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Why Forward Physics?

(
Main focus of LHC are heavy particles: Higgs, SUSY ... .
Their decay products have high pT and are distributed almost isotropically.
ATLAS/CMS were constructed to catch them.
\-
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Why Forward Physics?

4 The LHC produces a huge number of hadrons in the forward direction:
10" 10, 10'® n, 10" D, 10'3 B within 1 mrad of beam.
Typically low pT but large energy.
\_ Can we do something with that?
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Why Forward Physics?

The LHC produces an intense and strongly collimated beam
of neutrinos with TeV energies in the forward direction.
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Why Forward Physics?

(
The LHC produces an intense and strongly collimated beam
of neutrinos with TeV energies in the forward direction.
This may also be true for many interesting
S dark photons, axion-like particles, dark matter.
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SM Physics: ve, vy, v1
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Why Forward Physics?

These particles escape down the beam pipe and remain undetected.

Indeed, the existing big LHC detectors are perfectly designed NOT to see them.
\-
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Why Forward Physics?

4 )
LHC tunnel will eventually curve away, but the beam of neutral particles will continue
along the beam collision axis.

- J
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Why Forward Physics?

4 )
LHC tunnel will eventually curve away, but the beam of neutral particles will continue
along the beam collision axis.

Idea: Placed experiment in this beam to detect them.

- /

Central Region - LHC tunnel

SM Physics: ve, vy, v1
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Experimental Program:
FASER — FASERv — SND@LHC — FPF

Searches for BSM physics:
LLP Decays — DM Scattering — Millicharged Particles

SM Measurements:
Neutrinos — QCD — Cosmic Rays
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Location.

Two new experiments will exploit this potential during run 3 of the LHC:
SND@LHC and FASER.

-
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) FASERv will come

o

" FASER spectrometer
th 0.55T magnets

e

Scattering and Neutrino Detector
at the LHC Y




FASER.

Main Goal: Search for light long-lived particles

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

Signal is striking:

- highly energetic charged particles (E ~ TeV)
- emerging from an empty decay volume

- point back to the IP through 90 m of rock

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

Hﬂﬂ LLP |

I I |
- /,’></Jﬁ/7

Scintillator acker

Background considerations:
- large flux of muons from the LHC cause muon-associated radiative events
- use scintillators veto to reduce BG to negligible levels



FASER

FASER main detector

LOI: 1811.10243
FASERV TP: 1812.09139
neutrino detector

LOI: 1908.02310
1P: 2001.03073

o

2m long
spectrometer

|.5 m long
decay volume

3 tracking stations

\ 0.6T permanent
magnets 1m
< »

scintillators interface tracker



https://arxiv.org/abs/1908.02310
https://arxiv.org/abs/2001.03073
https://arxiv.org/abs/1811.10243
https://arxiv.org/abs/1812.09139

FASERVv.

FASERvV neutrino detector in front of FASER
-25cm x 25cm x 1.3m, 1.2 ton mass

- placed on axis: n > 9

- ~10000 neutrinos during LHC Run 3




FASERv.

FASERvV neutrino detector in front of FASER
-25cm x 25cm x 1.3m, 1.2 ton mass

- placed on axis: n > 9

- ~10000 neutrinos during LHC Run 3

Emulsion detectors technology

- used by CHORUS, DONUT, OPERA

- 1000 emulsion films interleaved with 1mm tungsten plates
- global reconstruction with the FASER detector possible

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




SND@LHC.

SND@LHC: second LHC neutrino experiment

Scintillators
planes
Emulsion
assembly

Iron block

Foot assembly

SciFi plane

- located on other side of ATLAS - slightly off-axis location: 7.2 < n < 8.7
- used emulsion and electronic components - target: 830 kg of tungsten



Forward Physics Facility.

FASER and SND@LHC are highly
constrained by 1980’s infrastructure
that was never intended to support
experiments

spectrometer R
th 0.55T magnets

The proposal: create a dedicated Forward
Physics Facility (FPF) for the HL-LHC.



Forward Physics Facility.

The FPF would house a suite of experiments that will greatly enhance the LHC'’s
physics potential for BSIV physics searches, neutrino physics and QCD.

FASER2 FASERV2
magnetized spectrometer emulsion-based plastic scintillator array
for BSM searches neutrino detector for BSM searches
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Forward Physics Facility.

