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~rd5ed Physics potential in forward region

Forward region ocupied by beam pipe
“a hole without detector”

Light and weakly-interacting particles:
Dark photons, axion like particles, neutrinos......

tend to fly to the forward region: escaped
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FASER Collaboration

123 collaborators, 27 institutions, 11 countries
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Lo ForwArd Search ExpeRiment (FASER)

Search for weakly interacting long-lived particles (BSM) and study
high energy (~TeV) neutrinos produced in pp collisions at ATLAS
Interaction Point (IP), starting in 2022 together with LHC Run-3

Charged particles Dark photons, ALPs,

Neutrinos
o i e s e e ->

LHC magnets Residual hjmns TI-12 tunnel

Collisions |< >
in ATLAS 100 m of rock

480 m

On the beam axis: covered pseudorapidity of 7= 8.5
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The FASER detector

FASER detector composed of a dedicated neutrino sub-detector based on
emulsion technology (FASERv) + several electronic sub-detectors
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Lo ForwArd Search ExpeRiment (FASER)

Over the past 7 years,
Chinese teams made
important contributions
in the detector design,
construction, operation,
software development,
data acquisition, and
physics analysis...
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1. Neutrino interactions (all flavors) at
unexplored TeV energies

2. Probe of forward hadron production,
novel inputs for:
- QCD (gluon PDFs at low-x, intrinsic charm)

- Astroparticle physics (collider counterpart of
high- energy cosmic rays interactions: cosmic ray
muon puzzle)

3. Probe of hadron structure (proton/nuclear PDFs)

4. Background to BSM searches
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Lo Why study collider neutrinos?

Reactor, fixed-target... Cosmic-ray
lower energy uncontrollable [,

FASER Preliminary L=95b"
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Neutrino Energy E, [GeV] . .
can not detect neutrinos directly
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Neutrinos at FASER

« FASER has released several neutrinos measurements in past years

— 2023: First direct observation of neutrinos produced in collider events, >16 o

— 2024: Highest energy neutrinos from artificial sources, 1.5 TeV

— 2024: Started to fill the gap between fixed-target and astroparticle measurements
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Neutrinos at FASER

FASER

“Tabletop,” 18 months,
~$1M

153 neutrinos

All previous
collider detectors

Building-size, decades,

~$1B
166 discovery, opening a new window

at the high energy frontier 0 neutrinos




New results this year

» Successfully recorded >97% of data T laasam
1 300:_ Preliminar s=13.6 TeV
since 2022 : v Gt

[ [_JLHC P1 Stable: 319 fb"
— Luminosity provided by ATLAS

250~ @ FASER Recorded: 311 fb™
F [ FASERnu Exposure: 207 fb”'

« New results in this talk use
— 190 fb-1 of 2022-2024 electronic data
— 9.5 fb-! of 2022 emulsion data DA BN B TR

\\a“*'z’l 3\3\\?'233“\23 30\\2333“\266 )\)\QA ) N\QB)a“QG
Month in Year

» Till today: 311 fb-' data recorded (2022-2025) Results| Upcoming

in this talk | results

ot

— 207 b1 with emulsion detector
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FASERvV

Neutrino measurements in FASER are performed both with
passive detector (emulsion) and electronic detectors

FASERv . .
y scintillator IFT  Veto scintillator Timing scintillator Tracking spectrometer stations Pre-shower

station station station scintillator station
Z
X

CC interaction vertex l \ l

ATLAS LOS Tungsten target
Calorimeter

Magnets & decay volume

Total 1000 emulsion films interleaved with 1-mm-thick tungsten plates

Muons
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Emulsion film Tungsten plate (1 mm thick)
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FASEH FASER v D)

N,

FASER Preliminary

FASER Preliminary
— MC (vM CC) [ — MC (vu CQC)
— Data (v, CC) i — Data (v, CC)

N events
o
T

N events
o
T

« 730 alternating layers of tungsten
sheets and emulsion films

Y
o
T
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T

— High position resolution (< 0.3 pym)

