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FASER Overview

* FASER is a new experiment at the LHC
e Builtin 2019-2021
» Successfully collected data throughout current LHC Run 3 (2022 and 2023)

* Located along the longitudinal beam axis, 480m from the ATLAS interaction point

* LHC magnets and 100m of rock stop most particles
* Sensitive to light and weakly interacting particles

e Our first physics results were released this year (using 2022 data)
* Probed dark photon phase space that was previously unconstrained
 First direct observation of collider neutrinos

charged particles (P<7 TeV)
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FASER Detector

* Small, inexpensive detector (ariXiv:2207.11427)
10 cm radius of active volume
* 7mlong

Scintillator

veto system

3 x 20 mm thick
30x30cm area

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

Electromagnetic
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Trigger / timing
scintillator station

10mm thick + dual PMT y
readout (o = 400 ps)

Front Scintillator

veto system

2 x 20 mm thick
35x30cm area
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FASERvV emulsion
detector (1.1 ton)

Interface

Tracker (IFT)
730 layers of 1.1 mm

tungsten + emulsion
(8 interaction lengths)


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

¢ Tracking SpECtromEter 1 SCT Module x_8> 1Tracking Plane  —X3__, 1 Tracking Station
1. Total number of dead/noisy strips < 0.5%
2. Hit efficiency of 99.6+£0.1%

3. Spatial resolution of ~¥30 um in precision
direction after alignment

e ~500 um in other direction
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Detector Performance (2) @
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FASERv Detector Performance

30 cm

vacuum packed module
10 emulsion films +
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= FASER A ;;Ms o0u7s e o o
* FASERv emulsion L preliminary [\ FRe o0 2 s
: : / LT modules
e Spatial resolution of 0.28 um = / \ 0.28 pm
2000 / \\
, . : 1200F FASER Preliminary
A ’ - ‘ - ' h T 1000~ Simulation
. o p i
* Momentum resolution of ~20% > (at p =200 GeV) 8005 )
L o ~21%
« Measured via multiple Coulomb i ® Yorane, OO
ple Coulomb scattering )% :
* yi+nce” ‘_/_/_:_— I Si 400:_
5 Zimay Zisany 03050 05 1 15 2
AE Ncenl Ncell (prec_ p'(rue)/p'(rue
e Electron energy resolution of ~¥25% — (at p =200 GeV) R —
Lo _ P.relimi.nary
* Measured through track segment multiplicity around shower max raf. STt
s 12005— -
== s
— 800F-
-~ 6005—
[ # of segments Shower maximum 400F" « ph
‘ Deion Fellers QR ot b bt el bt 2o 7

depth E

truth



Search for Dark Photons

* Dark photon (A’) is a common feature of hidden sector models
* Weakly coupled to SM via kinetic mixing (€) with SM photon

1 / r Al
LD §mﬁ,A2—eequfAf
f

* MeV-scale dark photons are produced mainly in light meson decays at the LHC

—0 'l
T —_—— —.\\

M
N

* FASER targets small g, highly boosted, MeV-scale massive dark photons which
have decay lengths ideal for FASER

10—5]2 {EAI [100 MeV]2

L = c¢fB7y =~ (80 m) [ oV
e

¢ M A

* Will decay 100% to e+e- pair for 1 <m, <211 MeV



Dark Photon Event Selection

e Signal: m/n — A'y, A" travels hundreds of meters through LHC magnets and
rock/concrete, then decays A’ — e*e™ inside FASER

Tracker Tracker Tracker Tracker

Decay volume
. I I I
Magnet Magnet Magnet

Veto Veto Timing Preshower
* Event selection:
e LHC collision event with good data quality
No signal in any of the 5 veto scintillators
Timing and preshower scintillators consistent with = 2 MIPs
Exactly 2 good tracks (p > 20 GeV and r < 95 mm, extrapolating to r < 95 mm at vetos)
Calorimeter energy > 500 GeV

Calorimeter

* Provides a nearly background free analysis
* Neutrino interactions constitute the main background
* Total background estimated to be (2.3 +2.3)x1073 events in 27 fb! of data
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Dark Photon Unblinded Data

No events seen in unblinded signal region

# of Events
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Dark Photon Exclusion

e With null-result, FASER sets limits on previously unexplored parameter space
* Extends exclusion into region motivated by thermal relic dark matter

* Analysis also excludes new parameter space of a massive gauge boson from a U(1);_, model
* See paper for more details on A’ and B-L analysis: https://arxiv.org/abs/2308.05587
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https://arxiv.org/abs/2308.05587

Collider Neutrinos
PRD 104, 113008
* Neutrinos produced copiously in decays of forward hadrons mnnn

* Highly energetic (TeV scale) = larger interaction cross section T I B
* FASER is sensitive to an exciting neutrino program #traversing 1010 ~qpi1 ~q08

 Collider neutrinos have never been directly observed before FASERvV

* Energy range complementary to existing neutrino experiments # interacting <200  ~1200 ~4

* highest energy man-made neutrinos in FASERv

* Neutrinos probe forward hadron production

< energy ranges of
3 0.9 accelerator data - oscillated v, measurements
‘E V V F <— IceCube v_, vV, V.c
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05 nl | sl R R RTT IR RTT TR TET 05
10? 10° 10° 10* 10° 10° 10? 10° 10*
E, (GeV) E, (GeV) E, (GeV)
12

Deion Fellers


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.113008

e Collider neutrinos have never been directly observed before

Our first ever v analysis only strives to claim observation

* The FASERv emulsion was not used for our first analysis
* Processing the emulsion films takes a long time

* Analysis is done using FASERv 1.1-ton target for v, CC interactions
(vuN — uX), then detecting the high energy pin rest of FASER



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.113008

Muon Neutrinos in FASER

Signal: v, passes through front veto station undetected, then interacts in FASERv tungsten and emits

a high energy muon through the rest of FASER

FASERv . .

scintillator IFT  Veto scintillator Timing scintillator Tracking spectrometer stations
z station station station\ l l

v P E _II_I_
Eeeeeeee R B bt : -----------------------------------------------------------------------------------------------------------------------------
ATHASEES W _l .

