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• ForwArd Search ExpeRiment (FASER) at the LHC 
Placed 480 m downstream of the ATLAS IP on the beam axis 

to be installed in the LHC to take data in run3 

•  Physics moGvaGon 

New long lived parHcle search  

High energy Neutrino from p-p collisions 

2Tomohiro Inada (Tsinghua University), VCI 2022 Vienna (online), 21-25.02.2022

Introduction

‣ Large Hadron Collider (LHC): 27 km ring collider, 13.6 TeV proton-proton collisions 
‣ Energetic particles produced in the far-forward direction of the collisions 
‣ FASER(ForwArd Search ExpeRiment) is a new experiment at the LHC  
to search for new, light, long-lived particles (LLPs) and study neutrinos

TI12 tunnel

FASERν: neutrino program of the FASER experiment 
  Three flavor neutrino cross section measurements at TeV energy ranges

FASERv Detector

FASERv neutrino detector in front of FASER 
* 25cm x 25cm x 1.3m emulsion detector  
* tungsten target with 1.2 ton mass
* placed on-axis: η > 9 angular coverage 
* ~1000 νe, ~10000 νµ, ~10 ντ 
   during LHC Run 3

LLPs,ν 
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Figure 63: A picture of the FASER tracker being installed onto the detector.

Figure 64: The FASER detector after installation in TI12.
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FASERν Detector LLPs,ν 

Figure 64: The FASER detector after installation in TI12.

Figure 65: The IFT tracker station, installed at the front of the main FASER detector.
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TI12 tunnel

‣ FASERν emulsion detector 
- 730 × [tungsten (~1.1 mm thickness) + emulsion film] 
- 250 mm × 300 mm, 1 m long, 1.1 tons (220 X0) 
- Spatial (angular) resolution: 0.4 μm (0.1 mrad for 10 mm tracks) 

‣ ν flavor tagging with topological/kinematical informations 
‣ Muon charge identification by FASER spectrometer with  
0.55 T magnets (νμ)

FASERν

Interface Silicon Tracker:  3 layer siliconstrip tracker

FASER spectrometer

Detector for the LHC Run 3
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• Emulsion/tungsten detector and interface silicon tracker will be placed in front of the main 

FASER detector.

• Allows to distinguish all flavor of neutrino interactions.
– 770 1-mm-thick tungsten plates, interleaved with emulsion films

– 25x30 cm2, 1.1 m long, 1.1 tons detector (220𝑋0)

– Emulsion films will be replaced every 30-50 fb-1 during scheduled LHC technical stops (3 times per year)

– Muon identification by their track length in the detector (8𝜆 )

– Muon charge identification with hybrid configuration Æ distinguishing 𝜈 and �̅�
– Neutrino energy measurement with ANN by combining topological and kinematical variables

Veto scintillator

Detector for the LHC Run 3
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Neutrino Interaction Events (MC)

‣ Generator: GENIE 
‣ MC simulation with FASER simulation framework based on Geant4 
‣ Reconstructed particle hits in emulsion detector

Event displays of simulated neutrino interaction vertices for 433 GeV 𝜈𝑒 CC, 664 GeV 𝜈𝜇 CC, and 831 GeV 𝜈𝜏 CC 
in tilted views. Yellow line segments show the trajectories of charged particles in the emulsion films. The other 
colored lines are interpolations, and the colors change depending on the depth in the detector.

𝜏

200 μm

𝜈𝜏 CC
FASER simulation

500 μm

FASER simulation

𝑒

𝜈𝑒 CC

500 μm

𝜇

FASER simulation
𝜈𝜇 CC

(433 GeV) (664 GeV) (831 GeV)
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Expected CC interaction events (250 fb-1)

Expected Number of Events

Based on “F. Kling and L.J. Nevay, Forward Neutrino Fluxes at the LHC, Phys. Rev. D 104, 113008”

Expected number of charged current neutrino interaction events occurring in 
FASER𝜈 and SND@LHC during LHC Run 3 with 250 fb-1 integrated luminosity. 
Predictions from different MC generators are provided.

Updated table for 250 fb-1 (The table in the paper was for 150 fb-1)

(150 fb-1)

‣ Discrepancy between generators for charm 
production 

‣ ~10,000 ν interactions expected in 
 LHC Run 3 (2022-2025)

期待されるニュートリノ反応数

Expected number of CC interactions (150 fb-1)
F. Kling and L. Nevay, Forward Neutrino Fluxes at the LHC, 
Phys. Rev. D 104, 113008, arXiv:2105.08270

5

LHC Run-3で (150 fb-1の場合に)期待される事象
~1700𝜈𝑒,~5800𝜈𝜇, ~40𝜈𝜏

DPMJET

SIBYLL

𝝂𝒆 𝝂𝝁 𝝂𝝉

DPMJET

500 GeV

Charm

𝑲 𝑲𝝅
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Cross-Section Sensitivity

‣ Three flavors neutrino cross-section measurements for unexplored energy ranges 
‣ Neutrino energy reconstruction with resolution 30% expected from simulation studies

