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LUMINOSITY DEFINITION

Typical Scattering Process

dN(ps)
dps

= L · dσ(ps)
dps

� dN
dps : measured number of events within phase space element dps

� ps: phase space variables

� dσ
dps : differential cross section

� L: integrated luminosity

Reducing uncertainty of cross section
→ pick well known process e.g. elastic scattering
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p̄p ELASTIC SCATTERING MODEL

dσ(t)
dt = dσC(t)

dt + dσint(t, par)
dt + dσH(t, par)

dt plab = 1.5 GeV/c
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GENERATING A DATA SAMPLE

dN(t)
dt = L · dσ(t)

dt = L ·
[

dσC(t)
dt + dσint(t)

dt + dσH(t)
dt

]
plab = 1.5 GeV/c
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� MC data is generated
according to elastic
scattering model

� generated luminosity
corresponds to ∼1s
of data taking
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STEP 1: CONVERT TO SCATTERING ANGLE θ

dN(θ)
dθ = L · dσ(θ)

dθ plab = 1.5 GeV/c
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→ luminosity fit uncertainty:
0.07%± 0.12%

� transformation of
data and model:
momentum transfer t
→ scattering angle θ

� corresponds to
measurement of an
idealistic detector (no
resolution) with 4π

spatial coverage
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STEP 2: THE DETECTOR ACCEPTANCE

ε(θ, φ) plab = 1.5 GeV/c

ε(θ, φ): 2D Acceptance
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ε(θ): Projection
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� Efficiency in plateau ≈ 98%
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STEP 2 CONTD.: ACCEPTANCE CORRECTED FIT

dN(θ)
dθ = L ·

[
dσ(θ)

dθ · ε(θ)
]

plab = 1.5 GeV/c
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→ luminosity fit uncertainty:
0.23%± 0.75%

� generated and successfully
reconstructed data without
the influence of detector
resolution

� corresponds to
measurement of an
idealistic detector with
finite spatial coverage
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STEP 3: DETECTOR RESOLUTION

Res(θ) plab = 1.5 GeV/c

Θ Resolution vs Θ
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Θ Resolution Slice
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STEP 3 CONTD.: COMPLETE FIT

dN(θ)
dθ = L ·

[
dσ(θ)

dθ · ε(θ)
]
⊗ Res(θ) plab = 1.5 GeV/c
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→ luminosity fit uncertainty:
1.22%± 0.75%

� reconstructed data (full
simulation)

� corresponds to a realistic
measurement of the
luminosity detector
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STEP 3 CONTD.: COMPLETE FIT

dN(θ)
dθ = L ·

[
dσ(θ)

dθ · ε(θ)
]
⊗ Res(θ) plab = 15.0 GeV/c
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→ luminosity fit uncertainty: 0.12%± 0.42%
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SMEARING PROBLEM CAUSE: Θ RESOLUTION

Θ Resolution vs Θ
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NEW RESOLUTION PARAMETRIZATION
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NEW FIT RESULTS AT plab = 1.5 GeV/c
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/NDF = 0.982χ
 8.38±lumi. diff. = -29.45 

 0.75 %±lumi. rel. diff. = -2.63 

� better agreement with data
� larger luminosity fit uncertainty
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INFLUENCE OF THE BEAM PARAMETERS

Categories

Beam Offset

parallel shift of beam w.r.t. z-axis

� equivalent to displacement of
detector vertical to beam axis
→ acceptance changes

� advantage: measured directly
and independently
→ complete correction with
acceptance

Oblique Beam

p̄ enter with an angle w.r.t. z-axis

� equivalent to rotation of detector
→ acceptance changes

� however: additional change in
coordinate system
→model correction required

� difficulty: direct/independent
measurement impossible

note: beam divergence is an additional
angular resolution
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THE MODEL FRAMEWORK
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MODEL EXAMPLE: PANDA LMD
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LMD SPECIFIC USER WORKFLOW

� model allows full customization
� however for LMD

B creation of models via factory only
→ usage simplified

B parametrizations automatically built-in
→ parameter initialization and connections

B only ”superior’‘ parameters (here: plab) MUST be set by user
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CONCLUSIONS & OUTLOOK

� extraction of luminosity with high precision

� now: good agreement with data for all beam energies

� however: still small problem with smearing at plab = 1.5 GeV/c

� finish model framework
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END

Thanks for your Attention!
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ELASTIC CROSS SECTION

dσ

dt
=

dσC

dt
+

dσint

dt
+

dσH

dt

with

dσC

dt
=

4πα2
EMG4(t)
β2t2

dσint

dt
=

αEMσTotal

β|t| G2(t)e
1
2 Bt(ρcos(δ) + sin(δ))

dσH

dt
= A1 ·

[
et/2t1 − A2 · et/2t2

]2
+ A3 · et/t2
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