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New physics with LHC's forward beg
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Forward physics at colliders

14TeV p-p collisions

Conventional detectors = 8
L 'NOS ' ;
High energy neu-trm‘ ht particles (A,
N 3 8 \\cakly interacting !9
\lision /
p—‘p co
W

Strongly interacting massive particles
* In these years, our view of forward physics at colliders has completely changed.

* Forward region holds rich physics, both SM and BSM, addressing all of our top science
drivers.

* The discovery of collider neutrinos marks the start of multi-messenger collider physics.

* To fully explore what the LHC can offer, the Forward Physics Facility (FPF) is being
proposed for the HL-LHC
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68% CL contours

“"Flavor anomaly”

B B —) V D E 4 HELAV SM Prediction R(D) =0.347 + 0.025,,,,
H R(D) = 0.296 + 0.004 R(D*) = 0.288 £ 0.012,,,

R(D*) = 0.254 + 0.005 p=-0.39
P(x) =41%

R(D) =

x65008:6. POSsible new physicsicontribution in heavy flavors!? ;



Flavor anomalies and neutrino scattering

B decays
W, W', H, LQ

Neutrino scattering

b o
]

OPERA reported v, v; CC charm production.

No v, CC charm reported, neither in any other Derived from

neutrino experiments. £ % OPERA To test LFU, need
y ciE high-energy 3-flavor
T T =

\/ 8 U N I
Dominant . =9 neutrino beam!
SM process P W=

/\

d V d Cc
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Pathfinder experiments

* Proof of concepts: collecting data and validating designs/DAQs through Run 3
* FASER (FASERv), SND@LHC FORMOSA demonstrator
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_ FASERTP arXiv:1812.09139,
FASERv Eur. Phys. J. C (2020) 80: 61
T h e FAS E R exp e rl m e nt FASER web page: https://faser.web.cern.ch/

FORWARD SEARCH EXPERIMENT AT THE LHC

* Targets neutrinos (and i) and long-lived BSM particles (e.g. A’, ALPs)
* First experiment to utilize “collider neutrinos”

p-p collision at ATLAS
Charged particles

Neutrinos and L

Neutral hadrons
LHC magnets |

o 100 m of rock
|
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What is special in LHC's forward beam?

Neutrino production Neutrino beam

* Forward hadron production in p-p 3 flavor neutrinos; v,, v,, v;andv,, v,, v,
collisions at+/s = 13.6 TeV

* Equivalentto 100 PeV p fixed-target
interactions

* Neutrinos from m, K, D decays

* TeV energies, dominated by DIS

 Access to heavy flavor particles, such as
tau/charm/beauty, = 15% charm production rate

* Collimated neutrino beam

* Asymmetric gluon-gluon interaction: + 0(10) cm radius at 500 m

small-x X large-x
* Unexplored kinematical region

QUARKS

LHC: jets
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FASER detector

* Small, inexpensive detector (ariXiv:2207.11427)

Front Scintillator

* 10 cm radius
* 7m long Scintillator 2 x 20 mm thick

Electromagnetic
Calorimeter

4 LHCb Outer
ECAL modules

\

veto system

Tracking spectrometer stations
3 x 3 layers of ATLAS SCT strip modules

veto system 35x 30 cm area

2 x 20 mm thick
30 x 30 cm area

‘
\J
\“ P
A S s
A )
\ . )\

Interface FASERv emulsion

detect
Tracker (IFT) erector

730 layers of 1.1 mm
Trigger / timing tungsten + emulsion

scintillator station (8 interaction lengths)
10mm thick + dual PMT y
Trigger / pre-shower Air-core magnets readout (o = 400 ps)
. yA
scintillator system 0.577T Dipoles /\ x

1.5 m decay volume


https://arxiv.org/abs/2207.11427
https://arxiv.org/abs/2207.11427
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Results from the FASER experiment