(150 fb-1)
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Pilot Run (2018)

‣ Pilot run in 2018, 1 month exposure (12.2 fb-1)  
‣ Statistical significance: 2.7σ from null hypothesis 
‣ Phys. Rev. D 104, L091101

Detector at TI18 in 2018 Reconstructed tracks

Neutrino candidate

BDT analysis result

2×2 mm2, 10 films

30 kg emulsion 

FASER2ߥ in HL-LHC

First neutrino interaction candidates at the LHC Cross section measurements of 
different flavors at TeV energies

Precision ߥఛ measurements 
and heavy flavor physics studiesFASER Collaboration, Phys. Rev. D 104, L091101 (2021)

FASERߥ/FASER2ߥ schedule

FASERߥ pilot run in 2018 FASERߥ physics run will start in 2022

3
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FASERν Emulsion Detector

Figure 45: A picture of the emulsion film coating system.

FASER trench, and it is important to make the detector size small, which also lowers the cost of the1300

emulsion. Second, its short radiation length is good for a higher performance both in EM shower1301

reconstruction, keeping shower tracks to a small radius, and in momentum measurement using1302

multiple Coulomb scattering. Last, the radioactivity is low and safe for emulsion films.1303

The thermal expansion coe�cient of tungsten is very small, U = 4.5⇥10�6/K. The temperature1304

in the TI12 tunnel was monitored in 2018 and its variation was found to be very small, namely1305

⇠0.1 °C. The linear thermal expansion of 25 cm of tungsten is then expected to be 0.1 `m. Since the1306

thermal expansion coe�cient is very di�erent between emulsion films (U ⇠ 10�4/K) and tungsten,1307

it is necessary to exert a large mechanical pressure on the emulsion films and tungsten plates in1308

such a way that the soft emulsion films follow the thermal expansion of the tungsten plates.1309

A total of 1600 1-mm-thick tungsten plates were purchased to be used for the FASERa detector.1310

A dedicated device for measuring and mapping the thickness was prepared to check the tungsten1311

plate thickness’s uniformity. The thickness was measured semi-automatically at 24 points on each1312

plate, and the maximum di�erence among the 24 points was checked. The plates with a di�erence1313

smaller than 80 `m are used to construct the emulsion detector, corresponding to about 97% of the1314

measured tungsten plates. The average thickness of the qualified tungsten plates is 1093`m, with1315

an RMS of 25 `m.1316

Material Atomic Density Hadronic Interaction Radiation length Thermal expansion
number [g/cm3] [cm] length [mm] U [⇥10�6K�1]

Iron 26 7.87 16.8 17.6 11.8
Tungsten 74 19.30 9.9 3.5 4.5

Lead 82 11.35 17.6 5.6 29

Table 6: Properties of possible target materials.
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Development plan

• 730 FASERν films.

• 160 muon flux film (1/6th of the size).

• 200 FASERν films → one cycle.

• Racks can hold 25 FASERν films → one chain.

• 4 cycles of 9 chains planned → each takes 3 days.

• Can have 3 chains going at the same time.

4

film surface to be analyzed in FASERa is 174 m2/year implying a readout time of 770 hours/year.1392

Assuming some hours of machine time each day, it will be possible to finish reading out the data1393

taken in each year within a year. The HTS system was also used for the readout of the 2018 pilot1394

detector, which led to the observation of the first neutrino interaction candidates at the LHC [19].1395

Figure 50: The fast emulsion readout system HTS [65], with a readout speed of 0.45 m2/hour/layer.

7.8 Pilot analysis with the 2018 data1396

In 2018, a pilot emulsion detector was installed in the TI18 tunnel. An integrated luminosity of1397

12.2 fb�1 was collected during 4 weeks of data taking from September to October with ?? collisions1398

at 13-TeV centre-of-mass energy. The analysis of the pilot detector allowed demonstrating that the1399

emulsion readout and reconstruction can work in the actual experimental environment. The data1400

analysis is based on the readout of the full emulsion films by the HTS system. Data processing was1401

divided into sub-volumes with a maximum size of 2 cm ⇥ 2 cm ⇥ 25 emulsion films. After the1402

precise alignment procedure, tracks are reconstructed in multiple films with a dedicated tracking1403

algorithm for high-density environments [66].1404

The majority of the tracks observed in the detector are expected to be background muons and1405

related electromagnetic showers. These background charged particles were analysed using a unit1406

of 10 emulsion films. The angular resolution with this condition is expected to be 0.05 mrad.1407

Fig. 51 (left) shows the observed angular distribution peaked in the direction of the ATLAS IP.1408

There are 2 peaks separated by 2.5 mrad. The reason for the 2-peak structure is not understood, but1409

simulation studies are ongoing, which could inform on future data measurements. It’s also clear1410

that the angular resolution should be better than the angular spread of the peaks. For example,1411

the horizontal angular spread of one of the peaks (left in the figure) is 0.6 mrad, equivalent to the1412

multiple Coulomb scattering of 700 GeV particles through 100 m of rock. The charged particle1413

flux within 10 mrad from the peak angle is measured to be (1.7± 0.1) ⇥ 104 tracks/cm2/fb�1, which1414
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FASERv DetectorFASERv Detector
FASERv Detector

