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Hadronic interactions

® The development of CR shower is
characterized by
«Total hadronic cross section
«Multiplicity(N)
Inelasticity(k)
«Secondary particle spectra /
— Interaction models /\(

= QGSJET, EPOS, SYBILL etc. leading
/(4+/_
3

EM shower

e To verify the existing models Particle

— measurement of forward
particle produced at forward wwwy  baryon (neutron)

region produced by “accelerator” LHCf t*.
— LHCE detector

T 0—2 v (EM)

(highest energy Znd)




The LHCf experiment
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The LHCf experiment can
provide the data to calibrate the
hadronic interaction models
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Two calorimeters at +140m
away from the LHC IP1
(=ATLAS).

Small tower 16 layers of sampling

40 30 -20 -10 O 10 20 30 40 calorimeter with 4 lateral
Holizontal(mm) e Fide
position sensitive layers

LHCf can only observe neutral

particles at forward region 1.7 A and 44 r.]l (thin for hadron)




Importance of neutral baryon "
(= neutron) in CR physics

X ; » 1072
e Muon excess in CR observation is

found relative to the MC predictions
( ~30% than MC)

The MC predictions have large
difference between models ->

Nu/Energy[GeV-1]

e The number of muons increases
: —¥— EPOS 1.99
with the number of baryons . QGSJET 01

: Ny o« Nparyon (correlated) ~= QGSJET II-3
- —— SIBYLL 2.1

° II| | IIIIIII| | IIIIIII| | 11 1 1111 | 11 1 1111
Importance of direct baryon 10" 10" 10" 10"

measurement Energy  (eV)
— Inelasticity (primary - leading Expected muon number:

baryon) large discrepancy between models




Model spectra(LHCf neutron) ¢

p collisions

e Large difference among

the models (PYTHIA, EPOS, QGSz2,

DPM3, SYBILL)

e Clear difference even
with energy resolution
by 35%

e Hadron events at 107 p-

true energy

0% smeared)

Energy spectra |

— PYTHIA
— EPOS
— QGSJET2
— DPMJET3
— SYBILL
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Sensitivity study of LHCt

detectors for neutron
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Set up of MC simulations

o EPICS v8.81 (MC simulation package)

Gt Hit position
e Neutrons are injected to the center of LHC

beam (no crossing angle).

e Energy :
(100, 200, 300, 500, 750, 1000, 1500,
2000, 2500, 3000, 3500GeV)

e direction : 0O° Small tower

(20mm tower)




Event Reconstruction algorithm

Offline (analysis) trigger was applied:
any successive three layers coincidence : threshold level is set to be 200
particles (1 particle = 0.453MeV energy deposit )

Summation of energy deposit in 2nd to 15th layer (sumdE)
15

SumdE = Z dE; x N, (N=1 or 2 depend on [ Transition Curve (dE curve) |
i—2 the absorber thickness) i

-> Energy reconstruction

000

Position sensitive layer
-> Lateral hit position reconstruction

Longitudinal shower development
-> For particle identification
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Detection Efficiency of neutron
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e Neutron incidents at small
tower
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e Detection = above trigger
level
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e Flat efficiency (~70%) at E
> 500 GeV
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500 1000 1500 2000 2500 3000 3500
Energy[GeV]




sumdE to Energy 2
conversion and its linearity

| sumdEhadron_Small_200GeV |

x10

i Llnear :
Z y=12. 9063x + 270 078

sumdE[Nparticle]

00 1000 2000 3000 4000 5000 6000 I7000 I8000 9000
sumdE[Nparticle]

® To reconstruct neutron energy
from sumdE (= total number of

—t —h

residual [%]

shower particle)

- :ITTTTIII1|111I|IIIT|'IIII4111I|IIIIlrII
500 1000 1500 2000 2500 3000 3500

e Linear and quadratic Fit incident Energy[GeV]
— 3% energy linearity (>500GeV)




Performance of neutron
energy reconstruction

Incident: 200GeV neutron
| Ereconhadron_Small_200GeV |

e Reconstruct energy by
using inverse function of 1200 fiL

linear and polynomial o | mean[GeV]
|

y Linear 200.378
o large fluctuation because of  so0

short hadronic interaction
length

Quadra 198.703

600

400

® energy resolution is 5
defined as the RMS of the _ ey

5 S s 200 300 40 500 600
dlstrlbutl()n Reconstructed Energy[GeV]




Energy resolution

Energy resolution for each
energy

33% ~40% resolution without
any correction

Study of the method to improve
energy resolution is ongoing

e By using shower
longitudinal information,
improve to ~25% (-10%)

® Other possibility

energy resolution

SN
1

S
(=)

resolution[%]