SM
Neutrino candidates with Run2 data——

PhysRevD.104.L091101

Neutrino detection with electronic ——

detectors with 2022 data

PhysRevLett.131.031801

First v,, V,, Cross sections with

emulsion detector
PhysRevLett.133.021802

Differential v, v, cross sections with
electronic detectors with 2022-23
data

PhysRevLett.134.211801

Further new results
CERN-FASER-CONF-2025-004 Forward hadron production
CERN-FASER-CONF-2026-002 Updated nue / numu results
CERN-FASER-CONF-2026-003 Neutrino-induced charm
CERN-FASER-CONF-2026-004 Vv, with calorimeter
CERN-FASER-CONF-2026-005 v, double-differential measurement

Pilot detector
‘. -

2018

2019

Approved in 2019
Constructed by 2021

BSM

* Dark photon with 2022 data

10.1016/j.physletb.2023.138378

e Axion-Like-Particles (ALPs) with
2022, 2023 data
* 10.12007/JHEP01(2025)199

m * CERN-FASER-CONF-2026-001 Updated dark photon result
|

u
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Electron neutrino observation in FASERvV

v, CC event, "Pika-v" event Enjoy an interactive 3D display here!

Side View

* 615 pm inside tungsten

 Single track for 2X,
» Shower max @ 7.8X,
« 0.=11 mrad to beam

175° between e & rest

\ .
100 pm Beam View 11
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https://physics.s.chiba-u.ac.jp/lepp/pika-nu.html

FASER's result = interaction rates

Interpretations of v, interaction rate

- = e

Cross section
uncertainty

_____________

* FASER’s result can be interpreted in two ways _
* Neutrino cross sections e o
:uncertainty
* Flux measurement = hadron production model study NEuTE R

neutrino cross section

v

Accelerator v  FASER Astrophysical v L =656

Preliminary GO0

500

Data
EP0OS-LHC
--- Bodek-Yang, v, SIBYLLZ2.3d
£=186.0f7'  £=95fb" = gz:::::::gg,'::g, 00 UGSJET2.04

ANOMAD 08: v,/D, $NuTeV 06: v,/v, @FASER 26: v, % FASERV 26: v,+7,, PYTHIA8 (forward tune)
OICDHS 87: vu/v,  #E53: ve/ve BFASER 26: U,  #FASERV 26: Vet IceCube 17: v+,

.—I'c_'
c
o
Y
o
=}
c
T
>
v
O
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£
o
0
T
o
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=
w
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=
w
[S)

-1 O CCFR 97: v,/0, DONUT: ve+0e FASER 26: v+, %IC HESE Shower 17: v,+D, (
10 103 200 400 600 800 1000 1200
Neutrino Energy E, [GeV] Ny (m)
Neutrino cross sections Analysis in /K production ratio at p-p collisions
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CERN-FASER-CONF-2026-001

BSM particle searches g

E/

Preliminary

L=177 b}

Production Decay Dark photon (A))

a () +//,_(

JaWw™~--_
- a

o h
e

s

L =57.7 fb?
ALP-W

a

Axion-like particles search with
2022/2023 data (57.7 fb~1)

ALP Coupling g_ [1/GeV]

JHEP01(2025)199 -

Observed Limit (90% CL)

Existing Limit
|

—l—l——%l—_]
2026/5/28 NPN2026 Akitaka Ariga, FASER+FPF 70 80 90 100 400 500
m, [MeV]


https://link.springer.com/article/10.1007/JHEP01(2025)199
https://link.springer.com/article/10.1007/JHEP01(2025)199
https://link.springer.com/article/10.1007/JHEP01(2025)199
https://link.springer.com/article/10.1007/JHEP01(2025)199
https://link.springer.com/article/10.1007/JHEP01(2025)199
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Phase of experiments

- e 1 fb—l 1014 int ti
gl 3 (2022-2026I 250 fb 1) * Peak Iu(n_q)inositypilzr:Ilguenr_i,C .
* Proof of principle =3x103* cm 257! & 6.5 kW

* Run 4 (2030-2034, 780 fb?)
* Physics-driven expansion in HL-LHC.

* Forward Physics Facility Run 4/5 (2033-, 2000 fb?)

* High statistics measurements & precision physics

* The phase of pathfinding has been over. Move to high precision physics.

