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Forward physics at colliders

14TeVn-n collisions
Conventional detectorg

p-P co\\'\S'\O\'\ axis e
e
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 B$Sktdressing 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 (FPR3 being
proposed for the HL-LHC
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68% CL contours

“"Flavor anomaly”

NGEIRENe)
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| O ¢«
O E 4 HELAV SM Prediction R(D) =0.347 £ 0.025,,,
R(D) = 0.296 + 0.004 R(D*) =0.288 £ 0.012

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

Y(O)

0508, POSSIDlENeW physics.contrdbtion in heavy flavors!? ;



Flavor anomalies and neutrino scattering

B decays W,MH,LQ
|
® B

OPERA reported ,” CCcharm production.
No’ CC charm reported, neither in any other

Neutrino scattering

L]
?

Derived from

neutrino experiments. = % OPERA T_O test LFU, need
’ ; 5 2 high-energy3-flavor
Dominant T =9 neutrino beam!
SM process P W
0—""6 &
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Pathfinder experiments

* Proof of concepts: collecting data and validating designs/DAQs through Run 3

A FASER (FASHR, SND@LHG FORMOSA demonstrator -
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: FASER TRrXiv1812.09139
The FASER experimentss s e .ceoo o
SER web pagéttps://faser.web.cern.ch/

FORWARD SEARCH EXPERIMENT AT THE LHC

ATargetsneutrinos (and andlong-lived BSM particles (e.gGAALPS)
AFirst experiment to utiliz&zollider neutrino®

p-p collision at ATLAS
Charged particles

Neutrinos and

Neutral hadrons

|
100m of rock

LHC magnets
| 480m
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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;” h’ h’ and’[h’'[h'[
collisionsatyi  p @TeV ATeV energiesdominated by DIS

* Equivalentto 100 PeV p fixed-target
interactions

* Neutrinos from m, K, D decays

A Asymmetric gluongluon interaction:
smallw large-w
* Unexplored kinematical region

» Access to heavy flavor particlesuch as
tau/charm/beauty, = 15% charm production rate

e Collimated neutrino beam
* 0(10) cm radius at 500 m
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FASER detector

A Small, inexpensive detector (arixXiv2207.11427
A 10cm radius veto system

A7m long : : Scintillator 2 x 20 mm thick
Tracking spectrometer stations veto system L 35x30cm area

) _ ¥i \P
3x 3 layers of ATLAS SCT strip modules 2% 20 mm thick !Ix 1o N\—P‘S

30x30cm area

\ \ ?‘
FASERv emulsion

detector

Front Scintillator

ol |
\J

Electromagnetic
Calorimeter

4 LHCHOuter
ECAL modules

\

Interface
Tracker (IFT)

730layers ofl.1mm
Trigger / timing tungsten + emulsion

scintillator station (8 interaction lengths)
10mm thick + dual PMT y
Trigger/ pre-shower AiI’—COI‘e magnetS readOUt( :400p5)
i z
scintillator system 0.57T Dipoles /\ )

1.5m decay volume


https://arxiv.org/abs/2207.11427
https://arxiv.org/abs/2207.11427

2026/5/28 NP




Results from the FASER experiment

SM
ANeutrino candidatesvith Rur2 data——

* PhysRev1041091101
ANeutrino detectionwith electronic —

detectors with2022data

* PhysRevlLett131.031801

AFirst’ H cross sectionsvith

emulsion detector
* PhysRevlLett.133.021802

ADifferential’ ,’ [ cross sectionsvith
electronic detectors witl2022-23
data

PhysRevLett.134.211801

* Further new results

CERNFASERCONF2025004 Forward hadron production
CERNFASERCONF2026-002 Updatednue/ numuresults
CERNFASERCONF2026-003Neutrino-induced charm
CERNFASERCONF2026-004" with calorimeter
CERNFASERCONF2026-005" double-differential measurement

To To To To Do

Pilot detector

S I,;'ﬁ,“

2018

2019

2020

Approved in2019 :3'.» =2 7 .».»"k"i.;A
Constructed by2021 a}ﬁ T
)\ \h\ 2
BSM
ADark photonwith 2022data

« 10.1016.physletb2023.138378

Run3

—— AAxion-Like-Particles (ALPsyith
2022 2023data

* 10.100HEM1(2025199

m A CERNFASERCONF2026:001 Updated dark photon result
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Electron neutrino observation in FASERvV

v, CC event, "Pika-v" event Enjoy an interactivéD displayhere!
\\\, e e = — —— e R
\\E\ === e — ——— e ———— —
’\~:~ : i I Side View
: ‘ SN\
O Sy A
A 615 pm inside tungsten

A Single track for 2X,

% % A Shower max @ 7.80),

A1, =11 mrad to beam

A

A 175° between e & rest

100 Om Beam View iy
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https://physics.s.chiba-u.ac.jp/lepp/pika-nu.html

FASER result = interaction rates

= A
Interpretations of v, interaction rate 3
S Crokss Sestio N
* FASER’s result can be interpreted in two ways o uncertainty S
* Neutrino cross sections E éELchertainty
* Flux measurement = hadron production model study = et e

Accelerator v « FASER . Astrophysical v L =656h"

