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“Those who cannot remember the past are condemned to repeat it”      
George Santayana (1905)
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Herbi and I have happy memories of our time in the Oxford Particle Theory Group at 
1 Keble Road … mainly due to our mentor Graham Ross – an inspiration to us all!

GrahamFest , 30 September 2011

https://archwww.physics.ox.ac.uk/GrahamFest/index.htm
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REVIEW OF PARTICLE PHYSICS

Particle Data Group

Herbi & I didn’t write any papers together then, but he did thank me for discussions in 
papers written with others … and in later years we did collaborate on several projects

I’ll focus today on the forthcoming FPF



While waiting for new physics to be discovered at the energy 
frontier, can we also explore the intensity frontier for free*? 

Courtesey: Felix Kling*Preliminary cost estimate: 25 + 13 MCHF  



The Forward Physics Facility (FPF) is a proposal to create a cavern with the space and
infrastructure to support a suite of far-forward experiments at the Large Hadron Collider during
the High Luminosity era. Located along the beam collision axis and shielded from the interaction
point by at least 100 m of concrete and rock, the FPF will house experiments that will detect
particles outside the acceptance of all existing LHC experiments and will observe rare and exotic
processes in an extremely low-background environment. In this work, we summarize the current
status of plans for the FPF, including recent progress in civil engineering in identifying promising
sites for the FPF; the FPF experiments currently envisioned to realize the FPF’s physics potential;
and the many Standard Model and new physics topics that will be advanced by the FPF,
including searches for long-lived particles, probes of dark matter and dark sectors, high-statistics
studies of TeV neutrinos of all three flavors, aspects of perturbative and non-perturbative QCD,
and high-energy astroparticle physics. [Phys. Rep. 968 (2022) 1, J. Phys. G50 (2023) 030501]

http://dx.doi.org/10.1016/j.physrep.2022.04.004
https://doi.org/10.1088/1361-6471/ac865e


The FPF is uniquely suited to exploit physics opportunities in the far-forward region, because it
will house a diverse set of experiments, each optimized for particular physics goals. The
envisioned experiments and their physics targets are: (1) FASER2, a magnetic spectrometer and
tracker, will search for light and weakly-interacting states, including long-lived particles, new force
carriers, axion-like particles, light neutralinos, and dark sector particles. (2) FASERnu2 and (3)
Advanced SND, proposed emulsion and electronic detectors, respectively, will detect roughly one
million neutrinos and anti-neutrinos at TeV energies, including one thousand tau neutrinos, the
least well-understood of all known particles. (4) FLArE, a proposed 10-tonne-scale noble liquid
detector, will detect neutrinos and also search for light dark matter. And (5) FORMOSA, a detector
composed of scintillating bars, will provide world-leading sensitivity to millicharged particles and
other very weakly-interacting particles across a large range of masses.



LHC provides a collimated beam of TeV energy neutrinos in the far 
forward direction

Proc. ECFA-CERN Workshop on large hadron collider in the LEP tunnel: 21-27 Mar 1984

Provides the 
means to study a 
number of open 
issues in QCD (at 
low Bjorken-x) … 
which are also of 
relevance to 
astroparticle
experiments such 
as IceCube

https://inspirehep.net/literature/210810


The Portal Formalism

Dark photon/milli-charged particles

Heavy neutral leptons 

Axions

Scalar DM
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Herbi is first and foremost a phenomenologist (although he did flirt briefly with string 
theory) and I would like to pay homage to that today by talking about work I’ve done 
recently with students … which has a bearing on the proposed BSM searches at FPF

First direct production of the W boson in the UA1 experiment in late 1982. (Image: CERN)

W boson turns 40                                                  25 January 2023
Forty years ago today, physicists at CERN announced to the world that 
they had discovered the electrically charged carrier of the weak force, 
one of nature’s four fundamental forces       



I was at CERN during 1983-85 – a glorious time during which the W and Z were found … 
along with lots of `new physics’ (monojets, anomalous Z ➛ ℓ+ ℓ- g , top @ 43 GeV, …)!

Volume 148B, number 4,5            PHYSICS LETTERS              2
9 November 1984

Volume 146B, number 3, 4            PHYSICS LETTERS              11 October 1984

Volume 132B, number 1, 2, 3            PHYSICS LETTERS              24 November 1983



I had got to know the BEBC WA66 beam dump collaboration – an experiment my wife 
Mandy was involved with. It seemed to provide an excellent test bed for some of the 

explanations proposed for the anomalies e.g. a light gluino which everyone was talking 
about in the TH corridors as possibly responsible for the ’monojet’ events seen by UA1 
(… which turned out to be QCD background – as shown later by Ellis, Kleiss & Stirling) 
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Fully reconstructed neutrino interaction event in BEBC



Volume 160B, number 1, 2, 3            PHYSICS LETTERS              3 October 1985

We considered production in the beam dump of light gluinos – which decay promptly 
to create a collimated beam of neutralinos … whose interactions we searched for in 

the downstream BEBC detector as an excess of neutral current-like events

We found 5 candidate events, cf. background of 10.1 ± 2.7 events ⇒ < 5.4 events @ 90% CL

… this ruled out the interpretation of the 

monojets as due to light gluinos/squarks



Heavy Neutral Lepton: Production & Decay



We considered production in the beam dump of charmed particles – which 
decay promptly to neutrinos … whose mixings create a collimated HNL beam 
that decay in the downstream BEBC detector into opposite sign particles

Volume 160B, number 1, 2, 3            PHYSICS LETTERS              3 October 1985

There were 0 candidates for the HNL decay channels eeν, eμν or μμν, or for eπ, and only 1 
candidate for μ+π−, cf. estimated background of 0.6 ± 0.2 ⇒ upper limit of 3.5 events @ 90% CL

The number of HNLs produced,    ,   can be directly related to the total number of detected 
active neutrinos of a particular species         via: 



We specifically considered production of tau neutrinos … and looked for forward 
scattered electrons that would be a signature of their electromagnetic properties

Physics Letters B280 (1992) 153-158

We found 1 candidate event, cf. expected background of 0.5 ± 0.1 ⇒ < 3.5 events @ 90% CL

The motivation was to test the proposal by Giudice (1990, 1991) that ~MeV mass tau neutrinos 
could have a magnetic moment of order 10-6 µB … and thus annihilate sufficiently to become DM



… this turns out to still be the most sensitive bound

on milli-charged particles and n magnetic moments



Bounds on mCPs from previous searches (grey): SLAC, LEP, CMS, LSND, ArgoNeuT, BEBC, Super-K 
(limit on diffuse SN n background). Expected sensitivities for FORMOSA (red) and FLArE (purple) 
and projections for milliQan @ HL-LHC, FerMINI and SUBMET (dashed).         [arXiv:2109.10905]

The reach will improve with the proposed experiments at the FPF …



… this turns out to still be the most sensitive bound

on mixings of HNLs with active neutrinos



Projected exclusion bounds for FASERν2 & FLArE-10 detectors @ HL-LHC with 3 ab−1 integrated 
luminosity. Existing constraints (grey) & projected reaches from other expts [arXiv:2107.00666]

The WA66 constraint on forward scattered electrons also translates into a leading bound on 
scattering of ~MeV-GeV scalar dark matter (Buonocore et al, Phys.Rev. D102 (2020) 035006)

https://arxiv.org/abs/2107.00666
https://doi.org/10.1103/PhysRevD.102.035006


Conclusion

dear Herbi!


