Radiation Lengths
Radiation length of mixture of elements is approximated by 


1/X0 = (wj/Xj
Where wj and Xj are the fraction by weight and the radiation length for the jth element.
SE4445

Density is taken from Dow Corning data sheet to be 2.36. The elemental content by weight I take from the tables used for the detailed pixel radiation length calculations which is at https://edms.cern.ch/file/890439/1/L1L2_1.1.xlsx
Si:  5.531%
Al:  45.222%
O: 43.351%
C: 4.717%
H: 1.1719%

[image: image1.emf]ElementX0(g/cm^2)Fraction

Si 21.82 0.05531

Al 24.01 0.45222

O 34.24 0.43351

C 42.7 0.04717

H 61.28 0.01172

Density 2.36

1/X0 0.03532633

X0 28.31 g/cm^2

X0 11.99 cm


Does this make sense? The density of aluminum oxide is about 4 g/cc. The radiation length from the Particle Data Tables for aluminum oxide is 27.94 g/cm2.

Carbon Foams
I assume the foam is pure carbon + air and ignore the air. The radiation length is then obtained just by scaling the densities compared to pure carbon. I take the carbon density to be 2.265 g/cc and the radiation length to be 42.7 g/cm2 and 18.8cm. I scale from the 18.8 cm hence the uniformity of 43 in the table.

[image: image2.emf]DensityX0(g/cm^2) X0(cm)

0.1 43 426

0.15 43 284

0.2 43 213

0.25 43 170

0.3 43 142

0.35 43 122

0.4 43 106

0.45 43 95

0.5 43 85

0.55 43 77

0.6 43 71


Unloaded Epoxies

Here we attempt to address unloaded epoxies. There are various formulations for epoxies and I do not know the exact chemical formulation of the epoxies we plan to use.  Here are some radiation length examples I have found:
Density 
X0(g/cm2)
Source

1.19
41.6

 http://personalpages.to.infn.it/~tosello/EngMeet/ITSmat/SDD/Epotek-301-1.html
1.15
41.9

C18H20O3  (SCT barrel module assumption, I believe)

1.2
40.2

Araldite in SCT endcap note www.hep.man.ac.uk/atlas/radlen/RL-EC-Modules-v4.doc

42.6

Assuming H4C2N

Here is what is used for pixels for Araldite 420 A/B


[image: image3.emf]ElementX0(g/cm^2)Fraction

O 34.24 0.164

C 42.7 0.763

H 61.28 0.073

Density 1.2

1/X0 0.02384983

X0 41.93 g/cm^2

X0 34.94 cm


The density of Hysol EA 9396 is 1.14 g/cc. The density of EX1515 neat resin is 1.17 g/cc. So in round numbers I take 42 g/cm2 for nominal structural, unloaded epoxy and for the epoxy(EX1515) component of the carbon fiber facings (see later).
Hysol 9396(70% by weight) and BN(30% by weight)

[image: image4.emf]ElementX0(g/cm^2)Fraction

Epoxy 42 0.7

B 52.68 0.13

N 37.99 0.17

Density 1.459

1/X0 0.02360926

X0 42.36 g/cm^2

X0 29.03 cm


Essentially the same as unloaded epoxy.

CGL-7018

This is an aluminum-nitride gel adhesive with nominal cured density of about 2.5 g/cc(from vendor spec). The density of aluminum nitride is 3.26 g/cc and radiation length is about 27.5 g/cc. The chemical content of the filler is not known to me.  Assuming the filler is density 1.2 then the AlN fraction is about 0.63. This yields the values below.

[image: image5.emf]ElementX0(g/cm^2)Fraction

AlN 27.5 0.63

Filler 42 0.37

Density 2.5

1/X0 0.03171861

X0 31.53 g/cm^2

X0 12.61 cm


EG7658

This is an AlN filled adhesive with a vendor stated density o f2.3 g/cc. Again assuming 1.2 for the “epoxy”, then the AlN fraction is about 0.47.

[image: image6.emf]ElementX0(g/cm^2)Fraction

AlN 27.5 0.47

Filler 42 0.53

Density 2.3

1/X0 0.02970996

X0 33.66 g/cm^2

X0 14.63 cm


Facings

The density of, for example, K13D2U fiber is 2.15-2.2 g/cc. If one takes 2.2, then the radiation length is about 44 g/cm2, compared to the PDG value of 42.7 for graphite. Assuming the resin is 42 g/cm, then there is very little dependence on the fiber fraction.  Fiber fraction is usually quoted by volume so assuming 2.2 g/cc for the fiber and 1.17 g/cc for the resin, one gets the following densities for different fiber volume fractions

70%
1.89 g/cc


65
1.84


60
1.79


55
1.74


50
1.69


45
1.63


40
1.58

So for 70% fiber fraction

[image: image7.emf]ElementX0(g/cm^2)Fraction

C 44 0.814

Resin 42 0.186

Density 1.89

1/X0 0.02292857

X0 43.61 g/cm^2

X0 23.08 cm


And for 40% fiber fraction

	Element
	X0(g/cm^2)
	Fraction

	C
	44
	0.556

	Resin
	42
	0.444

	
	
	

	
	
	

	
	
	

	Density
	1.58
	

	1/X0
	0.02320779
	

	X0
	43.09
	 g/cm^2

	X0
	27.27
	 cm


Here is what is used for pixels for YSH-80/EX1515(I assume density of 1.7, not well known but g/cm2 does not depend on this). I do not know the origin of this calculation.

[image: image8.emf]ElementX0(g/cm^2)Fraction

C 42.7 0.809

O 34.24 0.133

N 37.99 0.058

Density 1.7

1/X0 0.0243572

X0 41.06 g/cm^2

X0 24.15 cm


I talk 43 g/cm2 for facings, with the understanding that this may be good to about 5%.

Honeycomb
The radiation length in g/cm2 should be about the same (43 g/cm2) as the facings since the resin is the same although the fiber is different(M46J). The vendor density of the honeycomb is stated to be 3.5 lb/cu ft. This is 0.0562 g/cc which gives a radiation length of 765 cm.

Stainless Steel
304 as below


[image: image9.emf]ElementX0(g/cm^2)Fraction

Fe 13.84 0.72

Cr 14.94 0.18

Ni 12.68 0.08

Mn 14.64 0.02

Density 7.9

1/X0 0.07174658

X0 13.94 g/cm^2

X0 1.76 cm


Carbon-Carbon

The density of the carbon-carbon may vary. A table is given below for different densities assuming  that the radiation length for density 2.265 g/cc is 18.8 cm.


[image: image10.emf]Density X0(cm)

1.7 25.0

1.8 23.7

1.9 22.4

2 21.3


Diamond

[image: image11.emf]Density X0(cm)

3.2 13.3

3.3 12.9

3.4 12.5

3.5 12.2


Silicon
Take the PDG value for silicon of density 2.33, 21.82 g/cm2 and 9.36 cm.

Solder
Take eutectic 63% Sn and 37% Pb.  Yields 7.72 g/cm2. Density is 8.8 g/cc. So radiation length is 0.88 cm.
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