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[ Outline }

Introduction

- Problems in HECR physics: chemical composition,
GZK cut-off

- LHCf and HECR

The LHCf apparatus

Beam test results
- CERN 2004

Summary and schedule
- Toward the 2007 LHC operation
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Introduction: cosmic ray composition

ﬂé‘ | * Fly'sEye
2 - » HiRes-MIA
J 200 | @ Yakutsk 1993
— - # Yakutsk 2001
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Q 700 I 4 SPASE-VULCAN
(o))
\.J)é o b
Different hadronic X I — s
interaction models [ s N qessET o1
lead to different w [ - smyLL2)
conclusions about el vl i sl |
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P ! Energy (eV) ™*"

the primary cosmic

Knapp et al., 2003
rays.
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Flux*E*10** (V¥ m? s sr™)

Introduction: GZK cut off

10 )
te,
....’¢=
1+ \
29t ICRC
Pune (India) /
10-TITI - 1;5 18 20t I21

log,,(E) (eV)

20% correction on the

absolute energy scalelll

Different hadronic interaction
the primary cosmic
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Existence of the GZK cut off
is one of the most important
puzzle in HECR physics.

L super 6ZK }

events?!?
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Development of atmospheric
showers

Simulation of an
atmospheric shower due
to a 107 eV proton.

N

+ The dominant contribution to the energy flux is in the
very forward region (6 = 0)

* In this forward region the highest energy available
measurements of n° cross section were done by UA7
(E=10!% eV, y = 5-7) «— |y=—Intan?

Chicago, 5-9 June 2006 - CALOR 2006 Lorenzo Bonechi



Summarizing...

Calibration of the models at
high energy is mandatory

We propose to use LHC,
the highest energy accelerator

7/ TeV +7 TeV protons
14 TeV in the center of mass

E=10"7 &V (Ejp™ EZ/2 )

Major LHC detectors (ATLAS, CMS, LHCB) will measure
the particles emitted in the central region

LHCT will cover the very forward part
May be also in heavy ion runs????

Chicago, 5-9 June 2006 - CALOR 2006 Lorenzo Bonechi



Part 2

The LHCf apparatus
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LHC PROJECT W boint 5 UNDERGROUND WORKS
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LHCf location in the IR1 of LHC
=

Detector I : Detector II
Tungsten INTERACTION POINT Tungsten
Scintillator IP1 (ATLAS) Scintillator
Ecim'illa‘ring fibeﬁ N KSiIicon ustrips :

E «— ~140m >E < ~140 m j
= e
....... _—_._._._._._._._._._._._._._._._._ : e T o L TEy S e
[ Beam line ]

Detectors should measure energy and position of y
from n° decays ‘ e.m. calorimeters with
position sensitive layers

Two independent detectors on both sides of IP1
v Redundancy
v" Background rejection
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LHCf: general detector requirements

Single photon spectrum
n° fully reconstructed (1 yin each tower)
Neutron spectrum

EALIN

¥ reconstruction is an important tool for
energy calibration (n° mass constraint)

Basic detector requirements:
minimum 2 towers (n° reconstruction)
Smallest fower on the beam (multiple hits)

Dimension of the tower > Moliere radius
Maximum acceptance (given the LHC constraints)

Sl
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Detector #1 Impact point (1)

2 towers ~24 cm long

stacked vertically with

5 mm gap 4 pairs of scintillating fiber

layers for tracking purpose
Lower:2 cm x 2 cm area ||| (6, 10, 30, 42 r.l.)

Upper: 4 cm x 4 cm area

Absorber

22 tungsten layers 7mm thick
2> 44 X, (1.6 A;) in total ~

(W: X, = 3.5mm, R, = 9mm) AN

\ 0 < 300 urad
N\

16 scintillator layers
(3 mm thick)

Trigger and energy
profile measurements

v

Energy

Chicago, 5-9 June 2006 - CALOR 2006 Lorenzo Bonechi



We use LHC style DZTZCTOP # 2

electronics and readout

4 pairs of silicon microstrip layers

(6,10, 30,42 r.l.) for tracking
purpose (X and Y) - impact point

2 towers 24 cm long
stacked on their edges and
offset from one another

INCOMING NEUTRAL
PARTICLE BEAM

16 scintillator layers
(3 mm thick)

