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Motivation and ldea

- LHC searches/experiments focus on central region, which is motivated by
heavy, strongly interacting particles

* small rates: 0 ~ fb - pb or Ny ~ 107 at £ = 300 fb™*
* high pT, produced ~ isotropical

- For light and weakly interacting particles, this may be completely misguided
* light: we can produce them in 11, K, D, B decays
* weakly-interacting: need extremely large SM event rate to see them

- We should go where the pions are: forward region along the beam line
* enormous event rates: Ginel ~ 100mb or Ny ~ 107 at £ = 300 fb™"
* highly energetic beam remnants: E ~ TeV
*low pT ~ Aqcp — particles are collimated © ~ Aqcp/E ~ mrad
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Motivation and ldea

- We can’t place a reasonably-sized detector on the beam line near the IP
* blocks the proton beams, subject to large radiation

- However, weakly-interacting particles do not interact with matter
— place detector few |00m away along the “collision axis™ after beam curves
* LHC infrastructure acts and rock act as shielding

- At this location, particles are still highly collimated
*100m x mrad ~ 10cm spread in transverse plane

ppJ—coIAIisi‘?(n deflected charged particles L\AC = FASER

KX ° |00m rock

- This motivates small, fast and cheap inexpensive detector
FASER: ForwArd Search ExpeRiment at the LHC

- Applications for light long-lived particles searches and neutrinos
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Motivation and ldea

Long-Lived Particles Searches
search for appearance of high-energy particles from LLP decay in empty decay volume

Shield Decay Volume, B~0.5T Spectrometer, B~0.5T

Calorimeter

— | ——

Tracker

Scintillator

Neutrino Measurements
search for neutrino interaction vertex in dense material using emulsion detector

|
neutrino muon| trraagk

\\\

—~—————| | | hadron tracks

\

vertex

emulsion detector + tungsten target
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The FASER Experiment

Location / Detector / Environment / Timeline

Long-Lived Particle Searches
Dark Photons

Neutrino Physics
FASERV / Neutrino Measurements

Summary and Conclusion
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FASER.

The FASER experiment
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FASER Detector

FASER main detector
[LOI: 1811.10243,TP: 1812.09139]

FASERV

nheutrino detector

[LOI:1908.02310,
TP:2001.03073]

T

emulsion+target

2m long
spectrometer

.5 m long
decay volume

. ‘\1'5

A- 7) w 3 tracking stations
. \ 0.6T permanent
\ magnets 1m
G———l

scintillators interface tracker

Felix Kling Looking forward to new Physics with FASER


https://arxiv.org/abs/1908.02310
https://arxiv.org/abs/2001.03073

FASER Environment

HL-LHC: Muon- distribution at FASER
General Considerations 500 £ g

- LLP/neutrino signals have TeV energies, 400
come from ATLAS [P 300 AT

- shielding: natural (rock) and ) '
LHC infrastructure (magnets, absorbers) ¢

- only muons/neutrino can transport TeV
energies through ~100m rock

108

109

'—I
o
.'_.
o . . .
fluence per primary collision (cm2)

Sabate-Gilarte, Cerutti, Tsinganis (2018)

— FASER’s location is very quiet

) J 11
FLUKA simulation (by CERN STl group) 2202, 3,, 100 200 300 s0 500 "
- FASER in remarkable quite spot B Bl s B i e
- estimated muon flux from IP:2:104 fo/cm2  “7[ "~~~
- HE particles from beam-gas collisions and LD b

proton losses near FASER are negligible
- other HE particles produced in muon
radiative processes
— use scintillator to veto muons
for LLP searches

1e-15 +

1e-16

Dose per collision [Gy)

1e-17 +

1e-18
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FASER Environment

In-Situ Measurements

- BatMon radiation monitor:
* low-energy radiation levels are promisingly low

- emulsion detector installed in 2018 in both TI18 and T2
* consistent with FLUKA simulations
* more data analysis on-going

k w/o tungsten (E>50MeV)

with tungsten (E>1GeV)

Rl Pret ,
oz v
FASER EM ¥ 4

Emulsion
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Long Lived Particles Searches
at FASER

|dea: 1708.09389
LOI: 1811.10243
TP: 1812.09139
Physics: 1811.12522
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https://arxiv.org/abs/1708.09389
https://arxiv.org/abs/1811.10243
https://arxiv.org/abs/1812.09139
https://arxiv.org/abs/1811.12522

Long Lived Particles at FASER

Motivation

- Dark matter solid evidence for new particles
* thermal freeze out: Qpyr ~ 1/{ov) ~ m?/g* qué A
- WIMP miracle: 1 ~ Mucak; g ~ Gueal h’ﬁﬁ P Dark Sector:
* light DM (m~GeV) requires new mediators W@ N '

= M < Myeaks 9 < Gueak agg d

— light weakly coupled particles
- Anomalies: muon g-2, Be-8, KOTO, ...

