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Introduction: GZK cut off
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energy determination. e

- 207 correction on the
10% of systematic is due to interaction model. absolute energy scale!l!
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Accelevator calibration Ls necessary.
—rOWeEeEVER

Different interaction models give different answers for
the primary cosmic ray energy estimate.
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Different interaction wodels Lead A e
different conclusions about the
composition of the primary cosmic rays.
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Cowmposition: inferved from X,

Spectrim: r—/\HrQIJ LS VLEOSLYED]

DJ OI/H/\FH/\//J e cecondories

Simulation plﬂgg a eruetal vole

L,
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LHCAS Ls a tool to caltbrate the simulation




Development of atmospheric showers

Simulation of an atmospheric
Shower due to a 109 ¢V proton.

uny Ti

& km

Y The dominant contribution to the ene roy
flux Le in the very forword vegion (D=0)

7 n this forward regiown the highest energy

availlable weasurevents of T° cross section
were done by UAF (B=10" eV, Y= 557F) €= [y = —ntan &
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Longltudinal development of showers

Pion x-distribution at 107 eV pp interaction

1017 eV proton induced showers
Tasla T r T T r T T

Artifitial two examples

Vertical shower.
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Factor 2 of

are normally used
The divect measurement of the T production cross section as function

of pr- Ls essential to correctly estimate the energy of the primary
cosmic rays
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Summarizing...
LHC-HECR iwtgrpLag]

caltbration of the models at
high energy is mandatory

we will use LHC,
the highest energy accelerator

FTeV + F TeV protons
14 TeV in the center of mass

By =107 &V (Egy= E2,,/2 nt,)

Major LHC detectors (ATLAS, CMS, LHCR) will measure
the particles emitted tn the central region

LHCE will cover the very forward part
May be also heavy tons collisiong????
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The LHC Vi%@

LHC PROJECT o LK . UNDERGROUND WORKS
ol S
Paoint 3.3 e £ Bah ..._~
iy :-.-_. |iEH i
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SPS Point 8

Point 1
Poini 1.8

mmmmmm LHC Works under way

TS-CE Existing structures
06.07.2004 mmmmes LHC Project structures
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LHCE: location and experimental layout

Detector | Detector (I
Scintillator P1L (ATLAS) Scintillator
GciwtiLLatim ﬁbcrs/ \4 Ksi,Li,com, mstrips Y,

[ Beam Line }

petectors should wmensure energy and position of y

\

from 1e° decays e.m. calorimeters with

psition sensitive Lo ayers

U

Two independent detectors on both side of 1PL
/ ‘P.’Jrh,!'/\,)f('/\f;!j
7 rackground vejection (espe ciolly beam-gas)

Trieste, May 28, 2007 - RCD at Cosmic Bnergies LHef Oscar Adriant



LHOf location

vd

Detectors will be installed Tn the TAN
!

reglon, 140 m ,wmj rrome the Inkeraction

—_—

PoLnt,

4

L ("/O/\/C O(’ Lol '/LO"“"\/J /‘/‘D/LL"O'/_)

I. P (140 m away)

%Here the beam pipe splits
in2 separate tubes.

%Charged particle ave swept
away by wmagwnets!!!

x\we will cover up to g%oo
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The TAN and LHCS
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Detector #1

(’/\/L’,DQ( Lt 'POL'/\,t (r])
stacked vertically with &

. gap 4 patrs of samtleLatmg ﬁber
layers for tracking purpose
Lower:2 ca X 2 W Aren (6, 1,30, 42 YL)

l/q:]:er: 4 L X 4 v Oren

Absorber

22 tungsten Layers Fmm. thick 2
44 X, (1.6 A) intotal ~

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

\ 0 < =00 wad
N\

| 1& scintillator La Yyers (=

Enero %j mun thick)

Trigger and energy
profile measurements
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Transverse projection
of detector #1 in the TAN slot

- 211,82 -
;""H_r
1 x\\ 4
calorimetric / 1
towers e [T¢)

S : |

[ 1 projection at the TAN
M~ £ 1 position of the dipole
e I i region elliptical

\ \ 33,86 ol vacuum pipe
beam
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we use LHC style
electronics awdgreaolout D@t@@t@V # 2

4 patrs of silicon wicrostrip La
(e, 12, 20, 42 v.L.) for tracking purp
(X and Y) =2 impact point

