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Wire tension countered by tube wall

From APS Meeting @ Denver
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Gravitational Sag

Gravitational sag of wire is given by  𝛿 =
𝜌𝜋𝑎2 𝑔𝐿2

8𝑇

where

𝜌 is density of wire material

𝑎 is wire radius

𝑔 is gravitational constant

𝐿 is wire length

𝑇 is tension force
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Assuming
• 100 gm force = 0.981 Newton
• 50 m diameter
• Density = 19.3 gm/cm3 (Tungsten)

Gravitation sag ~ 75 m for L = 4 m



Electrostatic Deflection

Deflection at mid-point is given by  𝛿 =
𝜌𝜋𝑎2 𝑔

𝑘𝑒

1

𝑐𝑜𝑠ℎ Τ𝜆𝐿 2
− 1

where

𝜌 is density of wire material

𝑎 is wire radius

𝑔 is gravitational constant

𝑘𝑒 is a spring constant per unit length given by 𝑘𝑒 =
𝜋𝜖0𝑉

2

𝑅2 𝑙𝑛 Τ𝑅 𝑎 2

𝑅 is tube radius

𝑉 is voltage

𝑇 is tension force
𝜆 = Τ𝑘𝑒 𝑇
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Assuming
• 100 gm force = 0.981 Newton
• 50 m diameter wire
• Density = 19.3 gm/cm3 (Tungsten)
• 1 cm radius tube
• 2 KV 

Additional deflection ~ 4 m for L = 4 m



Euler Buckling

Minimum cylinder thickness given by:  𝑡𝑚𝑖𝑛
𝐸𝑢𝑙𝑒𝑟 =

𝐹 𝐾𝐿 2

𝜋3𝐸𝑅3

where

𝑡 is cylinder thickness

𝐹 is axial loading force

𝐾 is a scale factor for different endpoint constraints

𝐿 is cylinder length

𝐸 is Young’s modulus of column material  

𝑅 is radius of cylinder
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Assuming
• 100 gm force = 0.981 Newton
• K = 1 (rotation-free translation-fixed 

constraints both ends)
• 4 m length
• 1 cm radius
• E = 4 GPa (Mylar)

Minimum thickness ~ 185 m
Vs short prototype ~ 12 m
(Safety factor not included)



𝐿𝑒𝑓𝑓 = 𝐾𝐿

Effective Length
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Shell (Lorenz-Timoshenko) Buckling

Minimum cylinder thickness given by:  𝑡𝑚𝑖𝑛
𝑠ℎ𝑒𝑙𝑙 ≈

𝐹𝐾

0.61×2𝜋𝐸

Where

𝑡 is cylinder thickness

𝐹 is axial loading force

𝐾 is a scale factor for different endpoint constraints

𝐿 is cylinder length

𝐸 is Young’s modulus of column material  

𝑅 is radius of cylinder
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Assuming
• 100 gm force = 0.981 Newton
• K = 1 (rotation-free translation-fixed 

constraints both ends)
• 4 m length
• 1 cm radius
• E = 4 GPa (Mylar)

Minimum wall thickness ~ 10 m
(Safety factor not included. Large factor 
for extreme thickness to length ratio)



IDEA-like layout

Transverse Momentum Resolution
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112 drift 
chamber layers

The four numbers in each detector plane are:
• Thickness (X0)
• R-phi hit resolution (m)
• Z hit resolution (m)
• Radial position (m)

Hit resolutions set to 103 m for non-
measurement planes such as support tube.



straw-like layout

Transverse Momentum Resolution
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The four numbers in each detector plane are:
• Thickness (X0)
• R-phi hit resolution (m)
• Z hit resolution (m)
• Radial position (m)

Hit resolutions set to 103 m for non-
measurement planes such as support tube.

Remove drift chamber inner and outer walls
Change thickness to 1.32E-04 X0 for 12-m Mylar straw
Everything else unchanged

112 drift 
chamber layers



https://github.com/slaclab/TrackingResolution/tree/master 

Transverse Momentum Resolution
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IDEA

Straw (12 m)

Straw (24 m)

https://github.com/slaclab/TrackingResolution/tree/master


IDEA-like layout w/o wrapper

Transverse Momentum Resolution
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112 drift 
chamber layers

The four numbers in each detector plane are:
• Thickness (X0)
• R-phi hit resolution (m)
• Z hit resolution (m)
• Radial position (m)

Hit resolutions set to 103 m for non-
measurement planes such as support tube.

Remove siliscon wrapper
Everything else unchanged



https://github.com/slaclab/TrackingResolution/tree/master 

Transverse Momentum Resolution
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IDEA

IDEA w/o 
wrapper

https://github.com/slaclab/TrackingResolution/tree/master


Conclusion

Straw tube with 12-m thick walls (default)

• (pT) / pT ~ 0.001 at low momentum, approximately 3x worse than IDEA

• Far exceeds buckling limit from wire tension

Options:

• Thicker tube walls but even worse momentum resolution

• Transfer load to external support

• Still need to thin down straw tubes for competitive resolution

Silicon wrapper crucial for high-momentum performance
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