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Luminosity measurement
Halina Abramowicz
Tel Aviv University

for the FCAL Collaboration

• Bhabha scattering and LumCal
• Requirements on LumCal
• Laser control test
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Bhabha Scattering

e e e e+ − + −→ 42503000

30
0

25
0

2800

3 m 4 m

80

V
al

ve

82.0 mrad

26.2 mrad

3.9 mrad

82.0 mrad82.0 mrad82.0 mrad82.0 mrad 250
280

  80

  12

92.0 mrad

LumCal

BeamCal

BeamCal 3650...3850

Pump      3350..3500 

LumCal   3050...3250

L*            4050

long. distances

E
C

A
L

E
C

A
L

HCAL

HCAL

VTX−Elec

VTX−Elec

Elec
Elec

Elec
ElecLumCal

LumCal

BeamCal

BeamCal

LumCal bgr

Bhabha

N N
L

ε σ
−

=

Goal of FCAL Collaboration –
measure L at ILC with accuracy

410L
L

−Δ
≤

4 4

4 4

( : / 3 10 ( ) 5.4 10 ( ))
( : / 6 10 ( ) 6.1 10 ( ))
OPAL L L stat theo
ALEPH L L stat theo

− −

− −

Δ = × ⊕ ×

Δ = × ⊕ ×



Snowmass, Aug 2005 H. Abramowicz, TAU, FCAL Coll. 3

Luminosity Measurement
26.2 < LumCal < 80 mrad; 30 < Fiducial Volume < 75 mrad
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Fast Simulations
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Systematic effects due to 
Geometry

Selection: E(e+), E(e-), θ(e+), θ(e-) as generated

E(e+) > 0.8 Ebeam , E(e-) > 0.8 Ebeam

30 < θ(e+) or θ(e-) < 75 mrad (never both, alternate e+, e-)

⇒ reduces sensitivity to the IP position

Methodology: misreconstruction of θ, Energy applied and cuts 
reapplied.

Systematic error  ↔ change in the number of events
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Inner diameter of LumCal

inner radius
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Radial beam position

radial beam offset
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Longitudinal distance of forward 
and backward calorimeters

distance calorimeter - IP
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Longitudinal offset of the IP

longitudinal beam offset
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Tilt of the calorimeter

tilt of calorimeters
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Beam tilt

beam tilt
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Twist between the F/B calorimeter
Δϕ cut  ⇒ reduces radiative tail

diff. in azimuth
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Beam size at IP

bunch size rad.
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Position resolution

radial position resolution
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Energy resolution

E reso
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Center of Mass Energy

cross section
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Full Simulations (BRAHMS)
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Beamstrahlung and Beam Spread

Bhabha scattering - BHWIDE generator.

Beamstrahlung - Circe generator. 

Beam spread - included separately.

Collaboration
High precision design Snowmass 0518
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Pad Design
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Collaboration
High precision design Snowmass 05

X0=0.65 cm

R M =1.1 cm

15 cylinders      * 24 sectors      * 30 rings      = 10800 cells)(θ )(φ )(z

19
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Optimized Shower Position Reconstruction 

Constant value

Constant valueConstant (Best resolution)  =  Constant(Minimum bias)  

400 GeV

))(_( radmean genrec θθ −

))(( radθσ

Collaboration
High precision design Snowmass 05
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Our basic detector is designed with

30 rings * 24 sectors * 15 cylinders = 10,800 channels

Do we use these channels in the 
most effective way ?

Maximum Peak Shower Design

30 rings        
15 cylinders

20
cylinders

10
cylinders

24 sectors * 15 rings * (10 cylinders + 20 cylinders)  = 10,800 channels 

4 rings 15 rings 11 rings

10
cylinders

Collaboration
High precision design Snowmass 0521
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Maximum peak 
shower design

Basic Design

Angular resolution 
improvement 

without changing 
the number of 

channels

Other properties 
remain the same

Polar Reconstruction

0.11e-3 rad
0.13e-3 rad

Collaboration
High precision design Snowmass 0522
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Present Understanding (pad option)
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Collaboration
High precision design Snowmass 05

Based on optimizing 
theta measurement

14
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X- angle background

Collaboration
High precision design Snowmass 05

Christian Grah, 
DESY-Zuethen

Beamstrahlung pair background
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Future R&D plans

Collaboration
High precision design Snowmass 05

Final 
Design

Luminosity with a crossing angle

Luminosity with polarised beams

Additional background studies (two photon events, 
beamstrahlung hitting the detector)

Additional hardware design constrains and electronics simulation
(digitisation, reality noise parameters, silicon production constrains)

Electronics design

Sensors design & tests

Prototype

25



Snowmass, Aug 2005 H. Abramowicz, TAU, FCAL Coll. 26



Snowmass, Aug 2005 H. Abramowicz, TAU, FCAL Coll. 27

Position measurement
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