FASERv Detector

Readout

AlignmentTrack reconstructionVertex reconstructionPhysics analysis

DevelopmentExposureAssemblyFilm production Disassembling

Japan JapanCERN

Offline analysis
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Film Production

‣ 200 nm diameter crystals 
‣ Double sided emulsion coating 
‣ Total area of 730 films: ~55 m2 
‣ Produce emulsion gel and film a few months 
before module assembly

in situ measurements demonstrates the ability to analyze emulsion films in this environment. The1271

detector will be replaced 12 times during LHC Run 3 (three replacements in each of 2022, 2023,1272

2024, and 2025). For the first installation in March 2022, only 210 emulsion films, about 30%1273

of the following replacements, were included since less than a few fb�1 of data is expected in the1274

data-taking period until July 2022, when the full complement of emulsion films will be installed.1275

7.2 Emulsion films1276

The emulsion sensitive layers consist of silver bromide crystals, which are semiconductors with a1277

band gap of 2.684 eV, dispersed in a gelatine substrate. The diameter of the crystals which will be1278

used for FASERa is approximately 200 nm. When a charged particle passes through the crystal,1279

electrons are excited through electromagnetic interaction to the conduction band, trapped in lattice1280

defects, and groups of silver atoms (so-called latent images) are formed with interstitial silver ions.1281

They can then be amplified and fixed by specific chemical development. An emulsion detector with1282

200 nm crystals has a spatial resolution of 50 nm. The two-dimensional intrinsic angular resolution1283

of a double-sided emulsion film with 200-nm-diameter crystals and a base thickness of 210 `m is1284

therefore 0.35 mrad. More details on the emulsion technology are summarized in Ref. [62].1285

The emulsion gel and film production is performed at a large-scale production facility estab-1286

lished in Nagoya University. The left panel of Figure 44 shows an electron microscope photo of the1287

produced silver bromide crystals. The sensitivity of the emulsion layers was checked by exposing1288

the produced emulsion to electrons with several tens of MeV at the UVSOR Synchrotron Facility1289

(Okazaki, Japan), measuring ⇠45 grains per 100 `m for minimum ionizing particles (the right panel1290

of Figure 44). This sensitivity is su�cient for detecting minimum ionizing particles by setting the1291

emulsion thickness to 65 `m. The produced emulsion gel is then used to produce films (65 `m1292

emulsion layers deposited on both sides of 210 `m plastic base) using the coating system shown1293

in Figure 45. The production of emulsion gel and films are scheduled a few months before each1294

installation. The 770 emulsion films produced in each batch correspond to a total area of ⇠58 m2.1295

Figure 44: Left: Microscopic view of silver bromide crystals. Right: V-ray tracks in an emulsion
layer.

7.3 Tungsten target1296

Table 6 shows the properties of possible target materials. Tungsten was chosen as the target material1297

for the following reasons. First, its high density allows for a higher interaction rate, keeping the1298

detector small. Space for the detector along the beam collision axis is limited by the size of the1299

– 53 –
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plate, and the maximum di�erence among the 24 points was checked. The plates with a di�erence1313

smaller than 80 `m are used to construct the emulsion detector, corresponding to about 97% of the1314
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Thickness uniformity of the tungsten plates used for the FASER𝜈 detector was checked with a dedicated device 
developed by the Collaboration. The thickness was measured semi-automatically at 24 points on each plate, and 
the maximum difference among the 24 points was checked. A total of 1622 plates were measured, and 1562 plates 
with a difference smaller than 80 μm were selected as good quality, corresponding to 90% of the measured plates 
(left). Among them, 1460 plates are used to construct the emulsion detector. The mean thickness of the used plates 
is 1087 μm, with an RMS of 27 μm (right).

Thickness uniformity of the tungsten plates used for the FASER𝜈 detector was checked with a dedicated device 
developed by the Collaboration. The thickness was measured semi-automatically at 24 points on each plate, and 
the maximum difference among the 24 points was checked. A total of 1622 plates were measured, and 1562 plates 
with a difference smaller than 80 μm were selected as good quality, corresponding to 90% of the measured plates 
(left). Among them, 1460 plates are used to construct the emulsion detector. The mean thickness of the used plates 
is 1087 μm, with an RMS of 27 μm (right).

Figure 46: Module structure of the emulsion/tungsten detector.

