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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, 32x32mm-2(Arm2)
» Tungsten layers, 16 GSO scintillators, 4 position sensitive layers a8

(Arm1: GSO bar hodoscopes, Arm2: Silicon strip detectors) S ) Zagk o e
* Thickness: 44 r.l. and 1.7 A T B
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CR primary energy:
10°-1020 eV

High energy
interaction

secondaries’
Interactions

Reconstruct primary information
from observed showers

Energy
- Direction
Composition (particle type)

High Energy Cosmic-Ray Observation

Longitudinal development of 1019V showers

—~~

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

Require precise understanding
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\ DACTAK \ ~ Low energy However, current understanding is not enough
LA ORI N\ mteractlons . o . .
Surface detector (SD) - X - Diff. model prediction > experimental uncertainty
urrace detector RN NN AR o .
//// ' ALY - Muon deficit problem : 30-50% more muon in data
F%V:"?r Air Shower / f \ % ’ LR ] ]
oy S -Sources of deficit ? ------------;
VTSl ~ 23 - vector mesons

Fluorescence detector (FD)

Air fluorescence light -

- strange hadrons (K)
— plon Interactions
— nuclear effects




Energy dependency of muon excess

EPOS-LHC

+
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Az=7— <mass

® Auger FD4SD Y akutsk AGASA
—141 ¢ Auger UMD+SD ® NEVOD-DECOR Expected from Xyax
€ IceCube SUGAR ~—= GSF

T T R T
EleV

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

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

Normalized muon numbers results

/ observed by several CR experiments

Muon excess

<—— = Composition model + Air Shower MC

Interaction study at the highest energy
— LHC (Ns=14TeV, Elab = 1017eV)

Energy dependency
— RHIC (Vs=0.5 TeV, Elab = 1014eV)

v.s. LHC

. d d
In(N, &) — ln(Nupet « Correction to x*/ng.s = 1 applied to take unexplained spread into account
 Slopeis 80 (100) away from zero for EPOS-LHC (QGSJet-11.04)

HFe

_ (InA)

Zmass it
In 56 in reach of LHC

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

Dembinski@ICRC2021 4



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

[] ¢ AwerrDesp Yakuisk AGASA Interaction study at the highest energy
— Auger UMD+SD ® NEVOD-DECOR Expected from Xmax
$  lccCube SUGAR -t GSF — LHC (\/s=14TeV, Elab = 1017eV)
10 10 107 108 10" Energy dependency
EleV — RHIC (¥s=0.5 TeV, Elab = 1014eV)
ln(N“det)_ln(N“??et) * Line model with slope fittedto Az=z-7z, ... V.S. LHC

. d d
ln(N#FZt) - ln(Nupet « Correction to x*/ng.s = 1 applied to take unexplained spread into account
A  Slopeis 80 (100) away from zero for EPOS-LHC (QGSJet-11.04)
1l
Zmass = < > * Onset of deviation around 40 PeV corresponds to /s ~ 8 TeV;
In 56 in reach of LHC Dembinski@ICRC2021 4




Alr shower and hadronic interaction

Cosmic-ray

Hadronic interaction
CR-NorO

Leading p, n

Y, TT0

o110 — 2Y

* Induce
electromagnetic
showers

Leading baryons

* bring the energy
to next collisions

* |[nelasticity:
fraction of energy
used for particle
productions
K =1 - Eleading/Ecr




Alr shower and hadronic interaction

Cosmic-ray

Hadronic interaction
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LHCf/RHICf Operations and Analyses

Run
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LHCf/RHICf Operations and Analyses

LHCf-ATLAS

Run Eiab (eV) Photon Neutron o .. :
joint analysis
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Spin Asymmetry Anxof measurements at RHIC

NEUTRAL PION '
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:/' doeft, + daright n > 6.0
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1/N.__ dN/dE [GeVT]

