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The Dawn of Collider Neutrino Physics

Unique sensitivity to TeV-scale neutrinos and long-lived particles
produced in the forward direction at the LHC

101 — 101 —
- Accelerator v -ﬂs -ﬁ - Accelerator v -175 -ﬂ Astro v
. r. | =/ 1 B - r. | =/ 1 B
) (-)
- - e . v e — =
| v - | v V
> 0— ~ > 0 M
v 10— o 10Y=—
¢ - e SRR N :*A"W : A — L
= ) ,F ........ e = ] L S A S M A T ] 0 B
O - 1 O -
3 | L " s ’ # x:.p‘ :mpc’rpu?ne_ 280808 ——— l _________________________________
o o
= D = b —~la
W W 1
E 1071 = Z; 1071 =
5 . T FASERv o, s - -- Bodek-Yang, vy,
_ FASERv stat.+syst. unc. _ —. Bodek-Yana. i ~ |
— 0 FASERv stat. unc. - . “. :\'
4 - ® MINOS 10 0 CCFR97 ¥ IHEP-JINR 96 6 e DR ol Wi
+ E53 ve -- Bodek-Yang, ve A NOMAD 08 B GGM-SPS 81 ¢ NuTeV 06 T FASERv oy, IceCube 17
| == E53 v, —- Bodek-Yang, Ve | OBEBC 79 V¥ IHEP-ITEP 79@® SKAT 79 FASERv stat.+syst. unc. % IC HESE showers 17 (avg. of v, V)
% DONUT -+ Bodek-Yang, weighted average 0O CDHS 87 “l FASERv stat. unc. © IceCube HESE 20 (avg of v, V)
10_2 | lllll' I | I llllll I I 10_2 | | I llllll 1 1 I Illlll | | | llllll I | M T TT1TT1
102 103 101 102 103 104 10°
Neutrino Energy E, [GeV] Neutrino Energy E, [GeV]
FASERY o o o : :
scintillator IFT Veto scintillator Timing scintillator Tracking spectrometer stations [Pre-shower
station station scintillator station

station

Col e ] | |
Y, T~
heeaay . )

Secondary

ATLAS LOS Tungsten target particies

FASERv tungsten/emulsion detector — Magnets & decay volume

FASER Collab. 2023 FASER Collab. 2024

Calorimeter

Large-scale Neutrino Detectors Within and Surrounding Lake Geneva | TeVPA 2024



https://arxiv.org/abs/2303.14185
https://arxiv.org/pdf/2403.12520
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~ Lake Detector Proposal
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e A suite of CHIPS-style water Cherenkov
detectors deployed in a modular fashion

e Benchmark lake detector: cylinder with radius of
5 m and length of 100 m (~4 CHIPS modules)
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https://arxiv.org/abs/2401.11728
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e Scintillator panels situated inside
shipping crates

* Arranged in three sets of 3x2 crates
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L HC Forward Neutrino Flux

We use github.com/makelat/forward-nu-flux-fit for

simulated samples of forward neutrinos produced in ATLAS Transverse Distance from Beamline at Surface [m]
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https://github.com/makelat/forward-nu-flux-fit

Event Rates
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[1] A. Schneider, NK, A. Wen 2024
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https://arxiv.org/abs/2406.01745

What can we do with
over a million collider neutrinos?




Charm Production in p-p Collisions

e QOrder-of-magnitude uncertainties on
forward charm production in p-p collisions  1.9-
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e |Increasing forward charm production rates
corresponds to...
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https://arxiv.org/pdf/2308.02808
https://arxiv.org/abs/2210.08890

Heavy Neutral Leptons

github.com/mhostert/Heavy-Neutrino-Limits

10_2 3 I I T T T TT] A 1 I
E
3 <A
-3 L 43, 05 N
10 E @Q& j)@'
i 2
1074 & PMNS Unitarity
107°
~ :
=z 10-6 L
= 10 E
T = (EMA ET AL)
7L
10 E pwBooNE
C .
No direct
10-8 - Room for :
= : experimental
e BNL-E949 Improvement .
b above 2 GeV constraints above
1077 F W/Z mass
; Cosmology \\\
10_10 ] | | IIIIII | | | IIIIII | ] | IIQLIII | | | |
1073 1072 1071 10 101 107 10°
MN (GGV)

