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NA64 POKER

NA64

The experiment:
Fixed-target (Pb-Scintillator layers ECAL)
experiment @CERN H4 beam line (e− beam)
Active beam dump and missing energy
techniques to search for rare events
Dark photon search (A’).

My contribution:
Hardware: characterization of PMTs for the
NA64 ECAL ( 2023 summer run)
Software: extimation of the electronuclear
background in the positrons run of 2022.
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POsitron resonant annihilation into darK mattER

The experiment:
Active beam dump experiment based on the
missing energy technique
Resonant production of the dark photon (A’)
Positrons beam impinging on a fixed target,
i.e. an electromagnetic calorimeter consisting
of PbWO4 crystals
Crystals’ readout: SiPM

My contribution:
Characterization of the performances of the
crystals
Tests of HV supply for the DAQ
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Figure 2: Left: current constraints (shaded regions) and sensitivity estimates (dashed lines) for pseudo-Dirac

LDM. Limits are given for the scaling parameter y, proportional to the LDM-SM interaction cross-section, as a

function of the LDM massmχ. The solid black line represents the corresponding thermal target. The reported

results are from Ref. [7], with updates from LSND [26, 27], MiniBooNE [15], NA64 [28], and E137 [29].

Right: the expected sensitivity for the POKER pilot run at the CERN H4 facility, compared to LDMX-Phase I

run [22]. The cyan (purple) area correspond to the baseline (aggressive) scenario discussed in the text. The red

dotted line shows the sensitivity for a future program based on this technique (an ensemble of 4 measurements,

each with 1013 POT, for the different beam energies 100 GeV, 50 GeV, 10 GeV, and 2 GeV, and with a missing

energy threshold equal to 25% of the primary beam energy). The black lines are the thermal targets for elastic

and inelastic scalar LDM (I), Majorana fermion LDM (II), and pseudo-Dirac fermion LDM (III).

II. The new approach: missing energy experiments with positron beams.

The intrinsic limitations of current approaches to LDM searches at the intensity frontier exclude the definite

experiment in the field, capable of exploring the dark sector up to the thermal target and, at the same time, to

determine unambiguously the nature and the properties of the signal in case of a positive observation. While

beam-dump experiments would require unrealistic accumulated charges to overcome the intensity penalty,

conventional active thick-target efforts are compromised by rare background sources, are ultimately limited

by the irreducible neutrino background, and in case of a positive observation have limited signal identification

and characterization capabilities. Amajor breakthrough in the field is thus required.

The new approach to search for LDM that I propose is based on a missing energy measurement in a

positron-beam, active thick-target setup. The LDM is produced via the direct annihilation of beam positrons

on atomic electrons through the exchange of an on-shell dark photon (e+e− → A′ → χχ, see Fig. 3a), and
manifests as the presence of events with a well-defined missing energy value in the active target. This new

physics case has been recently proposed by my group. In a recent paper [29], we showed that the inclusion of

this production mechanism in the analysis of past and present fixed thick-target electron-beam LDM searches,

where secondary low-energy positrons are present, already pushes down the current exclusion limits by up to

an order of magnitude. After developing the original idea and estimating the magnitude of the new production

process, I coordinated the exclusion limits calculation for existing experiments. With POKER I propose to

search for LDM with a high-energy positron beam on a thick active target for the first time.

My novel solution inherits the assets of both thick-target strategies described before. First, a large

signal yield is expected, since the A′ invisible decay products are not detected - there is no intensity penalty.
This is strongly enhanced in comparison to “traditional” electron-beam missing energy experiments, where the

signal is produced by radiativeA′ emission in a Bremmstrahlung-like process - while e+e− annihilation cross-

section scales as αEM , the radiative emission is characterized by a stronger α3
EM dependence1. Furthermore,

the signal has a very distinct dependence on the measured observable, since the corresponding missing energy

is kinematically constrained by the dark photon mass, through the relation2 mA′ =
√
2meEmiss. This results

in a unique experimental signature for the signal, that would appear as a peak in the missing energy

distribution, whose position depends solely on the dark photon mass. Since all possible background processes

1αEM ∼ 1
137

is the electromagnetic fine structure constant.
2mA′ is the dark photon mass andme = 0.511MeV/c2 is the electron mass.
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