+

— Separate identification of v, CC and LI R *;:::[Ge"\‘,‘}"‘J L o
V,U CC Cd nd|dates v FASERv detector, 730 films
: ] Analyzed volume, 730 plates
- Sma” baCkg rou nd from neUtraI : Target for this analysis Zone 5,6 620 plates
hadrons rejected using kinematic — Zone 3,4 620 plates Vonme or

criteria —_ /CN Zone 1,2 620 plates
7

 New results use 9.5 fb-' and 681 kg =
(210 pm)
\ /

target mass (blue boxes)
tungsten plate (1.1 mm)

emulsion film emulsion layers (65 pm)

" CERN-FASER-CONF-2026-002

— ~2x increase wrt moriond2025
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LA3en FASERv differential cross sections

2024 2025 2026
128.8 kg 314.7 kg 681 kg

Analyzed volume, 730 plates
| i ! Target for this analysis Zone 5,6 620 plates
Target for this analysis, 291 films Analyzed volume, 730 plates
‘ /O\ Target for this analysis, Zone 3,4 620 plates Zone 3,4 620 plates
Analyzed volume, 398 films /<)\ Zone 1,2 330 plates /N Zone 1,2 620 plates

ve CC v, CC ve CC vy, CC ve CC v, CC
Expected signal 1.1-33 65—124 Expected signal 2.8-72 16.2-28.7  Expected signal 7S 400 %P
Expected background 0.02573:91% 0.027397  Expected background 0.0679 04 105541 52 Expected background —0.1370-9% 1.17+0-2

-0.17 0.40
Observed events 4 8 Observed events 5 20 Observed events G 33 >
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L ASER

FASERv differential cross sections

2024
128.8 kg

2025
314.7 kg

Target for this analysis, 291 films

[V

Analyzed volume, 730 plates

Target for this analysis, Zone 3,4 620 plates

Analyzed volume, 398 films

Zone 1,2 330 plates

(O

2026
681 kg

Analyzed volume, 730 plates
Zone 5,6 620 plates

Target for this analysis

Zone 3,4 620 plates

Zone 1,2 620 plates
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FASERv analysis

Beam view
Electron energy 470 = 190 GeV Muon energy 540 = 160 GeV
S N E T
IV i /e
- — :_/ Preliminary
VE’
- 7/
/ /7/
~ 7,
— 7/ |
N
7V
100 um ,/ ’ )
/ // // A\
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fsé7-  Search for associated charm production

 Based on the 7 v,and 33 vy, interaction candidates in 9.5 fb~" of data ©s81kg)

— First search for charm hadrons produced in association with v, or v, interactions at TeV energy

— Improve our understanding of both the nucleon structure and the weak force

« Displaced vertex reconstruction: an important step towards v, search

« MVA analysis based on kinematic variables

102
s MCS
partially N EM sh(()jwer
I Coincidence
(12 events) 10 & B Hadronic interaction
Signal

unblinded:

<4 Data (Original v vertices)
rdSEj

SASER
Simulation

Preliminary
vCC MC

Number of secondary vertices

00 02 04 06 08 1.0
MVA score

Zhen Hu 21 CERN-FASER-CONF-2026-003
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L.

Electronic spectrometer

FASERv . .
scintillator IFT  Veto scintiligtor Timing scintillator Tracking spectrometer stations Pre-shower
station statio station i scintillator station
l CC interaction vertex l
v
-_— M_ _——— - _> ______
ATLAS LOS Tungsten target particles

Calorimeter

FASERUv tungsten/emulsion detector Magnets & decay volume
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Electronic spectrometer

« v, CC: muon appearance signature in electronic spectrometer
using FASERv as tungsten target

— No signal in FASERv scintillators
— Exactly one good quality spectrometer track

y FASERv

scintillator IFT  Veto scintillator Timing scintillator Tracking spectrometer stations Pre-shower
L station station station i scintillator station
X <
l CC interaction vertex
v | [, SUS—, S—
—> .............................................................
ATLAS LOS Tungsten target ~ Pancles _
Calorimeter
FASERv tungsten/emulsion detector Magnets & decay volume
LHC Fill 8315, Event 47032829,
2022-10-27 08:52:45
' Zhen Hu 23




