Radiation Length of Outer Pixel Stave
August 29, 2008
See separate note on radiation length of materials.
Carbon Fiber Facings

The area-density of the prototype layups is summarized in the table below. The material was K13D2U(with epoxy resin, not EX1515). The unitape material was 80 g/m2.

[image: image1.emf]# Ply Width(cm)Length(cm)Wt(gms) gm/cm
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10 6.957 106.4 80.22 0.108372

10 6.957 106.4 80.22 0.108372

3 6.957 34.3 8.074 0.033836

3 6.957 34.3 8.131 0.034074

10 6.957 34.3 25.698 0.107692

10 6.957 34.3 25.741 0.107872

3 6.957 34.3 8.1852 0.034302

3 6.957 34.3 8.1785 0.034273

4 6.957 34.3 10.9 0.045678


I assume 43 gm/cm2 for the material radiation length. The thickness value of 0.21mm used by Bill nominally corresponds to a 3-ply layup. However, the measured thickness of the prototype 3-ply layups was more like 0.27mm. But for convenience I assume an area-density of the facings to be 0.035 gm/cm2. This yields a radiation length per facing of 0.035/43 or 0.0814% or a total of 0.162%.
Carbon-Carbon Facings

I take a density of 1.9 g/cc, which gives a material radiation length of 22.4 cm. So for 0.21mm facings, this is 0.0938% per facing or 0.188% total.
Foam or Foam+Honeycomb
The foam thickness is 4.8mm nominal. The estimated radiation length for 0.1 (0.2) g/cc is 426(213) cm. So for the case of all low density foam, the radiation length is 0.11-0.22%.
In the case in which POCO foam is used around the tube and honeycomb elsewhere, I take the material radiation length of the POCO foam (for density = 0.5 g/cc) to be 85 cm and 765 cm for the honeycomb. This yields the following:

[image: image2.emf]Stave width in cm 3.8

POCO width in cm 0.8

POCO radiation length(%) 0.12

Honeycomb width in cm 3

Honeycomb radiation length(%) 0.05

Total radiation length(%) 0.17


Stainless Tube
Take 2.8mm OD and 0.3mm wall. Material radiation length of stainless is taken to be 1.76 cm.

[image: image3.emf]OD(mm) 2.8

Wall(mm) 0.3

Stave width cm 3.8

X0 in cm 1.76

One tube X0(%) 0.37

Two tubes X0(%) 0.75


Take 2.8mm OD and 0.1mm wall.


[image: image4.emf]OD(mm) 2.8

Wall(mm) 0.1

Stave width cm 3.8

X0 in cm 1.76

One tube X0(%) 0.13

Two tubes X0(%) 0.26


Foam to Tube
I assume for now this is CGL of 0.1mm thickness. The radiation length of CGL is taken to be 12.6 cm. This yields a radiation length for one tube as below and twice this for two tubes.

[image: image5.emf]Stave width in cm 3.8

OD of tube(mm) 2.8

Glue thickness(mm) 0.1

Glue X0 in cm 12.6

Radiation length(%) 0.019


Foam to Facing
Thickness is taken to be 0.075mm on each facing. Radiation length taken from BN-loaded Hysol 9396, which is 29 cm. Thus the total radiation length is 0.05%.

Facing to Cable
Thickness is taken to be 0.05mm on each facing. Radiation length taken from BN-loaded Hysol 9396, which is 29 cm. Thus the total radiation length is 0.035%.

Cable

I assume the following for one cable(and that it covers the entire stave width). Double this for cables on both sides of stave.

[image: image6.emf]T in mm Coverage X0(cm) X0(%)

Aluminum 0.051 1 8.9 0.057

Copper 0.018 0.67 1.43 0.084

Adhesive 0.03 1 35 0.009

Kapton 0.075 1 28.6 0.026

TOTAL 0.174 0.176


Cable to ICs
Thickness of 0.1mm and assume for now that it is like SE4445 that has a radiation length of 12 cm. Have to scale by the ratio of the width covered by ICs to the total stave width and of the total coverage fraction since there are modules on both sides and gaps between modules. Rough estimate is that these effects cancel so crudely the radiation length is about 0.08%.
Sensor
Assume 0.3mm of silicon which is 0.32%, again ignoring details of coverage and overlaps.

