
Straw Tube Development
Joint DESY/UHH perspectives in detector research

Daniel Bick

June 1 2023

D. Bick (UHH) Straw Tubes June 1 2023 1 / 15



Overview

1 Basic Concept of Drift-Tubes

2 Straw Tubes

3 R&D Focus: mechanics

4 Prototyping with Ultra-Long Straws

5 Summary and Outlook

D. Bick (UHH) Straw Tubes June 1 2023 2 / 15



Concept of Drift Tubes

4.1 working principle 59
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Figure 4.1: Schematic cross section of a gas-filled straw tube with a radius rt.
An electrical field is applied between the tube and the anode wire,
which has a radius of rw. An ionising particle passing through
the straw tube creates clusters of electron-ion-pairs along its way
(ionisation clusters, purple). Electrons (red) drift quickly towards
the anode wire creating further electron-ion-pairs through the
avalanche effect, ions (blue) drift slowly towards the tube resulting
in an electrical signal, whose leading edge corresponds to the
electrons which were nearest to the anode wire. This minimum
distance is called the drift radius rd.

Anode wire in the center
typically few 10 µm gold-plated tungsten,
around 2 kV HV.

Cathode tube, e.g aluminum,
typically few mm to cm diameter.

Filled drift gas is ionized by charged particles.

Electrons drift towards anode
→ more ionization → avalanche.

Drift-time between t0 and signal arrival time
correlated to track distance to wire.
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From Signal to Track
4.1. Working Principle 51
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Figure 4.2: Example of a waveform from a drift tube recorded with a FADC. The wave-
form is recorded using a drift tube, similar to those used for this thesis. It
is electronically amplified using the same amplifier as for the spectrometer
described later. The vertical, red line represents the time at which the trigger
was recorded, the horizontal line shows the threshold voltage, which a signal
needs to exceed in order not to be rejected as noise.

4.1.1 Ionization and Drift Gases

A charged particle that transverses a material suffers a loss of energe dE per unit length
dx. That energy loss is described by the Bethe-Bloch formula [79, 80], which is shown in
equation (4.1).
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In equation (4.1), we use:

re=̂ classical electron radius re = 2, 8 · 10−15m

NA=̂ Avogadro number

Z=̂ Proton number in absorber’s nuclei

me=̂ electron mass

ρ=̂ absorber’s density

β=̂ relativistic velocity β = v
c

A=̂ absorbers mass number

z=̂ charge of the ionizing particle

I=̂ absorber’s mean ionization energy [eV]

δ(β)=̂ density effect shielding the nuclear potential

Signal is decoupled from HV and pre-amplified
→ discriminator → TDC

Drift-times up to >1000 ns

For R&D we use an FADC-readout

Full knowledge of waveform
Threshold can be set by software offline

Calculation of drift circles

Pattern recognition an track reconstruction
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Use of Drift Tubes

Ideal technique for large scale tracking
spectrometers.

Covering large apertures of a few meters.

What to do, if the material budged is limited?

▷ e.g. SHiP@ECN3: 4m× 6m spectrometer tracker
behind 50m decay vessel in vacuum.

OPERA, a decade ago. . . 10000 drift tubes made at UHH
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Straw Tubes

Cathode made from thin metallized material.

Two techniques:

1 spirally wound (classic)
2 longitudinally ultrasonically welded.

high strength (pressure tests with 3 bar)
no glued layers
small gas leakage

▷ suitable for use in vacuum

Successful operation in NA62.

Straw tubes at UHH

Interested in large sensitive area
with relatively low rates (10 kHz)

Straw tubes based on NA62
design with increased length and
radius

Coated Mylar (BoPET) foil

Produced by JINR Dubna

Horizontal operation

Wall thickness 36 µm
Coating Au (20 nm), Co (50 nm)
Diameter 2 cm
Length 5m
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2 cm Straw Tubes

Hit resolution of short tubes (2m) was measured in H2 testbeam

▷ tested depending on wire eccentricity
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Figure 39: The weighted mean of the resolution for the short straw tube as a function
of the wire eccentricity. All 4 analysis methods are compared in the left graph (the right
graph is a zoom around 100-120µm).

propagate to the residuals along the Y plots (see Figure 33). The high variability of the
mean in the residual plots is also transferred to the resolution (σ) plots (see Figure 33) due
to the “slope” effect described earlier. There is no significant effect of the oscillations in
the resolution data on the final weighted σmean vs. wire eccentricity value (see Figure 39),
but they mimic the trends in the resolution vs Y plots (see Figure 38).

The interpolation method, to a certain extent (for a distance of 100µm between the
nodes), doesn’t have any of the drawbacks described in the two previous approaches. The
results for the other methods (parabolic and 6-degree polynomial V-shape fits) lay in the
5% uncertainty range, so they can be taken into account too.

The approach based on the drift time distributions is an alternative to the 3 described
above methods, because it operates in the time domain instead of coordinate space as
others. The results obtained through this method are similar to the interpolation approach
values, thus such analysis option can be considered as consistent. The bottleneck in the
drift time method is the calculation of the derivative of the isochrone relation tdrift(Y ).
It strongly depends on the size of the Y bins (see Section 6.4 for the details), so the
systematic contribution in this case is larger than for other methods.

