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1) Physics framework

Extensive air shower observation

e longitudinal distribution
e |ateral distribution
¢ Arrival direction

‘ Air shower development
Astrophysical parameters

e Spectrum

e Composition

e Source distribution

®
o #50
j
X, ..x IS the depth of air shower maximum in 5

the atmosphere. An indicator of CR composition.

Uncertainty of hadron interaction models

-

Uncertainty in the interpretation of <X >

E |eV]
Forward Physics with the LHCf experiment

Lorenzo Bonechi

INFN Firenze



1) Physics framework

Extensive air shower observation
e longitudinal distribution
e |ateral distribution
e Arrival direction

‘ Air shower development
Astrophysical parameters

e Spectrum
e Composition
e Source distribution

QDO_III T T T T TTT T T T T III‘ T T T T T17TT ]

o HiRes (2005) :

B a 1hes n

8501 . vakutsk 2001 P N

-  Fly's Eye 7]

X, ..x IS the depth of air shower maximum in E N o L +

=) — LIRSy - o

the atmosphere. An indicator of CR composition. N 7 20T L 3 et -

A I o S I TRE O T PO 1

. 7005 ; e .

v - T 7.V | L, _

650 | O F & st -

After newest LHC data P —~—-EPOSLHC 3

. 600 il ——SIBYLL2.1

(P. Tanguy's presentation at the - = QGSJETILO4 -

Cosmic QCD 2013 conference in Paris) P - T
Energy (eV)

Forward Physics with the LHCf experiment Lorenzo Bonechi INFN Firenze



1) Physics framework

@ secondary

interactions

nucleon, © \ | ’ | .

Che
light detectors |

\/
Charged particle
detectors

’

I

el A
/> N,  ' ¢! i A
é%//l’l//wﬂnwm\@\

(1) Inelastic cross section

If large o: rapid development
If small c: deep penetrating

@ Forward energy spectrum

If softer shallow development
If harder deep penetrating
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2) LHCf experiment
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2) LHCf experiment

Forward Physics

region AT LAS

Dl EMBXW)

Detectors are
located Inside the
TAN, absorber for

neutral particles

Detectors [measure energy and
impact point of y from n® decays
e.m. calo + tracking layers

Two independent detectors on both o Charged particles
sides of IP1

— (+) IP1
v . . particles
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2) LHCf experiment

Sampling and imaging E.M. calorimeters

= Absorber: W layers (44 r.| , 1.55A, in total)

= Energy measurement: plastic scintillator tiles

= 4 tracking layers for imaging: 40mnx
XY-SciFi(Arm#1) and XY-Silicon p-strip(Arm#2)

= Each detector has two independent calorimeter towers

—> reconstruction of 1° — yy events 20mm

Performance

Energy resolution (> 100GeV)
<5% fory and ~30% forn
Position resolution

< 200um (Arm#1) and ~ 40pum (Arm#2)

Front Counters

e thin scintillators 80x80 mm

e monitoring of beam condition
e background rejection

e Van der Meer scan
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2) LHCf experiment
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2) LHCf experiment

Year Beams || Beam ener Proton equivalent
2 energy in the LAB (eV)

2009 - 450+450 GeV
2009/2010 p-p 3.5+3.5 TeV
2013 o —Pb 4 Tev

proton
1.38+1.38
2013 p-p TeV
2015 p-p  6.5+6.5TeV
> p — light >
ions

4.3 1014 Arml1l+Arm?2

2.6 1016 Armil+Arm2

1.3 1016 Arm2

4.1 1016 Arm?2

Arml+Arm2
1 16
910 upgraded

? ?
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3) Published results

 “Measurement of zero degree inclusive photon energy spectra for vs = 900 GeV proton-
proton collisions at LHC”, O. Adriani et al., PLB, 715, p. 298-303 (2012)

* “Measurement of zero degree single photon energy spectra for Vs = 7 TeV proton-proton
collisions at LHC “, O. Adriani et al., PLB, Vol.703-2, p.128-134 (09/2011)