2026/5/28 NPN2026 Akitaka Ariga, FASER+FPF 14
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Tailored detectors at the FPF

Clmt Clr]mt W” De

eto syste

T s

m

10 10.5 17 17.5 20.6 21 23 25

FASER2: tracking spectrometer for LLP searches and muon charge ID

FASERv2: emulsion detector for three-flavor neutrinos

FLArE: LAr TPC for neutrinos FORMOSA: plastic scintillator array for mCPs



FASERvV2

* 20-ton tungsten-emulsion detector

* Tungsten target: 64 cm x 25cm x 2 mm X 3300 plates

* Sensitivity tov,, Vi, Ve
« u¥ charge ID with FASER2

* Performance proven by FASERv

* High statistics v; studies and test lepton flavor
universality

Name

Reconstructed MC event)m'{FASEsz
configuration | % | /

"""'::-f"' FASERv at Run 3

. ' ij — SND@QLHC at Run 3 | 0.8t | 350 fk 300 .ok
/ — FASER at HL-LHC | 1.1t | 3ab- ok | 102k
o / . SND@HL-LHC * 3ab~! | 69<n<76| : 15k

e q._________.._..—-""‘“'_ FASERv2 at FPF 17> 8.0 02 (%
o T FLArE at FPF 0 t n>T.5 34.7k | 167k
_— . —— FLArE HCAL at FPF | 41 t 2 ah n > 6.5 34.0k | 180k

- FASER2 veto at FPF | 0.9 t 2 ak .6k 6.8k

/ Akitaka Ariga, FASER+FPF 17



Physics objectives and experiments

* Neutrino precision physics

* FPF as neutrino-ion collider

° U Ni q ue p ro b e Of sma | | -X Q C D K b *",_ 2 'g’fj: N _m .....................

* Impact for Astroparticle Physics
* Dark matter and mediators

* Millicharged particles
* Other opportunities for new particle searches
* See the Letter of Intent submitted to CERN!



https://arxiv.org/abs/2510.26260

FPF experiments have discovery
potential in every one of the PBC
benchmark scenarios!

Physics objectives and experiments

Dark Matter

Scalars

s
dilatons < inflaton o
A\ relaxion _ |

',,/QHDMS Higgs.///,/ flavor specific sca!ir:s/*;::?
?ﬂémﬁéﬁﬂggw”

Sgoldcinos
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https://arxiv.org/abs/2510.26260

Neutrino yields and cross-section sensitivities at FP

FPF 2ab-1

b - '-.._\_\ '\l-
| FASER Run3 ™3

It
- -

_.-~"" FASER Run3

-

~ SND@LHC Run3 s,

FPF 2ab—!

FASER 3ab™*

o ———

- ~,
- M,
FASER Run3 \

Y

s

/
DONUT /
ri -

102 10°
Neutrino Energy E [GeV]

102 10°
Neutrino Energy E [GeV]

FASERv ve + Vg |
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FASERV2/
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l_T_u,_"_'—'"\+_l_ .FLAI’E b

—
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IceCu!ét_
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| DONUT v, + 7,

v, oscillation measurements v

<«——1 OPERA v, Only T —;l;l

«——1 SK vy, ¥
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«——| |ceCube v, V<
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102 103
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Neutrinos as a probe

2026/5/28 NPN2026

TeV Energy Neutrino Interaction

[ v DIS atTeV scale ] |

[ LFU tests ] color
transparency

hadronization
in nuclear

medium

[ strangeness ][

nuclear PDFs ]

[ shadowing ] [ EMC effect ]

Akitaka Ariga, FASER+FPF



Lepton Flavor Universality in charm production

* LFU test in neutrino scattering

* Complementary approach wrt decays, but
poorly measured so far, even inclusive CC