Some possible systematic effects on the resolution results are discussed next.

6.4 Systematic effects

6.4.1 Effects due to the slice size

The calculation of the straw tube resolution using the approaches described in this note may
depend on the width of the residual distribution slices. In order to study the systematic
influence on the result of the analysis using the approaches described in this note, the
straw tube resolution values were obtained for various sizes of the Y coordinate bins in the
V-shape distribution and the residuals plots. The array of the bin sizes selected for the test
were the following: 30, 40, 50, 60, 80, 100, 150, 200 and 400µm (100µm being the value
used for the standard analysis shown in the previous section). This check was performed

47

Resolution <120 µm was achieved for wire eccentricities up to >2mm
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Mechanical Challenges

Main mechanical challenge:

Flowing of Mylar

Reduction of tension to half over 10 years

Problem for horizontal tubes

Additional forces when vessel is evacuated and
straws are under pressure

2.2 Relaxation effects in tube material

Maintaining adequate tube traction is critical. The devil is in the word maintaining. Polymer
materials are not true solids, in the sense that the strain increases with time for a steady stress –
and likewise, the force induced by a cemented-in elongation decreases with time. This happens
even at benign temperature and at the most modest of stress levels, and is hard-wired in the
physics of polymer deformation. There is ample literature on this “relaxation”, and a layman’s
introduction for the SHiP Tracker community has been given in a SHiP Tracker meeting in
May 2017.

It is assumed that the tube material will be comparable to that of NA62 : foil of BoPET 8 .
Post-processing of the master curve in [5] 9 gives the tensile “relaxation modulus” Erel in

Figure 5 . It is defined as (τ is time) :

Erel(τ) =
σ(τ)

ε0
,

where ε0 is the height of a tensile strain step at the origin of time.
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Figure 5 – Tensile relaxation modulus as function of time, at near-operating temperature. Note
that the ordinate scale deliberately spans an entire decade.

Roughly stated : we loose half the stiffness over the detector’s lifetime. Let us take 2 GPa
as a safe modulus for all cases where we need to assess long-term stiffness/stability.

Note that all of the above referred to small strains, and is a linear phenomenon. Even more
serious headaches – non-linear – kick in at higher loads. The problem is that we do not know
where that is. Referring again to NA62, we would be tempted to limit the traction to 20 MPa.
The resulting tube deformation – elongation and swelling – is estimated in Appendix C .

Unlike NA62, the concept described in this Note, features constant traction, and has ability
to provide the needed stroke. That this provision comes at a cost, is fully admitted.

8 Biaxially oriented poly-ethylene terephtalate, with microcrystallites dispersed in an amorphous matrix. The
feedstock is known under trade names such as Mylar R© and Hostaphan R©.

9 We have reasons to believe that the tested foil (molecular weight, texture, crystallinity) comes quite close
to ours.
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Implications

Reduced tensions increase gravitational sagging of the straws over time
⇒ changing the eccentricity of the wire
⇒ electrostatic deflections!

Reduced tensions relax load on any supporting frame, which would thus unbend

An unbending frame pulls on the wire, which would thus rupture (∆ℓmax ≃ 10mm)

D. Bick (UHH) Straw Tubes June 1 2023 8 / 15

https://cds.cern.ch/record/2652629


Mechanical Design

Ansatz: support by thin carbon cables

Carbon cable defines sagging.

Two tubes share one cable, connection every meter.

Gas distribution inside endplate (zig-zagging
through tubes).

Setup of first prototype with four tubes.

Hibernation during Covid.

Great to study long term effects (just started)

Straw

Wire

Carbon Fiber
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Prototype with Four Tubes
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Prototype with Four Tubes
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Prototype with Four Tubes
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Sagging

Sagging monitored with optical level.

Wire can be monitored with strong LEDs and
optical microscope.

All behaves as expected. Long term update soon.
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Measurements
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TDC Spectrum

Two different wire diameters (30 µm and 45 µm)

Separate HV supply

Signal amplified by L3 amplifier (used in OPERA)

Signal readout by multi channel FADC

Auto trigger
External trigger (scintillators)

Measurements with cosmics, Fe55, Sr90

Reference detector (former OPERA test modules)

Prototype works and technology is suitable for use in
large spectrometer

Study planed if recording of (simplified) waveforms
is beneficial (justifying the cost)
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An Even Larger Prototype

Setup of a larger modules with 64 Straws.
Do actual tracking in prototype.
Test assembly processes.

However: Straws used so far were produced in Dubna

Geopolitical situation makes collaboration impossible

Started to make plans for own straw production line, will test different coatings.
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Related Activities

Mechanical design for smaller tubes

5mm, 20 µm tubes foreseen for SAND
generic interest, informal experience exchange with SAND people

Use of old drift tube modules for muon tomography

Muons for peace project together with IFSH

Classic spectrometer design for AdvSND@LHC
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Summary and Outlook

First successful operation of a 5m long straw tube with 2 cm diameter at UHH.

Use foreseen for SHiP@ECN3 experiment.

recent re-design simplifies things – only 4m width

Planning started for own straw production setup

Foils with different coatings waiting for new welding machine

Setup of a larger prototype, adapted to new SHiP@ECN3 geometry

Will include some of the R&D in the DRD1 collaboration
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