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Introduction - TPC&Spatial Resolution
Time Projection Chamber
B ﬁeld

・Central tracker / gas detector
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Z

・Reconstruct 3D track position

r

e-

ILD

of charged particle

E ﬁeld
φ
Recoil mass measurement is most important for precision Higgs study
→high momentum resolution is required
Determined by the curvature of a charged particle track in magnetic ﬁeld

depends on the number of hit points and their spatial resolution.
The goal of momentum resolution
(TPC only)
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ILD-TPC Goal
200 hit points with
rφ resolution : <100μm
Z (time) resolution : ~0.4 - 1.4 mm
(for zero ‒ full drift (2.2m)
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Can we achieve rφ resolution goal?
TPC Large Prototype

Real-size TPC

B ﬁeld : 1 T
Drift length : 55 cm

B ﬁeld : 3.5 T
Drift length : 220 cm

Electron beam
B ﬁeld
Modules
Drift length

σx [mm]
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χ2/ndf = 6.53/6
σ0 = 54.6 ± 2.4 [µm]
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We can achieve the rφ resolution goal !
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Can we achieve z resolution goal?
So far, z resolution was thought to be independent of the magnetic ﬁeld

rφ direction

B ﬁeld

Electrons curling up
in a magnetic ﬁeld

z direction

r

e-

No eﬀect of electrons

ee-

→Diﬀusion is suppressed

E ﬁeld
Z

φ

curling up
in a magnetic ﬁeld

→Once the drift length dependence of the z resolution was measured for the large
prototype, we thought that we could obtain the z resolution of the real TPC by curling
up in the drift length even though the magnetic ﬁeld would be increased to 3.5 T.

w/o magnetic ﬁeld

Very P
relimin
ary

w/ magnetic ﬁeld

Signiﬁcantly diﬀerent !

※Drift length of w/o magnetic ﬁeld data is
not calibrated
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Motivation of this study
Understand the magnetic ﬁeld dependence of z resolution
→Check if the z resolution goal can be achieved with Real-size TPC
STEP 1 : What factors aﬀ ect z resolution？
- How can we improve the analysis method of z resolution?
STEP 2 : Which factors are related to the magnetic ﬁeld?
STEP 3 : Develop z resolution formula as a function of drift distance
→ It will then be possible to conﬁrm whether the performance requirement
of z-resolution <1.4 mm can be achieved
on the real-size TPC (3.5 T, maximum drift distance 2.3 m.
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z resolution & pulse
Z (time) position

E

Track

The inﬂection point method

⊗

Drift

Drift velocity

t
Pulse

Ampliﬁcation

Arrival time

is important for the z-resolution！

What factors determine the pulse?
Assumption

the average pulse shape is determined
only by the properties of the shaper and the longitudinal diﬀ usion
e-
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A superposition
of pulses

Shaper

Shaper
6

Time
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Eﬀect of diﬀusion
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How to check pulse shape ?
Time

Convolution

⊗

Gaussian

Time

smearing
due to the longitudinal diﬀusion

We can gat the “longitudinal diﬀusion”
as a standard deviation：σ

n : shaper parameter , tpk : peaking time

If the assumptions are correct, the pulses in the beam test data could be
ﬁtted with this convoluted function.
This smearing becomes larger as the drift distance increases
σL2
Eﬀect of ﬁnite time bin width

Drift
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Diﬀusion constant is a parameter of the drift
distance dependence of the diﬀusion
in the drift region
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Justiﬁcation of the method for estimating CdL
I checked if I could calculate CdL properly using this method
①Make pule by simulator

②convolution ﬁt

Input : CdL =220 μm/ cm

n=3, tpk = 120ns

③Plot (standard deviation)2
as a function of drift length

ADC

Pads

Row =16

Time

Result

intercept

CdL ≈ 221.9 um/ cm

σL(0)≈ 1.0 mm
Consistent

Consistent with input

=1.08 mm

This method works for simulation data
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CdL of test beam data
By using convolution method, we calculated CdL of beam test

σ2t [mm2]

Sigt = 16
Input : n = 3 , tpk =120 ns Row
10
9
8
7
χ2/ndf = 194/12
σL (0) = 2374 ± 1.5 [µ m]
CD = 267.4 ± 0.47 [µ m/ cm]

6

intercept

σL(0) ≈ 2.37 mm

5

σ2L = σL(0)2+(C2D) z

4
3

CdL ≈ 267.4 um/ cm
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Diﬀerence between theory : (2.374 mm)^2 - (1.082 mm)^2 = 2 mm

The assumption that the pulse shape is only determined by the shaper
properties and longitudinal diﬀusion is NOT reasonable
There are smearing eﬀects other than the diﬀusion in the drift region
2021.9.21
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What are the possible smearing eﬀects?
Future plans
There are at least 2 candidates
(A)Distortion of isochron
The drift line may be distorted
by the deformation of the GEM foil, the electrode gap, etc...
In this case, the magnetic ﬁeld causes the distortion of drift line due to ExB.

→ Approach from beam test analysis
(B) Width of arrival time due to diﬀusion in the GEM module

Currently, diﬀ usion eﬀ ects in the ampliﬁed region
are not taken into account in our simulation.
This can be estimated since the size and electric ﬁeld
of each region in the GEM module are known.

→ Approach from simulator improvement
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Conclusion
In the TPC of ILD, achieving a high position resolution is essential
for precision Higgs measurements.
To check if the performance goals can be achieved with Real-size TPC,
we started studying magnetic ﬁeld dependence of z resolution
Comparison of beam test results with simulations shows
that the assumption that the shape of the pulse is determined
only by the shaper properties and longitudinal diﬀusion is not appropriate
We found that there are some unknown eﬀects
which widen the resolution by 2 mm
Future work
Identify what eﬀect is widening the position in the z direction
- Estimate the eﬀect of distortion of isochron
- Simulator improvement
2021.9.21
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