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Hadron-Hadron & Cosmic-Ray
Interactions at multi-TeV Energies

Recent excellent observations (e.g. PAO, HiRes, TA) but the
origin and composition of UHECR is still unclear

Uncertainty in hadron-hadron interactions affects:
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particle emission at as
high as possible energy
is indispensable
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CR <=> LHC connection

® The dominant contribution to the energy flux in the atmospheric

shower development comes from the very forward produced particles

® Precise measurement of y, 7 and n spectra in the very forward

region at LHC

© 7 TeV+7 TeVinthe CM frame > ~10'7 2V in “fixed target” frame
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Experimental set-up
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Beam pipe

LHCf-Detector (Armil)
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Particle and energy flow vs
pseudorapidity

Multiplicity @]14TeV
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Arml detector

Scintillating Fibers + MAPMT:

-_Sampling E.M. calorimeters: 4 pairs of layers (at 6, 10, 30, 42 X,),
tracking measurements (resolution < 200 um)

each detector has two

calorimeter towers, which allow

to reconstruct n°

* Front counters:
thin plastic scintillators, 80x80 mm?
* mohnitor beam condition

= rejection of background due to beam -

residual gas collisions by coincidence
analysis }

Absorber: 22 tungsten

Plastic Scintillator: 16 layers, 3 mm thick,
layers, 44 X,, 1.7 A trigger and energy profile measurement
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Arm2 detector

Silicon Microstrip:

-_Sampling E.M. calorimeters: 4 pairs of layers (at 6, 12, 30, 42 X,),
tracking measurements (resolution ~ 40 ym)

each detector has two

calorimeter towers, which allow

to reconstruct n°

* Front counters:
thin plastic scintillators, 80x80 mm?
= monitor beam condition
= rejection of background due to beam -
residual gas collisions by coincidence

analysis

Absorber: 22 tungsten Plastic Scintillator: 16 layers, 3 mm thick,
layers, 44 X,, 1.7 A trigger and energy profile measurement
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ATLAS & LHct
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Arml detector = Arm2 detector
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Expected results @ 14 TeV collisions

Gamma Energy Spectrum Energy spectra and transverse momentum
of 20mm square at Beam Center distribution Ofi

* photons (E >100 GeV): AE/E<« 5%

- neutrons (E > few 100 GeV): AE/E ~ 30%
in the pseudo-rapidity range n > 8.4
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Summary of operations in 2009 and 2010

With Stable Beam at 900 GeV
> Total of 42 hours for physics

P in Arml+Arm?2

With Stable Beam at 7 TeV
P Total of 150 hours for physics with different setups

P Different vertical position to increase the accessible kinematical range
P Runs with or without beam crossing angle
P~ 4-108 shower events in Arml+Arm2

B~ 100 9 events in Arml1+Arm?2

Status
P Completed program for 900 GeV and 7 TeV

P Removed detectors from tunnel in July 2010
P Post-calibration beam test in October 2010

P Upgrade to more rad-hard detectors to operate at 14 TeV in 2013

@ Massimo Bongi - CRLHC Workshop - 29th November 2010 - ECT* Trento




TeV y rays not from Crab but...
..underground
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Particle identification

Typical transition curve for hadrons

Typical transition curve for y rays
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Energy spectra at 900 GeV

gamma-ray like hadron like
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Events

Very high statistics: only 2% of data is shown her'e
Comparison with MC is under development

Energy spectraat 7 TeV
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Neutral pions

An example of event (Arm2) Energy spectrum (Arm2)
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+ 1% are a main source of electromagnetic
secondaries in high energy collisions
* the mass peak is very useful to confirm the
detector performances and to estimate the
9 g - 100 120 140 160 180 200
systematic error of energy scale calibration Invariant mass (MeV)
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2y invariant mass spectrum @ 7 TeV
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n candidates

>
]
=
=)
F
-
0
?
=
o
>
Ll

200 300 400 500 600 700 800
Invariant mass [MeV]

* The search for n particles is an important tool for discriminating hadronic
interaction models, because their spectra differ from model to model
« Important tool also for energy scale calibration
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14 TeV in 2013: not only the highest energy,
but energy dependence too!
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Schedule and future plan