Figure 47: Design of the FASERa box (top) and a picture of the produced box (bottom).

box and installation of the newly assembled FASERa box ; (3) disassembly of the emulsion films1357

and their chemical development.1358

Specific chemical development will amplify the recorded signals in silver bromide crystals. The1359
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‣ Screening of tungsten target plates 
- Require thickness difference < 80 μm in each plate (1562/1622 plates) 

‣ Sub-module: vacuum packed 10 films + 10 tungsten plates 
‣ Apply external force (equivalent to 1 bar) to 73 sub-modules  
in the FASERν box

Assembly

Solution Time and
temperature

Function Chemical Amount
/58 m2

Developer 20 min at
20 ± 0 1°C

Chemical amplification of sig-
nal with a gain of O(108

)

OPERA Dev (Fujifilm),
RD-90s starter (Fujifilm)

370 L

Stopper 10 min Stop chemical amplification Acetic acid 180 L
Fixer 90 min Resolve unused silver bromide

crystals
UR-F1 (Fujifilm) 1100 L

Wash >300 min Wash out all chemicals Running water
Thickener 20 min Control emulsion layer

thickness
Glycerine, Drywell (Fujifilm) 50 L

Drying ⇠1 day Dry films Air at R.H.=50–60%

Table 7: Solutions required for the emulsion chemical development.

Figure 49: Dark room facility at CERN available for the FASERa detector assembly and chemical
processing. The facility is under refurbishment and will be ready before the first installation.

7.7 Emulsion readout1375

The emulsion readout system takes a sequence of tomographic images by changing the focal plane1376

through each emulsion layer. The digitized images are then analyzed to recognize sequences of1377

grains as a track segment. The FASERa event analysis will be based on readout of the full emulsion1378

detector by the Hyper Track Selector (HTS) system [65]. A picture of the HTS system is shown1379

in Fig. 50. The HTS includes a dedicated lens, camera, XYZ-axis stage, and computer cluster for1380

image processing. It takes 22 tomographic images, and 16 successive images in the emulsion layer1381

are used for track recognition. The HTS system makes use of a custom-made objective lens with1382

a very large field of view of 5.1 mm ⇥ 5.1 mm and a magnification of 12.1. The optical path is1383

split 6-fold. Correspondingly, the image is projected onto six mosaic camera modules to cover the1384

large field of view with high resolution. Each mosaic camera module consists of 12 2.2-Mpixel1385

image sensors. In total, 72 image sensors work in parallel to build the large field of view. The raw1386

image data throughput from 72 image sensors amounts to 48 GBytes/s, which is then processed in1387

real time by 36 tracking computers with two GPUs each. The readout speed of the HTS system1388

is 0.45 m2/hour/layer. Currently, an upgraded HTS system (HTS2, which will be about 5 times1389

faster) is under commissioning. The baseline plan for FASERa is to use the HTS system, since1390

its performance, such as the readout speed and resolution, is already proven. The total emulsion1391
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Renovated dark rooms at CERNAssembly

Sub-module

Tungsten measurement/washing

FASERν box
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Installation and Data-taking

‣ Installed a thermal insulator between the 
FASERν module and IFT 

‣ Temperature monitoring 
- ~0.1 ℃/1 month variation will not affect to 
the position alignment of the emulsion films

Figure 46: Module structure of the emulsion/tungsten detector.

Figure 47: Design of the FASERa box (top) and a picture of the produced box (bottom).

The detector will be replaced during planned technical stops. The exchange procedure steps
are: (1) construction of the new emulsion modules using the second (unused) set of tungsten plates.
These modules are assembled into the unused FASERa box; (2) extraction of the exposed FASERa
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1 ℃

３ months

Insulator

‣ In order to keep the track multiplicity in 
the detector manageable, the detector 
is exchanged during LHC Technical 
Shutdowns (3 times per year) 

‣ The measured multiplicity corresponds 
to ~2.3×104 cm-2/fb-1 11



Development

‣ Installed new development chains and drying racks at CERN darkroom facility 
‣ 10-12 days to complete 730 films 
‣ Developed 2 FASERν modules so far

EMULSION FACILITY UPDATE – DEVELOPMENT ROOM (S-13) 

• Development tanks in place
• Sink in place (to be connected)
• Water purification system in place
• Heat exchanger designed

S-18

S-13

S-17/19✓ ✓

✓

Water purification      sink

Time keeping software to 
be implemented on the 
wall

Heat exchanger for 
developer solution, to be 
connected to a chiller

Development chains Drying racks
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Readout

‣ Transport films to Japan after development 
‣ Readout by Hyper Track Selector-1 (HTS-1) 
‣ Field of view: 5.1 mm × 5.1 mm 
‣ ~3 months to readout 1 FASERν module 
(5 hours/day) 

‣ Fast enough to readout in parallel with data taking

film surface to be analyzed in FASERa is 174 m2/year implying a readout time of 770 hours/year.1392

Assuming some hours of machine time each day, it will be possible to finish reading out the data1393

taken in each year within a year. The HTS system was also used for the readout of the 2018 pilot1394

detector, which led to the observation of the first neutrino interaction candidates at the LHC [19].1395

Figure 50: The fast emulsion readout system HTS [65], with a readout speed of 0.45 m2/hour/layer.