L ASER

« Updated with 2022-2024 data: 186 + 4.1 fb=" (2.8x)

* 766.8 £ 28.7 (stat.) &= 7.3 (syst.) signals are observed

Muon neutrino flux ¢, [fo~' em2]

— Small background: muons that miss the veto scintillators

x107 L=186fb"
=25 LI R S B I B B S SR B S B R SRR R B B B BN B B B B R B R B B
| FASER ; ; ; ; ;
1 50 Profmmary [-1/100, -1/300] :[-1/300, -1/600] {-1/600, -1/1000] {-1/1000, 1/1000] : [1/1000, 1/300] : [1/300, 1/100] — ::22
v v v V+ VU v v mm v,(D)

1 25 B ] § Data

1.00—

0.75— A

0.50— A A
ZM 124%% I

0.25 % A

0.00
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-...-.—-d Number of v, interactions

Unfolded Number of v,, interactions / Area [em™2]

V. CC double-differential measurement

L=1861fb"
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Differential cross-section

2026 New!
Accelerator v  FASER Astrophysical v

Preliminary
100< f |
V L I {

--- Bodek-Yang, v,
------- Bodek-Yang, v,
—:— Bodek-Yang, avg.

o = 9.5 fb=!
#FASERV 26: v, +D,
FASERV 26: v+,

=186.0fb!
@FASER 26: v,

o(E,)/E, [10738 cm? GeV~! nucleon™1]

ANOMAD 08: v,/v, #NuTeV 06: v,/v,
OCDHS 87: uu/v,  9E53: vefbe BFASER 26: 0, IceCube 17: v, +D,
O CCFR 97: v,/v, DONUT: ve+De FASER 26: v+, %IC HESE Shower 17: v, +D,

_]_ ! .
10 102 RS TN\,
) Neutrino Energy E, [GeV] )

Electronic detector Emulsion detector

N I
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FASER

Preliminary

Run: 8336 - Event: 25655346
Tuesday, 23 August 2022 06:26:30
Negative charged track
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FASER spectrometer
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LASen > Calorimeter electron neutrinos

« Measurement of electron neutrinos interacting in EM calorimeter
« Main background: muon neutrinos

— Extrapolate from v, differential measurement to constrain uncertainty

< 100 T . L=177 o'
m —
& 90f rasci Preliminary -¢-Data_ 105 ] 2:1 z::i:;s‘
£ \« -Ve+ve 65.3 N ob to (5 5 )
5 80F (s=136TeV, 177 10" W, +7, 39.4 1 AN T servation (>.00
7ok Signal Region Total 104.7 ] r §
Post-Fit 72 Uncertainty

___________________________________________________________________ 65.3 v, (CC + NC) in

4 the EM calorimeter

7

25

Highest energy event E= 2.1 TeV

0
1.25

% 1 W///{V////%////////W///////)/%///////////////////A Key milegtone toward§ energy-dependent
075 | | - differential cross-section measurements for v,

300 600 1000 2500

and important background to BSM searches
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BSM searches
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Phys. Lett. B 848,138378 (2023) e

based preshower to help separate closely spaced photons.

\ *Detector shown in 2022-24 configuration. In 2025 we added a new pixel
Newly updated results in next page
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2557 New results from dark photons searches

Vetov Veto Preshower
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I | l
e+
e ot
------------- > e_
I I 2
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Detector Timing Tracking Spectrometer Stations
Scintillator | |
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« New analysis with 2022-2024 data (6.5x more data)

« Long-lived A’ produced in light meson decays at the IP  #° —c” f
- New signal regions: /- <

« 21 track, or 22 track segments in station 2(3) (2.5x higher sig eff)

« Small background from neutrinos:

. 21 track: 0.05075:%% bkg events in SR

« 22 track segments: 0.025 +0.014 bkg events in SR

« Other backgrounds negligible: muons missing the vetos, neutral hadrons,
veto inefficiencies, non-collision backgrounds, beam backgrounds ......
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£ase7-  New results from dark photons searches
« First update to dark photon search since 2023 101