4th Forward Physics Facility Meeting

FPF workshop series: T "
FPF1, EPE2, FPF3, FPF4

Call for Abstracts Starts 31 Jan 2022, 16:00 There are no materials yet. 2
Ends 1 Feb 2022, 21:00

Timetable

Contribution List

The Forward Physics Facility (FPF) project is moving forward!
My Conference

L My o Atthe ath Forward Physics Facility Meeting we will discuss the facility, experiments, and physics goals of the

proposed FPF at the HL-LHC. The meeting takes place just before the completion of the FPF Snowmass White
F P F P a e r - Book of Abstracts Paper and will provide an opportunity to summarize the current status of the White Paper and the final steps in its
" preparation. The whole event will be held online.

Registration

The Zoom links are:

The Forward Physics Facility: :g":;r“;:z‘;z
Sites, Experiments, and Physics Potcntlal sl

$i//uiowa z0om.us/}/94645515841
~ pages, ~ autnors U . Anconfoi* A i3 Tl A Weidons i i Tl 0Omas1/S7280888150

Brian Batell” Jamic Boyd® Joseph Bramante. Adrian Carmons
Francesco G. Celiberto, 212 Grigorios Chachamis, " Matthew Citre
Albert de Rocek, Hans Dembinski,’® Peter B. Denton,® Antor

Milind V. Diwan® Liam Dougherty,?! Herbi K. Dreiner,2 Yong Submitted 10 the US Community Study
Yasaman Farzan % Jonathan L. Feng, - Max Fieg2 Patricl on the Future of Particle Physics (Snowmass 2021)
Foroughi-Abari,?* Alexander Friedland,?** Michacl Fucilla,%

Maria Vittoria Garzelli,**# Francesco Giuli,* Victor P. Gonea |
Francis Halson T Juan Carlos Helo % Christopher S. Tilé|
Ameen Tsmail, 2 Sudip Jana,® Yu Seon Jeong," Krzysztof Jo
H - Kumar, Kevin J. Kelly,* Felix Kling,*47-% Rafal Maciula,
n o Wmass 'te a er Abrabam 4 Julien Manshanden.® Josh McFayden® Mohammed
" Pavel M. Nadolsky, " * Nobnchika Okada, 5" John Oshorne® Hic
Pandoy,?46:* Alessandro Papa,®3 Digesh Raut,® Mary Hall Ri|

2203.05090
~450 pages, ~250 authors

overrilysics Mzl

Yir-Dai Tsai. 2% Douglas Tuckler,® Martin W. Winkler,”” Kepin |

The Forward Physics Facility (FPF) is a proposal to create a
infrastructure to support a suite of fur-forward experiuents at || . .
during the High Luminosity era. Located aloug the beam collis The Forward Physics Facility
the interaction point by at least 100 m of conerete and rock, the |

that will detect particles outside the acceptance of the existing I at the High-Luminosity LHC
will observe rare and exotic processes in an extremely Iow-backg1
work. we summarize the current status of plans for the FPF, ir
civil enginecring in identifying promising sites for the FPF; the |
envisioned to realize: the FPI's physics potential; and the many
physics topics that will be advanced by the FPF, including seare
probes of dark matler and durk scctors, high-stabistics studies of |

engy collisons . the High-Luminosity Large Hadron Collder (LHC) produce a large

igh en
smmber of particles along the beam collision axis, ntside of the acceptance of existing 1
inrta; Thi peopate, ot Pogai TRy (FPE), b Icaiad sl oo st
! s e e S from au LHC interaction point and shielded by concrete and rock, will bost a suite of experimets
’l‘;z" i of perturbative and non-perturbative QCD, an to probe standard model processes and search for physics beyond the standard model (BSM). Tn
! this report, we review the status of the civil engincering plans and the experiments to explore
—\ the diverso physics signals that can be wniquely probed in the forsard region. FPF cxperiments
will be sensitive to a broad range of BSM physics through searches for new particle
s wit

docay siguatures and deviations from standard model cxpectations in high statistics

TeV ueutrinos in this low-background enviroument. High statistics neutrino detection wil trace
back to fundamental topics in perturbative and non-perturbative QCD and i weak interactions
Experiments at the FPF will enable synergies between forward partiele production at the LHC and
astroparticle physics to be exploited. We report here on these physics topics, on infrastructure.
detector and simulation studies, and on future directions to realize the FPF's physics potential



https://indico.cern.ch/event/955956/
https://indico.cern.ch/event/1022352
https://indico.cern.ch/event/1076733/
https://indico.cern.ch/event/1110746/
https://arxiv.org/abs/2109.10905
https://arxiv.org/abs/2203.05090

Experimental Program:
FASER — FASERv — SND@LHC — FPF

Searches for BSM physics:
LLP Decays — DM Scattering — Millicharged Particles

SM Measurements:
Neutrinos — QCD — Cosmic Rays



Motivation: Dark Sectors.
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Motivation: Dark Sectors.

