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Neutrinos at the Large Hadron Collider

e Initial studies on neutrino detection at the

LHC date back to the 80s.
CERN-1984-010-V-2.571; Nucl. Phys. B405, 80; LPNHE-93-03

o Backthen, seen as an opportunity to
discover the v .

o Also to search for new particles.
Phys.Lett.B 153 (1985) 183

e Large flux of neutrinos in the forward region.
e Very high neutrino energy (o o E ).
= A small-scale LHC experiment can observe
neutrinos of all three types .

o Highest energy human-made neutrinos!

e Two neutrino experiments in operation at the
ATLAS interaction point since June 2022:
SND@LHC and FASERv 5



http://dx.doi.org/10.5170/CERN-1984-010-V-2.571
https://doi.org/10.1016/0550-3213(93)90427-Q
http://cds.cern.ch/record/253670
https://www.sciencedirect.com/science/article/abs/pii/037026938591425X




Hadron collider neutrino physics

proton-proton
' scattering @ LHC

i neutrino scattering @
. LHC forward detectors

Adapted from Juan Rojo's
CERN TH seminar 4



Hadron collider neutrino physics

Neutrino interactions
Measure v interactions in unexplored ~TeV energy range.
Large yield of v_will likely double existing data.

About 20 events observed by DONuT and OPERA.

proton-proton
scattering @ LHC

ey

e
1%
o

QCD

e Decays of charm hadrons contribute significantly to the

neutrino flux in SND@LHC.

= Measure forward charm production with v _s.
= Constrain gluon PDF at very small x.

Flavour
e Detection of all three types of

Beyond the Standard Model

e Search for new, feebly interacting, particles decaying o Charm parentage leads to partial
within the detector or scattering off the target. cancelation of flux uncertainties

neutrinos allows for tests of lepton
flavour universality .




SND@LHC first neutrino measurements
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Density-weighted SciFi hits


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.031802
https://moriond.in2p3.fr/QCD/2024/TuesdayAfternoon/Vilela.pdf
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.031802
https://doi.org/10.48550/arXiv.2411.18787

SND@HL-LHC

Order-of-magnitude increase in event yield in HL-LHC.

o  Emulsion technology is not viable in this context.
Experiment will take ownership of CMS tracker outer barrel
modules to instrument neutrino target.

o First use of silicon for neutrino vertex detection.

o Retain tau neutrino identification capability.

m Opportunity to discover the tau antineutrino!
Opportunity to detect neutrinos in coincidence with activity in
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Portfuguese roles and strategy

Roles within the collaboration
e Physics coordination
e Upgrade coordination
e Editorial board membership

Hardware responsibilities
e Upgrade:
o Silicon vertex detector power cables.
o RPC fast timing detectors
e Current detector:

o Seadled-RPC muon telescope

o HCal/ muon system mechanical structure

Porfuguese group strategy
e Exploitation of Run-3 data:
o  Maintain / enhance leadership in neutrino and BSM analyses.
m Most physics results still to comel!
e High-luminosity upgrade:
o Maintain / enhance central role in project management.
o  Pursue major detector responsibilities.
m Highly synergistic with SND@SHiP.

European strategy priority: exploitation of the HL-LHC to its fullest extent.