One Track SR
> 1 Good Tracks
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1071 < rdSen
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— 0 events observed in all SRs 1071 # of Events — 77999
. . . % %8? -+ Data (177 th™1)
— New world-leading constraints on dark photons with < 7] m = 100 MeV
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Outlook

* Fruitful new results covering FASER neutrino and BSM studies

— 5 new conf notes for Moriond 2026 (4 on neutrino and 1 on dark photon)

https://faser.web.cern.ch/briefings
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« New signatures and analysis techniques
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- Today: 311 fb"" data recorded (2022-2025) §=- 2

— 207 fb-1 with emulsion detector 1005_ E
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(95% of emulsion data to be analyzed) NSNS R (R

O WP 0P WP a“m’« RRCalvey i “-253“@6

— Upgraded preshower from 2025 onwards 0TI T TR e A T ot e
Public results | Upcoming

results!
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LASen > New detectors for 2026 and HL-LHC

« FASER has been approved for Run 4 at the HL-LHC

v" Several detector proposals under consideration,
both on-axis and off-axis (arXiv:2503.19775)

« 2 prototypes (off-axis) for Run 4 are already
installed and are taking data now!

v" AHCAL (prototype CEPC hadronic calorimeter)
v" FASERCal (based on T2K SuperFGD scintillating cubes)

10

103 4 L g—— S

102 E

Neutrino Energy E [GeV]

10

0 2 4 6 8

10
Neutrino Pseudorapidity n

adapted from PRD 104 (2021) 113005

Zhen Hu 38


https://arxiv.org/abs/2503.19775

ASER
Successfully installed: 01/2026

3
/.

Looking forward ...

a cosmic muon

AHCAL

Run 022106, event 59 \I'ﬂSl-'ﬂ >

06/03/26 11:32:56 o
31 hits Preliminary

Many new results on the way with more Run 3 data!

first LHC muon

AHCAL

Run 021993 t 2736 ~ rasci

26/02/26 20:52:52 oo®
37 hits Preliminary

dl NRN AN NARRM N BT WM O

FASER upgrade will extend the neutrino & BSM programs to Run 4

§TAYT

— Total Run 3 + Run 4 luminosity expected to exceed 1 ab
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V,energy reconstruction

Search for dark photons

Neutrino cross section with emulsion data
Search for neutrino-induced charm hadrons
V. In calorimeter

v, in spectrometer

AHCAL; Emulsion-spectrometer matching
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Preshower upgrade

CERN-LHCC-2022-006

« ALPs decays to 2 photons generally separated by < 1T mm
— cannot be resolved in current detector.

« Preshower upgrade:

— Layers of monolithic silicon pixel detectors (high-granularity
hexagonal pixels) with tungsten absorber

— ldentify photons separated by ~200 pm
— Installed in February 2025 Tracker

Tracker “backbone”

Pre-shower and
backsplash stopper

Calorimeter

Magnets

Trigger / pre-shower
station
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FASERv detector

FASERvV: tungsten emulsion
detector

e 3D tracking detector, 50 nm

precision, no timing

— Total mass 1.2 tons, 285 X, 10.1 Aint
Needs to be exchanged every ~3
months (during technical stops)
to control track density
< 1x10° tracks/cm?3

— 10 emulsion detectors in total
needed for 2021-2024 data

Total 1000 emulsion films interleaved with 1-mm-thick tungsten plates
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FASERv analysis

« CC neutrino candidates selected from vertices with at least 5
tracks:
— Electrons: short track, EM shower
— Muons: long track (>100 layers), no secondary particles

« Large angular separation between lepton and CC remnants.

! High purity selection
9 - .
cphigh 1 ve | 3 é Vertex reconstruction

(Ntrack = 5/ Nirack(tanf <0.1)=4)

E, orp, >200 GeV
tand, or tan6,, >0.005
¢>90°

® v beam Ny
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« Muon momentum measurement

— Using multiple coulomb scattering (MCS)

— Validated in testbeam:

< 400 c 03
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20-23% resolution for 100~300 GeV

arxiv:2602.17575 20 -30% below 1 TeV
e Hu 30 - 40% above 1 TeV

Py [CEV]

