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Motivation-why we need to measure the luminosity

Measure the cross sections for "Standard " processes
Top pair production e Theoretically known

Jet production to~10 %

New physics manifesting

in deviation of o x BR

relative to the Standard Model predictions.
Precision measurement becomes more
important if new physics not directly seen.
(characteristic scale too highl)

Important precision measurements
Higgs production o x BR
tanp measurement for MSSM Higgs

Higgs coupling
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channels, as function of m,, at [Ldt = 300 fb-!. The dominant
uncertainty is from Luminosity: 10% (open symbols), 5% (solid
symbols).

(ATLAS Physics TDR , May 1999)
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Relative versus absolute luminosity

With relative luminosity we mean a measurement of L which is proportional
to the actual luminosity in a constant but unknown way.

LUCID dedicated
relative monitor

W LUminosity measurement

with a Cherenkov
Integrating Detector

Cerenkov tube

Particle W *The Cherenkov light is produced at a 3° angle
h and makes typically 3 reflections while passing
down the tube.
+The Cherenkov light is read out by Photo
Multipliers (PMT) at the end of the tubes

; Other possible

3| relative monitors
Min. Bias Scint
LAr/Tile current
Beam Cond. Monitor.
Zero Degree Cal.

Absolute Luminosity measurement implies o determine
the calibration constants for any of those monitors.



The ATLAS strategy for absolute luminosity
Ultimate goal: Measure L with ~ 3 % accuracy

How do we get there?

To start with we will work with LHC Machine parameters
In the beginning 20-25 % precision.
Special calibration runs with simplified conditions will improve :
maybe 10 % after some time and even better

Rates of well-calculable processes will be next step:
EW processes like W/Z production are good candidates:
high cross section and clean signature
QCD NNLO corrections to the partonic cross section have been
calculated and the scale error is less than 1 %
PDF's more problematic 5-8 %
Taking into account experimental error a precision of 10 % in L might be reached
quite early
Aiming at 5 % after some fime - LHC data itself might constrain the PDF

Third step: Elastic scattering



Elastic scattering and luminosity

Elastic scattering has traditionally provided a handle on luminosity at colliders.

Can be used in several ways.

The optical theorem relates the total cross section to the forward
elastic rate

1+p* N,/
om,r=41rIm fel (0) — o 167 dfv;g
dt |,

Thus we need

Extrapolate the elastic cross section to t=o
Measure the total rate

Use best estimate of p (p~0.13+-0.02 = 0.5 % inAL/L)

ATLAS will use this method. However the n coverage in the forward
direction is not optimal.



Elastic scattering and luminosity (cont.)

Other options:

Extrapolate to =0 and use the optical theorem in combination
with and independent measurement of o,,, (TOTEM)

Combine machine parameters with optical theorem

ATLAS will also pursue the above options

In addition we will aim at the Coulomb Interference region

Measure elastic scattering at such small t-values that the cross section
becomes sensitive to the Coulomb amplitude

Effectively a normalization of the luminosity to the exactly

calculable Coulomb amplitude

No total rate measurement and thus no additional detectors near IP necessary
UA4 used this method to determine the luminosity to 2-3 %



ATLAS Roman Pots
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ATLAS Forward Detectors
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What is needed for the elastic scattering
measurement?

Special beam conditions
"Edgeless” Detector
Compact electronics

Precision Mechanics in the form of Roman Pots to
approach the beam
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The beam conditions

Nominal divergence of LHC is 32 urad
We are interested in angles ~ x 10 smaller
= high beta optics and small emittance
(divergence oc \ &/ \ p*)

To reach the Coulomb interference region we will
use an optics with p* ~ 2.6 km and gy~ 1 pm rad

Zero crossing angle = fewer bunches

High p* and few bunches = low luminosity

Insensitive to vertex smearing
large effective lever arm L ..
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The detectors-fiber tracker

Choice of technology:

Concept
2x10 U planes
2x10 V planes
Scintillating fibers
0.5 mm? squared
Staggered planes
MAPMT readout

minimum dead space
no sensitivity to EM induction from beam
resolution o ~ 30 um
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Test beam campaigns-DESY and CERN

A number of prototypes with
limited amount of fibers were tested

it sz ool ' i ‘ : —
n 4837 ALFA I . ---
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. i\ (2x2x32)
/ A 5
i 4‘( N e
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Main results:
Light yield ~ 4 p.e.