0s€ another

INCOMING NEUTRAL
PARTICLE BEAM

16 seintillator Lo yers
(= mum thick)

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

Lower:2.5 Mt X 2.5 cm

M’P’Pﬁl’: B.2ALM X 3.2 M

Trigger and energy
profile measurements

| A
EW\QV@ g/

Absorber

22 tungsten layers Fwm. thick =
44 X, (1.6 L) in total

(W: X, = 2.5mm, R,, = 9mm)

0 < 400 wad
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Transverse projection
of detector #2 in the TAN slot
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Moyimization of the ncceptonce in = (distance from beam center)
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Arm 1

Armi was fully assembled tn Japan tn July 2006 (scintillators +
fibers + Tungsten) and fully tested at CERN in August 2006 beam

¥

test i i | / if

.........

. ot A
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Scintillating flbers veadout (Armd)

n @ HAMAVAALS L
2
&4 ch (£x8)
o Y noole

1 MIP > 5 p.c.

VAZ2HDRI4 chip
from IDEAS

"1 US shaping time
‘Huge dynamic range
(z0pC)

22 channels MAPMT+FEC
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Avrvm 2

o Arm2 was partially assembled in
Florence in July 2006 and
brought to CERN for the Beam.
Test of August 2006

o Arm2 was fully assewbled in
Flovewnee tn April 2007
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Silicon pstrips readout

PFACEAMY

H?ﬂ
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Poce= chlps
(mawg thawnks to CMS ‘PV@SMQWCV!!!!)

22 chawnnels

25 ng peaking thme
‘High dywawic range (> 400 MIP)
"192x32 analog pipeline

=
£

1400 5

1200 4

1000

B0

600 1

400

200 4

Dynamic Range ... LGLP

100 150 200
eq MIPs

250 300 350 400
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The wechanics of the woodule

Light quides
_|_
Scintillators

H@brﬂd clreuit
Pace Chéps

Stilicon sensor
Kapton fanout

Tungsten
StliconX Stlico ny
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Front Couwter
(Both for Arm1E2)

LHCf Front Counter ez

G O

3 _%g;g; read by a MAPMT
: R7600U-00-M4
floes ::\.. 14 dar )
B
/
/

/o

13t
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Now the real tnstallation tn LHC...

The idea is that installation takes place in 2 steps:
Pre-tnstallation
Final tinstallation
ln betweewn the 2 installation the baking out of the beaw
pipe will be dowe (200 °C), so the detectors should be
revoved

Pre-Installation dates have been fixed tn Fall 2006
- (ss1l (Arma)

o 8/01/200F to 26/01/200F P FINISHED!
- (SS1R (Arm2)

0 23/04/200F to 11/05/2007 > FINISHED

The dates for the final installation are still under discussion
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Y4 Vs
Armd pre-Lnsta Llatilown
From £/01/200F to 26/01/200F
No major problems came out
cables 2 OK
Transport and installation - OK
Laser calibration = OK
Power Supply from USALS 9 OK
Mawnipulator and movements - OK

Armd was diswounted at the end
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Transport anol tngertion Ln the TAN
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LHC Arvw 1 - Installation completed
within 15 minutes!
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Avrm22 PV@-Ewsta LLation

Fromw 22/04/200F to 11/05/200F

No major problems came out

cables 2 OK
Transport and installation 2 OK
Laser calibration -2 OK locally

> TBD from remote
Power Supply from USALS 9 OK
Mawnipulator and wmovements > OK

No interference with BRAN

Arm2 was dismounted on May 9
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LHCE Physics performance

1. Single photon spectrum
2. m° {uttg reconstructed (1 v Ln each tower)

T° reconstruction s an bmportant tool for energy
caltbration (T8 vanss constraint)
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Dlmension of the tower = Molieve vadius
i aeeeptonce (given the LHC constraints)

Beam Test

Stmulation
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Examples of sbmulated events for y and w

400 GeV photon
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LHCT performances: acceptance on P.-E, plane

xF
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LHCT performances: single y geometrical acceptance

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

(a}] i L ‘ L B §| | E I 5 I |§

B \\ — Detector #1

T S I — SEmR ) -

S [ N ;——-* Detector #2

R 1

M i . . .