Very forward Photon & Neutron @ pp, /s=13TeV

F) 8.65 <n <8.80

10_5 1 | | I | | | | I | | | | I | | | | I | | | — l]_()l_Bl I ——— —r—r— ' I I .
LHCf 1s=13TeV photon = T | | B LHCfpp {5 =13 TeV
i n> 10.94, A¢=180° - - | —— QGSJET 1I-04
10_6 B det=O1 91 nb_1 _ 1-_. ....................... ........ EPOS-LHC
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- - 0B VTHIA 8915 Inelasticity
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Model do not reproduce the data perfectly, but not far
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What we do In next

" Measurement of strange particles

0 Kaon contribution is one of the candidates of muon puzzle

. Large ok Induces more muons on the ground due to long-lite time of KO than 7 ©

. Important for production of atmospheric neutrinos also.

0 Detection with K0 - 22 - 4y

B Process-based measurement with ATLAS

Diffractive dissociation One pion exchange Others (Non-diffractive)

(a) dissociation Multi-parton
1 5 )

y pi y@<
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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

— 90 . . .
— P amz |  eoa
D pp, \/3—-' 3 Te\/ S’ :_ LHCf-Arm2 : : | | ga
0 ArmZ2 detector o -
o Similar as Typel 70 analysis ) :
» 1 3 =
[ -
3 10?2k =
E — o
Z L
10k E_
-] LHCf photon pair invariant mas — : :
[ LHCf Arm2 detector . ~ .
i LHCI:13TeV|p-p CO"IISIODS (Tlll 3855)| | | . . 2: T R T R R R :| ! J N B EI | b I_._; L :_._
v 7 A~ W=~ 00 450 500 550 600 650 700
0 100 200 30&” [Mg\%) 500 600 700 MW [MeV /02]

O. Adriani et al., JHEP10 (2023) 169
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n production diff. cross-section at pp, Vs=13 TeV

- = C
IS ‘% : L HCf-Arm2 O. Adriani et al., JHEP10 (2023) 169
NU“ » :_ Vs=13 TeV, p.<1.10 GeV/c, n meson »
7‘310 = det=0.194 nb” (u=0.01) + 1.9378 nb ' (1=0.03) P T < 11G€V/C
oy (- -
SR - —
1072 B » No model reproduce the data
107° = e ]=| » QGSJET 1I-04 shows goo d
e o 1olal error — — lower o in the others.
E ——— QGSJET 11-04 S SURBE
E EPOS-LHC | _
10 §=_' DPMJET 3.06 > :POS-L‘IC, S| BYLLZB,
= SYBILL 2.3 DPMJETII, predict harder
© ——1 ——e e e L e spectra than data.
Q | :
Q :
>
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n production diff. cross-section at pp, Vs=13 TeV

MC/Data

2 Sept. 2024

10°*

10°°

LHC{-Arm2
Vs=13 TeV, p_<1.10 GeV/c, y meson

I Ldt=0.194 nb™ (u=0.01) + 1.9378 nb' (u=0.03)

! JJIIIIII| [IRERRLL

nnnnnnnnnnnnnnnnnnnnnnnnnn
..........................

Total Error
= QGSJET II-04
= EPOS-LHC
= ————— DPMJET 3.06
- SYBILL 2.3

O. Adriani et al., JHEP10 (2023) 169

- pr < 1.1GeV/c

» No model reproduce the data

—3— Typel
—— Type Il small tower

—— Type Il large tower
QGSJET 11-04

LHC{-Arm2 Preliminary

T T TTI

EPOS-LHC
DPMJET 3.06
SYBILL 2.3

{s=13 TeV, p.<1.10 GeV/c, n° meson

I Ldt = 0.194 nb™ (u=0.01) + 1.938 nb™ (u=0.03) (Type I)

I Ldt = 0.194 nb™ (1=0.01) + 0.620 nb’' (1=0.03) (Type II)
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™~
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04 05 06 07 08 009
Xp (= E, ! Epam)

» Data : constant in the whole
energy range

| EPOS-LHC, SIBYLL2.3

~ Much larger than data

>~ These models cares low-mass
resonance productions.

