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— A. De Rujula and R. Ruckl, “Neutrino and muon physics in the collider mode of éog accelerator data v
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But no neutrinos had ever been directly detected at a collider.  =os .
So05 Q,
Toal éo'/f'_:.
In 2018, the FASER collaboration was formed and began " e FASERY %,
investigating far-forward locations near ATLAS, TI-18 and TI-12, of = 1 '
to directly detect and study collider neutrinos. T

FASER measures highest-energy man-made neutrinos

) ) ) ) ) Neutri GeV
— First neutrino interaction candidates at the LHC phys. Rev. D 104 1091101 (20271) 0 Sherdy (GeV)

— First direct observation (of v, CC interactions)  phys. Rev. Lett. 131, 031801 (2023)



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.031801
https://doi.org/10.1103/PhysRevD.104.L091101
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» Because the neutrinos have ~TeV energies, we can detect many with just a 1-ton detector.

« The transverse spread of TeV neutrinos from pion decay is only ~10 cm after propagating 480 m.
The detector is aligned with the line of sight (LoS) which maximizes the rate and energy of neutrinos of all flavors.

100 m rock implies that the only background to neutrinos from ATLAS are muon-induced events.



FASERv physics potential

(1) Study high-energy neutrino interactions

Cross sections of different flavors at TeV energies:
FASER probes unexplored energy range.

Neutrino CC interactions with charm production (vs—lc)
Nuclear PDFs
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(2) Use neutrinos as probe of forward hadron

production

« Neutrinos produced in the forward direction at
the LHC originate from the decay of hadrons,
mainly pions, kaons, and charm particles.

Ve in FASERV E, > 500 GeV
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Neutrino energy (GeV)

Neutrinos from

charm decay is
relevant for neutrino
telescopes (such as
IceCube) for
understanding the
prompt atmospheric
neutrino production
(currently very poorly
constrained).

« First data on forward charm, hyperon, and kaon

« FASERv's measurements provide novel input to
QCD (low-x PDFs, intrinsic charm, saturation)
and astroparticle physics (prompt atmospheric

neutrinos, cosmic ray muon puzzle)
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Front Scintillator

“The FASER Detector”, arXiv:2207.11427

veto system

Two 20mm scintillators
350%x300mm wide

Scintillator
veto system

Three 20mm scintillators
300%x300mm wide

Tracking spectrometer stations
3 layers per station with 8 ATLAS SCT
barrel modules in each layer

Electromagnetic
Calorimeter
4 LHCb outer
EM calorimeter
modules

FASERvV emulsion
detector

1.1-ton detector

730 layers of 1.1-mm-thick
tungsten + emulsion
neutrino target and
tracking detector (84;,¢)

Interface
Tracker (IFT)

Trigger / timing
scintillator station
10-mm-thick scintillators
with dual PMT readout

for triggering and timing
measurement (o =400 ps)

Magnets

0.57 T dipoles
200 mm aperture
1.5 m decay volume

Trigger / pre-shower
scintillator system

Recent dark photon result

“Search for Dark Photons
with the FASER detector at
the LHC", arXiv:2308.05587



https://arxiv.org/abs/2207.11427
https://arxiv.org/abs/2308.05587
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Emulsion film Tungsten plate (Tmm thick)

v Emulsion/tungsten detector
<-- e 730 1.1-mm-thick tungsten plates,
interleaved with emulsion films
11 * Vacuum-packed sub-modules with 10 layers
TELE! e 25%30 cm?, 1.1 m long, 1.1 tons :

air-core



Position resolutions (after ~100 plates reconstruction)
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Expected neutrino event rates

Expected number of CC interactions (250 fbT)

(Generators FASERv
light hadrons | heavy hadrons Ve + Ve vy +, Ve + s
Based on
F. Kling and L. J. Nevay, SIBYLL SIBYLL 1501 7971 24.5
“Forward Neutrino Fluxes at the LHC”, DPMIET DPMJET 5761 11813 161
Phys. Rev. D 104, 113008 o . . .
EPOSLHC | Pythia8 (Hard) 2521 0841 57
QGSIJET Pythia8 (Soft) 1616 8018 26.8
Combination (all) 285073018 | 06367 1ana | 67.5103
Combination (w/o DPMJET) || 1880755 | 80107332 | 36+

FASER simulatiqﬁf FASER simu'lati71;

ve CC - g 7 - v, CC !