Simple Model: Dark Matter charged under U(1)p

B ,'\‘\

coupling to SM via small dark photon massive dark photon
mixing with SM photon can be massive DM couples to DM

Mediat
[ SM Sector ]4 SR >[ Dark Sector J
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Motivation: Dark Sectors.

Simple Model: Dark Matter charged under U(1)p

@D e

coupling to SM via small dark photon massive dark photon
mixing with SM photon can be massive DM couples to DM

Phenomenology depends on masses:

mA > 2mX : mA < 2mX: mA = 0:
A — XX A — SM SM milli-charged X
long-lived

10



Long-Lived Particles: Dark Photon.

[ parameter space of visibly

decaying dark photon ]
ying P Dark Photons

NA48 BaBar
10_3' Y ‘ '\’ \' ‘
¢ 0
'46‘4
104+ LHCb
5 e
c
X 0
=
g 167> /V"Ca/
c
<
10—6_

[ displaced decays

long-lived particle
| | = By £

CHARM

prompt decays
resonance searches

|

1071
Dark Photon Mass my' [GeV]

162

100

1



Long-Lived Particles: Dark Photon.

Kinetic Mixing ¢

Dark Photons

NA48 BaBar |
10-3 48 O Y/ w
A W‘
'46‘4
10744 LHCb
>
—— FASER
B —— FASER2
10-5 “Car
[ projected sensitivity ]
10—6_
|
E137 CHARM ‘
102 10-1 10°

Dark Photon Mass my' [GeV]

1



Long-Lived Particles: Dark Photon.

Dark Photons
NA48 . BaBar

1074 &Yy " n.AMAuhlhnI

- ‘W W DM DD
d bounds
& AN N in same model

[

. irect
LHcb —— DMDirec

model predicts DM ‘\ \_ Detection |
relic abundance W 0

X —— FASER:
.i ” a‘ge 1
v 10-5 @08 Vocsy
-+ =N
GC) oo
s
10—6_

|
F137 CHARM ‘

1072 1071 100
Dark Photon Mass my' [GeV]
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Long-Lived Particles: Dark Photon.

Kinetic Mixing €

Dark Photons

Detection

—— FASER
—— FASER2

[

other proposed
experiments

10754 T SHIP
\--~SeaQuest
\ /[t
E137 —CHARM / NA62
102 107! 10°

Dark Photon Mass my' [GeV]
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Long-Lived Particles: Dark Higgs.

[ Dark Higgs = light scalar mixing with SM Higgs: £ D my2¢? +sin0yroff ]

Dark Higgs

( .
B—Kp : mainly produced
i/t | inBandK decays
[ flavour ] W

1073

constraints

10749,

Mixing 6

LHCb

L,

[ FASER sensitivity ]

10—5_

SN1987

. MATHUSLA

FASER2

10-1 100
Dark Higgs Mass my [GeV] 12



Long-Lived Particles: Dark Higgs.

Dark Higgs

1073

¢ as relaxion
[Winkler: 1809.01876]
[Banerjee et al: 2004.02899]

107441

Mixing 6
S
S,
o)

10-5—>“E:L-\
SN1987 \

Hals

~
S
=
~

o

¢ and NS mergers ]
[Dev et al: 2111.05852]

[

[Feng et al:1710.09387]

¢ as DM ]

<
S<

A

________:
CUR—— |

DM DD

e eae

R ——————

¢ as inflaton
[Bramante et al: 1608.08625]
[Okada, Raut: 1910.09663]

S~

J10°

Dark Higgs Mass mgy [GeV]
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Long-Lived Particles.

