dark sector is permitted via special y-A’ mixing: —eFl/WBW
* This additional term in the Lagrangian creates an EM-A’ coupling:
= Finally, mass is allowed via symmetry breaking: \ ' T EM
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https://www.sciencedirect.com/science/article/pii/0370269386913778
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PADME detectors PRDME

v, Adv. HEP 014 (2014) 959802

Raggi & Kozhuharo
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https://www.hindawi.com/journals/ahep/2014/959802/

PADME calorimeters

Frankenthal et al, NIM A
919 (2019) 89

Albicocco et al, JINST 15

(2020) T10003

Electromagnetic calorimeter Small-angle calorimeter
* 616 scintillating BGO crystals from old L3 expt. at LEP e 25 Cherenkov PbF, crystals
* 3 m downstream of target * Immediately downstream of ECAL
* Single-crystal dimensions: 2.1 x 2.1 x 23 cm?3 * Single-crystal dimensions: 3.0 x 3.0 x 14 cm3
 BGO scintillation time: ~ 300 ns * PbF, dead time: ~ 3 ns
* Central square hole (5x5 SC) to evade Bremsstrahlung * Fits behind the ECAL central square hole
* Angular reach: 20-65 mrad * Angular reach < 20 mrad
* Energy resolution: ~ 2%/Sqrt[E] * Energy resolution: ~ 6%/Sqrt[E]
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https://www.sciencedirect.com/science/article/pii/S0168900218318321
https://iopscience.iop.org/article/10.1088/1748-0221/15/10/T10003

Main physics backgrounds

e Signal: one photon in ECAL . Bremsstrahlung:
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PADME data taking and beam background
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https://link.springer.com/article/10.1007/JHEP09%282022%29233
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a(e*e‘ - yy(y)) =1.977 + 0.018 (stat) + 0.045 (syst) + 0.110 (n. collisions) mb
glete”™ - yy(y)) = 1.9478 + 0.0005 (stat) + 0.0020 (syst) mb (QED@NLO)
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https://arxiv.org/abs/0801.3360
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.012008

Krasznahorkay et al, PRC 104 (2021) 44003 Krasznahorkay et al, PRL 116 (2016) 042501
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* Recent results indicate anomalous excesses in “He and 8Be atomic measurements of internal pair creation
* A possible explanation is the existence of a new proto-phobic boson with 16.7 MeV mass (X17)
* Viable parameter space remains, which PADME has the capability to investigate with reasonable statistics

Feng et al, PRL 117 (2016) 078103
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https://www.quantamagazine.org/new-boson-claim-faces-scrutiny-20160607/
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.104.044003
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.116.042501
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.117.071803

PADME search for X17 in Run 3 PRDME

Resonant production:

Main backgrounds: Epeam = 282 MeV
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Beam energy scan around resonance PROME

* Strategy: scan Eppqm = 260300 MeV in steps of ~0.7 MeV

 Collected about 101° positrons-on-target (POT) per point in the scan NYest ~ 1.8><10‘7><(
e 47 points around mass of X17 resonance, 5 below, 1 above

e With this dataset PADME can probe interesting and viable parameter space
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.115036

Conclusions IBRDME

PADME is a fixed-target experiment with a unique positron beam searching
for the dark photon using a missing-mass technique

Sensitive to low-mass dark photons in the range ~ 20 MeV, with a positron
beam energy of ~ 500 MeV

First two data-taking runs enabled the calibration and commissioning of
the experiment, as well as a precise measurement of (e*te™ — yy) at
Vs = 21 MeV => first improvement in several decades

Dark photon analysis on this dataset currently underway
Other models (e.g., ALPs, scalar Higgs) are also under consideration

Run IIl of PADME dedicated to a direct search for X17 using resonant
production with a beam energy of 282 MeV, and a new electron tagger

Analysis in progress...
Stay tuned for more results from PADME soon!




New tagger for X17 search
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