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Arguments why we want a 
high precision TPC for ILD

① ②

③

④

⑤

In the DBD, the advantages are written in a nutshell:
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1. Continuous Tracking
● Large number of track points
● High granularity (~109 voxels)
● Truly 3D points 
   facilitates track finding
   and background rejection 
    (s. next transparency) 

DBD DBD
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Background Suppression - LOI
TPC integrates over 150 bunch 
crossings. Also the machine back-
ground is integrated. To verify that 
tracking still works in these conditions,
tt → 6 jets events with all backgrounds 
were simulated. 
The microcurlers from low energy  γ-
conversions  could easily be removed.

Original events: (blue → physics 
red → machine background)

Microcurlers removed: 
black → input of tack finder)

Reconstructed TPC tracks.
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2. Minimum Amount of Material
Low material budget
Homogeneously distributed
Also the end plate with 0.25 X

0
 

  has no significant impact.

DBD

DBD

cos 40°

cos 10°TPC – PRC2010 report



J. Kaminski
ILD meeting, Cracow,
25th September 2013

7

3. Topolgical Time-stamping

Important for removal of beam background (muon halo), 
cosmics, etc. and for hooking up correct tracks to the 
ECAL and silicon detectors external to the TPC.

External
detector

K. Fujii

Distance is measured by drift time to 
endcap and then converted:
 z = v t

drift
 

Precision of drift time measurement

M. Killenberg 
for muons at 
CLIC
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4. Reconstruction of non-
pointing tracks

hep-ex/0203024v2Expecting 
the unexpected

and the usual
stuff (K

L
)
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5. dE/dx

Important for many analysis

Examples: 
● ALICE test detector at PS 
  with triple GEM stack
  Preliminary online analysis
   (no calibration)

M. Hauschild

A. Münnich, PhD thesis, 2007
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'External' Parameters

'External' parameters depend on the overall detector design.
Parameters are determined by detector-optimization group.

Extensive study: when GLD and LDC were joined to ILD - see ILD LOI

Radius, magnetic field, length, pad rows
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LOI study

Conclusion in LOI:
It can be concluded that for
the range of B and R spanned 
by the LDC and GLD detector 
concepts, the differences in
impact parameter and 
momentum resolution are 
relatively small. It is also 
concluded that the tracking 
resolutions depend much 
more strongly on the sub-
detector technologies and
tracking system layout than 
on the global parameters 
(B and R) of the detector.

Choice:
Length: 2350 mm
Radius = 1808 mm
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Influence of external 
parameters on performance

RDR

Magnetic field influences:
   – transverse diffusion → spatial resolution
   – ion backdrift → gating device has to be reevaluated
   – E×B effects  

Total length influences:
 – total drift time
 – number of bunch crossing 
   which are integrated
 – total charge because of 
   ions
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'Internal' Parameters

Parameters have no direct influence on other subdetectors.

Gas choice

Gas amplification technique

Pad size

Modules sizes
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Gas Choice

It's magic!
We have found a mixture which can
fulfill the requirements, but needs to 
be tested for aging, etc. 

A lot of gas mixtures have been 
looked at with MC. A few promising 
ones have been tested.

LOI
ArCH

4
CO

2
 (95-3-2)

DBD
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Gas amplification stage
Three different approaches are under study

GEMs

Micromegas

InGrids

1 4 0  µ m
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Ions, Gate, etc.

D. Attie, et al. LCTPC-CM 2013, B=0, T2K

NIM A530 (2004) 251

GEMs

MM

Studies show, that the ion backdrift is 
still too large and we need a gate.

T. Krautscheid, LCTPC-CM, 2013
Radius

First prototype 
of a wire gate 
has been tested.
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Performance

MM

GEMs

InGrids

Performance of Micromegas and GEMs 
 is very similar.
Comparison with InGrids is more difficult,
 since there N

eff
 = N = 1.

All candidates suffer from local field 
 distortions at the end plate:
 => Study ongoing how to reduce these
 field distortions and 
 how to take them into 
 account in the fit.

DBD

DBD

preliminary

R. Menzen, Bonn

K. Zenker, 
LCTPC-CM 2013
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Pads, Electronics, etc
Development of a theoretical prediction of the spatial resolution 
   (R. Yonamine, K. Fujii, LCTPC-CM 2013)
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Endcap and Modules Size

P. Manil, Saclay, WP151

Detailed FEM model for 
endcap available. Verified with test setup 
(LP endplate). Different endcap layouts shall be 
studied.

D. Peterson, 
Cornell, 
WP151
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Summary

TPC has many interesting features and can add important information to 
  physics analysis.

LCTPC is studying many 'internal' parameters. There are still a number of 
  open questions, but no show stoppers.

We have not the capacity to make optimization studies of external parameters,
  but extensive studies have been performed by the detector optimization 
  group for the LOI.

What have we forgotten and what are possible changes?

                       We are looking forward for the discussion!
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