FASERv tungsten/emulsion detector : wn | Magnets & decay volume

FASER L£=3541f"

Event Selection:

1. LHC collision event and good data quality

2. Nosignal in front veto station
» Signal in all other scintillator stations

3. Exactly 1 high momentum track that passes through
the front veto station when extrapolated back

* p>100 GeV and 8 <25 mrad
* r<95 mm in tracking stations

* r< 120 mm when extrapolating to front veto
Deion Fellers
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Muon Neutrino Results

« Upon unblinding find 153 *15 (stat.) *5 (bkg.) v, events
* Main bkg. from uncertainty in estimation of large-angled muons

that miss the front veto station and then scatter in FASERY emulsion

» Significance of 160

e First direct detection of collider neutrinos!
e Published in PRL: PhysRevLett.131.031801

e Candidate neutrino event distributions match expectations

from GENIE MC
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.031801

Electron Neutrinos in FASERv

Recent analysis of FAESRv emulsion detector found 3 : : 3 ..
v, CC candidate events ( Tilted view B FASERv Preliminary

* Only used subset of data (68 kg target mass)

* Probability these are due to background fluctuation
is1.6x107 - 50

 First observation of v, at the LHC, with the highest
energies ever observed by accelerator-based
experiments!

* One v, CC candidate event is shown here

\

N
%\}\ ® Beam view

topology P « 11 tracks at the vertex, 615 um inside tungsten
« e-like track from vertex
« Single track for 2 X,

\

\: /
N - - T  Shower max at 7.8 X,
NN e 175° between e-like track and others
,/, \ N \\\\\‘ } * 6, =11 mrad w.rt. beam
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https://cds.cern.ch/record/2868284

Current

F u t u r e P r e S h OW e r U p g r_a d e . vio DecayVqumeY Tracker pre-shower ~ Calorimeter

* Approved detector upgrade to add high ¥ t_t
resolution spatial sensitivity to our preshower o — pgraded
* https://cds.cern.ch/record/2803084 o > f
* Can identify 2 high energy photon showers I Y -:m
separated by = 200 um

tttgt, ot

* Will allow for sensitivity to di-photon signals
* e.g. axion-like particles

* Upgrade to 6 layers of tungsten and monolithic

1073

LEP

FASER L;,, = 3 ab™!

silicon pixel sensors

—— FASER L, = 90 fb!
. . — E,>200GeV - d,, > 200 um
* Currently have 2 layers of tungsten and scintillator ] . | > T TR - T B> 206V, > W0
----- E, > 200 GeV - é,, > 3500 pm
* Si pixel layers allow for ~100 um resolution TR =
e 11.5 million pixels total in preshower 5 - deal fetecton
- 130 nm SiGe BiCMOS technology é
- Hexagons with 65 pm sides
- 50 um thick Si 106
- < 300 ps timing resolution
. " . o Realistic efficiencies, L=90 b
* Plan toinstall in late 2024 ﬂ Ey > 200 GeV, dyy > 200 pm
* Construction and commissioning in progress M 10"
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https://cds.cern.ch/record/2803084

Forward Physics Facility (FPF)

* Proposed facility at CERN to host suite of
forward experiments during HL-LHC era

* FASER2

e Radiusincreased from10cmto1lm
* Acceptance (m,) increased from 0.6% to 10%

* Sensitivity improved by several orders of
magnitude in many models

IFASERVZIl [FORMQsA] ;

* FASERV2 %am*”j
* Increase target from 1 ton to 20 tons ) emlilL .'f"

e 25x30x100 cm = 40x40x800cm | SRN L — = T hdvsD || FLARE— \

? . 47,

* 0(10°)v,, O(10°)v, , and O(10%)v, expected in
O(10) ton detector

* Checkout FPF white-paper for more details ﬁ
* https://arxiv.org/abs/2203.05090 FPF studies supported by: Physics

*Beyond
~“Colliders
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https://arxiv.org/abs/2203.05090

Summary

 FASER is a new far-forward detector at the LHC that is sensitive
to long-lived particles

10— 7T T T 7 T T T T
x |

* Successfully took data in the first 2 years of LHC Run 3 o oo “EASEL [ LHC P1 Stable (ATLAS)
g = Online [ FASER Recorded
* Excluded previously unprobed parameter phase space of both 7 @5 0 ol e e
= = Total Delivered: 70.4 fo''
the dark photon and B-L gauge boson E D Tommeeon v .
* Probes new territory in interesting thermal-relic region 2 sob
o F
g 40-
* First direct detection of collider neutrinos! = 30
* Reconstructed ~150 v, CC interactions in FASER spectrometer = A
* Found 3 v, CC candidate events in subset of FASERv emulsion 13?;
. 04/07/22 11/11/22 22/03/23 31/07/23
* More BSM searches and neutrino measurements to come Day in Year

e Future planned and proposed detector upgrades will expand

FASER’s physics reach
FASER
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