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.113008

Main background source

Background source
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There is a flux of 0.5 Hz/cm? of high energy muons
traversing FASER from IP1 at the highest luminosity.
The muons rarely produce neutral hadrons in the
upstream concrete and inside the detector, which can
mimic neutrino interaction vertices.

Most of the produced neutral hadrons are low energy.

Interaction rates of neutral hadrons
with E;, >200 GeV in 150 tungsten plates
per incident muons

K 21x107°
K; 2.5x107*
n 2.0 x 1074
A 2.3 x 1074
A 3.1x 107>



First direct observation of Vv, Interactions at the LHC

by the FASER electronic detectors
Phys. Rev. Lett. 131, 031801 (2023)

Unblinded results: FASER L£=2354fb"
153 events in the signal region — e
(Significance of 160') 301 i 4+ Neutrino-like Events
1
1
First direct observation of v, interactions at the LHC 2 i
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.031801

Results from FASERV (cone note Aug. 2023)

« Strategy of the analysis
— Analyzing 250/730 films of the 2022 2"d module

Scannedxvolume (255 films) (this time)
[ |

FASERv

Y— Zone 730 films and

— 150 films for vertex reconstruction and 100 films for
momentum/energy measurements

— Detecting v, and v,, CC interaction candidates with
a high-energy selection (p;., >200 GeV) towards cross
section measurements (and flux constraints)

— (Due to the lack of charge measurement, we measure
the sum of v, + v, and the sum of v, + V)

module name installed period load | integrated luminosity
per module (fb™1)
2022 1st module (F221) | Mar 15 - Jul 26 | 30% 0.4705
2022 2nd module (F222) | Jul 26 - Sep 13 | 100% 0.523 |
2022 3rd module (F223) | Sep 13 - Nov 29 | 100% 28.9082

3+4

tungsten plates

\—Y—J
Target volume for the first analysis
(150 tungsten plates)

Target mass (zone 3+4)
~ 9 cmx 24 cm x 0.1087 cm x 150 x 19.3 g/cm?
= 68.0 kg

| 130mmx100mm ||

zonel

| F2221.001 i : 11




Event selection

Event selection start ‘

|

ip < b pum

)

JT\';rltr'n:a.c.k: = 57 &&
no parent track?

Topological selection

l

Nitano<o.1) = 47

TFD 50 plates

Track follow-down (TFD) |
for measuring momentum !

p > 100 GeV &&
tand > 0.0057

yes

TFD 100 plates

¥
" p > 200 GeV?

‘ Event analysis ‘

Vertexing with tracks
with nseqg > 3, 47/ Vertex file /

Event selection procedure

Event classification

[ Event analysis

electron track?
(E > 200 GeV)

v

[ v, candidate ‘

yes d) U

S —. —

Long track with
p > 200 GeV

{ vy candidate ‘

=

Ve OF 1y event ’

® v beam
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Background study using the data

Detected vertices before the high-energy selection are dominated by neutral hadron interactions.

Expectation from simulation Data
216 vertices 133 vertices (140 vertices — 7 v CC candidates)
« K., K;,n, nbar, A, Abar interactions
50 : .
: . : FASERY « The event rate agrees with the expectation
B MC (hadron int.) i . . er . o .
- a0l Preliminary within 50% uncertainty.
- Data except for nue cand : * No significant difference in the shape of the
- . 30 distributions.
+ Normalized to
: + the number of events 2[} 1[ — validating the background simulation
= —|—_|_ : J[ at low energy
N _|_ 1oF
g o 2
:|||_||__|__|_.—|—|—|— ‘|H-++|+++H-+||+
6 8 10 12 14 16 & 50 100 150 200 250 300

N tracks Prighest (G€V)
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One of the v, CC candidates

N k
S \ Back-to-back

. \j}g\topobgy
Ee = 1.5 TeV ~

\

/ \\\\

~ /A

\

Tilted view o FASERv Preliminary

/ * 11 tracks at the vertex, 615 um inside tungsten

o e-like track from vertex
» Single track for 2 X,

— +» Shower max at 7.8 X,
« 175° between e-like track and others
* 6, =11 mrad w.r.t. beam

()



Properties of the detected v, and v, CC candidates

‘>A¢\,M

Expected
background
Hadron int. " NE
INnt.
v 0.002
e
+0.002(stat) -

CC 10.002(syst)
v +OO1.53(52tat) 0.19
CC 106(systy | 010

Voip = 1.6 X 1077 (5.10)

(] (] [ ] [ ] 2,
— First direct observation of electron-neutrino o

® y beam
Vertex information of the v, CC candidates
Expected ; 3
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CC interactions at the LHC

v,ip =52x%x1073 (2.50)

— The performance of v, detection will be
improved in future analysis using a longer range

for u ID.