Cha nnels Pre||m|nar —— OPERA-derived (68%)
/ . == OPERA-derived (90%
* OPERA’s results can be interpreted as ~1.5 ¢ . Y Z7 Paser un 3 proy (68
——— FASER Run 4 proj. (68%)
away frOm the SM SM - FPF/FASERV2 proj. (68%)
' A£ = A{ (1 + Cg) Decay {D—rfeu}
* FASER/FPF can constrain the effective . o

couplings C,, C; by double ratio
measurement, canceling flux uncertainty
* 10-20% of CC produce charmed hadrons

ot paly
RM_F:' _ CC charm / “CC charm |1 + (—‘E'lg
N e — i A 3

7
“(CC inclusive

‘charm Vg
CC inclusive

2026/5/28 NPN2026 Akitaka Ariga, FASER+FPF



QCD and enhancing HL-LHC discovery potential

~~—= Baseline

—_ +D = Ve, (

—— DGHP245_q 4 (sat.)
DGHP24i_3.¢ (sat.)

10-7  10-° 105  10~* 10— 102
xT

FPF measures the gluon probability
(PDF) at low momentum fractions

2026/5/28 NPN2026

Baseline (PDF4LHC21)
Baseline + DISQFPF (stat)

HLLHC, \/5 = 14 TeV :

hW+

hjj (VBF)

o

V)7 = 00

Wtz

—1 0
dpato(pp — X) (%)

Improves predictions of Higgs- and weak gauge-
boson cross sections at the HL-LHC

Akitaka Ariga, FASER+FPF
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inelastic dark matter
ap=0.1, my,=1.05my,, ma = 3my,

DM relic target

=
o
o

kinetic mixing £

FASER2

/SHiP

| Bélle 2

5 10 15 20 25
DM mass my, [GeV]

Fig. 4 Inelastic dark matter searches at the FPF. The discovery poten-
tial of FASER2 and other experiments for two different realizations
of inelastic DM. The left panel considers a the case of heavy inelas-
tic DM interacting via a dark photon portal, as introduced in [15],
where the high energy of the LHC allows FASER?2 to probe masses
up to tens of GeV. The right panel considers the case of light inelastic
DM with very small mass splittings that is mediated by a dipole por-
tal as introduced in Ref. [16], where the large LHC energy boosts the
signal to observable energies. In both scenarios, the reach of FASER2
extends beyond all other experiments, including direct and indirect DM

From FPF’s input to ESPPU

LLPs searches at the FPF

inelastic dipole dark matter
my, =1.001m,,

BaBaR

DM relic target

—

magetic moment y,, [GeV™1]

DM mass m, [GeV]

searches, LHC experiments, and beam dump experiments, such as SHiP.
It also covers the thermal DM relic target (solid black lines), that is
the cosmologically-favored parameter space where the model predicts
the observed dark matter relic abundance as produced through thermal
freeze-out. For comparison, we have shown the leading constraints pro-
vided by BaBaR [17] and LEP [18,19], as well as projections from a
number of other proposed searches, including those for displaced muon
jets (DMJ) and delayed particles (timing) at the main LHC experi-
ments [20,21] as well as displaced particle searches at LHCb [22-24],
SHiP [25], Belle 2 [26], and SeaQuest [27]




LLPs with unusual propagation patterns

108 T -
milli-charged particles D color neutral quirks

* out of time

MQ 105 ]

FLArE
(scatterin

FASER2 2ab~!

[
<
=

L_-—""Co-planar

millicharge g
=
<
confinement scale A [eV]

=
<
wr

FORMOSA

10° 10 .' 0.4 0.6
MCP mass my [GeV] quirk mass mg [TeV]

FIG. 21. New Particle Searches at the FPF. Left: The discovery reach of FORMOSA and FLArE
with 2 ab™! for millicharged particles 227, 229]. Right: The discovery reach of FASER and FASER2 for
colour-neutral quirks [230]. In both panels, we also show existing bounds (gray shaded regions) and projected
sensitivities of other experiments (dashed contours), including millicharged particle searches at BEBC [231],
SLAC [232], LEP [233, 234], CMS [235-237], LSND [238], ArgoNeuT [239], milliQan [240-242], FerMINT [243],
SUBMET [244], and SENSEI [245], as well as quirk searches at D0 [246], monojet searches [247-249)],
heavy stable charged particle searches (HSCP) [247, 250, 251], co-planar hits searches [252], and out-of-time
searches [253, 254|.
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* FPF workshop series:

l\\‘\\\‘. .
e e
N ) y |
X By

FPF1, FPF2, FPF3, FPF4, FPFs s y@
FPF6, FPF7, FPF theory day Y Le >~
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ESPPU scientific program:

doi.org/10.1140/epjc/s10052- ;%

2109.10905 025-14048-6
* ~75pages, ~80 authors

* FPF paper:

~25 pages, ~26 authors
* Snowmass Whitepaper:
2203.05090 Lol submitted to CERN
~450 pages, ~250 authors 4 1016/j.nuclphysb.2026.117398
Oct 2025
73 pages, 114 authors

LETTER OF INTENT:
THE FORWARD PHYSICS FACILITY

2

lepton
universality

Luis A. Anchordoqui,! John Kenneth Andes Ariga,” David Asner,®

lotnikov,* Silas Bosco,?
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* Recent Summary:

FPF Update

Jamie Boyd,™* BE: a Ca , - Mi 2 16 Kohei Chinone,
w Citron,! e oronado,'® Peter Denton,'* Albert De R 5 Milind V. Diwan,4
Radu Dobre,?’ i *Onofrio,? Jonathan L. Feng,'3

30 Oct 2025

intrinsic
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forward
hadron
production

Astroparticle Physics

* Technical Documents:

)vl [hep-ex]

Facility Technical Study

of protons and nuclei

M uon Fl §)% Stud . ; The FPF neutrino program will refine our . : . . .
v v => o multiple fror including new s, neutrinos,

adroa Drod C- Yol . .
1 -hadt ou produe dark matter, QCD, and astroparticle physics.
in uncharted re-

Vibration Study
Geotechnical Report

FORMOSA

xperiments and the large infrastructure.
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Summary

* Forward physics has proven to be a rich playground for exciting physics
 Pathfinder experiments have already reported results from Run 3

* The Forward Physics Facility (FPF) has been proposed to fully exploit
the potential of the HL-LHC
* 4 complementary experiments; FASER2, FASERv2, FLArE, FORMOSA
* The physics program is rich and diverse, spanning neutrino physics and searches
for BSM particles

* A Letter of Intent (Lol) has been submitted to CERN (see here)
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FPF timeline and cost
o b lomiom peretomerne

* Vibration study indicates that construction |gare

of the FPF possible during LHC operations

* Radiation protection studies indicate work
acewons |

in FPF possible while the LHC is runnin
P 110 LS| J
— not restricted to LS!
* Timeline: construct in LS3/early Run g,
phySICS starts In |ate Run [|. c e
* Capture as much HL-LHC luminosity as ___
possible.

* Cost Estimate: 35 MCHF (class 4)

TOTAL CE WORKS 35,332,978.00 100.0%
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N tracks

FASERv and current sample

* Emulsion/tungsten neutrino detector
730 emulsion films ~ an exa-channel detector
Target mass of 1.1 tons (8 A;y,¢, 220X )
Typical position resolution, 300 nm

 Data set for the published result:
9.5 fb*in 2022 run, target mass of 128.6 kg
* ~1.7% of data collected by 2023

i/ \
emulsion film  tungsten (1 mm thick)

—2—151—05 0 05 1 15 2
AX [um]

0

plastic base
, (210 pim)
.'R.

tungsten plate (1.1 mm)

/
emulsion film emulsion layers (65 pm)
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FASERv steps, 3 detectors per year

Film production Assemb|y s F xposure @ Disassembling s Development Readout

Offline analysis

Physics analysis *e, u 1D mmm \/ertex reconstruction #Track reconstruction_ Alignment
T decay search

charge ID

Ev reco

charm/beauty

etc.