S. Ask et al., NJAZ AS68, 588 (2006) resolution o ~ 25 um
F. Anghinolfi et al., Jinst 2 PO7004 (2007) non-active edge << 100 um
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Test beam-this summer

Complete detector for one Roman Pot i.e. 1460 channels
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The ALFA electronics - front end - PMF

Requirements

Adjustable amplifier-MAPMT
Adjustable threshold

High speed
Small cross talk
Compact

- Amplifies
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Active board pictures
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The ALFA electronics - the mother board

ATLAS

Mother

Board

TDAQ

Trigger

PMF data

PMF handshaking <3

_ High speed optical
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" link to DAQ
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Mechanics - the pot
Roman Pot concept Profiting from
Serge Mathot/ TS
A and TOTEM R&D.
W Espec. thin window
'
ATLAS
specific

itself




Mechanics - the Roman Pot unit

Reproducible and precise Profiting from
movements required AB collimation group

deviation




Performance simulation

elastic generator
PYTHIAG6.4

with coulomb- and p-term
SD+DD non-elastic
background, no DPE

ALFA simulation

track reconstruction
t-spectrum
luminosity determination
later: GEANT4 simulation

—>

beam properties
at IP1

size of the beam spot g, ,
beam divergence o, ,
momentum dispersion

!

beam transport
MadX

tracking IP1=>RP
high B optics V6.5
including apertures
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Hit pattern
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1000

Statistical results from fit

2
— dN L %% by
‘linear” fitto t, d— _L”|f + f | ~L7Z'_ tt(l+p)e g
b fit range 0.00055-0.055 t~0 | |
:{ ——  reconstructed spectrum
i'
r{ ——  L-fit
\ < 10 M events corresponding
i
to 100 hours at L= 1027
Edge 1.5 mm from beam
10° 107 4 107
Input Lin.fit Error (%)
L (10% cm?s?) 8.10 8.15 1.8
cmt(mb) 101 101.1 0.9
B (Gev?) 18 17.9 0.25
p 0.15 0.14 4.3
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Machine

Secondary collimators
Primary
collimators Protection devices

Cold aperture
5 Secnnédary halo

| Normalized available aperture

c
=
5|
=
g
.=
@
i)
=
E
—
[=]
=

12 14
Amplitude [o7]

Important and difficult
determines how close we can come
backgrounds estimate often wrong

induced background

Multiple Sources

Beam gas scattering in the arcs
Local beam gas
Inefficiencies of collimation system
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25



Machine induced background (cont.)

Main handles:

||||||||||||||
elastic signal =

halo background ;

Elastic signature:
left -right coincidence
acollinearity cut

SD background -

Number of events

Vertex cut

HE
10

'collinearity [pirad |

Single diffractive background
(generated with PYTHIA )
negligible : << 1 permille

Background reduced to
2 % of the elastic signal
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Vertex reconstruction for background rejection
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Figure 9-6 The reconstructed vertex position (black dots) compared to the true vertex (red dots), where the
blue ellipse indicates the rejection cut (left). The vertex resolution in x and y (right).
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Systematic errors

Systematic uncertainties [%)] Linear fit

Nomunal result for L
Statistical error
Beam divergence
Crossing angle
Optical functions

Phase advance

Detector alignment

Geometrical detector acceptance
Detector resolution

Background subtraction

Total expenimental svstematic uncertanty

Total uncertainty




Machine protection

Uniform treatment of all movable devices in LHC = the ATLAS Roman Pots
will be controlled from the CCC. The ATLAS Roman Pots will be an integrated
part of the global LHC collimator control system.

The Collimator Supervisor System will ensure that all Roman Pots are
positioned in the shadow of the collimators.

The Roman Pots will only be allowed to move to data taking position during the
STABLE BEAM operational mode of LHC.

BLM's have been installed close to the Roman Pots. The BLM's are connected to
the LHC Beam Interlock System.

The Roman Pots moves out automatically in case of power failure
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Participating institutes, schedule and costs

Participating ATLAS institutes

Estimated cost (kCHF)
Czech Republic Charles University
Academy of Science .
Palacky {,niversﬁy ALFA detector with PMS 600
France LAL Orsay
Germany DESY

Uihiarehy 6f Clesa Electronics and read out 375

Humboldt University

Great Britain University of Manchester .

Poland University of Science and Technology, Cracow Roman Pot mechanics 300
Institute of Nuclear Physics, Cracow.

Portugal Laboratorio de Fisica, Lisbon

Spain IFTC. Valencia Infrastructure 300

Sweden University of Lund

USA Stony Brook University

. Total 1575

The detector will be ready for installation earliest spring 2009
and will most likely be installed in the shutdown 2009/2010.
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Conclusion

ATLAS proposes to use scintillating fibers in Roman Pots o measure Elastic
Scattering at small angles.

The ultimate goal is to reach the Coulomb interference region. This will be
extremely challenging due to the small angles and the required closeness to
the beam.

Main challenge is not so much in the detectors but rather in the required
beam properties. Especially the level of beam halo at small distances will be
important.

The ALFA project will be an important part of the luminosity determination in
ATLAS even if the Coulomb Interference region is not completely reached.

In addition, ALFA opens up the door for a Forward Physics program in ATLAS.
Experience with working close to the beam will prepare us for expanding
towards a Forward Physics program as a future upgrade.
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