Vertex information of the v, CC candidates
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color
transparency

hadronization
in nuclear
medium

intrinsic neutrino DIS
large x charm charm at TeV scale
PDFs: x~1 fragmentation
p @ - - - - ]
° v

ultra low-x
PDFs: x~107 color glass
condensate

Forward Particle Production

nuclear PDFs

* "The Forward Physics Facility: Sites, Experiments, and Physics
Potential” (short paper), Phys. Rept. 968 (2022) 1-50, arxiv:2109.10905

* "The Forward Physics Facility at the High-Luminosity LHC” (long
"White" paper), J. Phys. G 50 (2023) 3, 030501, arxiv:2203.05090

FPF for the HL-LHC is a proposed facility that could
house a suite of experiments to enhance the LHC's
physics potential for BSM physics searches, neutrino

physics and QCD.

FASERv2 is designed to carry out precision tau-
neutrino measurements and heavy flavor physics
studies

— Expected to be ~20 tons
— Should detect ~ 10° v, + v, ~ 10° v, + 7, and
~ 10* v, + v, CC interactions
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https://www.sciencedirect.com/science/article/pii/S0370157322001235?via%3Dihub
https://iopscience.iop.org/article/10.1088/1361-6471/ac865e

Summary

FASER is successfully taking data in LHC Run 3.

First observation of muon-neutrino CC interactions at the LHC by the FASER electronic detectors
was reported and published.

Recent results on LHC neutrinos from the FASERv detector, distinguishing v, CC and v, CC
interaction candidates, are presented.
— First observation of electron-neutrino CC interactions at the LHC at the highest energy ever observed

— This result confirms emulsion detector can deliver physics measurements in the challenging environment
of the LHC.

— CONF note: https://cds.cern.ch/record/2868284

The result presented here used 6% of the target mass and 1/7 of the luminosity collected so far. -
We already have more than 100x more neutrinos in our collected data and expect to collect 3x
more data during LHC run 3.

More measurements to come.

- ~70 tau neutrino interactions at high energy, maybe first detection of anti-tau neutrino, cross section and
flux measurements in an unprobed energy window, new measurements that will sharpen IceCube

measurements, clarify cosmic ray muon puzzle, ...
18
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Expected
neutrino event rates

Expected number of CC interactions (250 fb™")

Generators FASERwv SND@LHC
light hadrons | heavy hadrons Ve + e vy + 1, Ve + s Ve + U, vy, + 10, v +
Based on SIBYLL SIBYLL 1501 7971 24.5 223 1316 12.6
F. Kling and L. J. Nevay, . . ‘ _ N
“Forward Neutrino Fluxes at the LHC" DPMJET DPMJET 5761 11813 161 658 1723 31
Phys. Rev. D 104, 113008 EPOSLHC | Pythia8 (Hard) 2521 0841 57 445 1871 19.2
QGSJET Pythia8 (Soft) 1616 8018 26.8 308 1691 12
Combination (all) 285071018 | 06367 T50a | 67.5703 || 4081758 | 16517535 | 18.875%
Combination (w/o DPMJET) || 1880%8% | 8010+23% | 36+20% || 3257118 | 1626+242 | 14.6+43

21


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.113008

	スライド 1: Recent results on LHC neutrinos  from the FASER experiment
	スライド 2: Neutrinos at the LHC
	スライド 3: Location  and beamline
	スライド 4: FASERニュー physics potential
	スライド 5: The FASER detector
	スライド 6: The FASERニュー detector
	スライド 7: FASERニュー detector performance
	スライド 8: Expected neutrino event rates
	スライド 9: Main background source
	スライド 10: First direct observation of ニュー 下付き ミュー  interactions at the LHC  by the FASER electronic detectors
	スライド 11: Results from FASERニュー (CONF note Aug. 2023)
	スライド 12: Event selection procedure
	スライド 13: Background study using the data
	スライド 14: ニュー CC candidate events
	スライド 15: One of the ニュー 下付き e  CC candidates
	スライド 16: Properties of the detected ニュー 下付き e  and ニュー 下付き ミュー  CC candidates
	スライド 17: The Forward Physics Facility (FPF) and FASERニュー2
	スライド 18: Summary
	スライド 19: Acknowledgements
	スライド 20: Backup
	スライド 21: Expected  neutrino event rates

