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Detector characteristicDetector characteristic
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Unresolved issuesUnresolved issues
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StatusStatus
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Zero Degree CalorimeterZero Degree Calorimeter

Measures Forward neutral particles
Centrality measurements in heavy ion collisions
Beam tuning and luminosity monitoring in pp
Cosmic ray physics
pp physics measure forward neutral hadron production
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Event characterization in Heavy Ion RunningEvent characterization in Heavy Ion Running
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Beam tuningBeam tuning
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The ZDC ModulesThe ZDC Modules



13

Status of the ZDCStatus of the ZDC

•Protype constructed
•Test beam CERN Oct 2006
•LOI for LHC in pipe line
•Intend to install summer 2007
or in shutdown 2007/2008



14

Absolute luminosity measurementsAbsolute luminosity measurements--why?  why?  
Cross sections for “Standard “ processes

t-tbar production
W/Z production      
…….

Theoretically known to better than 10% ……will improve in the future

New physics manifesting in deviation of σ x BR relative the Standard 
Model predictions

Important precision measurements
Higgs production  σ x BR
tanβ measurement for MSSM Higgs
…….
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Absolute Luminosity Measurement  (cont.)Absolute Luminosity Measurement  (cont.)

Relative precision on the measurement of σH×BR for 
various channels, as function of mH, at ∫Ldt = 300 fb–1. The 
dominant uncertainty is from Luminosity: 10% (open 
symbols), 5% (solid symbols). 

(ATLAS-TDR-15, May 1999)

Higgs coupling tanβ measurement

ExamplesExamples

Systematic error dominated by luminosity
(ATLAS Physics TDR )
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Absolute Luminosity Measurement (cont.)Absolute Luminosity Measurement (cont.)

Goal:
measure L with ≲ 2-3% accuracy

How:
LHC Machine parameters
Use ZDC in  heavy ion runs to understand  machine parameters
rates of well-calculable processes:
e.g. QED, QCD
optical theorem: forward elastic rate + total inelastic rate:   Use Roman Pots

needs ~full |η| coverage-ATLAS coverage limited  
Use σtot measured by others (TOTEM)
Combine machine luminosity with optical theorem

luminosity from Coulomb Scattering Use Roman Pots

ATLAS pursuing all options
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ATLAS Roman Pots

• Goal: Determine absolute luminosity at IP1 (2-3% precision)

• Measure elastic rate dN/dt in the Coulomb interference region 
(à la UA4).   |t|~0.00065 GeV2 or   Θ ~ 3.5 microrad.

RP

IP

RPRP RP

RP RP RP RP

This requires (apart from special beam optics)
• to place detectors ~1.5 mm from LHC beam axis
• to operate detectors in the secondary vacuum of a Roman Pot 
• spatial resolution sx = sy well below 100 micron (goal 30 micron)  
• no significant inactive edge (< 100 micron)
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Elastic scatteringElastic scattering
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σtot vs √s
and fit to (lns)γ γ =1.0

)γ =2.2±σ
(best fit)

The total cross sectionThe total cross section
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The The ρρ parameterparameter

ρ = Re F(0)/Im F(0)  linked to the total cross section via dispersion relations
ρ is sensitive to the total cross section beyond the energy at which ρ is measured 
⇒ predictions of σtot beyond LHC energies is possible
Inversely :Are dispersion relations still valid at LHC energies?
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The bThe b--parameter or the forward peakparameter or the forward peak
The b-parameter for  lt l< .1 GeV2

“Old” language : shrinkage of the 
forward peak
b(s) ∝ 2 α’ log s   ;  α’ the slope of the 

Pomeron trajectory ; α’ ≈ 0.25 GeV2

Not simple exponential  - t-
dependence of local slope
Structure of small oscillations?
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Roman Pot locationsRoman Pot locations
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The Roman Pot unitThe Roman Pot unit
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The fiber trackerThe fiber tracker
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Test Beam at Desy 2005Test Beam at Desy 2005
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DESY test beam resultsDESY test beam results
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The test beam  at DESY November 2005The test beam  at DESY November 2005

the validity of the chosen detector concept with MAPMT readout 

the baseline fibre Kuraray SCSF-78 0.5 mm2 square

expected photoelectric yield ~4

low optical cross-talk 

good spatial resolution

high track reconstruction efficiency 

No or small inactive edge 

Technology appears fully appropriate for the 

proposed Luminosity measurement.

Conclusions from DESY test beam
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FE electronics FE electronics ––Test beam CERN (Oct 2006)Test beam CERN (Oct 2006)
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Test beam CERN October 2006Test beam CERN October 2006
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Test Beam CERN October 2006Test Beam CERN October 2006
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Simulation of the  LHC setSimulation of the  LHC set--upup

elastic generator
PYTHIA6.4

with coulomb- and ρ-term
SD+DD non-elastic

background, no DPE 

beam properties
at IP1

size of the beam spot σx,y
beam divergence σ’

x,y
momentum dispersion

beam transport
MadX

tracking IP1 RP
high β* optics V6.5
including apertures

ALFA simulation
track reconstruction 

t-spectrum
luminosity determination
later: GEANT4 simulation
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Simulation of elastic scatteringSimulation of elastic scattering
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Acceptance  Acceptance  

Global acceptance = 67%
at yd=1.5 mm, including 
losses in the LHC aperture.
Require tracks 2(R)+2(L) RP’s.

distance of closest 
approach to the beam 

radGeV
TOT

EMa
t

NfCf

μθ
σ

π
5.324106
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|||| :Region Coulomb

≈→−×≈≈

=

Detectors have to be 
operated as close as 
possible to the beam in 
order to reach the coulomb
region! 