Integrated Circuits
If all silicon, then 0.325mm, which is 0.35%. If 0.05mm silicon and 0.275mm diamond, then about 0.053+0.225=0.28%, taking diamond of density 3.5 to have X0=12.2 cm. Again ignores coverage and overlap.
Bump Bonds
Assume solder that covers a fraction of about (10/50)*(10/250)*0.85=0.007 of the area and with thickness of about 10 microns. So radiation length is about 0.0008%, negligible.

Hybrid on Module

Here is a guess of 0.12%.

[image: image7.emf]T in mm Coverage X0(cm) X0(%)

Aluminum 0 1 8.9 0.000

Copper 0.018 0.67 1.43 0.084

Adhesive 0.02 1 35 0.006

Kapton 0.075 1 28.6 0.026

TOTAL 0.113 0.116


Glue Hybrid to Module
Take 0.1mm of SE4445 with X0=12cm and assume 25% coverage. This yields 0.002%
Cable Part of Hybrid
Guess ¼ of the hybrid ie. 0.04%
Connector
Take 0.07%, see table below.

[image: image8.emf]ELCO on PP0 and pigtail g/cm^2 X0(gm/cm^2)X0(%)

Plastic 0.07630.459 0.00476875 24.20.020

Phosphor-bronze 0.08310.500 0.005196759 8.860.059

Au 0.00100.006 0.0000625 6.460.001

Solder Sn 0.00370.022 0.00023125 8.820.003

Solder Pb 0.00220.013 0.0001375 6.370.002

0.1663 0.084

ELCO on cables

Plastic 0.08950.658 0.00559375 24.20.023

Phosphor-bronze 0.03960.291 0.002473958 8.860.028

Au 0.00100.007 0.0000625 6.460.001

Solder Sn 0.00370.027 0.00023125 8.820.003

Solder Pb 0.00220.016 0.0001375 6.370.002

0.1360 0.057

Average over(cm^2) 16.0000


Summaries

Various options as in the tables below


[image: image9.emf]Item X0(%) SubtotalComments

Tube 0.5 0.5SS U-tube, 200 micron wall

Glue Tube to Foam 0.019 0.519CGL 100 microns

Foam/Honeycomb 0.17 0.689All foam about 0.15 g/cc

Glue Foam/Honeycomb to Facing 0.05 0.739

Facing 0.16 0.8993-ply K13D2U as made

Glue Facing to Bus Cable 0.035 0.934

Bus Cable 0.176 1.11

Glue Bus Cable to Module 0.08 1.19

Integrated Circuits 0.35 1.54All Si

Bump Bonds 0.0008 1.5408

Sensor 0.32 1.8608

Glue Sensor to Hybrid 0.002 1.8628

Module Hybrid 0.12 1.9828

Hybrid Cable 0.04 2.0228

Connector 0.07 2.0928

TOTAL 2.0928



[image: image10.emf]Item X0(%) SubtotalComments

Tube 0.13 0.13SS one tube, 100 micron wall

Glue Tube to Foam 0.019 0.149CGL 100 microns

Foam/Honeycomb 0.22 0.369All foam about 0.2 g/cc

Glue Foam/Honeycomb to Facing 0.05 0.419

Facing 0.16 0.5793-ply K13D2U as made

Glue Facing to Bus Cable 0.035 0.614

Bus Cable 0.176 0.79

Glue Bus Cable to Module 0.08 0.87

Integrated Circuits 0.28 1.1550/275 Si/Diamond

Bump Bonds 0.0008 1.1508

Sensor 0.32 1.4708

Glue Sensor to Hybrid 0.002 1.4728

Module Hybrid 0.12 1.5928

Hybrid Cable 0.04 1.6328

Connector 0.07 1.7028

TOTAL 1.7028
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_1281354297.xls
Sheet1

		OD(mm)				2.8

		Wall(mm)				0.3

		Stave width cm				3.8

		X0 in cm				1.76

		One tube X0(%)				0.37

		Two tubes X0(%)				0.75
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Sheet1

				T in mm		Coverage		X0(cm)		X0(%)