O L N o R e e T
0 1 2 3

4 5 6
Distance from the beam center [cm]

Some runs with LHCT vertically shifted few ew
will allow to cover the whole kinewatical range
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LHCT performances: ¥ shower bn Arm. #2

500 GeV Y shower

Y axis (cm)

Position resolution of detector # 2

Z axis (cm)
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LHCT performances: T° mass resolution

A #Ed

Invariant Mass AE/E=5Y
: : 5I
L

cootlol vegolutlon

3F|ttmg Fun::tmn
El]l] B

count [/MeV]

3““ ..............................................................................................................................................
2““ ...............................................................................................................................................

PN SRR U SRR, R OO S—. T—

60 80 100 120 140 160 180 200
Invariant Mass [MeV]
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LHCT performances: Monte Carlo y-ray energy spectrum
(5% EBwnergy resolution is taken into account)

Gamma Energy Spectrum
of 20mm square at Beam Center

c T 10% genernted LHC interactions =2 1 Minute
Q j"““.-.._i EXPOSUre@LOY i =s™ luminosity
B 03k Ty . Diserimination between various wodels
© G, Us feasible Quantitative
j = I  discrimination
g 107 = | with the help of a
i properly defined ¥
o5k discriminating
: variable based on
- the spectrum shape
10°F e T (see TRR for

1000 2000 3000 4000 5000 6000 odetails)
Gamma Energy [GeV]
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Y ray energy spectrum for different positions

Gamma Energy Spectrum Gamma Energy Spectrum
of 20mm calorimeter at Center  of 20mm calorimeter at{30mm shift
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LHCT performances: T° geometrical acceptance

Direction [urad]
0 50 100 150 200 250 300 350 400 450

TlTErTrjriTrejrrrn qrrrroeyrrrrr ey
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N on,n..v ................... _________
. = /5.0TevV |
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|'III'IirTII|'TII

0.02

Y SOV e S S SN SO -
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1 2 3 @ 8 &
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=]
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50 100 150 200 250 300 350 400 450
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Geometrical Acceptance o
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LHCT performances: energy spectrum of T°

0 Energy Distributions

:I-_

2 ﬁDPMJET?»_

—
o
W

Counts [/200GeV/1 Urlnela]
o 2

1 —_w:::i::::i:::i::::é:::'1::::r':::i::::r':::é::::f:::i::::f:::i:::é::::i:::i::::i:::i::::;' 1-+-r_1__r_J_
0 1000 2000 3000 4000 5000 6000 ?000
Pi0 Energy[GeV]

Typical energy resolution of v is 3 § at 1Tev
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LHC per

formances:

model dependence of neutron energy distribution

Counts [/100GeV/107inela]

Original n eneroy

Neutron Energy Distributions

700 ;_,. .............................. .................... |
600F- QGSJIET M. b

- DPMJET3

200:_ ........... e ’* AT N, ORI S L, JN SO ORI

100' :n’.. s gl

|

SN T AL PRIV |
4005 | +mﬂ+ﬂ++ﬂ++ () & 4

300 __,, ............... i ....... ....................
: 'ﬁmﬂ%%ﬁ%‘ﬂ
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L L I L L L L
0 2000 4000

6000

Neutron Energy[GeV]
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20% energy resolution

Neutron Energy Spectrum
of 20mm Calorimeter at beam center

in

[ T T T 'I

0.0015 -
DPMJET3

QGSJETII

particle/b

0.0010

30% Energy
Resolution |

0.0005

: ] 1 ] -\1"‘-"‘_-— -
5000 10000
Neutron Energy [GeV]

0.0000

o
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Estimate of the background

Signal vs B.G
[ bea Vl/L-bﬁa 479 ‘PL-Pe o Neutrons from IP
2> & (signal) > 100 Gev, OK b2
<
bﬂ&h@ YOULWd 1% ; 10 . .Photons from Beam Pipe
=

0001 b

. bea Wa’@ aS .04 | [

] ] i 4 5 i 7 b q i}

9 It dC‘PCWD‘S ow. the beawe condition " Distance from the center, R fcm}
background < 1% (under 107° Torr)

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

Background < 10% (conservative value)
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The LPM effect

Landau — Pomeranchuk - Migdal

ncrease of X0 with
nereasing Y energy

LHCT Ls able to directly
measure the LPM effect!

