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Physics Motivation

High energy frontier Jngharted eneray range
'E A > Studying neutrino in unexplored energy
N ( regime
- FASERNu

» Neutrino measurements at the LHC
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- First detection of collider neutrinos

- High energy frontier of man-made neutrinos

v, interacting spectrum, ®xE/GeV (a.u.)
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» TeV three-flavor neutrino cross section measurements

» Measurements of forward particle production at the LHC
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charged particles (p<7 TeV)
-» o forward jets

rino, dark photon
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. LHC magnets < >
p-p collision at IP 480 m ~100 m of rock
of ATLAS <

W

- Particles produced at ATLAS IP
LLPs, v

- 480 m away on the beam axis from the experiment location

- Charged particles are deflected by LHC magnets

- Neutral particles are absorbed by either neutral beam absorber or 100 m rock

- |deal location to search tor light, long-lived particle (LLP)  — Talk by Deion Fellers tomorrow
and measurement of high energy neutrino


https://indico.cern.ch/event/1075471/contributions/4667996/
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FASER Detector

FASER v
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 FASER v emulsion detector Detection of neutrino interactions in emulsion detector

- /70 x [tungsten (I mm) + emulsion film] e = u 1 LT
Ve—aé Vu'>‘% Vo> -

- 25x30cm2, 1.1 m, 1.2 tons (220 Xo)

AR
- Spatial (angular) resolution: 0.4 um (0.1 mrad) Emulsion film - Tungsten plate (Tmm thick)
CC heavy quark production
- v flavor tagging with topological/kinematical informations lepton __— lepton____

VY -> V->
- Muon charge identification by FASER spectrometer with g Xt 1 X§

0.55T magnets




Physics Reach
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Neutrino Energy [GeV] Neutrino Energy [GeV] Neutrino Energy [GeV]
at hlgh energy Generators FASERv
: : : light hadrons | heavy hadrons Ve + Ve v, + vy, Ur + Uy
>
NC lnteraCthn StUdleS SIBYLL SIBYLL 901 4783 14.7
- . DPMJET DPMJET 3457 7088 97
> Neutrino-induced charm/beauty channels
EPOSLHC | Pythia8 (Hard) 1513 5905 34.2
~  Approximately 10,000 v interactions QGSJET | Pythia8 (Soft) L S
eXpeCted in LHC Run 3 (2022 _ 2025) Combination (all) 17107559 | 57827595 | 40.57 523
. Combination (w/o DPMJET) || 11287352 | 53461258 | 21.67.%°
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Detector Environment

FLUKA simulation

Flux all Flux 1in main
[fb/cm?2] peak [tb/cm?]
TI18 data |2.6x0.7 x104 |1.2+0.4 x104
TI12 data | 3.0+0.3 x104 | 1.9+0.2 %104
FLUKA 2.0 x104
MC

In-situ measurements (201 8)
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» 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



First neutrino interaction candidates at the LHC

Neutrino candidate
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30 kg emulsion

BDT analysis result

‘%425_ — e FASER data (18 ev)
E’ | 45_ - neutrino signal (6.1 ev, best fit)
@) —
g 35 i_ background (11.9 ev, best fit)
S 3t +
"2x2 mm2, 10 films 2::
> Pilot run in 2018, T month exposure (12.2 fb-1) 150
15— —ﬂ— -9 - o o - &
» Statistical significance: 2.7 o from null hypothesis 05
0= 0 | | 0.3 0.4
> Paper: Phys. Rev. D 104, 1 091101 BDT output



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.L091101

Timeline for Physics Run

Month:y 1 | 2 | 3 | 4 | 5|6 |7 |89 |[10]11]12 LHC Run 3 stable run

rradiation
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Japan
Film production

~ Data taking for 11 times (~ 60 m2 each) in Run 3 (2022-2025)
- Commissioning module (1/3 of the FASER v full size) will be installed in this March

Readout of emulsion films (HTS-1)
- Field of view: 2b mmZ2, readout speed 0.45 m2/h/layer

- Fast enough to readout in parallel with irradiation
8



Emulsmn F|Im Productlon
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> 268 films (~ 20 m2) were produced for the commissioning module

> Most of the films show good quality

> The module will be assembled with tungsten plates from next week



Offline Software

FASER MC simulation
Event display of v ¢ interaction (7- decaying to u-)

Interactions in emulsion detector

\ Hit events in tracker of

FASER spectrometer

» Simulation and offline software reconstruction
frameworks are developed

» Muon charge identification for v, / U, classification

will be performed with global analysis of FASER
spectrometer and FASER v

v + CC interaction in emulsion 10
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3F) UNIVERSITE \#/;, KyYUsHU 8 &
b " o~ S S UNIVERSITY of
u :::;ERSITAT quhnlon 128 NAGOYA UNIVERSITY WASHINGTON

G pigranfvaralee’s

OB WizMANN INSTITUTE OF SCIENCE

JG|U

4

(i KEK O UNIVERSITY OF
OREGON
4 & i
INFN (&%) ff f A %i"
UNIVERSITAT N7 Ttae Tt

P UNIVERSITY OF . IE Ay
& LIVERPOOL CHIBA UNIVERSITY OF SUSIEX

NATIONAL ACCELERATOR LABORATORY

74 members from
21 Institutions and 9 countries

11



Conclusions

> FASER v studies three flavor neutrinos at the high energy frontier

> Environmental study and pilot run results proved
the feasibility and potential of the experiment

> Emulsion films for commissioning module were produced and
the module will be assembled and installed in this March
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Backups

13



Neutrino production

v, mainly from kaon and
charm decays
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Neutrinos passing through detector [1/bin]
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v, mainly from pion and
kaon decays
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v, mainly from D, and

subsequent

T decays
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Physics

Gluon PDF with Neutrinos from Charm Decay
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Topology seen by detector
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