Prominent examples
Dark Photon Portal: GF,L“/F[/LV Neutrino Portal: yLH N

Dark Higgs Portal: e‘H‘2¢2 Axion Portal: gaFWFW
X

f
| >X€<
v/Z A h ¢
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Long Lived Particles at FASER

Motivation f X
- dark matter solid evidence for new particles
- light DM (m~GeV) requires new mediators e
— light weakly coupled particles A
I3 X
Dark Photons
- similar to the SM photon but 1 )
* massive, with mass ma L= §mA'2A/MA/“ +> fiP—ceqr d')f
* couplings to SM particles suppressed by ¢
Dark Photons at FASER
- produced for example in - decay into pairs of f
meson decays charged particles
€ A,

o

y

- also via dark - long-lived if e<<| f
Bremsstrahlung at large ma
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Long Lived Particles at FASER

Pions at IP A’ atIP A’ decay at FASER
p,o [GeV] L=300fh"" p,[GeV] d[m] pa [GeV] d[m]
104_7-(0 R EPOS-LHC 104_7T0—)KA' EPOS-LHC . 103 104_”0—)KA' | 4 103
] - l - ma=100 MeV m _‘. ma=100 MeV
10% 103 e=10"0 {107 103} g TESES g =105 {107
|| [ | :\\\ ||
1o = 7l -l'-_ ° 1 N 10
10188 10 1018 10° wll 101810 “~<<3¢7, 11
1010 i AN
1t 1014 .1 1t 104 101 1t 1 i QQC\‘Q 1101
—1 Ei SNl
-1 1013 11 103 1072 -11 10 S! '10_2
" 12 0 = o 1072 Ei L =300 b
(02 .10 | | | | . -2 102 L = 300 fb 41073 492 - _ Loax=480m [, -3
107 10™* 10 107 107" 17 10° 104 103 102 10" 12 10° 10 103 102 107 1
6,0 Oa O
- dedicated hadronic - production peaks - only highly boosted
interaction models, at pT~ AQcD ~TeV A’ arrive at FASER
grounded on LHC data ,
- rates highly suppressed - rates suppressed by
- production peaks by €2 ~ [0-10 decay requirements
at pT~ AQcCD , , : .
- still rates N~105 per bin: - still rates N~100 signal
- enormous event rates LHC could be dark a events within 20cm of
N ~ 10!5 per bin photon factory beam collision axis
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Long Lived Particles at FASER

pp—LLP + X, LLP travels ~ 480m, LLP—charged tracks + X

Signal is striking

- two opposite-sign, high energy (E > 500 GeV) charged particles
- originate from a common vertex in a small, empty decay volume
- point back to the IP through 90 m of rock

Background considerations
- comic rays and neutrino interactions (different kinematics) not a problem
- HE muon-associated radiative events are leading BG if muon is not vetoed
- incoming muons can be identified using scintillators

— reduce BG to negligible levels

Shield Decay Volume, B~0.6T Spectrometer, B~0.5T

Calorimeter

Scintillator racker
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Long Lived Particles at FASER

Dark Photon Reach

- consider all production channels
- include A’ = ee, Ul, TTHTT-

- require N=3 events

- two detector benchmarks
* FASER: R=10cm, L=1.5m, Run3
* FASER 2: R=Im, L=5m, HL-LHC