Beam test at SPS to confirm the radiation damage
2010, Oct  gnd the performance

Finalize analysis at 900 GeV (almost completed) and
end of 2010 .- 1.y
Upgrade the detector for radiation hardness:

2011 - 2012 replacement of scintillators and SciFi with 6SO

Re-installation of detectors in the tunnel for
2013 operation at 14 TeV

Then we are thinking about:
- Operation at LHC light ion collisions (not Pb-Pb).
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Conclusions

= LHCf is a forward experiment at LHC; its aim is to measure energy
spectra and transverse momentum distributions of very energetic
neutral secondaries from p-p interactions in the very forward region
of IP1 (at n > 8.4)

= Results will help calibrating the hadronic interaction models; one
important field where this measurements are mostly important is the
study of atmospheric showers induced by HECR

= LHCf successfully completed operations at 900 GeV and at 7 TeV;
the detectors have been removed from the LHC tunnel on 215t July
2010

= Analysis of data at 900 GeV is almost completed; we will finalize
analysis at 7 TeV before the end of this year

&

SR = Detectors will be upgraded in 2011-2012 for
N ) radiation hardness and will be re-installed for
data taking at 7 TeV + 7 TeV in 2013







Open Issues on UHECR spectrum

AGASA Systematics
Total +18%
Hadr Model ~10%
(Takeda et al., 2003)
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Detector vertical position and a

Remotely changed by a manipulator( with accuracy

Data taking mode
Viewed from IP G.7 N | with different position
7 ™| to cover P; gap
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Collisions with a crossing angle 10

lower the neutral flux center thus
enlarging P, acceptance

|
200 10002000
Gamma Energy [GeV]




LHCf single y geometrical acceptance
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Mechanical manipulators allows to remotely move LHCf: some
runs with the detectors vertically shifted few cm allow to cover
the whole kinematical range
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LHCf acceptance on Py -E ., plane
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Front counters

* Thin scintillators with 8x8cm? acceptance,
which have been installed in front of each main detector.

«— Electronics box

Schematic view of
Front counter

« To monitor beam condition.

« For background rejection of
beam-residual gas collisions
by coincidence analysis
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Beam-gas backgroud @ 900 GeV
2009 2010

Gamma-ray @ 25mm Gamma-ray @ 25mm
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Very big reduction in the Beam Gas contribution!!!
Beam gas ~ I, while interactions ~ I?
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Comparison of Arml and Arm2 @ 7 TeV

Gamma-like, Small tower

Gamma-like, Large tower
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Spectra corrected for the live time of detectors.
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Selection of rapidity region (comparison Arm1/2)

R1=5mm
R2-1 = 35mm
R2-2 = 42mm
theta = 20°
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LHCf energy resolution

= Beam (450V)
+ Beam (600V)
_|=.Simulation(450V)
- Simulation(600V)
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2.5 x 2.5 cm? tower 2.0 x 2.0 cm? tower

Energy resolution < 5% at high energy,
even for the smallest tower
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Number of event

Number of event

Arml position resolution

200 GeV electrons

1000

[ ]
=
L=

800

600

400

200

oot
2 <15 41 05 0 05 1 15 2
y-pos[mm]

2x10°" \o\ﬂ____

w8

1

40 50 60 70 80 10°
E[GeV]

3107

2107 \

1

40 50 60 70 80 107
E[GeV]

Massimo Bongi - CRLHC Workshop - 29th November 2010 - ECT* Trento



200 GeV electrons

ARM2-ADAMO Residuals After Allin I““m'““m‘ Aftar Allin
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Leakage Correction

200GeVic electron, 2em
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(Arm1 prototype)
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Normalized light output

Radiation damage studies

test of Scintillating fibers and scintillators
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Dose evaluation on the basis
of LHC reports on radiation

environment at IP1

~ 100 Gy/day @ 1030 cm-2s-!

luminosity are expected

~ 10 kGy during few months
operation lead to ~ 50% light

output decrease

continuous laser calibration
to monitor scintillators and
correct for the decrease of

light output




Accumulated Events in 2010

LHCf removal

Integrated Shower & Pi0(x100) Events at 3.5TeV
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LHCf Arml - ins’rallan




installation

LHCf Arm?2 -




LHCf data taking

e
B -

The LHCf control
room in the
ATLAS area