Preliminary 600
o00
400
<300
- Data
200 EPOS-LHC
--- Bodek-Yang, v, SIBYLL2.3d
Bodek-Yang, v, QGSJET2.04

£=186.0fb! £=9.5fb! —.— Bodek-Yang, avg. 100

ANOMAD 08: v,/v, #NuTeV 06: v,/v, @FASER 26:v,  %FASERV 26: v, +7, PYTHTA8 (forward tune)
OICDHS 87: vu/v,  9E53: velve MFASER 26: 0,  #FASERV 26: ve+ie IceCube 17: v+,
1 | OCCFR97: v/, DONUT: ve+7e FASER 26: v,+0, %IC HESE Shower 17: v,+D,

10~ 103 0 400 600 800 1000 1200
Neutrino Energy E, [GeV] Ny (m)
Neutrino cross sections Analysis irf 70 production ratio am-n collisions
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CERNFASERCONF2026-001

FASER

Preliminary

10734 L=177 !

BSM particle searches

Production Decay Dark photon (A9

ff'
Jaﬂ W

W s

< rilS:ﬂ 5

L =57.7 fb?
ALP-W

Axion-like particles search with
2022/2023 data (57.7 £A)

JHEP01(2025)199 -

Observed Limit (90% CL)

Existi g Llnm

2026/5/28 NPN2026 Akitaka Ariga, FASER+FPF 70 80 90 100 300 400 500
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
https://link.springer.com/article/10.1007/JHEP01(2025)199
https://cds.cern.ch/record/2955719?ln=en
https://cds.cern.ch/record/2955719?ln=en
https://cds.cern.ch/record/2955719?ln=en
https://cds.cern.ch/record/2955719?ln=en
https://cds.cern.ch/record/2955719?ln=en
https://cds.cern.ch/record/2955719?ln=en
https://cds.cern.ch/record/2955719?ln=en
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Phase of experiments

- A p EA TU pp interactions
* Run 3 (2022-2026, 250 fb) A Igeaklu:irﬁ)osit;?i?l Run3
* Proof of principle =0 pnA O o@E7

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

AForward Physics FacilityRun4/5 (2033, 2000fb-1)

* 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



FASER' 2

2026/5/28 )»4




Tailored detectors at the FPF

Iron Muon
Ca | rm ter Calorimeter Wall Detector

Upstream Hadronic
l tracker

m

10 10.5 17 17.5 20.6 21 23 25

FASERZ2: tracking spectrometer for LLP searches and muon charge 1D

FASERNZ2: emulsion detector for three-flavor neutrinos

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



FASERvV2

A20-ton tungsten-emulsion detector

* Tungsten target: 64 cm x 25cm x 2mm 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

Reconstructed MC evew FASERC
configuration % /
- ) - - ,..-4"'-‘-—‘. .

=

H = -
" e - =
' - - L
P
- L5 - - -
Barny = - "
l 200urm

' int. rate estimated based on Sibyll 2.3d

Name

FASERv at Run 3
SND@LHC at Run 3
FASER at HL-LHC

102k
SND@HL-LHC 15k
FASERv2 at FPF 747k
FLArE at FPF
FLArE HCAL at FPF
FASER2 veto at FPF

Akitaka Ariga, FASER+FPF

167k
180k
6.8k
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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 Intentsubmitted 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
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A\ relaxion _ |

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

.-~ FASERRun3 °

-

~ SND@LHC Run3 s,

FPF 2ab—!

FASER 3ab™*

o ———

- ~,
- M,
FASER Run3 \

Y
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DONUT /
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102 10°
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—
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FASERv

T

IceCube]
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i
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v, oscillation measurements
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—— Sk . Only t
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Neutrinos as a probe

TeV Energy Neutrino Interaction

[ " DIS at TeV scal% |

[ LFU tests ] color
transparency

hadronization
In nuclear
medium

[ strangeness ] [

nuclear PDFs ]

[ shadowing ] [ EMC effect]
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Lepton Flavor Universality in charm production
’ Jb

* LFU test in neutrino scattering

AComplementary approackvrt decays but
poorly measured so faeven inclusive CC

Cha n nels Prehmmary — (OPERA-derived (68%)
. = = OPERA-derived (90%
* OPERA’s results can be interpreted as ~1.5 ¢ . Z7 Paser un 3 proy (68
——— FASER Run 4 proj. (68%)
away frOm the SM . N ; —— FPF/FASERV2 proj. (68%)
. Ofb Ofb (p OIQ Decay (D - Kev)
. . 74 Decay (R(D™
* FASER/FPF can constrain the effective . 6 k T oo

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

ot paly
3L _ CC charm “CC charm __ 12
R _m;—/vﬁ—_|1+(-j£|ﬂ

‘charm

CC inclusive “(CC inclusive
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QCD and enhancing HL-LHC discovery potential

=== Baseline
== +D = v, v QFPF
—— DGHP245_q 4 (sat.)

10-7  10-° 105  10~* 10— 102
xT

FPF measures thgluon 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 afliggs- andweak gauge
boson cross sections at the HLHC

Akitaka Ariga, FASER+FPF
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LLPs searches at the FPF

From FPF& input to ESPPU



