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Pair background simulations

MC particle endpoints: z vs. r

DBD250
Mokka simulation

DD4hep simulation
(standard parameters)
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In both cases, many low momentum particles stop inside beampipe
Geant4 “feature” in the extrapolation of particles in magnetic field



  

Adjust Geant4 step sizes inside the beampipe volume to minimise these problems
[reduce maximum step length from 10m to 10mm]

250 – new params 500 GeV
No a-DID a-DID
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Now looks much more reasonable
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100 bunch crossings simulated with these simulation parameters
[credit: A Miyamoto]

GuineaPig simulation, 250 GeV (new beam parameters), 
500 GeV (TDR parameters)

[to improve efficiency of simulation, initial particles with E<2 MeV are cut:
 these give only a per-mille level contribution to the number of detector hits,
 while taking ~half the simulation time]

large & small models
relatively detailed description of forward region

using detailed B-field maps

with and without anti-DID field

Look at simulated hits in the various detectors
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Slice at z = +6 m

material
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First, look at BeamCal energy deposit

Anti-DID designed to steer BS pairs into outgoing beampipe
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Energy distribution in the BeamCal : effect of anti-DID field

- by eye, a-DID better centres the energy deposit around BeamCal center (outgoing beampipe)
- anti-DID reduces total BeamCal energy by factor >2



  

Simulation seems reasonable,

implemented anti-DID seems to do something reasonable,

→ let’s look at hits in the tracking detectors



  

Use these samples to extract expected hits / BX in different tracking detector layers

(mean # hits per bunch) ± (bunch-to-bunch variation [RMS] )



  

Use these samples to extract expected hits / BX in different tracking detector layers

(mean # hits per bunch) ± (bunch-to-bunch variation [RMS] )

Most hits are in the inner vertex detector layers
Adding an a-DID field reduces the total number of hits in these layers by ~35%



  

Use these samples to extract expected hits / BX in different tracking detector layers

(mean # hits per bunch) ± (bunch-to-bunch variation [RMS] )

Relative effect a-DID on outer tracking detectors is larger (about a factor 2),
but there are rather few hits due to pair backgrounds in these detectors



  

Convert to average hit densities in different layers

250 GeV, large detector, with a-DID field

large hit densities only in first 2 vertex detector layers



  

Cut at 15 ns

Time of vertex detector hit [ns]

direct      backscattered



  

Compare early (<15 ns) and late (>15 ns) vertex detector hits

250, no aDID
250,      aDID
500,      aDID

250, no aDID
250,      aDID
500,      aDIDS
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Compare early (<15 ns) and late (>15 ns) vertex detector hits

250, no aDID
250,      aDID
500,      aDID

250, no aDID
250,      aDID
500,      aDID

Less early hits in small model → larger B-field
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Compare early (<15 ns) and late (>15 ns) vertex detector hits

250, no aDID
250,      aDID
500,      aDID

250, no aDID
250,      aDID
500,      aDID

Applying a-DID reduced late hits in L1,2 by a factor 3 or 4
→ less back-scatter since more beam exits detector
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Compare early (<15 ns) and late (>15 ns) vertex detector hits

250, no aDID
250,      aDID
500,      aDID

250, no aDID
250,      aDID
500,      aDID

Applying a-DID reduced late hits in L1,2 by a factor 3 or 4
→ less back-scatter since more beam exits detector

Reduction in total number of L1,2 hits is < factor 2
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Distribution of hits in first 2 vertex layers
E

arly                                             Late

azimuthal angle z position

n.b. local hit densities can be significantly larger than average

250, Large, a-DID

250, Large, no a-DID



  

250, no aDID 250 aDID 500 aDID

Production vertex of particles producing hits in VDX L1,2

z vs radius
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250, no aDID 250 aDID 500 aDID

Production vertex [in the +z BeamCal region] of particles producing hits in VDX L1,2
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  Phi of VXD hit 

What causes strong phi-non-uniformity of late VXD hits

Late VXD hits L1,2

(Phi of hit) vs. (phi from which particle backscattered)
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250, no aDID 250 aDID 500 aDID



  

Summary

Simulation of beamstrahlung pair backgrounds is not trivial
now seems more solid than in the past…

Using an anti-DID field:

reduces total energy in BeamCal by factor ~2

reduces vertex detector hits due to backscattered particles by factor 3-4

reduces total number of vertex detector by factor <2

VXD backgrounds strongly non-uniform,
→ significantly more significant effects in some regions



  

Position of late VXD L1,2 hits produced by 
electrons  positrons

phi phi

z [mm] z [mm]
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