« New neutrino energy
reconstruction in v, events

— Using a regression BDT

102

10

45

FASER Simulation Preliminary

_BDT

Ll Lol

| Ll

1 10 102

10°

10*
E, truth [GeV]

# of events (a.u.)


https://arxiv.org/abs/2602.17575

N events

N events

4
L FASER Preliminary
sl - —Mc (v, CC)
L | — Data (v, CC)
2F -
i
L il Y Wk
e 5 10 15 20
N tracks
5r
F FASER Preliminary
% —MC (v, CC)
3: —Data (v, CC)
2-
1 | -+
0: i o n PRI BT
0 500 1000 1500 2000

E,, (data), PrecIep (MC) [GeV]

N events

N
LI

N events

FASERv analysis

3
i FASER Preliminary
—MC (v, CC)
B —Data (v, CC)

0- P B .-IL.; ! ST W N S T
0 0.02 0.04 0.06 0.08 0.
tan6,,

4

i FASER Preliminary

3k —MC (v,CC) <+

. — Data (v, CC)

2r _l"

i

0_ - TR I N N

0 50 100 150
A¢ [deg]

N events

N events

10

FASER Preliminary

—MC (v, CC)
—Data (v, CC)

N tracks

T T T

15

T T T

10

T T T

FASER Preliminary

—MC (v, CC)
—Data (v, CC)

+

o [$]
O

PSR S S T
1000 1500
PrecIep

L1
500 2000

[GeV]

N events

N events

r FASER Preliminary
10'_ —MC (v, CC)
L —Data (v, CC)
5_
% 002 0.04 006 008 0.
tan(—)lep
r FASER Preliminary
15
r — MC (v, CC)
C — Data (v, CC)
10 C
-
0_ . MNP B I -I—I L
0 50 100 150
A¢ [deg]

s CERN-FASER-CONF-2026-002



https://cds.cern.ch/record/2956166/files/FASERnuXs2026Moriond_CONFnote.pdf
https://cds.cern.ch/record/2956166/files/FASERnuXs2026Moriond_CONFnote.pdf
https://cds.cern.ch/record/2956166/files/FASERnuXs2026Moriond_CONFnote.pdf
https://cds.cern.ch/record/2956166/files/FASERnuXs2026Moriond_CONFnote.pdf
https://cds.cern.ch/record/2956166/files/FASERnuXs2026Moriond_CONFnote.pdf
https://cds.cern.ch/record/2956166/files/FASERnuXs2026Moriond_CONFnote.pdf
https://cds.cern.ch/record/2956166/files/FASERnuXs2026Moriond_CONFnote.pdf
https://cds.cern.ch/record/2956166/files/FASERnuXs2026Moriond_CONFnote.pdf
https://cds.cern.ch/record/2956166/files/FASERnuXs2026Moriond_CONFnote.pdf

y [em]

30+

251

201

101

x [cm]

FASERv analysis

20

x [em]

30+

20

y [em]

10 1

47 CERN-FASER-CONF-2026-002

’ |
v [ J : - -
. ¢ ASER
o gi Preliminagy
° °!
o i
. . i
o :
20 40 80 100
z [cm]
. .
Y ® v i
i Ve
v i e v
™Y . ° .i H
® 1
° . L E
20 40 80 100
z [cm]



https://cds.cern.ch/record/2956166/files/FASERnuXs2026Moriond_CONFnote.pdf
https://cds.cern.ch/record/2956166/files/FASERnuXs2026Moriond_CONFnote.pdf
https://cds.cern.ch/record/2956166/files/FASERnuXs2026Moriond_CONFnote.pdf
https://cds.cern.ch/record/2956166/files/FASERnuXs2026Moriond_CONFnote.pdf
https://cds.cern.ch/record/2956166/files/FASERnuXs2026Moriond_CONFnote.pdf
https://cds.cern.ch/record/2956166/files/FASERnuXs2026Moriond_CONFnote.pdf
https://cds.cern.ch/record/2956166/files/FASERnuXs2026Moriond_CONFnote.pdf
https://cds.cern.ch/record/2956166/files/FASERnuXs2026Moriond_CONFnote.pdf
https://cds.cern.ch/record/2956166/files/FASERnuXs2026Moriond_CONFnote.pdf