Trieste, May 28, 2007 - D at Cosmic Energies

Low energy particle contarmination
18 expected (]
13

12 Photon energy (Te\f’;

—
—

LPM/NoLPM

08

Depth
]

g 1 ] g 10 12 1 18
Layer Number of W

07
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SPS Beam Tests: 2004 § 2006

v CERN : SPS T2 H4
v ncldent Particles

Tests were successful

v Energy resolution

"PYOtOW 150,35046\//0 lengg aaLibVath
- Blectron 100,200G¢Vv/¢ v Spatial vesolution of the
-Muon.  150GeV/¢ tracking systewms
Setup
LHct Silicon
Detector| Tracker
=) &

Moving Table Scintillator

Trigoer
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Awn electron event as seen % Avrvad

+omum Calorimeter - 196 eV electron
Transition Curve )
fSOUiL

Ny

1500} .....................

dE [MIPs]
o
S
|

m 3

% 10 30 40
o

Depth [r.l.]
ﬂlll'} | ‘

19eqev |
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—ww— Monte Carlo
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Performances of the LHCT Detector

Measured at the SPS

Beam Test in. 2004

ScLFL Positlon Resolutlon

Eneray Resolution

LHCT can measure (and provide to
LHC) the center of neutral flux

| L

140F  ox=0.17140,006 mm ]
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Energy Calibration

Problem: Determination of the conversion factor from ADC to
Energy tn each calorimeter layer
= A [ADC counts/Mev] (i: Layer )

How to do?
Compare data with simulation (EPICS), tuning with beaw test data

Event Selection (Centered events)
ncldent point
20mm >3mm from calorimeter center
40mm 2Smwm from calorimeter center

10mm

2 Beam Profile
ML )
4omm Calorimeter
196 GeV & RUN
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pata ve. Stmulation

4omm Calorivneter : 196 Gev
Red : Stmulation  Black : Experiment

2 150 @ 200} Mean (stmulation)
c c §
S 100} S |
S S 100k Layer X* D.O.F
50 ............ Z 3 4,2.6 / éo
“ﬁ 1000 2n§nn “r"; 10;10 2000 ; aedd ¢
dE [MIPs] dE [MIPs] 5 500/ 36
| & 4.5 / 2L
Simulations and dato
agyrees well!ll
Ewnergy scale can be well
inferred
1000 2000 % 1000 2000 Work tn progress to check the energy
dE [MIPs] dE [MIPs] scale for different energies
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Few plots of the beaw test vesults for silicon

A high energy electron shower seen on x and Y silicon

Single event - LOW gain - e (200 GeV)
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Energy Distribution -y |
100 GeV Electrons

12‘:

=
L

Energy measured
100 GeV electrons

High Gain
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The LHCT operation tn LHC



Optimal LHCT run conditions

Beam paravaeter | value
# of bunches <43
Bunch separation | > 2 usec
Crossing anogle O rad

140 wad downward

Lumiwositg per
buwneh

< 2 X102 e Re?

Lumiwosltg

S ~10%° e =g

A

Buneh ’Lwtewsitg

4x10% ppb (Br=12 m)
1x10%° ppb (B*= 1 m)

Beaw paraweters used for
commissioning are good for
LHefill

No radiation problem for 10kGy by a “year” operation with this luminosity
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From R. Bailey presentation at January 2007 TAN workshop

. . N’ 4 ; T
BEsl Parameter evolution and rates [EEear2i f**’”‘"f"’*"’“”’”:f*';?‘”
*n B

Optimal All values for nominal emittance, 7TeV and 10m p* in points 2 and 8
conditions for

LHCT running! arameters Beam levels Rates in1and 5 Rates in 2 (and 8)

Js Eyeom | LUMINOSIty Events/ Luminosity Events/
_proton (W) [cm?s 1! crossing (em?s) crossing
1.7 10% 1.1 10% << 1.2 10% 0.15

1.7 10" 6.1 10% -JE/ 1.2 10% 0.15
— e —
2 6.2 107 2.2 10% 0.76 4.4 10%0 0.15

2 [1.410% | 16 1.110% 3.9 2.210°" 0.77
1 (37100 42 2.4 10° << 1 2.6 10° 0.15
37108 | 42 1.3 10% 0.73 2.6 10° 0.15
56107 | 63 2.9 107 1.6 6.0 10°! 0.34
84100 | 94 1.210% 7 1.310% 0.76
14104 | 126 | 7.210" 7.910% 0.15
1410% | 126 | 3.810% 7.910% | 0.5
14104 [ 157 | 1.110% : 12107 | 0.2
14104 | 157 | 1.910% : 1.210% 0.24