I D 1/ KN X4 HEHBL N
103 | i gl e "
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: LHCb D : Hopl i :
\\\ 1 : /I /’\’\ ] 1
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o “~~._ __HPS P T < I:_HCb A'suu
10_4 ~\\‘\\ \(1\\\\ \\\'I } \l
\\\ \ \x\\ :
\\ S ‘ \\\ ‘
\\\ \\\ Ik\\\\ }
w N, Sxal b ~ R :
1 fb—1 ~~~~~~~~ \\\\\ J\
-5 Bt "N We
10k 10/« ) O\l
150 fb-1
3000 fp -1
10— Rk
Dark Photon ... .| 'Y EFRark Fnoton NAG62- - W
102 101 102 101 1
mp [GeV] mp [GeV]

- reach limited by decay length (high €) and production rate (low ¢)

- new parameter space probed with just | fb-!in 2021

- FASER 2 significantly improves reach at higher masses
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Particles at FASER

Long Lived

Physics Sensitivity Studies
- FASER is sensitive to
many more LLP models

- FASER Physics Case: 1811.12522
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- Many other studies related
to FASER on FASER website:
https://faser.web.cern.ch/
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Benchmark Model

[ Label | Section | PBC | Refs | FASER | FASER 2 |

Dark Photons V1 IVA BC1 7] v Vv

B — L Gauge Bosons V2 IVB — [30] V4 Vv
L; — L; Gauge Bosons V3 IVC — [30] — —
Dark Higgs Bosons S1 VA BC4 [[26, 27] — Vv
Dark Higgs Bosons with hSS| S2 VB BC5 | [26] — Vv
HNLs with e F1 VI | BC6 |[28,29]] — Y
HNLs with p F2 VI | BC7 |[28,29]] — N
HNLs with 7 F3 VI | BC8 |[28,29] v
ALPs with Photon Al VIIA | BC9 | [32] Vv Vv
ALPs with Fermion A2 VIIB | BC10 | — — Vv
ALPs with Gluon A3 VIIC | BC11 | — Vv Vv
Dark Pseudoscalars P1 VIII — 136] — Vv
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https://arxiv.org/abs/1811.12522
https://faser.web.cern.ch/

Neutrino Measurements
at FASER

ldea/LOI: 1908.02310
TP:2001.03073
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FASERv Motivation

- neutrinos detected from many sources, but not from colliders

- many neutrinos at LHC produced in 11, K, D meson decay
— ATLAS provides intense highly collimated neutrino beam towards FASER

* ~1012 neutrino in LHC Run 3 * highly collimated  * E~TeV

2m long

dedicated FASERv neutrino detector in front of FASER i spectrometer
* 25cm x 25¢cm x |.3m emulsion detector decay volume
* tungsten target with 1.2 ton mass

*~ 20000 vy, ~ 2000 ve,~ 20 VT

emulsion+target ECAL

3 tracking stations

dur|ng LHC Run 3 0.6T permanent
magnets 1m
1 1 i e interface tracker b >
- neutrino physics at TeV energies scintillators
* probe unconstrained neutrino cross sections at TeV for all 3 flavors
1 1 -
S F < E energy ranges of
& 09F 809 accelerator data - oscillated v, measurements
E 08E uE 0.8 _<—| IceCube v_, V,
80 é %o 5 SK \'Y' vr
2 O7F FASER o 07 F<— OPERA v, FASERv
~ 0.6F <06 y S 0.6F
< F Al——lJ L | w 50 8 o sf
5 0.5 | ] T e L =05 % 5 0.5F =
E [ - © Cp E | DONUT v, ¥,
0.4E NUT \'9. \—,g 0.4 1/:, 1‘\ %o 0.4 E_—.—‘
0.3F 0.3 “ pp, . x 0.3F
E 9 W o oF
0.2F 0.2 AR
015_ FASERv 0.1 "~ - 01: FASERv
C spectrum (a.u.) v spectrum (a.u.)
0- 1 L L Ll L 3 L 1 I 0 llllllI5 L LA L LLLL 8 0 il L 1 1 Illl113 1 1 )
10 10 10 10 10 10 10 10*

E, (GeV) E, (GeV) E, (GeV)
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FASERv Detector

- emulsion detectors technology
* used by many other neutrino experiments: CHORUS, DONUT, OPERA

Emulsion film Cross-sectional view AgBr crystal Track in emulsion film

- FASERv: 1000 emulsion films interleaved with | mm tungsten plates
* 3D tracking devices with 50 nm spatial precision
* sensitive to neutrino interactions
* allows particle identification T

emulsion+target

tungsten plate emulsion film

0.6T permanent
magnets 1m

V scintillators interface tracker
o

V-interaction
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vertex

FASERv Detector

/ / charged particle
T T

500 pm

Felix Kling

T4 — low energetic particle

example: tau neutrino event in OPERA
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FASERv Detector

