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Forward Calorimeters

Performance studies of the LumiCal
and BeamCal detector and
reconstruction software

LumiCal: radial pads: 64,
∆θ = 1.47mrad

Zstart[mm] Zend[mm] Rin[mm] Rout[mm] θmin[mrad] θmax[mrad]

LumiCal 2539 2710 100 340 39 134
BeamCal 3181 3441 32 150 10 46
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Previously. . .

Previously reported polar angle
reconstruction for LumiCal:

resolution σθ = 20µrad
bias δθ fluctuating from ≈−2 µrad to
20 µrad

I Same result with
LumiCalClusterer or
BeamCalClusterReco

depends on where in the LumiCal
pad layout the shower has its core

. . . this time, looking more systematically
at polar angle reconstruction in LumiCal
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Reconstruction and Simulation

Simulation done using LCGEO and DD4HEP

Reconstruction done with BeamCalClusterReco from the FCALCLUSTERER

package based on MARLIN

LumiCal from the CLIC o3 v14 detector model

100k electrons with fixed 1.5 TeV from 60 mrad to 80 mrad, flat in theta

All angles given in the LumiCal frame of reference
Averages and variances calculated from distribution, no fits done

I Calculations done with boost::accumulators or ROOT::TProfile
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Polar Angle Reconstruction I

Logarithmic weighting of pad energy
Ei divided by cluster energy Etot

wi = max
(
0,Clog + log (Ei/Etot)

)

(1)

Scanning over Clog lets us find
optimal value with minimal
resolution: Clog = 6.7

Bias strongly increases with growing
Clog

Optimum Clog = 6.0, σθ = 27µrad,
δθ = 17µrad
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Polar Angle Reconstruction II

LumiCal sensor pad area grows with
increasing radius

A(R) =
φ

2
(2R∆R + ∆2

R) (2)

Scale weight from eq. (1)

wS1
i = max

(
0,

A(Rmin)

A(Rpad)

(
Clog + log

(
Ei

Etot

)))

(3)
(yes, actually multiplying w , not just the result
of log, not sure if this is a bug or feature)

I φ cancels, ∆2
R� 2R∆R,

basically scaling Rmin/R

Optimum Clog = 6.1, σθ = 20µrad,
δθ = 6µrad

Better resolution, smaller bias
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Polar Angle Reconstruction III

Scale energy ratio from eq. (1)

wS2
i = max

(
0,Clog + log

(
Ei

Etot

A(Rmin)

A(Rpad)

))

(4)

Different scaling moves curves with
respect to Clog

Optimum Clog = 6.7, σθ = 20µrad,
δθ =−2µrad

I also tried this before, but did not
scan full Clog range, so discarded
then, but actually this makes more
sense
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Polar Angle Bias

Achieved very small average bias,
but polar angle bias depends on
polar angle

Luminosity measurement depends
on the bias at the edges of the
fiducial volume

Can we correct for this behaviour. . .
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Correcting Polar Angle Bias I

Define κ as the difference in the
energy of the shower above and
below the reconstructed polar angle

κ =
EAbove−EBelow

EAbove + EBelow
(5)

I Split the energy in the central ring
around the reconstructed polar
angle into above and below

κ shows similar behaviour to δθ , due
to definition shifted by half a phase

Use linear function the obtain
relation ship between κ and δθ ,
contains MC information

Not really great correlation, very
broad in δθ
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Correcting Polar Angle Bias II

Use fitted relation between κ and δθ

to correct polar angle
Before:

I σθ = 20.6µrad
I δθ =−2.7µrad

After:
I σθ = 19.0µrad
I δθ = 0.05µrad

While it reduces the average bias,
and somewhat the amplitude, the
behaviour is still not flat
Needs further work, maybe a
correction depending on κ and θreco

I Interested to see work by A. Joffe
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Polar Bias at Different Energies

Following up to yesterday’s presentations, brief look also at different energies:
45.6 GeV and 250 GeV

Using the same CLIC o3 v14 detector model, same reconstruction
parameters

Larger radial pad sizes in the CLIC LumiCal lead to worse resolution than in
LumiCal’s optimised for different detectors
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45.6 GeV

Bias becomes larger with scaling
according to eq. (4)

I Need to implement a flag to chose
which scaling to use

Also for these electrons, polar angle
bias depends on polar angle, at
least in this geometry
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250 GeV

For 250 GeV eq. (4) gives smaller
bias

And also fluctuation depending on
polar angle
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Summary and Outlook

Depending on the weighting used to reconstruct polar angle, resolution and
bias can be greatly affected

Average polar angle bias can be reduced to so µrad levels for CLIC LumiCal
at 1.5 TeV

Further work needed to reduce the polar angle dependent bias

Study performance of LumiCal and BeamCal reconstruction with combined
γγ→ hadron and incoherent pair backgrounds
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Polar Angle Reconstruction

σθ = (2.5 ± 0.01) ·10−5 rad, ∆θ = (2.4 ± 0.1) ·10−5 rad, (9)

respectively.
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Figure 6: The polar resolution,σθ , (a) and the polar bias,∆θ , (b) as a function of the
logarithmic weighing constant,C, using 1.5 TeV electron showers. The dashed lines
mark the optimal value ofC.

2.5 Uncertainty in the Luminosity Measurement

The luminosity is measured with astatistical uncertaintyin the counting ofNB, the number of
Bhabha scattering events. The relative uncertainty may be expressed as

(
∆L
L

)

stat
=

∆NB

NB
=

√
NB

NB
=

1√
NB

. (10)

It will be shown (Fig. 13below) that for the current design of LumiCal,(∆L/L)stat is below the
required bound on the uncertainty for the luminosity measurement.

In addition to the statistical uncertainty, there is also uncertainty in the luminosity measure-
ment due to the relativereconstruction bias,

(
∆L
L

)

rec
≈ 2

∆θ
θ f

min

, (11)

which is a consequence of the polar bias [7].
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LCD-Note-2009-002, 1.5 TeV electrons, LumiCal for CLIC

5.2 Readout Scheme 51

is shown in Fig. 5.2a using 250 GeV electron showers. The corresponding
polar bias, ∆θ, is presented in Fig. 5.2b. Accordingly, the polar resolution
and bias of LumiCal are σθ = (2.18 ± 0.01) · 10−2 mrad and ∆θ = (3.2 ±
0.1) · 10−3 mrad.
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Figure 5.2: The polar resolution, σθ, (a) and the polar bias, ∆θ, (b) as a
function of the logarithmic weighing constant, C, using 250 GeV electron
showers.

5.2 Readout Scheme

Upon deciding on the granularity of LumiCal, it is necessary to define the
dynamical range of the electronics required to process the signal from the
detector. Once the dynamical range is set, the digitization scheme depends on
the ADC precision. The energy resolution and the polar-angle reconstruction
depend on the digitization scheme. For the present study, it is assumed that
the dynamical range of the electronics has to be such, that it enables to
measure signals from minimum ionizing particles (MIP) up to the highest-
energy EM showers, which are allowed by kinematics.

In order to determine the lower bound on the signal in LumiCal, the
passage of muons through the detector was simulated. Muons do not shower,
and are, therefore, MIPs. In the present conceptual approach, muons will
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I. Sadeh, MsC, 250 GeV electrons, LumiCal for ILC
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