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LHCf experiment

——

roton roton
/

‘ Location

* ATLAS interaction point
e +/- 140m from the IP
» Cover Zero degree of collisions

| HCf detectors pseudo rapidity n > 8.4

« Sampling and positioning calorimeters

* Two towers, 20x20, 40x40mm=2 (Arm1) , 25x25, 32x32mm2(Arm2)

» Tungsten layers, 16 GSO scintillators, 4 position sensitive layers
(Arm1: GSO bar hodoscopes, Arm2: Silicon strip detectors)

* Thickness: 44 r.l.and 1.7 A
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High Energy Cosmic-Ray Observation

CR primary energy: Longitudinal developmenfi?f 1019V showers

10°-1020 eV » Reconstruct primary information E
from observed showers

-o—- Auger even

40

| High energy
AR interaction

30

Energy

‘ - Direction -
N secondaries’ -~ Composition (particle type) io

energy deposit [PeV/(g/cm?)]

lllllllllllllllllllllll]

Interactions

Require precise understanding . oo et e rararm e e e i
] g ) 200 400 600 800 1000 1200 1400 1600
hlgh energy Interactions Auger. ICRC 2015 slant depth [g/cm?]

S . Lowenergy » However, current understanding is not enough
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Surface detector (SD)

- Muon deficit problem : 30-50% more muon in data
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Fluorescence detector(FD), i - strange hadrons (K) !
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» Results from Run 2 data (pp, vs=13 TeV in 2015)
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- Joint operation with ATLAS

» Preparation for Oxygen run in 2025
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Forward Neutron at pp, Vs=13 TeV

A)n >10.75 B) 10.06 <n) <10.75 C) 9.65 <n <10.06

» Inelasiticity measurement
(k = 1- Eleading/ECR),
— important parameters for
understanding CR-air
shower development.

» Update of the past result with
extension of fiducial regions

» Energy resolution : 40%
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Inelasticity from the neutron result

Energy flow Elasticity distribution <Inelasticity>
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Best agreement model

— ® neutron inelasticity
Average Inelasiticity: QGSJET II-4 k = elasticity in events where o all particles inelasticity
Energy spectrum: EPOS, SIBYLL the leading particle Is a neutron

Energy flow: EPOS O. Adriani et al., JHEPO7 (2020) 016
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N Meson measurement

® Motivation

0 2nd dominant source of photons (EM) in air showers.
0 |ndirect probe of strange quark production.
0 Large discrepancy of predictions between models

m Data and analysis
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n production diff. cross-section at pp, Vs=13 TeV

o -
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o ‘ E§ = LHC{-Arm2
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n/ m° Ratio

Ol‘\‘ 1.0 T —3— Type | ;
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Operation with pp, vs=13.6 TeV in 2022

m Successfully completed in Sept 2022 T O i
o Record of the longest fill in LHC: 50 hours et RECORD LONGEay Lol ossible

. . . NE - p
0 Low luminosity special run L = 0.4 ub'l/s, 8*=19.2m XT morning meeting monday 9am

AFS: 525ns_146b_144_35 22 8b i_20inj_
0 300 M events obtained in total (& 40 M In 2015) =

thanks to improvement of DAQ speed, higher luminosity, and optimization of
trigger.

m Physics targets

nocloselLR P

Reconstructed M,y distribution

S LHCEAm? - e
g B0 Vs=13.6 TeV My
- - - 3 PP, VS=15. W= .
O |ncrease statistics of nand high-energy m© ST S ol = 13.50

- o’ =13.
n: 2k events (2015) — 22 k events (2022) x10 ook
. . . - p, = -49.06
— Cross-section measurement in Xr-pt bins 00— p, = 0.08
= — p3=-0.00
0 Measurement of strange hadrons (KO, A) 400 =<,
P -
unt -
W m— 5% KOs : expect O(103) events **:
KOqg 270 1002— T ——
C‘E=2.7Cm BR: 31% 4 r _l4€|‘>Ol | l4810l | lSCI)Ol | l52|0l | lscllol | lSéol | l58|0l | l(S(I)Ol | l62|0l | l6¢|10l

These analyses are on-going M, MeV]
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Joint operation with ATLAS

®m  |mprovement from the last run in 2015 LHCf-Arm1  ATLAS ZDC

0 Large statistics 300 M events (« 6 M in 2015)

o Participation of ATLAS ZDC and RPs
/DC — Improvement of energy resolution for neutrons
RPs — Tagging scattered protons

1.7 )\inela

m  Physics Targets

Detailed study of single diffractive collisions
Measurement of proton excitation ( ]W/ RPs

neutron energy spectrum
0

x10

40

o 0 g0 d

Measurement of A (A— n + 10 ]w/ 7DC

po-7 interaction study using OPE processes
One Pion Exchange (OPE)

N

30

events per collision per bin

20

LHCf+ATLAS merged dataset is getting ready.
Start the physics analysis soon.

P ' oh

Energy [GeV]

15 March 2024 LHC Forward Physics Meetinc 11



h_sumdE_LHCf center
Entries 17305

LHCT+ZDC beam test at SPS

Preliminary

o/E ~ 50%
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Joint operation with ATLAS RPs

SD Intact Protons
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p hadrons
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A"'(1232) Decay Daughter Protons

Physics targets:
Detailed study of single diffractive collisions,
0 Measurement of proton excitation (very low-mass diff.)
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pO collisions in 2025

m |deal for studying the cosmic-ray interactions of CR-AIr
0 Long story for requesting this p-light ion collisions at LHC.