Lower:2.5 cm x 2.5 cm
Upper: 3.2 cm x 3.2 cm

6 < 400 prad

Trigger and energy
profile measurements

Chicago, 5-9 June 2006 - CALOR 2006

22 tungsten layers 7mm thick

*
\ :
Ener'gy/ > 44 X, (1.6 1) in total
(W: X, = 3.5mm, R, = 9mm)

Absorber

Lorenzo Bonechi




Installation of the detectors in the TAN

absorbers at 140m from IP1

Chicago, 5-9 June 2006 - CALOR 2006 Lorenzo Bonechi



Part 3: beam test results

Necessary to verify the simulation (small tower 2x2 cm?: dimensions
comparable with the Moliere radius!!l)

SPS-H4 July-August 2004

2 TOWERS (2x2 and 4x4)cm? + Tracking system to determine the impact
point on the towers

ELETTRONS (50+250) GeV/c
PROTONS (150+350) GeV/c
MUONS (150) GeV/c

x-y Scan (study of the leakage effect as function of the distance of the
particle impact point from the edges)

Chicago, 5-9 June 2006 - CALOR 2006 Lorenzo Bonechi



Prototypes under test

10mm ¢ PMT
HAMAMATSU
H3164-10

i

3 | Scintillating |2 Vi
T f Fibers 7
90mm width <=

Chicago, 5-9 June 2006 - CALOR 2006 Lorenzo Bonechi



* Main w0 Auxiliary tracking system
detector : | (INFN Firenze -Pamela)

(Japan) \ | ‘l ‘
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Impact point reconstruction

Positions scanning

\

o
y (cm)

Incoming
particle \\ \

x (cm)




Some r'esul'rs.. Iongltudmal proflle of ‘rhe showers---
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Leakage Correction

MC predicts that the

leakage is energy independent!

Prototype Experiment

| 200GeVic electron, 2cm I

MNumber of particles

10000

0 0.1 0.2
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Distance from edge {cm)

[ 200GeVic electron, Zem |

Mumber of particles

10000
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4000
3000

05 06 07 08 049 1
Distance from edge (cm)

Monte Carlo
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Energy Resolution

Resolution
—~ 10
X 9F ® Experiment (2cm)
= - ® Experiment (4cm)
s BE_ Red Line: Monte Carlo (2cm)
o Blue Line: Monte Carlo (4cm)
7=
¢ °
5 5§— %
5 4= w
w 3=
2
1
0: SR | S S| S S O N RN T N SN R SO R I S SR
0 50 100 150 200 250 300
Electron Eneray (GeV/c)
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LHCf: summary and schedule

LHCf just approved: LHCC 16 May

Physics performance:

- able to measure n° mass with £5% resolution.

- able to distinguish the models by measurements of n° and y
- able to distinguish the models by measurements of #

- Beam crossing angle #0 and/or vertical shifts of LHCf by few cm
will allow more complete physics measurements

Running conditions:

- Three forseen phases
+ Phase I: parasitic mode during LHC commisioning

Beam Test in August 2006:
- Full detector #1 will be tested
- Part of detector #2 will be tested

Installation starting from end of 2006

Chicago, 5-9 June 2006 - CALOR 2006 Lorenzo Bonechi



More slides
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TAN and LHCf

box ~ (15x15x40) cm3
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Detector # 1. layout
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Detector # 2: layout

T
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Transverse projection of detector #1 in
the TAN slot

. 211,82 N
DY
|
B
o Nz
calorimetric T <&
towers o
,.'9 i
projection at the TAN
M~ position of the dipole
~ . region elliptical
33,86 vacuum pipe
heam center
B
F — TAN slot internal walls

96
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Transverse projection of detector #2 in the TAN slot

—_—

"‘“\x___ TAN slot internal walls

————

96

3 63,56
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Lateral view of ARM #2

Front scintillator

Front scintillator: /

Fixed position wrt fo TAN

Si Tracker + Hybrid

Silicon + Tungsten + Scintillator:
+/- 5 cm vertical excursion

Eront. Scinti.