For details on many
more models see
1811.12522 and
2203.05090.

dark photon

/' gauged Baryon/Lepton Number
N

\\ =

Fermions

Vectors

13


https://arxiv.org/abs/1811.12522
https://arxiv.org/abs/2203.05090

Dark Matter Scattering.

if mA’>2mX : A decays to DM — LHC produces energetic DM beam
[Batell et al: 2101.10338]

10-8 parameter space of
| BaBar invisibly decaying
All channels combined ‘ dark photon
ap=0.5 5
109 NOLA®

o« EilSy]

E -10 “ 4

= 10 ] @\’\:\C’” /7 7 2 L -4

E (D&O, %4 ,/ // _\_ 1 0

\5 ] /’/ /. /,’ § ' w

S ‘M g ,/ \,:,' .

N1 O sl S| T —

w107 S % S 7 = Belle-Il (50 ab™")

> 31 N TS SIS s

o @00 4 \xg\
i < ///."‘. -'\'/’, ) 4
DI\/Ilscatters in <7 ’,-;/,\f’/ EAGERDS
neutrino detector:  |--83<#-=- 107>
S ; FLArE - 10
Xe— Xe. S
S —— FLArE - 100
10-13 L S |
103 1072 1071 100

my (=ma/3) (GeV) 14



MilliCharged Particles.

If mA'=0: X is effectively milli-charged with Q=¢ce

Millicharged Particles
J LEP

0
101

behaves like muon,

.
N

————— 7/ milliQan

[Ball et al: 1607.04669]

<

but with lower <dE/dx>
10-1] ~DUNE
W
]
o
210 poom@ ___—7" [
= r"milliQan
=
10—3_
1074 - . .
1072 1071 10° 10!
Particle Mass my [GeV]

~

15



MilliCharged Particles.

Millicharge €

If mA’=0: X is effectively milli-charged with Q=¢ce

Millicharged Particles

10°
flux is ~100 times larger in J LEP
forward direction ;

10~

10—2_

FORMOSA

CMS

10—3_

FORMOSA
[Foroughi-Abari et al:
1910.09663]

10-2 10-! 10° 101
Particle Mass my [GeV]

102

15



MilliCharged Particles.

Millicharge €

If mA'=0: X is effectively milli-charged with Q=¢ce

Millicharged Particles

10°
mCP explaining CMS
EDGES anomaly : =
EDGES [Liu at al: 1908.06986] i /
1011 (0.4% mCP) ' “DUNE
S
FLAFE .
i s
10724 Proto Mo —— D S = —]
ArgoNeuT
82
FORMOSA
10734
LSND &= mCP as DM
10-4 \O-OXO/O 0.4% of DM are mCP unless stated otherwise
1072 1071 10° 10! 102

Particle Mass my [GeV]

15



Searches for BSM Physics

dark sector searches

i AdVSND*,
] PAR

q FASER?2 DT Trmss

"FASERv2

“.«.:‘j_":.forward."F"’hys__[cs Facility

oscillation self-interactio

production

BSM neutrino physics



Experimental Program:
FASER — FASERv — SND@LHC — FPF

Searches for BSM physics:
LLP Decays — DM Scattering — Millicharged Particles

SM Measurements:
Neutrinos — QCD — Cosmic Rays



Neutrinos at the LHC.

1CS IN THE COLLIDER Mme OF RUTRS: ACCELERATORS ")

There is a huge flux of neutrinos in the forward

direction, mainly from 1, K and D meson decays.
[De Rujula et al. (1984)]

@,(LHC) = ?.25;!06 (SL/IOH om® su-')

se:

$,(ss¢) = i;;l" (2/10% om® sec”)

uJ12 |

o In 2018, the FASER collaboration placed ~30 kg pilot
emulsion detectors in TI18 for a few weeks.

\
: r _ First neutrino interaction candidates were reporied.
A R [FASER, 2105.06197]

B los /

17



Neutrinos at the LHC

FASER Pilot Detector

lunchbox-size, 4 weeks
$0 (recycled parts)
6 neutrino interaction candidates

building-size, decades ~$1B
0 neutrino interaction candidates

18



Neutrinos at the LHC.

SHAFT
ST1395418_01

SPS

CAVERN
ST1395416_01

ACCESS TUNNEL
ST1395417_01

FASERv will come

: ER spectrometer
th 0.55T magnets

meter

SRR



Neutrinos at the LHC.