=) =) o
> o ®

0JE [107* cm?/GeV]

=]
N

E [GeV]
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Neutrinos = proxy of forward hadron production

* Pion, Kaon, charm contribute to different part of energy
spectra and flavor

'FASERV: v, + Uy . —— AIZ —— Shower 5
: 1 D"“"u: =
--- DPMJET 3.2017 QGSJET 11-04 g
—— SIBYLL 2.3c¢ --- Pythia8 (Hard) £
- — EPOSLHC .~ Pythia8 {Soft) Ve E

<
0
=
i
i
Q
=
=
]
3
a
=

=
o
]

-
2

| 103 VT

<
0
—_
—
W
o
=
=
a
=
e
=

Neutrino Energy [GeV]

* FASERV/FPF provides important inputs to validate/improve
generators = Muon excess, prompt neutrinos

Neutrino Energy [GeV]
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First cross section measurements at TeV energies

4 Ve and 8 v, observed events with negligible BG, both above 50 PhysRevLett.133.021802

Accelerator v Accelerator v Astro v
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Bodek-Yang, v,
- Bodek-Yang, Uy

1 lllllll

@ MINOS 10 O CCFR97 ¥ IHEP-JINR 96 ** Bodek-Yang, weighted average
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Relative measurement wrt theoretical curve. L=9.5fb?, m=128.6 kg
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https://doi.org/10.1103/PhysRevLett.133.021802
https://doi.org/10.1103/PhysRevLett.133.021802

4 proposed FPF experiments, diverse detectors for a broad physics
program

FASERv2

FORMOSA
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FASERV2 detector structure [t mitys s
* Assembling a 20-ton detector in dark is

technically challenging = Assembling in FPF
* Light-tight-packed emulsion film

* The scheme was tested in test beam at SPS-
H8 in 2024

2026/5/28 NPN2026 Akitaka Ariga, FASER+FPF 35



FASER2

Decay volume: Magnet: Calorimeter:

* 10 mlong decay volume * Large aperture * Based on dual-readout calorimetery
* 3mwide X1m gap (*) * Spatial resolution: 1-10 mm

Tracker: .

* Based on LHCb's SciFi tracker
* SiPM and scintillating fiber design
* Detector resolution: ~ 100 pm

2026/5/28 NPN2026

Superconducting technology
Magnetic Field : 2 Tm
Based on the SAMURAI magnet

Akitaka Ariga, FASER+FPF
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Inspired by the
DUNE near

F L/ \ rI detector Concept ARl : ; | ,
(photoin Bern) > ( —{l

* Liquid Argon neutrino detector
* Based on DUNE near detector concept
* 3x7=21TPCs
* 30 tons active volume, 10 tons fiducial
volume

* LAr works as precision tracker and
calorimeter

* Particle ID, energy measurements
from MeV —O(1200) GeV

* Study v, vy, v, (statistically)
« u* charge ID with FASER2

2026/5/28 NPN2026 Akitaka Ariga, FASER+FPF 37




FORMOSA

* Direct millicharged particle (mCP) searches
at the LHC

* Core concept: Use array of efficient long
scintillator bars + PMTs to detect ionization
from mCPs.

FORMOSA demonstrator as of 2025

* Small scale prototype in 2025:
* 16 scintillator bars
* Front+back muon panels

2026/5/28 NPN2026 Akitaka Ariga, FASER+FPF



FASERvV with 10 fb™1in ‘&
2mm X 2 mm X 10 fif 157

BG muon measures

* Background muon limits sensitivities
e Impacts FASERvZ, FLArE, FORMOSA
* Estimated to be O(1) Hz/cm?

G}

a

[1o)

e

S
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— -

£ »
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£ 101 g

=) L,
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< 8
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[}

2

=

+

po X

¥Track density . 0 0 0 . aaEmn
5 2 -300 -200 -100 O 100 200 300 400 500 600
~3 %10 tracks/cm horizontal axis [cm]

* Reducing muon background would be beneficial
for the FPF experiments (particularly FASERNnu2)

+ .
- Investigating the feasibility of implementing a u” fluence expected in FPF

Sweeper magnet ~O(1) Hz/cm?