— contribution from these decays

| QGSJETI-04, DPMJET Il

~ Good agreement with data
» |Less care about resonances.
— flat ratio
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Measurement of diffractive contribution

1'I__' 10_55' I LT b | LT | b | L IE
> s ATLAS-LHCf Preliminary -
O, | e \s =13 TeV, 0.191 nb -
W 1078 >10.94, Ap=180° —
S : -
z e == all events |-

T e L |

S4n-7 - et B
210 ; gt I §

/////

107

Identification of diffractive events by ATLAS S

- —@— Data LHCf-Arm1, arXiv:1703.07678
—#— Data N_=0, ATLAS-CONF-2017-075

s g 1 0_9 — Syst. + Stat. Unc. LHCf-Arm1
Method . - . Large rapidity gap - Syst. + Stat. Une. N_ <0
* Event selection by Ntracks=0 Ar] > 5 |~ EPOS-LHC ~:=:= EPOS-LHC N_ =0
Ntacks: the number of tracks detected 10-10L == QGSUET-04 === QGSJET-I1:04 N,.=0

//////////

\\\\\\\\\

by ATLAS inner trackers (|n|<2.5, pt > 100 MeV)

— Selecting pure samples of proton dissociations. 777 PYTHIABZIZEL - memes PYTHIABZIZDL R0 /
— Sensitive to only low-mass dissociations T T Y R S 5
My = 50 GeV y 10 1000 2000 3000 4000 5000 6000

ATLAS-CONF-2017-075 Photon Energy [GeV]
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Operation with pp, vs=13.6 TeV in 2022

m Successfully completed in Sept 2022 1460 fill - stable b
0 Record of the longest fill in LHC: 50 hours o RECORD LONCEay (g possible
0 Low luminosity special run L = 0.4 ubl/s, B*=19.2 m VAL poming mesting menday Sam

AFS: 525ns_146b_144_35_22 8b i_20inj_
0 300 M events obtained in total (& 40 M In 2015) s

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

m Physics targets

noclosel.R p

Reconstructed M,y distribution

© [ N, = 21964.27
s s00F LHCf-Arm?2 —+ A, = 642.39
. - = E pp,Vs=13.6TeV u, =546.77
0 Increase statistics of nand high-energy m© S ooE- 2022 o 1350
— of =13.77
n: 2k events (20] H) — 272 k events (?O??) X10 500 - p:=10747.70
i i i - ,=-49.06
— cross-section measurement in Xe-pt bins so0 o = 0.08
= — p3=-0.00
0 Measurement of strange hadrons (KO, A) 400 =<,
D 3005— e
gt :_
*é‘-‘. » KOs : expect O(103) events ™
KOqg 270 1002— E——
C‘E=2.7Cm BR: 31% 4 r _l4€|‘>Ol | l4810l | lSCI)Ol | l52|0l | 'sio' | l56IOl | l58|0l | lfi(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)

0 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
]wl RPs

Measurement of proton excitation (

neutron energy spectrum
0

x10

40

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.

o ' oh

Energy [GeV]
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LHCI{-ATLAS ZDC
Preliminary

's SALENERRE

600

40

SPS joint beam test in 2021

proton, 350GeV/c
LHC{-Arm1 TL

All events

500
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20

— [N [L
-

B T S S e R S 300
dE in LHCf Arm1 200
Confirmed improvement of 100
: 0 - . . .
energy resolution to 21% =5 Energy measured
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Joint operation with ATLAS RPs

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

Fusibility study using MC

ATL-PHYS-PUB-2023-024

p — >— p => AFPJALFA p hadrons

Single diffractive P A+(1232)

2 Sept. 2024
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p-O measurement in 2025




Motivation

m |deal condition of CR-AIr interaction study

First proton-"light ion™ collisions at colliders

Different modeling of nuclear effect induces difference predictions among models.

