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FASER physics

ATLAS Interaction Point(IP)

FASER’s target: Light and weakly-interacting particles at LHC

* New long-lived particles(LLPs)

o Dark photons
o Axion-like particles (ALPSs)
* ¢, u, 7 (anti-)neutrino in TeV energies

These particles are emitted in very forward direction (6 ~ mrad)
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ForwArd Search ExpeRiment (FASER)

480m downstream from ATLAS IP

 New LLPs (e.g. Dark photons, ALPs)

« Three flavours Neutrinos

« High Energy Muons

are expected to be reached to FASER detector

Taking data since LHC Run3 (2022)

charged particles (P<7 TeV)

= neutrino, dark photon m

LHC magnets < >
p-p collision at IP € 100 m of rock

of ATLAS < 480 m

o forward jets
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FASER detector

Front Scintillator

* 10cm radius (corresponding to 8 <0.2mrad) veto system
« 7/mlong b

Tracking spectrometer stations Scintillator

veto system

yolume

Electromagnetic
Calorimeter

Decav

Interface FASERv emulsion

e ‘ ~y : Tracker (IFT) detector
= - Trigger / timing y
\ scintillator station
: z
Trigger / pre-shower Magnets 0.57T Dipole Magnets .

scintillator system 1.5 m long decay volume
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FASER detector
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Results from FASER

BSM SM

2023 Mar. 2023 Jul.
Search for Dark Photons First Direct Observation of Collider Neutrino
with 2022 data with 2022 data
2024 Mar. 2024 Marr.
Search for Axion-Like Particles (ALPs) Measurement of the |
with 202242023 data ve and v, Interaction Cross Sections

with 2022 data
from FASERv emulsion detector
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Dark photons Search in FASER

 Dominant source is neutral pion decay

* Mostly decay to electron and positron

* expected to be sensitive to the region
where m, ~ 100MeV and € ~ 107>

Signal

VetoNu scintillator
station (2 layers)

* No signals in veto scintillators
e Signal in Pre-shower scintillator
e Two reconstructed tracks

* (total calorimeter energy)>500GeV 7ty twnesten/emulsion

detector

Phys. Let B, 848, 138378

AI

Decay

production

Pre-shower
scintillator station

Veto scintillator
station (3 layers) Magnets

IFT v + v (2 Iayers)'

Decay Volume Timing‘ 4

scintillator Tracking spectrometer stations
station
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https://doi.org/10.1016/j.physletb.2023.138378

Latest results about Dark photons Search

Phys. Let B, 848, 138378

27.0 fb1 of collision data in 2022 was used.

- (2.7 £ 2.7)x1073 events was expected as background in total.
- No event was found in signal region.
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https://doi.org/10.1016/j.physletb.2023.138378

ALPs Search in FASER

CERN-FASER-CONF-2024-001

« Dominant source is b(s)-flavoured hadrons decay b/s  t/e/u  s/d 14
« decay to pair of photons - Q P
* expected to be sensitive to the region % ¢
where m,; ~ 60 — 400 MeV i i O Y
and goww ~ 107> — 1073GeV 1 |
production Decay
Signal
* No signals for veto scintillators ;l??ﬂ'nafé’iayers, o ; e ¢ Zili‘i‘ﬂf(‘i".ayers)
* Pre-showerscintillatorhad asignal | 2 i{ E m
’ ATLAS LOS Yol T e
from EM shower by photons. IF B I I_T! I E— oo
 (total calorimeter energy)>1.5Tev inlor| S
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https://cds.cern.ch/record/2892328

Latest results about ALPs Search

CERN-FASER-CONF-2024-001

57.7 fb1 of collision data was collected in 2022 and 2023.

- 0.42 + 0.38 events was expected as background in total.
Main background source is neutrino interacting in the pre-shower scintillator.
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Event display of 1 selected event

CERN-FASER-CONF-2024-001

— — Run 8834
" 4 ‘1-55’7_/ Event 44421456
e, 2022-10-13 16:09:44
Preliminary

|| 1=

/

w0 ASERY veto station, layer 1 Velo station, layer 2 Velo station, layer 3 Trigger station, top layer, PMT left 3
3 £ o 3 g z
2 g 1 £
4 g a0 i 3
B - o 3 3w s
g g H
< = = 2 o
2%