K
35e

0

500 1000 1500 2000 2500 3000 3500
energy
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Lateral hit position reconstruction
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e Lateral hit position resolution
1S 0.5 ~ 2.5mm

Fitting mean[mm]
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Detector calibration at CERN-SPS

Beam test to confirm the

performance studied by MC .
Experimental Setup for the beam test

“MC” Energy Scale was tested by LHCF detector
using proton (150GeV & 350GeV)
beam at CERN-SPS

ADAMO Trigger scintillater x2
\(siljon tracEr

® (Gain of each channel is calibrated T Beam-pipe

with 50-200GeV electron beam) - FEHAHAHATR} --
(T

Movable table

lateral position resolution was also
studied

| 1
1 |
1053.5 985 727

same event reconstruction algorithm
is used




Erecon_150GeV Erecon 150GeV| | Erecon_350GeV Erecon_350GeV

Entries 1511 Entries 6444

Mean 174.7 Mean 348.9 b e am te St
cooa| 490 RMS 138.8

RMS
Underflow 0 Underflow 0
Overflow 3 400

Integral 1508 f:,::;?:lw 64 4:: . P r Ot O n
350 oid : q
Linear 174.651 300 Linear 348.87: Inciaent aime
Quadra 171.12 250

Quadra 355.63 to tower center
200

150

should
consider some
) I e S R NN SN S S el ST IR R B

0 50 100 150 200 250 300 350 40{(();‘ e‘\IIE],O 200 400 600 800 correCtlonS

Erecon_Small 150GeV Erecon_Small _350GeV

x10° x10° MC

40F 180

100

50

OO

355 160

same beam
Linear 319.05] prOflle dsS

Quadra 324.3: beam test was
used

30: 140

Linear 150.70! 120

25}

- Quadra 145.6! 100
- 80
15}
- 60

10: 40

5 20

_ neutron
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Summary

e Motivation for the analysis of forward neutron
e MC prediction: Large discrepancy among the models
e Direct measurement of inelasticity

e The performance of the LHCf detector for forward neutron (only for the incident at
calorimeter center)

~70% detection efficiency (>500GeV)

+3% energy linearity

~35% energy resolution

1mm to 2mm of lateral position resolution (weak energy dependence)
Energy scale has been tested by SPS beam test (preliminary)

e The data analysis for the 7TeV pp collisions is ongoing
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Transition Curve

e Trigger
eany successive three layers
coincidence

e The response function of
SumdE is below

11
SumdE = dE; X Nytep:
1=1

15
SumdE = dE; X Natepi
1=2
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o Composed from 16 layers of
scintillator and Tungsten and
4 layers of lateral position
sensor (SciFi)

» Total 44r.1. and 1.7\

» performance for EM shower
was well studied,

o but, for hadronic is not
studied well

e e



Sampling Layer

[ Scintillator
Detectori#1 I Tungsten
SciFi

LT ]

Vertical size
20, 40 mm

Longltughnal size (mm) 750

[ Scintillator
Detector#2 I Tungsten
I Silicon

g ]

Vertical size

Longltuamal size (mm) 750

Fitting Result

20x20mm Scintillator

® 7mm or 14mm
thickness of Tungsten
Absorbers

® 16 layer of sampling
layers ( Plastic
scintillator EJ260)

'~ ® 4 position (Transverse)

sensitive layers




PID selection with L9o

e L9o is the longitudinal depth containing
90% of the total sum of the shower
particles.

- LHCf\s=TTeV —e— Arm1, Data zmu._[ Ldt=0.68nb"
~ 500GeV <E,, <1TeV
- 1> 10.94, Ad = 360 |: Arm1, QGSJET II-03(Photon)

Arm1, QGSJET I1-03(Hadron)

Events/N, (/1r.l.)
o
N

M

e Gamma like -> Shallower

e Hadron like -> Deeper

L1 1 I L1 1 1 I | L1 1 | L1 1 1 | 11

453MeV]

1

dE[x0

7 L 00 10 15 20 25 30 35 40 45
20 30 L90[r.l.]
Depth[R.L.]

e PID selection with Lgo was well
studied in gamma analysis

. 2%

—
T

Sum/Total
o
(¢)]

0%/ |
L - \/ jf/,jf,?f’,?f’, 7
% L, 10

L,20
Depth[R.L.]




Fluctuation of visible energy

[ Scintillator
Detector#1 I Tungsten
SciFi

III I|I |II e The LHCf detector CANNOT
contain overall of shower

< somtiltor especially for hadronic showers

Detector#1 I Tungsten
SciFi

Illm“ IIIIII |I e Fluctuate due to the amount of

———yrre contain of shower

Detector#1 [ ] Tu_nqsten

have only 1.7 hadronic

interaction length, over 20% of
Detectors e neutrons do not interact with

[ Scintillator




