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Calibration issuesCalibration issues

Material corrections (different for Material corrections (different for e/e/γγ))
Corrections for losses in material upstream of the EMC

IntercalibrationIntercalibration
To achieve uniform response for the 448 regions of the EMC 

Energy Scale (different for Energy Scale (different for e/e/γγ))
Overall correction to get to the true particle energy
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Material Corrections:Material Corrections:
Facts about Longitudinal Weights Facts about Longitudinal Weights 
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~Final Results from TestBeam02~Final Results from TestBeam02

Linearity Linearity <0.2%<0.2% from 10GeV to 180GeVfrom 10GeV to 180GeV
Resolution Resolution 9.7%/sqrt(E) + 0.35%9.7%/sqrt(E) + 0.35%
Weights are Energy Dependent!Weights are Energy Dependent!
Questions:Questions:

Can we port the new parametrizations in ATLAS?
In 2002 we have ~1.1X0 upstream, ATLAS is at least double
CTB2004 material scan analyses will help

How do we extract/monitor these weights in-situ?
Must decouple from Intercalibration issues

Can we use our best ATLAS weights from MC in real data 
taking?
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Linearity & Resolution TB02 (Linearity & Resolution TB02 (W.LamplW.Lampl talk)talk)
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ATLAS: Linearity and Resolution ATLAS: Linearity and Resolution 
Import Import TBeamTBeam parametrizationsparametrizations to ATLASto ATLAS

We started for simplicity with

Linearity from 10GeV to 1TeV to better than 0.4%Linearity from 10GeV to 1TeV to better than 0.4%
Must be verified with new electron samples
We also have more realistic noise now

Resolution consistent with Resolution consistent with TBeamTBeam extrapolationsextrapolations
From 10GeV to 1TeV
Using 3x7 (DC1) and 5x5 (post 8.x) clusters (TBeam02 uses 3x3)

IntercalibrationIntercalibration: is decoupled from the material : is decoupled from the material 
problem at the moment (users could induce factors by problem at the moment (users could induce factors by 
hand and study their recovery)hand and study their recovery)

( )33210 EWEEEWbE presrec ++++= λ
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Linearity for 10Linearity for 10--100GeV electrons in ATLAS100GeV electrons in ATLAS
for |for |η|η|<2.5 except crack (new result: 8.x.x)<2.5 except crack (new result: 8.x.x)

 / ndf 2χ  7.377 / 5

Constant  5.073± 58.41 

Mean      8.191e-05± 0.0009316 

Sigma     7.59e-05± 0.001194 
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Uniformity for 10-100GeV

Shift +0.09%
Linearity = 0.12%

Stat Error ~ σE/sqrt(N) = 0.1% for 10GeV
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Linearity at the Linearity at the TeVTeV scale (old result: 7.x)scale (old result: 7.x)

From M.Schaefer Ph.D thesis, Grenoble, Sept/2004

• Reminder: 10-120 GeV electrons were used + no Longitudinal leakage 
correction.

• So, we have evidence that the longitudinal weights are energy independent
• We must check with 9.x.x high energy electrons
• Don’t understand yet: the energy dependence seen in the TBeam
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What we know: Material Description + Geant4What we know: Material Description + Geant4

We know to some accuracy the ATLAS We know to some accuracy the ATLAS 
material distribution.material distribution.
We have a reliable simulation, G4.We have a reliable simulation, G4.

Notice: differences in the absolute scale (from data Z->ee)

This knowledge allows us to extract the This knowledge allows us to extract the 
longitudinal weights with reasonable accuracy.longitudinal weights with reasonable accuracy.

Caution: up to an overall scale
Accuracy of extracted weights:  CTB2004 should check!

Such an extraction is decoupled from Such an extraction is decoupled from 
IntercalibrationIntercalibration..
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X0 map for ATLAS 9.0.0X0 map for ATLAS 9.0.0
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Examples of Ideas for inExamples of Ideas for in--situ situ 
Calibrations Calibrations 
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Assumption common to all scenariosAssumption common to all scenarios

Initial Initial intercalibrationintercalibration will be done with will be done with 
cosmic and halo cosmic and halo muonsmuons..

Talks by Talks by F.GianottiF.Gianotti, , L.SerinL.Serin (recent (recent 
commissioning and commissioning and LArLAr meetings).meetings).

What level can we reach?What level can we reach?
I always assume that better than 1% level is possible 
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Matter Matter vsvs InterCalibrationInterCalibration: One Scenario: One Scenario

material with MC,material with MC,
intercalibrationintercalibration with Zwith Z-->>eeee

For Upstream material effects:For Upstream material effects:
How well we know the material distribution?
How much we trust our G4 MC?

For For IntercalibrationIntercalibration::
It has been shown with Z->ee (F.Djama, TDR, more?)