7.8 Pilot analysis with the 2018 data1396

In 2018, a pilot emulsion detector was installed in the TI18 tunnel. An integrated luminosity of1397

12.2 fb�1 was collected during 4 weeks of data taking from September to October with ?? collisions1398

at 13-TeV centre-of-mass energy. The analysis of the pilot detector allowed demonstrating that the1399

emulsion readout and reconstruction can work in the actual experimental environment. The data1400

analysis is based on the readout of the full emulsion films by the HTS system. Data processing was1401

divided into sub-volumes with a maximum size of 2 cm ⇥ 2 cm ⇥ 25 emulsion films. After the1402

precise alignment procedure, tracks are reconstructed in multiple films with a dedicated tracking1403

algorithm for high-density environments [66].1404

The majority of the tracks observed in the detector are expected to be background muons and1405

related electromagnetic showers. These background charged particles were analysed using a unit1406

of 10 emulsion films. The angular resolution with this condition is expected to be 0.05 mrad.1407

Fig. 51 (left) shows the observed angular distribution peaked in the direction of the ATLAS IP.1408

There are 2 peaks separated by 2.5 mrad. The reason for the 2-peak structure is not understood, but1409

simulation studies are ongoing, which could inform on future data measurements. It’s also clear1410

that the angular resolution should be better than the angular spread of the peaks. For example,1411

the horizontal angular spread of one of the peaks (left in the figure) is 0.6 mrad, equivalent to the1412

multiple Coulomb scattering of 700 GeV particles through 100 m of rock. The charged particle1413

flux within 10 mrad from the peak angle is measured to be (1.7± 0.1) ⇥ 104 tracks/cm2/fb�1, which1414
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HTS-1

2022年8月：FASER𝜈 1st moduleの読み出し

• エマルションフィルム210枚、0.5 fb-1を蓄積

• フィルムの表面銀取り、膨潤後、
• 8/15にHyper Track Selector (HTS) システムによる全面読み出しを開始

15

HTS：M. Yoshimoto, T. Nakano, R. Komatani, and H. Kawahara, 
PTEP 2017 no. 10, (2017) 103H01.

30 cm

25 cm

PTEP 2017, 103H01 M. Yoshimoto et al.

Plas!c base

Emulsion layer

Image 
sensor

Objec!ve lens

Emulsion layer

Emulsion 
plate

X

Y

Z

Processors and/or computers

Images

Illuminator

Condenser lens

Focal plane

Image plane

Fig. 1. Outline of a nuclear emulsion automatic readout system.

Fig. 2. Development of the scanning speed of the track selector series. The values of TS and NTS are the
speeds at the same angular acceptance as UTS.

for the speedup. In addition, a high-frame-rate camera of 3000 fps increased the readout fre-
quency to 50 view/s, which is more than ten times faster than the previous system. FPGA-based
processors for high-speed image processing have also been developed to handle this high data
rate.

Continuous-stage movement with higher-frequency movement of the objective lens to achieve
a further speedup seems unrealistic, because the acceleration becomes ∼100 m/s2 if we intend to
achieve a readout frequency of 500 view/s. Therefore, we changed the strategy from increasing the
readout frequency to widening the field of view (FOV) for a new track selector, HTS. To serve this
purpose, we have developed a dedicated objective lens with an FOV of 5.1×5.1 mm2, which is
approximately 500 times wider than the previous system. To cover this wide FOV with submicron
resolution, a mosaic camera system composed of 72 two-megapixel sensors has been developed.
The wide FOV is read by 72 sensors in parallel, and each captured image must be processed within
the time comparable to that for stage movement. Because the step motion was adapted again, the
vibration bottleneck relapsed as described above. Hence, a counter stage was introduced to cancel the
movement and then hold the center of gravity for the stage, which seems to be the origin of the stage
vibration. A linear motor has been adapted to move the stage at high acceleration and deceleration.
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FASER First Data

‣ Assembled 3 modules in 2022 
‣ The 2nd module should have enough statistics 
to observe neutrinos!

2022

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1st module (16 m2) 2nd (55 m2) 3rd (55 m2)

LHC Run 3 stable collisions

Run 3 (2022)

Data taking

2022年のスケジュールと期待されるニュートリノ反応数

9

2022 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov

1st module 16 m2 2nd module 55 m2 3rd module 55 m2

Beam Beam Beam
Access request                 TS1                    TS2

+ muon modules

Integrated 
luminosity

per module (/fb)

N 𝝂 int. 
expected

2022 1st emulsion Mar 15 – Jul 26 0.5 25 ×29%
2022 2nd emulsion Jul 26 – Sep 13 10.6 530
2022 3rd emulsion Sep 13 – Nov 8 (10-15) (500-750)

collision開始！

これらのデータセットについて
年内に最初の結果を出したい。

29 (~20) (~1000)
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‣ Installed the 1st FASERν module on March for detector performance study  
- Integrated luminosity: 0.5 fb-1 
- 21 sub-modules (29% of full detector) 
- 2 special sub-modules for alignment study 

‣ Performed development on 30th-31st of July. Film scan is ongoing 
‣ Reconstructed tracks in 20 emulsion films look very good 
‣ Successfully performed the whole sequence of the 1st FASERν detector

Assembly for the commissioning
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22 modules in the box

• Not-so-good tungsten plate × 10
• Emulsion film × 10

• Good tungsten plate × 10
• Emulsion film × 10

• Leaked (to check the effect of vacuum leak)

• Good tungsten plate × 10

• No emulsion film

1st ~ 19th module
• Good tungsten plate × 10
• Emulsion film × 10

• Vacuum packed

upstream downstream

• In total 21 Em-W modules produced:
• 19 standard modules 
• 2 modules with different conditions (for tests)

• 21/70 = 30% of the full loading.