R.Bailey, January 2007
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LHCTE proposed running scenario

v Phase-|

v Ruw since the very beginning of LHC operations
(Stage 1, 43 bunches)

v Remove the detector for radiation issues whew the
wachine goes to the Stage Il (luminosity reaches
10%tem s andl veinstall the 3 Cu bars

v Phase-l

v Re-tnstall the detector at the next op‘portw\,’ut of Low
Lumbnosity run after removal of Cubars (Totem
dedicated runs? Posstble LHCT dedicated runs?)

v Phase-ll

v’ Future extension for p-A, A-A run with upgraded
detectors?
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LHCTE: conelusions and plans

v\ LHCS approved in June 2006 by the LHCC

v Physics performances:
v’ able to measure T mass with 5% resolution.
V' able to distinguish the models by measurements of T° and Y \
V' able to distinguish the models by measurements of n 9\ .
v’ Detectors: \va‘
v Armi § Arm2 are fully ready ‘(XO
\VZ

v’ Test beams were done in 2004 § 2007 e performances

v nstallation phase well aclvr %&D
v ARML QLVQQU% sucer” )év\l\" stalled tn  January OF,
_ cre-installed in April-May o7

- uwnder discussion

v’ ARM2 already -
v’ Final installat \1\]

v rRunning conditions:
v’ Three foreseen phases
v Phase I: Run at the beginning of LHC operations (43 bunches)
v’ Phase 1: operation during low luminosity TOTEM runs or dedicated runs
v’ Phase W11 Heavy low runs ?
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Epics v.s. qeant4

W: Fmm
Scintillator: 2mm

X 1o

100mm
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200 GeV Electrons

Beam Profile -y

snaale el ianalanialovaeloinilinna
= = = = = =

Beam. profile
200 GeV electrons
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| enan % Himin | Minim % mm

Vate . Sum E > L0Gey L] L0
2. Ume Clamima [neidens 0.7 [TTEEE]

3. Une Hadrom [nesdemt 0,180 44 LI5Z
4. Ume Gamma in Hiducial 0T [T s
S Ume Newtrom im hicducsal 1IN LT

Table & Event fode of single 5% asd hatlrons per melastis collision fof the Detoctor &1,
Hete the 2emx Iem tower is nd the oenter of besm-jape and without Tnain chosing aagle.

mm x Hmn | Mmm * Whnm
1. Sum E > 1Y 0,067 4 [T
2. Une Gamma Incident L8 DM |
3. U Hladroa Incident Y DR |
1. O Ciaanima in Bducial i [T
5, Umie Neugtan in fidicial 000 000 |

Table & Event mte of single 5% ned hadrons per imelastbe collision for ithe Deioctor 81.
flere (e Jem=dem power 18 A (he ceper of (he neiggral panchke Bux amd wanh beam

cronadng angle of |y,

Himim ¥ Alimim | Wi = i
1, sum E = 100G O, W (11 [ |
2. Une Gamima [neident (010654 0528
3. Ume Hadtoa [neldent .00 4 [T
4. Ume G i Slucial (L0445 [T Fr
5 Ume Neutron in Sducial {110 [TTH

Table & Eveit fode of skngle 5% asd hadrons per elastss collision fof ihe Detoctor 87
Hete the detevton i at defaill posbilon asd witloil T crosdag angle,
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T vate
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Effect of LHCE on BRAN measurement

LUMI monitor (BRAN) Lnstde TAN Ls begowd LHCTE (replacing 4th copper bar)

' l
\YJ\_Y_J (P1 \_Y_I\YJ

Cw®ar/ ZbC (_,Hcf LHC][ Cw®ar/ ZbC

v 4
L Ll

The effect of LHCT on BRAN measurements has been
studied tn the Last months by stmulation
- Reduction of shower pavticles ot BRAN
~ Position dependence on beam displacement
(question from machine peoples: if we shift by 1 wum the
real beawn, does the center of the measured newtral energy
shifts % 1 vann?)
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BRAN response Vs beam. position
relative change of the reduction factors for BRAN with respect to the
nominal value (cemter of the beam: nominal one)
If the position of beam center stays within a few mm from

the beam-pipe center, the reduction factors do wot change
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