Sweeper magnet

Simulated muon rates with/without
sweeper magnet (preliminary)

FASER Run3 -

Place a permanent magnet along
the wall of the LHC tunnel
1T x 40 m long

FPF with magnet I )
oAl FASER Run4
I
e e — — — — 1
o D1 magnet FASER Run4 with magnet - </ 3
LA
Ctunne/ 0 05 1 15 2 25

Muon rate [Hz/cm?]
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OPERA's v, induced charm
production event

VT \/ T
SM process,
charm production Ve
via mixing q /I}cd\ )

Well measured for vy

* 1 event was observed with surprise

* Expectation:
* Signal 0.04
* Background <o0.05

Could also be a hint of new physics!?
No v,CC+charm has ever been reported

2026/5/28 NPN2026 Looks like LFU is very erL(l’%Pai n%,%@&ﬁﬂpg
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blate 31 32 33 34 35 36 37 38 39 40 41 42 43

v.CC + charm : v»,CC =0 : 35,
v, CC + charm : v,CC = 50 : 2925,
v, CC + charm : »,CC =1:11.
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New physics parameterization

* We parameterize new physics contributions to the CC amplitude as
Ap = Asy (1 + Cp)

* (¥ = 0 corresponds to the SM, C, # 0 represents flavor-
dependent new physics

* The observable charm production rate is modified as
R{) — |1 + C{)lz

* This effective description approximately captures possible
contributions from W', H%, scalar/vector LQ, non-standard CC

-WefixCM =0

vy d
RV _ 9%¢cc charm 7 _ |1 + (1,||2
‘charm =~ ot o — <£| 3
“CC inclusive

ol )
CC inclusive
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Collider neutrmo results

Vv candldates IN 2021 Acceleratorv - : ‘first electron neutrino event
[PhysRevD.104.L091101] . \;

Collider v detection
established in 2023

o(E,)/E, [10738 cm? GeV~1]

[PhysRevl ett.131.031801] 102 o
Ve and Vu CrOSS SeCtlonS In +553:‘:: ___ Ezg:t::g::
% DONUT -+ Bodek-Yang, weighted average

2024 [PhysRevlett.133.021802 ] [nature] 1 -

Neutrino Energy E, [GeV]

e Selected as PRL Collection 2024!

Differential measurements
202/ [PhysRevlett.134.211801]

£=186.0fb~"
Accelerator v FASER Astrophysical v

Preliminary

Uniolded Number of v, interactions

ANOMAD 08: y, 5, #HUTE 08: 8T,
CICDHS 8T:uff,  #E53:u0,
(OCFR 972 wyw, DONT: b# T

BT
20260 e Neutrino Energy £, [GeV]

FlENE, [L07* cm? GeVv— ! nuclean—*]

CERN-FASER-CONF-2026-005
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neutrino cross section

FASER measures v, interaction rates,

and then?

—

FASER's result = interaction rates

o e e =

Cross section _

uncertainty
- o

Euncertainty

»
>

Neutrino flux
2026/5/28 NPN2026

7

Assuming LFU is valid

Akitaka Ariga, FASER+FPF

* Hadron production models
* External validation data

measurements

* Test Lepton Flavor Universality
e Search for new interactions

Neutrino flux
measurement

* Study hadron/neutrino
production at very high-energy

*  Prompt neutrinos

« QCDatsmallx
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LHC's forward neutrino beam... Is it
S p e C I a | ? Asymmetric gluon-gluon interaction: small-x X large-x.

FASERv: Hadron production in p-p collision at

forward beam

7TeVyp 7TeVyp

Large-x

\Js = 14 TeV Small-x

lceCube: 100 PeV fixed target

Gluon PDF with Neutrinos from Charm Decay
FixedTarget PRELIMINARY

100 PeV p p at rest | = wac

Tevatron

MERA Sensitive to QCD studies;
LHCv with7<n,<8 C: it . )
LHCVe with 8 <7, <9 o small-x factorization, probe
LHCv. with 9 <n, . . .

intrinsic charm, and

prompt neutrinos.

Js = 14 TeV

Accelerator v with conventional fixed target: |
| x ~107°
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e.g. CERN-SPS (OPERA, SHiP)
400 GeV p p at rest = N\ ‘LHC:B
] M, \c: . . ({td Tagags
T Maiu : e PV H
Vs = 0.027 TeV Bl T Ao o e

Momentum Fraction x
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