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๏ Project 8 aims to measure the absolute scale of neutrino masses

One of the fundamental parameters of the Standard Model

๏ Uses the beta decay spectrum of atomic tritium to measure mβ.

Sensitive to neutrino masses, independent of whether neutrinos are Majorana

๏ Uses Cyclotron Radiation Emission Spectroscopy (or CRES)

Measures single electron energies non-destructively using frequency

Connections with High Energy Physics

๏ Measures the scale of neutrino masses directly

๏ Has sensitivity to low mass (eV and keV) sterile neutrinos and other BSM physics

๏ Microwave detection inherent in CRES technique is open to other physics (i.e. axions)

Connections with Other Fields

๏ Cosmology:  The neutrino mass scale impacts interpretation.

๏ Quantum:  CRES as a quantum-limited technique for electron detection.

๏ Fusion:  Atomic tritium source shares technology with fusion R&D

๏ Magnet Technology:  Novel configurations for atom & electron confinement

The Project 8 Neutrino Mass Experiment                    J.A. Formaggio (MIT), on behalf of the Project 8 Collaboration
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Passive Nuclear Forensics Using Ubiquitous Materials
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Ultra-peripheral collisions: HEP/NP synergy

 Diverse electromagnetic interactions

 Usually exclude events with hadronic interactions

 The LHC is the energy frontier for photon physics

 Photonuclear interactions probe the partonic structure of nuclei

 Protons: Wp up to 5.4 TeV probe Bjorken-x below 10-6

 Heavy Ions: Wp up to 700 GeV probe Bjorken-x below 10-5

 Coherent photoproduction probe parton transverse spatial distributions 

 Incoherent photoproduction may access partonic fluctuations

 Two ions-> 2 slit interferometer -> Studies of quantum mechanics

 Two-photon interactions reach W up to 4 TeV

 Light-by-light scattering: BSM particles and axions

 ± anomalous magnetic moment

 Antihydrogen production and LHC ion luminosity limits

 Via bound-free pair production

Spencer Klein, LBNL
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Revealing the Short-Distance Structure of QGP using Jets

QGP

At length scales O(1/T) and longer, QGP is a 

liquid. Since QCD is asymptotically free, QGP 

must be particulate at short-distance scales. 

Currently, no unambiguous experimental 

evidence for this. Quasiparticles in QGP can 

be revealed by large-angle scatterings 

between jet partons and the medium.

Arjun Kudinoor (MIT)

1808.03250 [D’Eramo et al.]

2603.08776 [Hulcher et al.]

2603.23596 [Kudinoor et al.]

● [2603.23596] Jet substructure measurements in oxygen-oxygen 

collisions at the LHC: Large-angle 2 → 2 scatterings can be a 

dominant effect (relative to energy loss) in selected observables

○ EECs

○ Soft Drop Rg

● An opportunity to reveal the microscopic structure of QGP and 

to develop and test theoretical descriptions of it (analogous to 

PDFs in DIS)

https://arxiv.org/abs/1808.03250
https://arxiv.org/abs/2603.08776
https://arxiv.org/abs/2603.23596
https://arxiv.org/abs/2603.23596
https://arxiv.org/abs/2603.23596
https://arxiv.org/abs/2603.23596
https://arxiv.org/abs/2603.23596
https://arxiv.org/abs/2603.23596
https://arxiv.org/abs/2603.23596


XLZD: the definitive detector for low- 
background physics with liquid xenon

Definitive “G3” search 

for WIMP dark matter
Opportunity for “ton-scale” 

0νββ search in 136Xe

See publications: 
       XLZD design book: J. Aalbers et al., Eur. Phys. J. C 85 (2025) arXiv:2410.17137

       0νββ sensitivity: J. Aalbers et al., J. Phys. G 52 (2025) arXiv:2410.19016

Single experiment can address key science targets recommended 

by both P5 and 2023 Long Range Plan for Nuclear Science

Designed for 

60t natXe target

80t possible 

with favorable 

Xe market
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