Negligible contribution of Ultra Peripheral Collisions (UPCs)

. Nucleus(nuclec)n) Nucleus InteraCthnS __ ................... ............... _EPOSLH088<Y<90 ........
Oe I : 8'8 < y < 9' —  QGSJETII-048.8<y<9.0
Glauber theory 15 e — ] — SBAL 23088 <y <50 |-
describe as superposition 0> <O "1 SIBYLL23c | EPOS-LHC
of nucleon collisions O—) : ;%%1 T
Nuclear effect | Nuclear I\/Iod|ﬂcat|on Factot 0.4 - QGSJET II 04 | f
- Nuclear shadowing . ol . I : : | —
imiting E - R — pO : ~ Nuclear modification factor
- Hmitihg Fragmentation A : - form®productionatpO
- QGP (core-corona) O, L 0.0 Do
A:. average number of . 0.0 O 4 O 8 1 2
..... nucleen collision pT [GeV/c]
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Effect of the Ultra Peripheral Collisions (UPCs)

¢— ------------------------------

p-Pb at Vsyn = 8.2 TeV

» Central Collision Perlpheral Collisions ; _ R
1 ' (Ultra-Peripheral collisions) 1
1 i . —
I ' ! > 107" Q\o 150 .
| :
: : | : q) ':' Dbefcr
| » 1 . 1 w O s + after sub.
1 1 [ | 1 \ et 100 __. ......................... ,,,,,,,,,,, JAELER L LB LR L L
I 1 : I -g GL) [ : : :
I I I L
|‘ 'l I‘ '| —_— GJ 50—_ ..........................................
------------------------------- m d 02 :
=)
= /&
E q) -
i®) o i
= UPCs are background oo
~ 1000 B 2000 3000 4000 '50i00" 6000 '70'00 —1000_' o '1oioo' = '20i00' L '3oioo' - '40300' - '50i00‘ '

o Air: Oxygen atom (neutral)
LHC Beam : Oxygen nucleus (+8e) X700 BR-Oat Vsny =10 TeV

Photon energy [GeV]

N 2 ; — o
O UPC / % e O X, OO_E ....................... S T -
o p-Pb: QCD ~ UPC 2 S SRR R
.
p-O:  QCD >> UPC = L
O + i
~ LS S A ..
UPC contribution is negligible S b a‘E‘ é’tocr'x)s‘L € [ ,
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Impact on LHCT-ATLAS joint analysis

m Need to be careful in the | | | |
central-forward correlation ’_'~\'°"q'_d'ff"a°t"’e Ay D'ffrfqﬂ::za: UPC
analyses with ATLAS. 72 w -‘

® |n single diffractive study.

Little central activity in both
low-mass diffractive and UPC
events. Photon |n n > 10 94

2
10 E e - EPOS- LHC . ;
— No way to separate ;gg‘;j;:j;j" :
_ ~ T e === GGhe 4 o) = 10
these events experimentally. T e BT
. . . . B 107 B =
The UPC contribution is stilla g -
— 10°8 — < v & ~ . [—— EPOSLHC
10“ . e .| ............ l_I“~ ......... Earas : " tunY  feseee ‘
controllable level. L w TP |
™~ S~ - _V - = = QGSJET I1-04 (diffractive)
O | O Y & (background) —— SIBYLL2.3c
© 10 O 10—6 ?.f .................................................................... - - - SIBYLL23c (difiractive) | I
: : : _ E[N'" . | —— UPC (DPMJET 3.05)
5 s | - [ ; ; ; | a i
- ! PP PP S | .E‘...I PP D POvS | P PO POV N ..L...;“.l R PO A | N O PN PO S L j I r . :_
% 060~ ~*5600 5060 4308 ~~5060" 6300 7000 107~ ——{o00 000 5000 4000 5000 6006 7000
Photon energy [GeV] Neutron energy [GeV]
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Operation strategy