- detector performance has been studied

* flavor identification
%k : : .~ o ECC SCTs SCT SCT
vertex ﬁndlng efﬁCIenCY' 80/) air-core magnet ’ air-core magnet ”
partic\e

* energy resolution: ~30% ighest momentum part
’__/’_’.-—-‘—‘_"'_'—_:—'_'
VIl T [ |
'_\EJ\:\

- global reconstruction with the FASER detector :% L
* distinguish neutrino / anti-neutrino Y E‘\

* improve neutrino energy reconstruction
* background rejection

- pilot detector data is currently analyzec
* 30 kg detector was installed in T118,
* goal: first neutrino detection at the LHC

2.5 fb-! of data collected 2018

30kg pilot neutrino detector reconstructed

installed mTI 18 in 2018 . e 3 neutral vertex

'Y v
. s N
- < o > »

Aidhs ,
- p
e
:‘

Lo

F tracks in
2mm X 2mm x |10 films
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FASERv Physics Potential

heutrino heutrino A
\ production propagation neutrino f Cw““
‘ interaction < XX
o " deflected ggwes . FASER
_— ® ®® ........... { ............................ Y hessessaesesaseneans S :.;_
|00m rock

p-collision LHC magnets

In the following, | will present some ideas.

Most of them were not investigated in detail yet.
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FASERv Physics Potential: Neutrino Physics

- Neutrino cross section at TeV energies

* unexplored energy range for all three flavors 1
* charged and neutral current interactions

- Tau neutrino physics
* so far only ~20 tau neutrino interactions identified
* thousands of tau neutrino events possible at HL-LHC o
* precision studies of tau neutrino properties 0.1

— tau heutrino Ccross section

- Neutrino interaction event shapes

- Neutrino oscillations
* no neutrino oscillations expected in SM

©

o,/E, (x10%cm?/GeV)
o o o o
(o] [0 0]

* sterile neutrinos with mass ~40eV can cause oscillations ©
* use FASERYv as short-baseline neutrino experiment

o

accelerator data

Am3, = 1600 eV?
U2 =0.1
L =150 fb*

L1 SM
stat + prod
L1 3+1

i T T
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FASERv Physics Potential: BSM Physics

- BSM tau-neutrino production ™ = Vy, V=,
* tau neutrino flux small in SM gn ———£=3Lr Gauge Boson
* new light weakly coupled gauge bosons could
decay into tau neutrinos: arXiv:2005.03594

10—2 4

=2
10—3 N T T, = -

- DM scattering m10_4_i:.‘..‘.:::::i::::.‘.::::i:::.
*if DM is light, LHC can produce an energetic and & | oo
collimated DM beam towards FASER o A

© - o%
10-6 e 6% + cuts

10-3 10-2 101 10° 101

* example: TT=?VY withV = XX

- FASERvV as muon beam dump
*about 107 muons will pass FASERv during LHC Run3

- Probe of neutrino-philic hew physics
* many models of new physics predict new particles
that can interact with neutrinos

Target

from arXiv:1807.09877

Felix Kling Looking forward to new Physics with FASER


https://arxiv.org/abs/2005.03594
https://arxiv.org/abs/1807.09877

- Constraining forward particle production

* forward particle production is poorly constrained

* FASERv neutrinos flux measurements will provide
complimentary constraints

* light hadrons described by non-perturbative physics

* heavy hadrons can be described by perturbative QCD

- PDFs via Neutrino scattering
* DIS neutrino scattering is sensitive to PDFs

Q [GeV]

104

FixedTarget PRELIMINARY

LHC

Tevatron

HERA

LHCve with 7<n, <8
1034 ¢ LHCve with8<n,<9

e LHCv.with9<n,
LHC: tt
LHC: jets
2 Tevatron
10 LHC: W/Z
LHC: DY
101 i
LHC: B
[ ] )
. o o, LHC: D HERA F|xe‘(’j Target
“ i: ) [ ) 'Y S oe
.. w.‘ : ° ® .f‘”ﬁz