Personally: this is good for the beginning.Personally: this is good for the beginning.
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Matter Matter vsvs InterCalibrationInterCalibration: 2nd Scenario: 2nd Scenario

material with MC,material with MC,
intercalibrationintercalibration with Wwith W-->>evev in in φφ ((BoonekampBoonekamp et al)et al)
intercalibration+Scaleintercalibration+Scale with Zwith Z-->>eeee in in ηη ((BoonekampBoonekamp))

This is work in progressThis is work in progress
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Matter Matter vsvs InterCalibInterCalib: 3rd Scenario: 3rd Scenario

Combined Method: Combined Method: Material+InterCalibMaterial+InterCalib..
Absorb Absorb InterCalibrationInterCalibration in scale weightin scale weight λ.λ.
Calibration with ZCalibration with Z-->>eeee

Has NOT been tried with ppHas NOT been tried with pp-->Z+X>Z+X
Requires statistics (roughly 800 bins)Requires statistics (roughly 800 bins)
Has only been tried with electron beamsHas only been tried with electron beams
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Extending the method to include Extending the method to include 
IntercalibrationIntercalibration

Intercalibration is the process of making 
the response of 448 physically distinct 
regions of the EM Calorimeter uniform.

Initial intercalibration will be done with 
cosmic muons but its in-situ monitoring will 
be done with … pp->Z+X->ee+X

But for the longitudinal weights we also 
plan to use pp->Z+X->ee+X :

The two problems are coupled!
COM-LARG-2004-16
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Scale Scale λλ: how it absorbs the : how it absorbs the intercalibrationintercalibration factors factors αα

Rapidity
0 0.5 1 1.5 2 2.5

E
sc

al
e/

(i
n

d
u

ce
d

 w
ei

g
h

t)
 

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2

Rapidity
0 0.5 1 1.5 2 2.5

E
M

C
 E

sc
al

e 

0.98

1

1.02

1.04

1.06

1.08

1.1

LAr EMC Escale

Rapidity
0 0.5 1 1.5 2 2.5

E
M

C
 E

sc
al

e 

0.98

1

1.02

1.04

1.06

1.08

1.1

Material effects only Scale / (induced IC weights α)
Material + Intercalibration (±5%)
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Discussion on Tools for Data MonitoringDiscussion on Tools for Data Monitoring
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Tools for Monitoring and Tools for Monitoring and 
need for data samplesneed for data samples

What tools do we need?What tools do we need?
Example: monitor of linearity for electrons 

At what level? (AOD, ESD)At what level? (AOD, ESD)
SaclaySaclay group started thinking/working along group started thinking/working along 
this direction.this direction.

We really need ppWe really need pp-->Z+X,W+X samples for >Z+X,W+X samples for 
studies and tool development:studies and tool development:

Expect: 106 W->ev per fb-1  ( ~1.5 month)
Expect: 105 Z->ee per fb-1  ( ~1.5 month)
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InIn--situ linearity monitoring for the EMCsitu linearity monitoring for the EMC

Can we monitor the EMC uniformity during the Can we monitor the EMC uniformity during the 
data taking? data taking? 
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 ee→In-situ Linearity check using Z

We use full-sim Ζ−>ee :
Pt1, Pt2 : Calorimeter
η, φ : inner detector
We perform a simple fit
for the Pt1,Pt2 with the
hypothesis that the 
electrons come from the Z.

Epredicted : from fit
Erec : from measurement Induced non-linearity (by hand)

This is actually bad! What we really need 
is comparison with a reference Z distribution
for a calibrated calorimeter
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Energy Scale Energy Scale vsvs Resolution  (M. Resolution  (M. BoonekampBoonekamp))

Simple Calculation:Simple Calculation:
Z ff, at rest
Ef gaussian : a/√E
Variable a

So, there is no such thing like So, there is no such thing like 
absolute scale since we always absolute scale since we always 
have error in the energy have error in the energy 
measurement!measurement!
When Z is used for calibration When Z is used for calibration 
we must include resolution we must include resolution 
effects for the reference effects for the reference 
distribution. distribution. 

a

Peak

EM Tile
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Energy Scale Energy Scale vsvs Resolution  (Resolution  (K.CranmerK.Cranmer))
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SummarySummary
InIn--situ calibration/monitoring:situ calibration/monitoring:

Material correction 
Intercalibration
Overall Energy Scale 

Our handles to the problem:Our handles to the problem:
Material: 

we can use material maps and detector simulation
we can use data (Z->ee, W->ev, etc)

Intercalibration:
Data (cosmic/halo muons, Z->ee, W->ev, etc)

Overall Scale:
Data (Z->ee), with caution to systematics

For Rome and later: we need ppFor Rome and later: we need pp-->Z+X,W+X samples >Z+X,W+X samples 
to test the several proposed ideas.to test the several proposed ideas.