PMTR7400

,,,,,,,,,,,,,,,
—————————————————————————

35mm*35mm + 25mm* 25mm

Beam axis
—

L I | ]
0 100 200 300
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Energy resolution

6% —

Root mean square¢

Chicago, 5-9 June 2006 - CALOR 2

100000

10000

1000

< B> 6) > (ptel's)

2cm X 2cm tower

No scifi saturation
and fit to it

e With scifi saturation at
1000 ptcls

4.9 x 103—

100
5> 6)
- 8 .
S 1.2
L . ‘\/(5)0)
. ‘

energy resolution (%)

No scifi saturation
and fit to it

o With scifi saturation at
1000 ptcls :

100

E, (CeV)

1000

2%
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LHCT performances: single y geometrical acceptance

Direction [urad]
0 50 100 150 200 250 300 350 400

.........................................................................................................................

0.8 __ ........... ; :
: \ﬁ‘ §——-- Detector #2
0.6 __ ...................... ., ....................... ....................... .. ......................

0.4 I \ .................. ....................... ....................... ......................

N \ _________ RN S O B

: ~
\I// ]S
2 4 5 6

Distance from the beam center [cm]

Geometrical Acceptance
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Y axis (cm)

LHCf performance: y shower in Arm #2

500 GeV vy shower

Fluka based simulation

10 15 20
Z axis (cm)

Chicago, 5-9 June 2006 - CALOR 2006
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Position resolution
of detector # 2
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LHCf performance: Monte Carlo y-ray energy spectrum

(5% Energy resolution is taken into account)

particles/bin

Gamma Energy Spectrum

—
<
44

—
o
b

—
<
&

10°°

of 20mm square at Beam Center

:I 1 ] II LI !illl !II L |.II 1 !I)I‘I Il!II III,
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=, 1 minute exposure@®10?’ cmjs?

i L _|_J"111:

o b v b by I L A=
1000 2000 3000 4000 5000 6000 7000
Gamma Energy [GeV]
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LHCf performance: n° geometrical acceptance

Geometrical Acceptance o

Arm #1

o

Direction [urad]
100 150 200 250 300 350 400 450
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LHCf performance: energy spectrum of n°

0 Energy Dlstrlbutmns

Efffffffffffffffffff?fffffffff::if?_fﬁ:fﬁ_-ifffffffffffffffffffffEfffffffffffffffffffffff?fffffEEEEQGS*E JE T AR

e e :.:.\,_. ................................................................ -

Counts [/200GeV/1 Orlnela]
o 2

0 1000 2000 3000 4000 5000 6000 ?000
Pi0 Energy[GeV]

Typical energy resolution of yis 3 % at 1TeV
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LHCf performance: n® mass resolution

- Arm #1
Invariant Mass AE/E=5%
' ' = ; — | 200 um spatial resolution

EFittEing Funf::tinn : ; : : :
500 i gEUEE*E*I*h ............... ...................

sooffitting parameter of gauss | } -
mean = :134.8 MeV |

sigma =7.1MeV

count [/MeV]

...............................................................................................................................................

300

...............................................................................................................................................

200

100

1 | ] 1 1 I 1 1 ] ] ] 1
140 160 180 200

Invariant Mass [MeV]

1 I ] 1 1 | ] 1 I 1 1
120

60 80 100
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LHCf performance:
model dependence of neutron energy distribution

Original n energy

30% energy resolution

Neutron Energy Distributions

R T
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Estimate of the background

Signal vs B.G

[ERIEALYE

* beam-beam pipe
>  E (signal) > 200 GeV, OK
background < 1% o

I T

Neutrons from IP

.Phr}‘r.rm':a.frr__nrr-i Beam Pipe

1

E (GeV)

0.1 L
001

LhAKT|

- beam-gas

—> It depends on the beam condition
background < 1% (under 10-1° Torr)

s ) 4 5 7 B
Distance from the center, R (cm)

* beam halo-beam pipe
—> It has been newly estimated from the beam loss rate

Background < 107 (conservative value)
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Particles from the beam pipe:
background vs signal

Energy fluence
1 1 1 I 1 1 1
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