. Setup

0 Only Arm2 detector is

iInstalled In p-remnant side.
too-high multiplicity (<#Hits> > 5) in O-remnant side

0 Joint operation with ATLAS

Proton

m Oxygen run in July 2025

1 week special run ( p-O and O-0 )
0 |nstall the detector during TS1
0 Beam commissioning (4 day)

0 p-0 collisions (2 days) < LHCf Operation
————— Remove the detector from LHC - - - - -

0 O-0 collisions (2 days) < too high multiplicity

2 Sept. 2024 New Trends of High-Energy and Low-x Physics

*) This schedule might be changed




Summary

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

m Presented results from Run 2 data

0 Updated neutron results — Inelasticity measurement.
O 17 meson diff. cross-section

B Many analyses are on-going

0 n, 70 with high statistics data, KOs measurement
a0 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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Thank you very much




Backup



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%

do, /dE [mb/GeV]
do, /dE [mb/GeV]
do, /dE [mb/GeV]

F) 8.65 <n <8.80
S B LHCf pp 15 =13 TeV
I . B i s | . — | — agcsjET 04

1—_ .................. ....., ....................... .....‘ ....................... ....‘. ..... _—.' 1__ .................. . -.4-.-‘.-».-1.-.».. ..... _— 1__.... ....................... ..... ........ L EPOS-LHC

_ | ] i . i | — DPMjET 306

0.8h— o ...................... ....................... L ..... — 0.8l — S ....................... * ..... | 0.8/— - ..... .. ........ PYTHIA 8.212
I ' | . I | | | | _ I I SIBYLL 2.3

0.6 = —| ....................... ...... —] 0.6 71

do, /dE [mb/GeV]
do, /dE [mb/GeV]

el SO R

do, /dE [mb/GeV]

P3N R SO e = O WO N O SN L = =H=

lllllllllllllllllll'lllll llll'lllllllllllllllll .' IIIIII

0 0 0 L) | | = - —— —
0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000

Leading p, n .
O. Adriani et al., JHEPO7 (2020) 016
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Inelasticity from the neutron result

Energy flow Elasticity distribution <Inelasticity>

—$— LHCfp-p Vs = 13 TeV , —$— LHCfp-p Vs =13 TeV ; 5 ;
—— QGSJETII-04 2 r —— QGSJET 11-04 LHCf =
- i : :
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3000, /i N o _ PYTHIA 8.212 5 i SRR SRR S PR s 3S) ET 11-04 e | ol
SIBYLL 2.3 L PYTHIA 8.212
g g g 1.4 ; --------- W B S s — SIBYLL 2.3
2 RV T i i s S S S R e R 1% I O mn s
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B T 1 Fi s e ml S S
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048 05 052 054 056 058 0.6 0.62
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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., JHEPQ7 (2020) 016
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Preparation status

" DAQ system already prepared in USA15 (ATLAS counting room)

B DAQ speed improvement : Max. rate 1.6 kHz (2022)— 3.3 kHz
— Increase #events of photons and neutrons

Test of the Arm2 detector i UA15 n Feb 2024 |

y a4 ¥
-~ - : ‘(\ "’d | oo
P = ( | ot =3
I | A e ':’ v
"‘1¢ Y iy il O
| / 17V

C e u e l t e eX O y a | | iR ~d M | 2 X
AN A 35 4 — -y Vg \ 'z 77 A \.#2 Q ) | fa g - W
Nt AN N A7 RN
{1 (NS 2 1 SaWit =8 b |
\ T " 4 ' : \ 13 ] A g = _ || - " !

e NSl 2 LNAN EE AR
{ . /). ! ( “._, ﬂ—,l '» .‘7;".-' ) AR b= L “'\'.. ‘\ i 11 ' -' N = ;
[ ol W ' | ! Vel M R '

3 § W 1 ") | l; '|| P | 1

4 /“ e | | 2 :_":"

This winter el 2 =)
. Test of DAQ with the full system | ¢ : \”
. Test of LHCf + ATLAS common operation N A N
. Setup onsite quick analysis system.