100 E
100) 1e0f- E wof E

wof- E
| ——— ol | e o w
7O En G %0 %00 o T 3 R =

W %0 w0 100 OED W %0 w0 0 MO D 8% %0 w0 GG 8% WO 80

Teme [n) Time [ns: Time [n) Tive ns) Time ] Time ]

o FASERV veto station, layer 2 Velo station, layer 4 figaer staticn, bottom layer, PMT lef rigger station, bottom layer, PMT ri
E o 3 E mof £
g g 3 g
0 ] g
3 3 wf 3 g
§ o 2 <
2% wf 3
15 “wof- B
!
of- E
——— P e OF | oottt ——" -} I st
= ] = - TR A ) w010 - 3 R
Time [n=) Time [nz) Time [ns) Time frs] Time [ns] Time rs]

This is also consistent with a signal of neutrino interaction (background) event.
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Neutrino studies in FASER

- Neutrinos and anti-neutrinos of all flavors are produced at particle colliders.
—1700 v,, 8500 v, and 30 v; are expected to interact in FASERv detector

for an integrated luminosity of 250 fb-".

- These neutrinos are typically in TeV energies which is an unexplored region.
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First detection of Collider Neutrino

1 . , Phys. Rev. Lett. 131, 031801
- 35.4 b of collision data in 2022 was used. FASER s ]

 Only electronic components of the detector was used. o .
Signals -
- No FASERUv veto scintillator signal. £
- The track which is consistent with a v,CC interaction 5
* py > 100GeV - 0
3 g
Q ot
s 60 1 ®
+ 153112 events were observed. =
— significance of 16 standard deviations &0
) ;ﬁzﬁx, IFT Voo soiilsor Timieg sinilaor Tracking spectrometer stations gt 20
station \
"i..:.:.::.t.:.:.:.:.:.: ..... l — 'L—lJ _.ii I‘/é‘ 0 10°
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https://doi.org/10.1103/PhysRevLett.131.031801

FASERvV detector

. _ FASERvV detector arxiv: 2403.12520
¢ EmUISIOn deteCtor Wlth 730 |ayers Of y ;A?FSL IFT  Veto scintillator Timing scintillator Tracking spectrometer stations ,F’Esmwer
tungsten plates and emulsion films =~ =< l \[ 1 |/
- | | ; I . D . D
1.1 tonnes target mass = [ T e ‘
* 1 .05m |Ong FASERWungsten/emulsi Magnets & decay volume Calorimeter

0.3um of position resolution

Total 1000 emulsion films interleaved with 1-mm-thick tungsten plates
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https://doi.org/10.48550/arXiv.2403.12520

v, CC interaction in FASERv detector

arxiv: 2403.12520

LASEA

Rotated view transverse to the beam view
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v, CC interaction in FASERv detector

arxiv: 2403.12520

Rotated view transverse to the beam view
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https://doi.org/10.48550/arXiv.2403.12520

Cross section measurements of Neutrino

Candidate events were required arxiv: 2403.12520
- Reconstructed vertex with >4 tracks and >3 of them are tan 8 < 0.1
- EM shower with >200GeV energy for v, or >200GeV momentum muon track for v,

- The lepton emit to the direction with tan 8 > 0.005, A¢p > m/2 T celerator v Jp—
10t ] l'ﬂSl.'ﬂ
] Accelerator v FASER Astro v ] V
Expected Background : \‘/@ ] Ve
- 0.025+2:91% event for v, T 10 v (S, v
. 0.2210.09 tf AR ] T
. —-0.07 even or VM n"'; _.v.m,#*:.r:m?m@uwtn‘m gu -
Selected candidate events  :,,.. ” 2 ’
» 4 events for v, [ = 317 R
. 8 events for Vv, Nt “I N . N el ] B Fascro st e,
Cross Sections ; T T =R B S
+ (1.2798)% 10738 cm2GeV-! (560-1740GeV) for v, A
. —38 2 1 _ Neutrino Energy E, [GeV]
(0.5+£0.2)x10 cm?GeV' (520-1760GeV) for Vu Cross Sections are derived by scaling
— Consistent with Standard Model predictions. the theory curve by the measured neutrino rate.
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https://doi.org/10.48550/arXiv.2403.12520

Summary

FASER collected ~100 fb™ S R aszz.

. . g FOTEIGUWRR VYT Ve 2 =
collision data since 2022. E saser. e

2 RN \ Preliminary — | .;:

FASER e I :
« limited parameter space for Dark Photons B W = . L ]
* limited parameter space for ALPs o I e
« directly observed collider neutrinos ’ I s e

* measured v, and v, cross section oy
in TeV energies.

v

§’

o(E,)/E, [10738 cm2GeV~1]

Expect 150 fb-! more data until the end of e
LHC Runa3.

Neutrino Energy E, [GeV]

Neutrino Energy E, [GeV]

30|2f0th Latest Results from FASER at the LHC (PASCOS 2024, Tomochika Arai)
ul.






