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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 is charged under this gauge symmetry

* SM permits a “bridge” to the dark sector via a special y-A' coupling:

e Additional Lagrangian term creates an EM-A’ current: —

/ Iy
—el,, B

* Finally, mass is allowed via symmetry breaking: [
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A’ production and decay in accelerators
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Only possible with positron beam!
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Missing-mass technique in fixed-target expts.
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Positron Annihilation into Dark Matter Experiment
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* Near Rome, Italy
~ 30-pp collaboration
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Fixed-target experiment

~ 500 MeV positrons
e ~ 25k POT / bunch
Bunch length ~ 200 ns
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PADME detectors
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PADME calorimeters

NIM A 919 (2019) 89

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
e 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

Signal: one photon in ECAL

* Bremsstrahlung:
Target PVeto o(e*tN - e*Ny) =4000mb -+ e’
One photon in ECAL +
et Y One positron in veto
T T~~~ B Sum of energies = beam energy
==
EVeto

e 2y-annihilation:
o(ete” - yy) =1.55mb L}<
Two photons in ECAL
Correlated energy and angle

* 3y-annihilation:
g(ete” - yyy) = 0.08 mb n
Two photons in ECAL + e =< |
one photon in SAC
No kinematic constraints
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PADME data taking and beam background
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(submitted to JHEP)
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https://arxiv.org/abs/2204.05616

New e e~ — yy cross-section measurement
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Precise o (ee — yy) atlow+/s = 21 MeV

o(ete” - yy(y)) = 1.930 £ 0.029 (stat) + 0.057 (syst) + 0.020 (target) + 0.079(lumi) mb
g(ete” - yy(y)) = 1.9573 + 0.0005 (stat) + 0.0020 (syst) mb
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https://arxiv.org/abs/0801.3360

X17 search and resonant production

L. Darmé, E. Nardi, M. Raggi
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Recent results indicate anomalous excesses in “He and 2Be atomic measurements of internal pair creation
A possible explanation is the existence of a new protophobic boson with 16.7 MeV mass (X17)
Some viable parameter space remains, which PADME has the capability to investigate with reasonable

statistics
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https://inspirehep.net/literature/1859286
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.116.042501
https://www.quantamagazine.org/new-boson-claim-faces-scrutiny-20160607/

PADME search for X17 in Run 3 Resonant production:

Epoum = 282 MeV

Main backgrounds: et
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Conclusions

 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

* Next run of PADME will be dedicated to a direct search for X17 using
resonant production with a beam energy of 282 MeV, and a new electron
tagger

 Stay tuned for more results from PADME soon!



New tagger for X17 search

mousse perimetrale (epdm 3mm)
frame

calorimeter-bod

scintillator units

. mousse epdm (3mm)light-tight
mechanical stopi side covering
scintillator fixed plane

tedlar foil
fixed pcb_support

/2 ~—_framework plug
i

N\

'i{ﬁiﬁ?(ﬁ?Ii?

ECAL

SAC

"‘""'"”"'""‘"""""“"'"'"""'""T'"i’.y”@}w 5 .‘\ b
R A R R SR e

ECAL

\ .

A
\\joint_frame_sx

|
|
|

|
[to be glued together by dp 490

plug
\splittable connector 32x1,5
single_pcb_support T
adjustable MATERIAL 'HEAT TREATMENT | SURFACE TREATMENT
General lolerance IS0 2768-mK E [

ometical lolerance
mechanical stop2

AKIONA STITEFRMCLER PASYS

metrical lolerance
) s= A1 T
FRASCATI NATIONAL LAB o

INFN {;§g§>

Rees Mecrc o P
6/07/22

Veto2

complessivo_cal+e tagger
DM searches with PADME | A. Frankenthal | PPC 2022

complessivo_cal +e tagger.dwg

15