 “Measurement of forward neutral pion transverse momentum spectra for Vs = 7TeV
proton-proton collisions at LHC”, O. Adriani, et al., PRD 86,092001 (2012)
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3) Published results

Longitudinal development measured by scintillator layers
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3) Published results single Y \/s =900 GeV
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3) Published results

single y

\s = 7 TeV

DATA
DPMIJET 3.04
QGSIJET 11-03
SIBYLL 2.1
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No model can reproduce the LHCf data perfectly.
DPMIJET and are in good agreement at high-n for E <1.5TeV, but harder in E>1 5TeV.
QGSIJET and SIBYLL shows reasonable agreement of shapes in high-n but not in low-n

EPOS has less n dependency against the LHCf data.
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3) Published results
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* EPOS1.99 show the best agreement with data in the models.
« DPMJET and PYTHIA have harder spectra than data (“popcorn model”)
* QGSIJET has softer spectrum than data (only one quark exchange is allowed)
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4) On-going analysis

Forward Physics with the LHCf experiment 17 Lorenzo Bonechi INFN Firenze



4) On-going analysis

Neutron analysis for ]
pp at Vs = 7 TeV 20%
[ hTC_Small_tower | / I L90%
e To perform PID with higher sovof-
efficiently and less contamination i3 Shower development
is essential conok in the small
: aooof- lorimeter r
e 2D method using L2o% and Looy are sovaf- LL calorimeter towe
used for PID in this study 2000 L
* Lao% (Loox) is the depth containing 'ZE-'--;---:.'u----1'5-"'2:3""2'5""3;"'5;""4':.'
20% (90%) of total deposited Layer[r..]
energy
e 2D cut parameter L2pis obtained signal L80-025°L2 ed In€
as below - 0 a\OT\%
. AR g
— L2p =L9oy —zL20% e =
o)} Foa hE
* Mean purity of selected sample, = a7
estimated by simulation, over the 2F o
entire energy range (0 — 10 TeV) is L & hadron
95% with a mean selection iR photon K\
efficjen(:y Of97% CI:E""I""I""I""I""I""I""I""I"' {J.n b Mo i L lass
5 10 15 20 25 30 35 Lg[&r.l] 5 10 15 20 25 E{JLE;!.EHEEPLN
Courtesy of K. Kentaro Lo L,p
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4) On-going analysis
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4) On-going analysis

= 2013 Jan-Feb for p-Pb/Pb-p collisions

The 2013 p-Pb run

%
Installation of the only Arm2 at one side ? (@"ﬁf

4
(silicon tracker good for multiplicity)

Data both at p-side (20Jan-1Feb) and|Pb-side
(1fill, 4Feb), thanks to the swap of the beams

= Details of beams and DAQ

IP2 ¢am

L = 1x10%° — 0.5x10%°cm2s? i

B"=0.8 m, 290 purad crossig angle
338p+338Pb bunches (min.AT = 200 ns), 296 colliding at IP1
10-20 kHz trig rate downscaled to approximately 700 Hz

-5

20-40 Hz ATLAS common trig. Coincidence seems successful! f

p IP1
Pb

g T3 5em,

-10|‘|I-5|II‘0|I|I5||II10

==) |P8
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4) On-going analysis

Photon x-coord distribution

Photon y-coord distribution

[22) - (2]
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s ~  —— DATA (p-Pb 2013) * . s C - .
& 2500 PRELIMINARY - - g 2500~ - — DATA (p-Pb 2013)
£ E hd - £ - ” -
2 2000 . 2 2000 . PRELIMINARY
= Neutrons are © - Forward bariog production is
1500— * 15001 .
- well peaked at . - " important to understand the
1000 the beam center . 1000~ muon excess in girshowers
5003_ 5003_ [T. Pierog, K. Werner PRL 101,
r wm*’""* - 171101 (2008)] *‘mw*ﬂw
x (cm) y (cm)
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4) On-going analysis