10

Modules in the FASERν box

FASERν box

Only tungsten Low quality tungsten
Vacuum leaked

particles

Reconstructed tracks (above ∼1 GeV) in 1 mm × 1 mm × 20 emulsion films from 
the 2022 first module of the FASER𝜈 detector, which collected 0.5 fb-1 of data. 
Yellow line segments show the trajectories of charged particles in the emulsion 
films. The other colored lines are interpolations, and the colors change 
depending on the depth in the detector. The track density measured in the data 
sample is 1.2×104 /cm2, corresponding to 2.3×104 /cm2/fb-1.

500 μm

FASER𝜈 data 
(2022 first module)

1st FASERν Module Reconstructed tracks (20 emulsion films)

15



‣ Position deviation between hits and the straight-line fits to the reconstructed tracks 
‣ Dataset: most downstream 10 emulsion films of the 1st FASERν module 
‣ Observed ~0.2 μm position accuracy with dedicated alignment  
using high momentum muon tracks

FASER𝝂
preliminary

Distributions of the position deviation between the track hits and the straight-line fits to reconstructed 
tracks, measured in the 2022 first module of the FASER𝜈 detector, are shown. The track hits whose 
resolution is being probed are not used in the fits. The distributions show position resolutions of ∼0.2 μm 
for the case dedicated alignment is applied to 10 emulsion films.

FASER𝝂
preliminary

Position Accuracy

16



a precise alignment procedure, tracks are reconstructed in multiple films with a dedicated tracking
algorithm for high-density environments [68].

The majority of the tracks observed in the detector are expected to be background muons and
related electromagnetic showers. These background charged particles were analysed using a unit
of 10 emulsion films. In this case the angular resolution is expected to be 0.05 mrad. Figure 51
(left) shows the observed angular distribution peaked in the direction of the ATLAS IP. There
are two peaks separated by 2.5 mrad. The reason for the two-peak structure is not understood,
but simulation studies are ongoing, which could inform future data measurements. It’s clear that
the angular resolution should be better than the angular spread of the peaks. For example, the
horizontal angular spread of one of the peaks (left in the figure) is 0.6 mrad, equivalent to the
multiple Coulomb scattering of 700 GeV particles through 100 m of rock. The charged particle flux
within 10 mrad from the peak angle is measured to be (1.7 ± 0.1) ⇥ 104 tracks/cm2/fb�1, which is
consistent with the values previously reported [3, 4] and also consistent with the FLUKA prediction
of 2.5 ⇥ 104 tracks/cm2/fb�1 for ⇢` > 10 GeV. The expected uncertainty on the FLUKA estimate
is of the order of 50%.

For the neutrino analysis, vertex reconstruction was performed by searching for converging
patterns of at least five tracks with a impact parameter to the vertex within 5 `m. Additional
topological cuts were applied to these vertices to select high-energy interactions and suppress
neutral hadron backgrounds. Vertices are categorized as charged or neutral based on the presence
or absence of charged parent tracks. Within the fiducial volume, 18 neutral vertices passed the vertex
selection criteria. Figure 51 (right) shows a selected neutral vertex. A multivariate discriminant
was then applied to distinguish neutrino signal from neutral hadron background, resulting in a 2.7f
excess of the neutrino-like signal. A more detailed description of the pilot detector analysis can be
found in Ref. [19].

The above measurements of the charged particle flux and results detecting the first neutrino
interaction candidates proved FASERa’s ability to study neutrinos at the LHC.
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Figure 51: (left) A zoom of the angular distribution observed in the pilot run module. The
uncertainty in the angle of the installed detector with respect to the LOS means that the measured
angular peak is compatible with pointing back to the IP. (right) Event displays of one of the neutral
vertices in a tilted view.

– 61 –

In-situ measurements 
in 2018: Detector environment

• Emulsion detectors were installed to 
investigate TI18 and TI12.

• The measured charged particle flux was 
low and consistent with the FLUKA 
prediction.

• The measurements also showed the 
radiation was low and not problematic.

Particles from 
ATLAS IP

Particles from the 
LHC beamlineTI18

TI12

TI18
TI12

ATLAS IP

Feasible to perform 
neutrino measurements!