		Aluminum		0		1		8.9		0.000

		Copper		0.018		0.67		1.43		0.084

		Adhesive		0.02		1		35		0.006

		Kapton		0.075		1		28.6		0.026

		TOTAL		0.113						0.116






Sheet1

		Item		X0(%)		Subtotal		Comments

		Tube		0.13		0.13		SS one tube, 100 micron wall

		Glue Tube to Foam		0.019		0.149		CGL 100 microns

		Foam/Honeycomb		0.22		0.369		All foam about 0.2 g/cc

		Glue Foam/Honeycomb to Facing		0.05		0.419

		Facing		0.16		0.579		3-ply K13D2U as made

		Glue Facing to Bus Cable		0.035		0.614

		Bus Cable		0.176		0.79

		Glue Bus Cable to Module		0.08		0.87

		Integrated Circuits		0.28		1.15		50/275 Si/Diamond

		Bump Bonds		0.0008		1.1508

		Sensor		0.32		1.4708

		Glue Sensor to Hybrid		0.002		1.4728

		Module Hybrid		0.12		1.5928

		Hybrid Cable		0.04		1.6328

		Connector		0.07		1.7028

		TOTAL		1.7028
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Sheet1

		Item		X0(%)		Subtotal		Comments

		Tube		0.5		0.5		SS U-tube, 200 micron wall

		Glue Tube to Foam		0.019		0.519		CGL 100 microns

		Foam/Honeycomb		0.17		0.689		All foam about 0.15 g/cc

		Glue Foam/Honeycomb to Facing		0.05		0.739

		Facing		0.16		0.899		3-ply K13D2U as made

		Glue Facing to Bus Cable		0.035		0.934

		Bus Cable		0.176		1.11

		Glue Bus Cable to Module		0.08		1.19

		Integrated Circuits		0.35		1.54		All Si

		Bump Bonds		0.0008		1.5408

		Sensor		0.32		1.8608

		Glue Sensor to Hybrid		0.002		1.8628

		Module Hybrid		0.12		1.9828

		Hybrid Cable		0.04		2.0228

		Connector		0.07		2.0928

		TOTAL		2.0928
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_1281548091.xls
Sheet1

				Mass (g)

		ELCO on PP0 and pigtail						g/cm^2		X0(gm/cm^2)		X0(%)

		Plastic		0.0763		0.459		0.00476875		24.2		0.020

		Phosphor-bronze		0.0831		0.500		0.0051967593		8.86		0.059

		Au		0.0010		0.006		0.0000625		6.46		0.001

		Solder Sn		0.0037		0.022		0.00023125		8.82		0.003

		Solder Pb		0.0022		0.013		0.0001375		6.37		0.002

				0.1663								0.084

		ELCO on cables

		Plastic		0.0895		0.658		0.00559375		24.2		0.023

		Phosphor-bronze		0.0396		0.291		0.0024739583		8.86		0.028

		Au		0.0010		0.007		0.0000625		6.46		0.001

		Solder Sn		0.0037		0.027		0.00023125		8.82		0.003

		Solder Pb		0.0022		0.016		0.0001375		6.37		0.002

				0.1360								0.057

		Average over(cm^2)		16.0000
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_1281354307.xls
Sheet1

		Stave width in cm						3.8

		POCO width in cm						0.8

		POCO radiation length(%)						0.12

		Honeycomb width in cm						3

		Honeycomb radiation length(%)						0.05

		Total radiation length(%)						0.17






_1281354255.xls
Sheet1

		Stave width in cm				3.8

		OD of tube(mm)				2.8

		Glue thickness(mm)				0.1

		Glue X0 in cm				12.6

		Radiation length(%)				0.019
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Sheet1

		OD(mm)				2.8

		Wall(mm)				0.1

		Stave width cm				3.8

		X0 in cm				1.76

		One tube X0(%)				0.13

		Two tubes X0(%)				0.26






_1278759699.xls
Sheet1

		# Ply		Width(cm)		Length(cm)		Wt(gms)

		10		6.957		106.4		80.22		0.1083724836

		10		6.957		106.4		80.22		0.1083724836

		3		6.957		34.3		8.074		0.0338355018

		3		6.957		34.3		8.131		0.0340743702

		10		6.957		34.3		25.698		0.1076919402

		10		6.957		34.3		25.741		0.1078721392

		3		6.957		34.3		8.1852		0.0343015047

		3		6.957		34.3		8.1785		0.0342734272

		4		6.957		34.3		10.9		0.0456783465		0.315-0.335 thick
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_1281352931.xls
Sheet1

				T in mm		Coverage		X0(cm)		X0(%)

		Aluminum		0.051		1		8.9		0.057

		Copper		0.018		0.67		1.43		0.084

		Adhesive		0.03		1		35		0.009

		Kapton		0.075		1		28.6		0.026

		TOTAL		0.174						0.176