2d distribution of impact point: neutrons are more peaked

Forward Physics with the LHCf experiment

Photon impact point Hadron impact point 2 0 1 3
£ gy t 50 E h2hxy
£ Entries 394145 £ = Entries 459748
; Meanx  -11.69 = 40 Meanx  -2.405
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4) On-going analysis

Photon energy distribution

Detailed simulations with the available

-
= ot —— DATA (p-Pb 2013) - large tower .. .
8 sl e, hadronic interaction models are
w 2o, —e— DATA (p-Pb 2013) - small tower . . .
i) e e, on-going for a comparison with data
= 6 '-‘.'_._ ..".'-.-“ . .
T 10 Cep. e, \l * Transportation of secondary particles from IP
ZE *ﬂ”‘ 'ﬁ‘P‘V‘ to detector, beam pipe structure, magnetic
= 107 \‘\N\\+ ., fields along the path and detector’s response
+* * will be taken into account
*
10° y-rays ??&, 4 t+ +»H
-
ol Premnantside m T« ﬁ» Vertical bars on data points are only
v b by b e by by ey by b b bl | HP
500 1000 1500 2000 2500 3000 3500 4oo0  the statistical errors
E (GeV)
Photon transverse momentum distribution
5
INCOMING NEUTRAL é 10" ¢+++ —o— DATA (p-Pb 2013) - small tower
PARTICLE BEAM a” - —— DATA (p-Pb 2013) - large tower
T 2 - -
> 10 -,
= -~ . p-remnant side
Z.E 3 - _°__,_
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4) On-going analysis

Double photon events - invariant mass (p-remnant)

..9 B h1ggmass
g 103__ x? / ndf 15.89/5
8 = Could also an excess of g? . 131513501 gg’(-ﬁ
= forward high energy n° P2 0.005017+0.000072
— have some implications for | p3 103.5+12.9
102 = the problem of the muon P4 ~402.4£95.7
= TR excess in air showers?
S ¢¢++ —— DATA (p-Pb 2013)
B + +*+
+
= Y H Wm 1
B | | | | | | ] | | | | | | | | | | | I | | | | |

o
o
-k
o
N
o
©
o
=
o
o
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p-p at 13TeV (2015)

Main target: measurement at the LHC design energy.
Study of energy scaling by comparison with Vs = 900 GeV and 7 TeV data
Upgrade of the detectors for radiation hardness.

p-light ions (O, N) at the LHC (2019?)
It allows studying high energy cosmic-rays collisions with atmospheric nuclei.

RHICf experiment at RHIC o
Lower collision energy, ion collisions o-p collisions:
8y : , «  Max. Vs = 500 GeV
LOI to the RHIC committee has been submitted on .... «  Polarized beams

. : lon collisions:
s N ? “

e Au-Au, d-Au
t :

* Max. Vs =200 GeV
* Possible, d-O,N (p-O,N)
=» Cosmic ray — Air
@ knee energy.

Forward Physics with the LHCf experiment 25 Lorenzo Bonechi INFN Firenze



Conclusions

LHCf is a small experiment at LHC dedicated to forward physics
— Important for Very High Energy Cosmic-Ray (VHECR) Physics

We have published spectra of photons and neutral pions for pp interactions at
Vs =900 GeV and Vs = 5 TeV

— None of the hadronic interaction models that we have considered can reproduce the data
within the errors, but data lie anyway between the models

— On-going data analysis for the hadronic component (neutrons)

p-Pb run at the beginning of 2013
— Successful data taking in p-remnant and Pb remnant side
— Common operations with ATLAS (trigger exchange)
— On-going data analysis (some hints for interesting results!!!)

Future plan
— Continue and finalize the on-going data analysis (start also ATLAS/LHCf common analysis)
— Complete the upgrade of the detectors for radiation hardness
— Data taking for pp collisions at Vs = 13 TeV (2015)
— Run p-light ions at LHC (20197?)
— Operations at RHIC (p-O or p-N at lower energies)
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