Operation in July

. Final test of detector, DAQ etc just before the run.
Beam test at SPS

. Energy calibration using e- and p beams

9 July 2024 ISVHECRI 2024



Contents

- Results from Run 2 data (pp, vs=13 TeV in 2015)

- Inelasticity measurement using forward neutron
- 1 meson production cross-section

- Status of analyses with Run 3 data (pp, vs=13.6 TeV in 2024)

- Physics targets
- Joint operation with ATLAS

>~ Oxygen run in 2025
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Estimators of Mass Composition

Muon excess
N“data > N”MC

Large model dependency of
UHECR composition measurement

O
= E=6-16EeV
> 2 . . . . .
& 187
S 16 \§
—
Z 1.4
g 12} \
- I _
0.8 r Sy:stematic Uncert. 1 -
i Qll-04p e
06 . QIl-04 Mixed ©
04 t i EPOS-LHCD [
| | EPOS-LHC Mixed O
= 0.7 0.8 0.9 1 1.1 1.2 1.3
2 650 : R
: _ EPOS.LHC ! PAO, PRL 117,192001(2016) = NEMata/ NEMpyc
D Sibyl12.3 iy -
600~ Preliminary - (;Gysjetn_m - Sensitive E™/Ehad for a collision
170 175 180 185 19.0 195 200 | Several ideas to solve it
NH: Number of muons (F:égggg?%’rat'on Ig(E/eV) ; » Strange particles
on the ground : : E « Vector meson productions
J Interaction model ,  Experimental . QGP

uncertaint

uncertaint




On-going Joint analyses with ATLAS

DiffraCtion s b . Arm2-Large Tower -
C S0t — EP""4500 GeV IE
O s K \\\\\:: 3 S 55?)e<E”e“"°“<15oo GeV 2
O 3 Z\ L — EPOS-LAC :
£ — QGSJET Il-04
O 20 e — SIBYLL23 —=
w2 E x:—\\ PYTHIA 8.212 DL E
n = r N -
B 5L SC)OGeV < Ejpe < 1500GeV-_
o £ E =
"qc'; — \\//\\\/ \\ - \\ .
s107 o E
= By >0 OG;VA/\ -
. . . 10_80_ — 2|o — 40 /\[\//\ 1oo :1\2|\d -
m Study of diffractive collisions :
Nch In ATLAS

0 Photon spectra with Nch=0 in ATLAS (p>0.1GeV, |n| < 2.5)
. Study of MP

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 Triagger modes

LHCT 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 — > — 4 Arm2 HighEM
©
i.% — — Arm1 Hadron
400 _— S _ ¢ Arm2 Hadron
B P 1 o Ami1Pi0
200 . - m ] Arm2 Pi0
- e ) Arm1 ZDC
- SR = T NI N o — T
MR R e —— e 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. 119 Trq. High EM Trg. Hadron Trg. ZDC Trqg.
—>
. . Two tower colin. .
Baseline trigger for 110 (<~ 2 TeV) High threshold Deeply developed Trigger from ZDC
Any showers N (2y) 0 (>~1.5 TeV) f]hgwer fcr)]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-tr* collision study

DAQ scheme Improvement from 2015 run

* Presence of ZDC, RPs
« 3 /DC-HAD modules were
installed for LHCf runs
 AFP worked in the full period

© Trigger, partially with ALFA
_:.,_li_ﬂ__} Analog signal * No pre-scaling of LHCT triggers
= in ATLAS
S i Sl — All 300M events recorded
=~ Merging = ‘Reco’ (& 6 M events in 2015)

P

 Merged D3PD (7).

—

/ I
— —
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