10°

n>10.94
) Ldt=0.191nb™
107 = ] f
= f .,"0.
v
S 10k iy
g F e
: i
3 10"
S ; =& Data
[~ - QGSJET I1-04
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[ --- SIBYLL23 I
108 - --- PYTHIA 8.212 >
E o L L L e .?
4 T T —
C (I ]
s 3F -1 ! -
S F : ;
o 2 e —
= fo=-

C .
2000000000 0. 0 | — ®— -
1E ™ . -E-!.- .-\-I‘ =B P ?_’1._1-_-_—_-.-1 '_':‘ - _'

0™===060 2000 3000 _ 4000 5000 _ 6000
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Gluon PDF with Neutrinos from Charm Decay
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FASERv Physics Potential: Comics

- Muon problem in CR physics
Cosmic Ray experiments have reported an excess in the number of muons over
expectations competed using extrapolations of hadronic interaction models

tuned to LHC data at the few O level. See 1610.08509

- Prompt Atmospheric Neutrinos
Prompt Atmospheric Neutrinos from charm decay are the dominant background for

lceCube’s comic neutrinos, and we currently have no data and no theory for this
process. See 1405.5303

' ! ! ' 2 = Background Atmosphcleric Muon Flux
[ ] QII-04 p 10 o = Bkg. Atmospheric Neutrinos (#/K)
2 e QII_O4 Mlxed 1 IE if:s;s:huenr?cUNnecl?trrﬁ:::(egso% CL Charm Limit) |
N —— Bkg.+Signal Best-Fit Astrophysical (best-fit slope £ **)
E O EPOS-LHC p %\ ) - - Bkg.+Signal Best-Fit Astrophysical (fixed slope E *)
" — . 10 o S . e®e¢ Data
o 0 EPOS-LHC Mixed o
© >
{0} 1 5 ° ° 5 ¢ GL) 0 . __ T
-U & q) (D G) ¢ % 10 - _ _ I !
O o = 5 u 0 i -
Il m @ 3] -
g >
m L
1 10
1 1.2 14 1.6 1.8 2 102 103 T 10°
Deposited EM-Equivalent Energy in Detector (TeV)
secO
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https://arxiv.org/abs/1610.08509
https://arxiv.org/abs/1405.5303

FASER.

Summary and Outlook

Felix Kling Looking forward to new Physics with FASER



Planning for the future

- FASER and FASERYv are approved, funded and under construction. They will take data
during Run3 of the LHC (2021-2024), but also pave the way for a high energy forward
search and neutrino program, opening up many new opportunities for neutrino physics,
new physics searches and QCD, significantly extending the LHC’s physics program.

- As part of the Snowmass 2021 community study, we are planning to investigate the
full physics potential of FASER and FASERv during the HL-LHC era.

|. We propose an upgraded FASER2 detector with enhanced sensitivity for
LLP searches. See the FASER2 Snowmass LOI

2 .We propose an enlarged neutrino detector with roughly ten times the mass of
FASERNnu operating at the HL LHC. Such a detector would collect roughly

~105Ve, ~106 vu and ~103 vt atTeV energies. See the FASERnu2 Snowmass LOI

_ A
3.We proposal to enlarge an existing cavern

and create a Forward Physics Facility to

house a variety of experiments. See the — bl
Forward Physics Facility Snowmass LOI == —

Metres

Beam Collision Axis

- We would like to invite the HEP community (so you) to help us explore the physics
potential of this program.
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https://www.snowmass21.org/docs/files/summaries/EF/SNOWMASS21-EF9_EF6-NF3_NF6-RF6_RF0-CF7_CF0-AF5_AF0_FASER2-038.pdf
https://www.snowmass21.org/docs/files/summaries/NF/SNOWMASS21-NF10_NF6-EF6_EF9-IF0_FASERnu2-006.pdf
https://zenodo.org/record/4009641

Summary and Outlook

FASER
- newest experiment at the LHC S I IV\ O N S
- quick, small and inexpensive FOUNDATION

- funded and approved
\ HEISING-SIMONS

Envisioned Timeline -~ FOUNDATION
- build/install FASER in LS2 (2019-20) N
- take data during Run 3 (2021-23, 150 fb-) Many thanks to the Heising-

Simons Foundation, the

- upgrade to FASER 2 in LS3 for HL-LHC Simons Foundation, and to
Physics: CERN for invaluable support
- search for light long-lived particles at the LHC