LHC provides a strongly collimated beam of Te\/ energy neutrinos of
all three flavours in the far forward direction.

o
—_

S N E energy ranges of
& 09F K 0.9F-accelerator data - oscillated v, measurements
€ o8k Tos E <— IceCube v,, ¥,
B ] g<.> f<—1 SK v, V,
2 07 o 07 E<| OPERA v,
= 206 3
w >
Sos
5

FASERv

0.1 FASERv
Ve spectrurrll (a.u" . spectrum (a.u.)
0 11111 it 1111111 1 1 1 1111111 1 (B EEET] -
102 10° 10* 10° 10° 102 10° 10*

E, (GeV) E, (GeV)
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Neutrinos at the LHC.

LHC provides a strongly collimated beam of Te\/ energy neutrinos of
all three flavours in the far forward direction.

E E energy ranges of
9F - oscillated v, measurements
8f E <— IceCube v, ¥,
3 F<——1SK v, 7,
7E FASERv < OPERA v, FASERv
gl I
1 Fﬁp{h L
F & i DONUT v, V.
E ES3%. [poNuT v, 7,
p: FASERv 3 i
E v, spectrum I(a.u,) v spectrum |(a'u')
G- 1 1 MR 1 n 1 CEEET 1 1 LAl
10 10° 102 10° 10*
E, (GeV) E, (GeV)

FASERv and SND@LHC will detect O(10k) neutrinos.

20



Neutrinos at the LHC.

"

LHC provides a strongly collimated beam of Te\/ energy neutrinos of
all three flavours in the far forward direction.

(x10%8cm?/GeV)
o o o
~ 0o ©

v
o
(2]

__ ESBVk

w o F FPF (10ton)

?0.5: R e T .-
04F E53

o,/E, (x10°%cm?/GeV)
o
~

DONUT v,, V, “E
0.3F 0.3F
0.2F 0.2
0.1:_ FPF 1mx1m 0.15
Vv, spectrum (a.u.) C
0 1 PR “““13 " IRET! . . - = : 0- i
10? 10 10* 10 10 10 10 10 10?

< energy ranges of

& 0-9F accelerator data - oscillated v, measurements
‘E 0 _<—| IceCube v, V.

g F <—— SK v, 7,

) 0.7 jgag F'<— OPERA},

Z0 0.6F -+—*‘
“\;>0 0.5

E, (GeV) E, (GeV)

FASERv and SND@LHC will detect O(10k) neutrinos.

Proposed FPF experiment have potential to detect O(1M) neutrinos.
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Neutrinos at the LHC.

"

LHC provides a strongly collimated beam of Te\/ energy neutrinos of
all three flavours in the far forward direction.

(x10%8cm?/GeV)
o o o
~ 0o ©

v
o
(2]

__ ESBVk

w o F FPF (10ton)
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o
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& 0-9F accelerator data - oscillated v, measurements
‘E 0 _<—| IceCube v, V.

g F <—— SK v, 7,

) 0.7 jgag F'<— OPERA},

Z0 0.6F -+—*‘
“\;>0 0.5

E, (GeV) E, (GeV)

FASERv and SND@LHC will detect O(10k) neutrinos.

Proposed FPF experiment have potential to detect O(1M) neutrinos.
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Neutrinos at the LHC.

two applications from: PHEHELZO,Z,Q

hadronic hesonances in v-e scsattering

Events [1/bin]

Vedran Brdar's talk on Tuesday
[Brdar et al: 2112.03283]

10%

100

[
o
L

e

10724

{FLArE10
El‘ll'a =108 g

FLArE |

10! 10° 10! 102 103

indico.cern.ch/e/pheno22

[u-— [u-— [u—
S 9 9
= P w
w o ~

-

cross section [cm?]
[a—
o
L
(o}

~a.
~<.
-~

100 1000 1

Neutrino electromagnetic properties
Roshan Mammen Abraham's talk on Monday

[Ismail et al: 2012.10500], [Ismail et al: 2109.05032]

20



https://indico.cern.ch/event/1089132/contributions/4855539/
https://indico.cern.ch/event/1089132/contributions/4855374/

Neutrinos Interacting with Detector [1/bin]

QCD.

105 A

104 ]

103 J

102 o

Where do the LHC neutrinos come from?