FASERY muon momentum reconstruction
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FASERv differential cross section

FASER Simulation Preliminary

10°

BDT

|

10*
E, truth [GeV]

S8 6% 5 535 8 -
Fraction (per E_ truth bin)

o

v

Number of events

40

35

30

25

20

15

10

FASER Preliminary L=95fb"’

—— Observed (stat. errors)

Expected from flux and
efficiency estimates (w. bkg)
(stat. + syst. errors)
Background estimates

(stat. + syst. errors)

1 IIIIIII 1 1 | I —

8_lIIIIIIII|IIII|IIII|IIII|IIII|IIII|IIII

102 10°

Reconstructed Neutrino Energy [GeV]

s CERN-FASER-CONF-2026-002

10*


https://cds.cern.ch/record/2956166/files/FASERnuXs2026Moriond_CONFnote.pdf
https://cds.cern.ch/record/2956166/files/FASERnuXs2026Moriond_CONFnote.pdf
https://cds.cern.ch/record/2956166/files/FASERnuXs2026Moriond_CONFnote.pdf
https://cds.cern.ch/record/2956166/files/FASERnuXs2026Moriond_CONFnote.pdf
https://cds.cern.ch/record/2956166/files/FASERnuXs2026Moriond_CONFnote.pdf
https://cds.cern.ch/record/2956166/files/FASERnuXs2026Moriond_CONFnote.pdf
https://cds.cern.ch/record/2956166/files/FASERnuXs2026Moriond_CONFnote.pdf
https://cds.cern.ch/record/2956166/files/FASERnuXs2026Moriond_CONFnote.pdf
https://cds.cern.ch/record/2956166/files/FASERnuXs2026Moriond_CONFnote.pdf

Search for associated charm production

Data reconstruction
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Search for associated charm production
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EM shower
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FIG. 15. Event display with a tilted view of the candidate with the highest MVA score (0.87) among
the secondary vertices from the neutrino candidates in Ref. [29]. Left: the primary neutrino vertex and its
primaries, and the secondary vertex and the daughter tracks found by the secondary vertex search, where
the first segment of each daughter track is highlighted. Right: the same event display with the upstream
EM shower of which the disconnected daughters are a part of.
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Search for associated charm production
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Differential cross-section
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Calorimeter electron neutrinos
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Axion Like Particles (ALPs)

« Search for a light pseudoscalar particle decaying to a pair of

photons.

 ALPs reaching FASER have momentum up to TeVs.
- Using 58 fb-' of 2022 + 2023 data.
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Axion Like Particles (ALPs)
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Axion Like Particles (ALPs)

« Dominant background: neutrino interactions — 0.4 £ 0.4 events

« Negligible backgrounds from other sources:
neutral hadrons, large-angle muons, non-collision/cosmic

« Backgrounds validated in control regions
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Axion Like Particles (ALPs)

« Expect 0.4 + 0.4 from v interactions
« 1 observed event
 Exclude uncovered parameter space significantly
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Dark Photons

Production Decay
7 !
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Source

‘Value IEffect on Signal Yield

Theory, Statistics and Luminosity

Dark Photon Generation (from mesons) 15% | 15% + 13% (8%)
Dark Photon Generation (from dark Bremsstrahlung)| 22% | 22% + 30% (40%)
Luminosity 1.9% 1.9%
Tracking: One Track
Momentum Scale 5% <0.5%
Momentum Resolution 5% <0.5%
Single Track Efficiency 1.22% 1.22%
Tracking: Segment
Segment Efficiency 16.07%| 6.07%
Preshower
Preshower Ratio 13.6% | 3% =+ 3% (10%)
Calorimeter
Calo E Scale 15.46%] 3% =+ 3% (11%)
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« Emulsion detector: needs to be exchanged every ~3 months (during technical

stops) to control track density < 1x10° tracks/cm?3
— 10 emulsion detectors in total for 2021-2024 data
— Not suitable for HL-LHC

« Solution: CEPC prototype, upgraded for FASER

— Project proposed and led by Tsinghua and USTC groups
T = ’ ey
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