- neutrino measurements at eV energies

- and many more unexplored opportunities ...
— help us explore them

For more information, see our website: https://faser.web.cern.ch/

We look forward to feedback and suggestions
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Backup
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FASER Timeline

09/2017 - Original FASER idea paper arXiv:1708.09389 -ﬂs ﬂ

spring 2018 - FASER collaboration forms < - | = 1 B

07/2018 - Letter of Intent arXiv:1811.10243

11/2018 - Technical Proposal arXiv:1812.09139
11/2018 - LLP Physics Potential arXiv:1811.12522

65 collaborators
18 Institutions

8 countries 12/2018 - Funding
[ senme W 03/2019 - Approval by CERN
b UNIVERSITAT

u BERN

08/2019 - Proposal of FASERV
arXiv:1908.02310

N m:b 1% 10D () KEK O orEGON

A INFN N E RS SLAG
* 11/2019 - FASERV TP
o I @i Wi arXiv:2001.03073

S
.
®
.
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https://arxiv.org/abs/1708.09389
https://arxiv.org/abs/1811.12522
https://arxiv.org/abs/1811.10243
https://arxiv.org/abs/1812.09139
https://arxiv.org/abs/1908.02310
https://arxiv.org/abs/2001.03073
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FASER Location
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FASER Detector

FASER Magnet

- 0.6 T permanent dipole magnets
- Halbach array design

e | OS to passes through the magnet center

¢ minimum digging to the floor in TI12

¢ minimized needed services (power, cooling etc..)
- to be constructed by the CERN magnet group

430mm

= Permanent magnet block (NdFeB)
“— Magnetic yoke (low carbon steel)

Non magnetic internal ring (stainless steel)

Non magnetic frame (extruded Cu or Al)
Non magnetic shim (stainless steel)

Epoxy resin
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FASER Detector

FASER Tracker

- 3 tracking stations, each with 3 tracking layers

- double sided silicon micro-strip detectors

- ATLAS SCT spare modules will be used
e 80um strip pitch, 40mrad stereo angle
e many thanks to the ATLAS SCT collaboration!
e 72 SCT modules for the full tracker

128 mm

SCT module

Tracking layer
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FASER Detector

FASER ECAL

- EM energy measuring / triggering /

electron/photon identification
- FASER will use spare LHCb outer ECAL modules

e ~1% energy resolution for 1 TeV electrons
e Many thanks for LHCDb for allowing us to use these!

FASER Scintillators
- vetoing charged particles entering the decay volume / triggering

- to be produced at CERN scintillator lab

754
7} 30cm
Folder—b fm (L=40 mm) RRID N "l
95 I 53 H:&i WS 2 —
_5 {343 Quantity: 1+64
e Bun

OUTER MODULE
e L T

‘ J
g
\)
\
|
_U\
\
\
\
\
f
bl
30cm

|/
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FASERv Physics

- cross section measurements limited by neutrino flux uncertainty
* we need to quantify and reduce these uncertainties
- forward particle production not described by pQCD, but soft physics
* use hadronic interaction models
- simulators based on sophisticated modeling of microscopic physics
* phenomenological parameters need to be tuned
* include tuning uncertainties (similar to PDFs)
— develop dedicated forward physics tune using forward data

Inclusive pp, \'s = 8 TeV

5 4 TTTTTTT [TTTT[TTTT TTT] 1 TR TIRGT e oo ] o LR foLTaTav prton
< ) . n>10.94 8.81 <n<8.99 3
= = —— TOTEM: N, >1 in 3.7<n<4.8 or -7.0<n<-6.0 . o [Ldt=0.191nb" [Ldt=0.191nb"
% 7= +— CMS-TOTEM: N, >1 in 5.3<n<6.5 or -6.5<n<-5.3 = ~
- 1 = 400 <
 — 48 8
nenageeett E . I,
5_+++ —] E 10 E
- - QGSJET Il-04 L
4— —] 107} - - EPOS-LHC '»
- . —— DPMJET 3.06 I 3
— 5 ] SIBYLL 2.3 i
3 - ] 10 -+~ PYTHIA 8.212 o
| ...1....1....!....1....: .....
—  —— Pythia8 4C (displaced IP) - Pythia8 4C (nominal IP) \\5 4 : - 4
2 —— EPOS LHC (displaced IP) - EPOS LHC (nominal IP) % . 3 Do 3 . 3
—  —— QGSJetll-04 (displaced IP) - QGSJetll-04 (nominal IP) - 5 ' &
1- SIBYLL 2.1 (displaced IP) SIBYILL 2.1 (nominal IP) - ‘;’ 2 N _; = g 2
H 7 1 oeceeessece o o - o - 1
0 | ‘ | ‘ I | ‘ | | | ‘ ) . ST ;
0 1 2 3 4 5 6 7 0™===060 2000 3000 _ 4000 _ 5000 _ 6000 0™===060 2000 3000 _ 4000 _ 5000 _ 6000
|1‘|| Photon Energy [GeV] Photon Energy [GeV]