-t=6·10-4 GeV2
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tt--resolutionresolution

The t-resolution is 
dominated by the  
divergence of the  
incoming beams. 

σ’=0.23 µrad

ideal case

real world

( ) ( )2*2
31

ˆ θpppt ≈−=−
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L from a fit to the tL from a fit to the t--spectrumspectrum
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input fit error

L 1.77 %

0.9%

0.3%

4.3%

σtot

B

ρ

correlation 

8.10 1026 8.151 1026

101.5 mb 101.14 mb -99%

18 Gev-2 17.93 Gev-2 57%

0.15 0.143 89%

Simulating 10 M events,
running 100 hrs
fit range 0.00055-0.055

large stat.correlation between 
L and other parameters
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Experimental systematic uncertaintiesExperimental systematic uncertainties

Currently being evaluated

beam divergence
detector resolution
acceptance 
alignment 
beam optics

ΔL/L ≈ 1.9-2.1 %

missing: background studies 
(are under way) 

total error ≈ 2.6-2.8 %
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Status and PlansStatus and Plans
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Funding situation todayFunding situation today
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Back up
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Luminosity transfer 10Luminosity transfer 102727--101034  34  cmcm--22 secsec--11

Bunch to bunch resolution ⇒ we can  consider luminosity / bunch 

⇒ ~ 2 x10-4 interactions per bunch to 20 interactions/bunch

⇓
Required dynamic range of the detector ~ 20

Required background < < 2 x10-4 interactions per bunch 
main background from beam-gas interactions
Dynamic vacuum difficult to estimate but at low luminosity we will be close to the 
static vacuum. 
Assume static vacuum ⇒ beam gas ~ 10-7 interactions /bunch/m
We are in the process to perform MC calculation to see how much of this will affect 
LUCID
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Very high Very high ββ** (2625 m) optics(2625 m) optics
Solution with following characteristics 

At the IP
β∗ = 2625 m 
σ* = 610 μm , σθ* = 0.23 μrad

At the detector
βy,d = 119 m,  σy,d = 126 μm 
βx,d = 88 m,  σx,d = 109 μm 
(for εN =1 μm rad)

Detector at 1.5 mm or 12σ
tmin =0.0004 GeV2

Smooth path to injection optics exists 
All Quads are within limits
Q4 is inverted w.r.t. standard optics!

β
[m

]

D
  
[m

]

Endorsed by LTC
Compatible with TOTEM optics
see LEMIC minutes 9/12/2003
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EmittanceEmittance
Emittance of ~1×10–6 m⋅rad needed to reach Coulomb region
Nominal LHC  emittance: 3.75×10–6 m⋅rad
Emittances achieved during MD’s in SPS: 

Vertical plane 1.1×10–6 m⋅rad and Horizontal plane 0.9×10–6 m⋅rad for 7x1010  protons per bunch
0.6-0.7×10–6 m⋅rad obtained for bunch intensities of 0.5×1010  protons per bunch

However
Preserve emittance into LHC means that injection errors must be controlled
(synchrotron radiation damping might help us at LHC energy)

emittance εN, number of protons/bunch Np , and collimator opening nσ,coll (in units of σ) are related 
via a resistive (collimator) wall instability limit criterion:

thus: εN ≥ 1.5×10–6 m for Np = 1010, nσ,coll= 6 

⇒ Best parameter space from beam tuning sessions

p 22
3 5/2

,coll N

1.6 10
N

nσ ε
≤ ×

⋅
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Beam Halo: limit on Beam Halo: limit on nnσσ

Beam halo is a serious concern for Roman Pot operation
it determines the distance of closest approach dmin of (sensitive part of) detector: 

nσ = dmin/σbeam: 9 ≤ nσ ≤ 15

Expected halo rate (43 bunches, Np=1010, εN = 1.0 μm rad, nσ=10): 6 kHz

nσ-
reach?

(RA LHC MAC 13/3/03)
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Summary on emittance and beam halo issuesSummary on emittance and beam halo issues

“Looks feasible but no guarantees can be given”

However, if we don’t reach the Coulomb region the effort is not in vain

we can still:

Use σtot as measured by TOTEM/CMS and get the luminosity by measuring  
elastic scattering in a  moderate t-range( -t=0.01 GeV2 ) and use the Optical 
theorem  for the rest

Use the luminosity measured by machine parameters and again via the Optical 
theorem get σtot and all other cross sections relative to σtot with a factor 2 
better precision than from the machine parameters
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Background subtraction ~ 1 %

•Background subtraction  ~ 1%
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ConclusionConclusion
ATLAS pursues a number of options for Absolute Luminosity Measurement

Coulomb normalization
W/Z rates
production of muon pairs via double photon exchange 
elastic slope extrapolated to dN/dt|t=0 plus machine L
elastic slope extrapolated to dN/dt|t=0 plus σtot from TOTEM
machine parameters alone
Cross calibration from ZDC in Ion runs
others…

The Coulomb Interference measurement is very challenging but seems 
within reach.
Small angle elastic scattering will address “old fashion” physics in terms of  
σtot , ρ and b
This experience of working close to the beam will prepare us for a        
Forward Physics Program with ATLAS in a possible  future upgrade
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