—--- Pythia8 (Hard) |
—-— Pythia8 (Soft) i

-— SI%MLELTzsézdon [FASERV 2: ve + Ve |
— — EPOSLHC charm e ]
------ QGSJET 11-04

[FASERV 2: vy, + Dy |

S
Neutrino Energy [GeV]

Neutrino Energy [GeV]

LHC neutrinos = probe of forward particle production

22



QCD.

intrinsic
large x charm charm
PDFs: x~1 fragmentation
Y -

|

ultra low-x
PDFs: x~107

color glass
condensate

Forward Particle Production

23



QCD.

intrinsic
large x charm
PDFs: x~1

|

ultra low-x ]

PDFs: x~1077 color glass

condensate

|

charm
fragmentation

Forward Particle Production

TeV Energy Neutrino Interaction

neutrino DIS
at TeV scale

|

color
transperancy

|

hadronization
in nuclear
medium

[ strangeness ][

nuclear PDFs ]

[ shadowing

] [ EMC effect ]

23



QCD.

Momentum Transfer Q [GeV]

103 ;

=
o
N

101‘:

10°

10-7 10-6 10-5 104 1073 102 101 100

Momentum Fraction x
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(InA)

“L——— exp. error

IIIIIIII\‘

Astroparticle Physics.

forward charm production at the LHC

!

constraints on prompt atmospheric
neutrino flux at lceCube

KASCADE. IceCube. TUNKA Pierre Auger, Telescope Array

data (Nw)

I|II|III

LHC LHC
pO@10 TeV. pp@14 TeV

E [eV]

2
v

z

~<— exp. error

T
[

10" 10'® 10" 10" 10" 10%°

“®,.5/CeViem s sr!
—
<
8

10—4 1 1 1
mmm Conv. atmospheric v, + 7, (best-fit)

10-5 mmm Prompt atmospheric v, + 7, (flux limit) B
mm Astrophysical v, + 7, (best-fit)
+++ HESE unfolding: PoS(ICRC2015)1081

transition region

H
9

cosmic ray muon puzzle:

observed excess of muons compared to hadronic

interaction models

forward pion/kaons fluxes will provide
crucial input

Based on Kampert & Unger, Astropart. Phys. 35 (2012) 660

25



Summary.

FASER and SND@LHC will soon start to
take data in LHC’s forward direction.

sterile
neutrinos

The FPF is proposed to continue this

axion-like lepton

program during the HL LHC era. S particles universality
photons V non- v l
standard ttal_l
millicharged A’ interactions nets r'“ost .
articles : neutrino
P quirks on
dark
sectors nuclear
PDFs

Significant extension of the netastic < iowerillysics Mol 5 EEL
LHC’s physics program. . X X o
satenng " e Sl o

inflaton forward
prompt hadron
. D.M atmospheric production
indirect  npeutrinos on
detection

We invite the Pheno community
to participate in this program.
You are welcome to join!

puzzle

26



Backup.
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Neutrino Fluxes and Rates

Event rates at LHC neutrino experiments
estimated with two LO MC generators: SIBYLL / DPMJET

Detector Number of CC Interactions
Name | Mass ‘ Coverage Vet Ve ‘ VD ‘ Uty
FASE 1t > 8.5 1.3k / 4.6k | 6.1k / 9.1k | 21 /131
LHC Run3 EERy: = | e / / /
SNDQLHC | 800kg | 7<n<85 || 180 /500 1k / 1.3k 10 / 22
FASER»2 | 20 tons n=>8 178k / 668k | 943k / 1.4M | 2.3k / 20k
HL-LHC FLArE | 10 tons n>175 36k / 113k | 203k / 268k | 1.5k / 4k
AdvSND | 2tons | 7257 <92 | 6.5k /20k | 41k / 53k | 190 / 754
Large spread in current generator predictions
Challenge:
For neutrino physics measurement Forward neutrino flux measurement
we need to quantify and reduce can help to improve our
neutrino flux uncertainties understanding of underlying physics.
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QCD

Forward particle production is poorly constrained by other LHC experiments.

LHC neutrinos fluxes measurement will provide novel complimentary information.

Neutrinos Interacting with Detector [1/bin]

105 4

104 1

103 4

pions &

nonperturbative QDC — improve MC generators

--- DPMJET 3.2017
—— SIBYLL 2.3d

— — EPOSLHC

------ QGSJET 11-04
—--- Pythia8 (Hard)
—-— Pythia8 (Soft)

FASERD 2: Ve + Ve

m\ — A=z
K \ — DA.

FASERV 2: v, + 0,

10

T i
Neutrino Energy [GeV]

Rt
Neutrino Energy [GeV]

charm: perturbative QCD — test BFKL dynamics, constrain low-x PDFs,
probe gluon saturation and intrinsic charm
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