[TOTEM: 1205.4105] [LHCf: 1703.07678]
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FASERv Detector

- neutrino energy reconstruction Topological Variables related to
sk use tOP ol Ogl cal + kinematic Nty charged tracks multiplicity Fhraa
Ty photon multiplicity Fhag
observables [1/6,] |lepton angle E,
sk . . > |1/6haq||sum of inverse hadron track angles J N
rain NN im
tra . to estimate 1/0median |inverse of median of all track angles | Fyaq, Ey
neutrino energy Kinematical Variables
% N° : p, > |lepton momentum from MCS E,
30% energ?, resolution > preg® |charged hadron momenta from MCS|  Ej.q
seems achievable Y. E, |energy in photon showers Fhaa

!

- ANN

Sum of visible energy

Sum of visible energy (GeV)

Reconstructed energy by ANN (GeV)

E, truth (GeV) E, truth (GeV) E, truth (GeV)
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FASERv Detector

- possibility for future: global reconstruction with the FASER detector
* interface FASERV to the FASER spectrometer
* requires additional tracking layer to allow matching

(_eC‘-or )
epseR W coAL ECC  SCTs SCTs SCTs
2m long air-core magnet air-core magnet
SERV spectrometer article
;_/— L mlong § w@fﬂiﬂ_ﬁ
ecay volume L [
emulsion+target yn> \
EEEE - | 8 T~
R =
\ 3 tracking stations hadron DD D
shower ] |
\ 0.6T permanent &
magnets 1m .
—

interface tracker

- muon charge identification
— distinguish neutrino / anti-neutrino | TeV neutrino
- momentum of charged tracks

— improve neutrino energy reconstruction
- timestamp events and identify

additional activity (muon)

— background rejection

| TeV muon

e S P
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FASERv Backgrounds

. . . . . of o 10° —m——m——————————————1—+——— .
- neutrino interaction signal is striking |
* neutral vertex identified with >5 tracks joe| LT hadrons
* points back to IP o
. £1000¢
* high energy event s |
. . L i
* charged lepton identified 5 100|
g |
E 10}
- neutral hadrons could mimic neutrino signal =
* simulated with FLUKA 1
* rejection based on energy, | |
: : 0.1 .
lepton ID and kinematics 0 500 1000 1500 2000
Energy [GeV]
: : : % B [ « v.CC
- lepton identification B0 | . v, NC
. . O 0.8F | e neutron interactions |-
* vu: highest momentum particle ooE N P
without interactions 06
o « e 0.5F
* Ve: single-electron initiated EM shower ik
* v1: kink from displaced T-decay vertex 03t
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Long Lived Particles at FASER

Secondary LLP Production [K. Jodtowski, FK, L. Roszkowski,S.Trojanowski: 1810.01879]

- additional production mode secondary production
- extends reach to smaller lifetimes in front of detector
LLPI _LP:
--esssEsszzIIIIIIIICIIIIICCTITEmTTETTTCT
primary production LLP2 T

at |IP

iDM: m,,:m,, :my =1:29:4, ap = 0.1

B >~ T TR 50 T — (P
Example: inelastic DM 3 e T e
- A’ couples diagonally to Xi + X2
- X1=LLP1, X2=LLP2 =
- primary production TT0—=YyX1X2 SHiP
- secondary production: XIN—=X2N ¢ 'V'AASTE':{USLA
- decay: X2— Xlee FASER~(HL)
B T FASER 2
- enhanced reach
- relevant for DM & g-2 4"
_ e _ o
\ N 1 2
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