0 Run3 is a last opportunity of LHCT operations

. Due to change of the TAN structure in Run4, LHCf detectors cannot fit the slot anymore.
( the experimental slot width :10 cm -> 5 cm)

m Oxygen run in 2025
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m Preparation status

0 Setup work of the DAQ system was completed in Jan-Feb.
0 Improving the DAQ speed to maximize the statistics.
0 A commissioning with ATLAS Is planed during the next YETS.
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Summary

m | HCt measures the very forward neutral particles,
which are motivated for cosmic ray physics.

m Presented results from Run 2 data

Updated neutron results — inelasticity measurement.

n meson diff. cross-section
B Many analyses are on-going

0 7, 70 with high statistics data, KOs measurement
a Joint analyses with ATLAS including ZDC, RPs

(Joint analysis using Run 2 data is on-going, also)
m PO operation will be In 2025

0 |deal condition for studying CR-AIr interactions.
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Estimators of Mass Composition

Large model dependency of | Muon excess
UHECR composition measurement| : NHgata > NPmc
§ £ E=6-16EeV
107 3 o —
850] B 18]
I -g 16 \§
i -
: = 147
o 300y g 12} \
= S —— S :
: { 750 0.8 r Sy:stematic Uncert. 1 -
o0 i Qll-04p e
= ool gl
< 700 04T |  EPOS-LHC Mixed D
>§ : 0.7 0.8 0.9 1 1.1 1.2 1.3
~ 650 : Re NIEM EM
- — EPOS-LHC + PAO, PRL 117,192001(2016) NEMjata/NEMpyc
e Sibyll2.3 " 0/Chad .
600 75 QGSJetll-04 - Sensitive E™/Ehad for a collision

170 175 180 185 190 195 200 : Several ideas to solve it

Nu: Nun;lber of muons (F;gggggit;;“a“m Ig(E/eV) ' \S,terﬁtr;?emiifflgfoductions
on the ground Interaction model > Experimental | - QGP
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Energy dependency of muon excess

EPOS-LHC

Normalized muon numbers results
/ observed by several CR experiments

it
Fape

T €e—— = Composition model + Air Shower MC

Muon excess

[ | 4 AueriDesp Vakusk AGASA Interaction study at the highest energy

— Auger UMD+SD ® NEVOD-DECOR Expected from Xpax

¢ leccune — LHC (Ns=14TeV, Elab = 1017eV)
10 10 107 108 10" Energy dependency

In(N,%) = In(N, %)

Z —
In(N, 5" — 111(1\1,;‘;t

* Line model with slope fittedto Az=z -z, ..

EleV — RHIC (¥s=0.5 TeV, Elab = 10"4eV)
v.s. LHC

e Correction to x%/ny4.s = 1 applied to take unexplained spread into account

 Slopeis 80 (100) away from zero for EPOS-LHC (QGSJet-11.04)

_ (InA)

<mass ™~ ln 56

* Onset of deviation around 40 PeV corresponds to /s ~ 8 TeV;

in reach of LHC Dembinski@lCRCZOZl 19



On-going Joint analyses with ATLAS

Diffraction
AI]Ragldlty gap
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m Study of diffractive collisions No i ATLAS
0 Photon spectra with Nch=0 in ATLAS (p>0.1GeV, |n| < 2.5)
. Study of MPI

O Correlation between forward neutron and Nch In ATLAS

Superposition of single APl: MPI ./ Forward neutron energy
Kinematic overlap - MPI /' Forward neutron energy —
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6 Triager modes

LHCf Operation in 2022

I:Iﬁ:l L | | | | | | I— ® Armi Total
E 1000 — |1 e Am2Total
E : . : © Arm1 Shower
o 800 — ] o Arm2 Shower
o -
2 — ] A Arm1 HighEM
- 600 [— > —1 4 Arm2 HighEM
©
i.% — — Arm1 Hadron
400 _— — _ ¢ Arm2 Hadron
B P 1 o Ami1Pi0
200 . - m ] Arm2 Pi0
- e ) Arm1 ZDC
- SR = T NI N o — T
M. R e —— e N N Armz ZDG
2914:00 24 02:00 24 14:00 25 02:00 25 14:00 26 02:00 26 14:00 27 02:00
Time
Shower Trg. 19 Trq. High EM Trg. Hadron Trg. ZDC Trqg.
—>
. . Two tower coin. .
Baseline trigger for 110 (<~ 2 TeV) High threshold Deeply developed Trigger from ZDC
Any showers N (2y) 0 (>~1.5 TeV) f]hcc)iwer f?]r
I I Kos( 4Y) adaron snowers

2015 operation A (n+2y)

Pedestal Trg.

= zero bias trigger
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Run3 LHCf+ATLAS joint operation

m Many physics cases
O Detailed study of diffractive interaction using RPs
O MPI modeling study using very forward neutron
O One-pion-exchange measurement for p-1r* collision study

DAQ scheme Improvement from 2015 run

* Presence of ZDC, RPs
e 3 ZDC-HAD modules were
installed for LHCf runs

K » AFP worked in the full period
Trigger, partially with ALFA
o Analog signal * No pre-scaling of LHCT triggers
" Raw in ATLAS
- - — All 300M events recorded
‘Reco’ (& 6 M events in 2015)
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