Large-scale Neutrino Detectors Within and Surrounding Lake Geneva | TeVPA 2024


https://github.com/mhostert/Heavy-Neutrino-Limits

Heavy Neutral Lepton Searches

e [wo ideas to look for HNLs in our proposed
detectors

Lake Detector Surface Detector
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Heavy Neutral Lepton Searches
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Heavy Neutral Lepton Searches

0 e
e Two ideas to look for HNLs in our proposed 102 Atre+ 2009
detectors T
>
o 0
1. GeV-scale: Delayed muons with respectto 2 10 o e
the beam trigger from HNL time-of-flight —, 107 2V :;EZ*))
. — 10°t i o0 =mes (W)
2. TeV-scale: Di-muons from S R r(z)
710 B r'(H
N = pW = w)or N = uZ—pp) S otal width

1000

Large-scale Neutrino Detectors Within and Surrounding Lake Geneva | TeVPA 2024


https://arxiv.org/abs/0901.3589

Heavy Neutral Lepton Searches
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Sensitivity studies in progress 1000
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https://arxiv.org/abs/0901.3589

Surface Detector Background

Shipping Container

Signal

Background

*Water overburden reduces cosmic backgrounds in lake detector

4
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Surface Detector Background

Shipping Container
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We use EcoMug to generate cosmic muons in a
cylinder surrounding one of the shipping containers
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https://www.sciencedirect.com/science/article/abs/pii/S0168900221007178

Four Strategies for Background Rejection

1. Timing with respect to proton collision

2. Time difference between scintillator panels

3b. Two-dimensional spatial information

Front Panel Back Panel

X :
2 U exit
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Four Strategies for Background Rejection

1. Timing with respect to proton collision

2. Time difference between scintillator panels

3b. Two-dimensional spatial information

Large-scale Neutrino Detectors Within and Surrounding Lake Geneva | TeVPA 2024



Two-dimensional spatial information
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Surface Background Overview

103 - —— Neutrino Signal
—— Cosmic Background
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762.8 Events

Prototype Surface Detector ..
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https://lhc-commissioning.web.cern.ch/schedule/LHC-long-term.htm

Takeaways

Neutrinos from LHCb and CMS pass through Lake Geneva and exit the
Earth’s surface
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Takeaways

Neutrinos from LHCb and CMS pass through Lake Geneva and exit the
Earth’s surface

Large scale water Cherenkov and scintillator detectors can collect
>1M collider neutrinos during the High Luminosity LHC
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Takeaways

Neutrinos from LHCb and CMS pass through Lake Geneva and exit the
Earth’s surface

Large scale water Cherenkov and scintillator detectors can collect
>1M collider neutrinos during the High Luminosity LHC

These datasets would be sensitive to forward charm production in p-p
collisions and GeV-to-TeV-scale heavy neutral leptons
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Takeaways

Neutrinos from LHCb and CMS pass through Lake Geneva and exit the
Earth’s surface

Large scale water Cherenkov and scintillator detectors can collect
>1M collider neutrinos during the High Luminosity LHC

These datasets would be sensitive to forward charm production in p-p
collisions and GeV-to-TeV-scale heavy neutral leptons

Cosmic muon backgrounds are manageable
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Takeaways

Neutrinos from LHCb and CMS pass through Lake Geneva and exit the
Earth’s surface

Large scale water Cherenkov and scintillator detectors can collect
>1M collider neutrinos during the High Luminosity LHC

These datasets would be sensitive to forward charm production in p-p
collisions and GeV-to-TeV-scale heavy neutral leptons

Cosmic muon backgrounds are manageable

A prototype surface detector can be deployed at the end of LHC Run 3
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Thanks!

Please feel free to reach out if you have ideas for these detectors
nkamp@g.harvard.edu
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Backup
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Neutrino Event Rate
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1. Timing with respect to proton colllsmn

(Detector 1] : (Detector 2] : (Detector 3]
e The LHC has an inherent duty £*
factor of 78.9% ¥ o
e Within each 25 ns bunch, -
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arrive within a 2.5 ns window 107° T S S 5 3 a5 3 3 i %
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2. Time difference between scintillator panels

Cosmic Background

e Neutrino-induced muons tend to travel 10°- Neutrino Signa
transverse to the scintillator plane, >ignal Region
. . -2
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larger angles on average =~
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- 10— i
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3a. Up- gclng spatial mformatlon
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3b. Two-dimensional spatial information
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Front Panel

Prototype Sensitivity Detalils

Back Panel
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