2

In-situ measurement (2018)

Angular Distributions
‣ Observed large angle particles 
- Cosmic rays 
- Backward tracks from the beam line 

‣ Observed double-peak structure 
- Consistent with particles arriving from 
the LHC beam line in the vertical plane 

- The origin of the structure is under 
investigation with simulation studies

Angular distributions observed using 10 emulsion films in the 2022 first module of 
the FASER𝜈 detector. The angular coordinates (0, 0) roughly corresponds to the LOS 
(The detector inclination is not corrected). The large angle tracks are the cosmic rays 
accumulated on surface. The right figure is a zoom of the left one. There are two 
peaks separated by 0.003 rad. Both peaks are consistent with particles arriving from 
the beam line in the vertical plane. The origin of the two-peak structure is under 
investigation with simulation studies.

main peak from 
the beamline

FASER𝝂 preliminary FASER𝝂 preliminary

1st module (2022)

Pilot run (2018)
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Angular Distributions

‣ The angular spread of the 
projected peaks is approximately 
0.5 mrad due to MCS through 
100 meters of rock

Angular distributions observed in the 2022 first module of the FASER𝜈 detector. The right 
figures are projections of the left one. The angular spreads of the peaks are ∼0.5 mrad, 
mainly due to the multiple Coulomb scattering through 100 m of rock.

FASER𝝂
preliminary

FASER𝝂
preliminary

FASER𝝂
preliminary

1st module (2022)

(Angular resolution is expected to be  
~0.1 mrad with 10 films)

Angular distributions observed using 10 emulsion films in the 2022 first module of 
the FASER𝜈 detector. The angular coordinates (0, 0) roughly corresponds to the LOS 
(The detector inclination is not corrected). The large angle tracks are the cosmic rays 
accumulated on surface. The right figure is a zoom of the left one. There are two 
peaks separated by 0.003 rad. Both peaks are consistent with particles arriving from 
the beam line in the vertical plane. The origin of the two-peak structure is under 
investigation with simulation studies.

main peak from 
the beamline

FASER𝝂 preliminary FASER𝝂 preliminary

Projections

18



2nd/3rd FASERν Module

3rd module2nd module

‣ Installed the 3rd module on 
14th of September 
- Development will be done by the 
end of this year

‣ Installed the 2nd module on 25th of July 
- Data-taking and development were 
successfully done 

- Physics analysis in parallel with film scan 
- Looking forward to observing neutrinos!

19



Conclusions
‣ FASERν studies three flavor neutrinos at the high energy frontier 
- ~10,000ν interactions in LHC Run 3 (2022-2025, 250 fb-1) 

‣ Data-taking is on track 
- 3 FASERν modules were assembled and installed this year 
- Performed development of the 2 modules. Film scan is being done 

‣ Successfully performed the whole sequence of the 1st FASERν detector 
- ~0.2 μm position accuracy observed on the 10 emulsion films 
- First results with the LHC beam show an excellent performance of the FASERν detector 

‣ Physics analysis has began towards the first physics results 

‣ Starting to discuss a larger, O(10 tonne), FASERν2 detector for the HL-LHC, as 
part of the proposed Forward Physics Facility (FPF)  
- Ref: https://arxiv.org/abs/2203.05090

20
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Backup
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Collaboration
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83 members from  
22 institutions and 9 countries



Neutrino flux estimates (1)

� Checking three simulations.
± FLUKA (by F. Cerruti's group)
± BDSIM (by H. Lefebvre, L. Nevay)
± RIVET-module (by F. Kling)

� Differences between generators have been checked with the same propagation model 
(RIVET-module)

4

ࢋࣇ mainly from kaon and 
charm decays

ࣆࣇ mainly from pion and 
kaon decays

DPMJET

SIBYLL

CharmKaon

࣎ࣇ mainly from ܦ௦ and 
subsequent ߬ decays

DPMJET

Neutrino Production

23

passing through the detector
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The Forward Physics Facility

33

• FASER has exciting physic prospects for LHC Run 3
• However, it has become clear that in order to take maximum advantage of the 

physics in the very forward region of the LHC collisions in the HL-LHC era we need 
to increase the experimental capabilities
• Unfortunately the FASER location does not allow room for new or larger detectors 

to be installed on the LOS
• The Forward Physics Facility (FPF) is a proposal to create a new facility to enable a 

suite of new experiments to be situated on the LOS
• The FPF has a rich and broad physics programme

• Three main physics motivations
• Beyond Standard Model (BSM) “dark sector” searches
• Neutrino physics
• QCD physics

Forward Physics Facility

‣ New facility for forward physics at HL-LHC 
‣ Dedicated sweeper magnet for muon background 
rejection 

‣ Expected of tau neutrino interactions:  
~2300 (SIBYLL) / ~20000 (DPMJET) 

24

Forward Physics FacilityとFASER𝜈2

• Forward Physics Facility

– 高輝度LHCでの新しいプラットフォームの構想
– 未知粒子探索・ニュートリノ研究・ハドロン研究・宇宙物理にまたがる複数の実験計画

• FASER𝜈2

– 高統計での高エネルギーニュートリノ測定とheavy flavor物理
– 高エネルギータウニュートリノ反応の期待値：∼2300 (SIBYLL) / ∼20000 (DPMJET)

21

FASER𝝂2

FPF papers

• “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), accepted by Journal of Physics G, arxiv:2203.05090

Forward Physics FacilityとFASER𝜈2
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– 高輝度LHCでの新しいプラットフォームの構想
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• FASER𝜈2
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FASER𝝂2

FPF papers

• “The Forward Physics Facility: Sites, Experiments, and Physics 
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• “The Forward Physics Facility at the High-Luminosity LHC” (long 
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Neutrino Event Rates
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Neutrino (BSM) at the FPF

26
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Neutrinos at the FPF 
FPF neutrinos can be used to search for BSM effects, in production, propagation, and interactions:



New Physics
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QCD at the FPF

28
47

QCD at the FPF
Many interesting QCD topics 
to be studied at the FPF:
(A couple of examples shown 
on next slides)
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Input for astroparticle experiments
Studies of high-energy astrophysical neutrinos with large-scale neutrino telescopes (e.g. IceCube), suffer from 
backgrounds from atmospheric neutrinos from charm-decay (charm produced in hadronic shower initiated by cosmic 
rays hitting the atmosphere).
At ultra high-energy light hadrons travel far through the atmosphere, losing energy, and hence produce lower energy 
neutrinos. Neutrinos produced in charm decay (“prompt neutrinos”) are therefore the key background at high energy. 
This prompt background  has a large associated uncertainty which limits the study of astrophysical neutrinos.
Measurements of neutrinos from charm at the FPF can provide important information to constrain this background.  

Sketch from: A. Bhattacharya

IceCube, PoS (ICRC2017) 1005
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Physics studies in the LHC Run 3 (3)
QCD

� Forward particle production is poorly constrained 
by other LHC experiments. FASERߥ·V�neutrinos 
flux measurements will provide novel 
complimentary constraints that can be used to 
validate/improve MC generators.

� Neutrinos from charm decay could allow to test 
transition to small-x factorization, constrain 
low-x gluon PDF and probe intrinsic charm.

� It might also be possible to probe (nuclear) 
PDFs via DIS neutrino scattering. In particular, 
charm associated neutrino events (ߥ � ମ�݈ ܿ) 
are sensitive to the poorly constrained 
strange quark PDF.

17

By F. KlingBy F. Kling

Physics

30

Additional physics studies

� Measure charm production channels
± Study of quark mixing and QCD
± Large rate ~10% of ߥ CC events

� Search for beauty production channels
± Expected standard model events (ߥఓ ܥܥ ܾ production) are ࣩሺͲǤͳሻ events in Run 3, 

due to CKM suppression, ௨ܸ
ଶ  ͳͲିହ

27
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In-situ measurements 
in 2018: Detector environment

• Emulsion detectors were installed to 
investigate TI18 and TI12.

• The measured charged particle flux was 
low and consistent with the FLUKA 
prediction.

• The measurements also showed the 
radiation was low and not problematic.

Particles from 
ATLAS IP

Particles from the 
LHC beamlineTI18

TI12

TI18
TI12

ATLAS IP

Feasible to perform 
neutrino measurements!

2

Detector Environment

‣ Muon flux simulations/measurements 
‣ MC prediction is in good agreement with data 
‣ The expected muon flux is low enough to use the 
emulsion detector in the tunnel 

31

FLUKA simulations 

Flux all 
[fb/cm2]

Flux in main 
peak [fb/cm2]

TI18 data 2.6±0.7 ×104 1.2±0.4 ×104

TI12 data 3.0±0.3 ×104 1.9±0.2 ×104

FLUKA 
MC

2.0 ×104

There is a void of muon flux 
at the Line of Sight (LoS) due 
to sweeping effect of the 
LHC magnets.

Muons has TeV energy scale.

Simulated by CERN 
STI group 

TI tunnel'$ '#

FASER on LoS

In-situ measurements (2018)



Muon Measurements

32

Muon background at FPF

93

In order to measure the muon rate away from the LOS in Run 3, we recently installed 20 small emulsion 
detectors within 2m of  FASER. These were installed on 23/7 and removed on 2/9, having been exposed to 
~10/fb of data. They will provide a useful validation of the FLUKA estimate further from the LOS.

Results should be available in the next months.
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Sweeper Magnet:  Ongoing Studies
• Preliminary design of sweeper magnet by TE-MSC

• Based on permanent magnet to avoid power converter in radiation area
• Consider 7m long (20x20cm2 in transverse plane) magnet, 7Tm bending power

• To install such a magnet would require some modifications to cryogenic lines in 
relevant area 
• Possibility of modifications to be investigated with LHC cryo
• Integration/installation aspects to be studied

L. Dougherty, J.P Corso (EN-ACE)

P. Thonet (TE-MSC)

• FLUKA and BDSIM studies ongoing to assess 
effectiveness of such a magnet in reducing the 
muon background in the FPF


