Material Budget for the Prototype LHCb VELO Module

T. Bowcock,28/06/2002

Below we list the components and  materials within the VELO Module with the exception of the stainless steel cooling pipe. We give the approximate inner and outer radius of components (where a cylindrical geometry is pertinent) or the perpendicular distance from the nominal beam linear. The column “Coverage” estimates what fraction of the (2() area is covered by the appropriate item. The numbers given are for a ½ module thickness (including those for the paddle) except for the final two columns that give the results for the average radiation length and its associated error for tracks passing through the VELO detector.
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	Sensor
	7
	44
	0.22
	1.0
	93.6
	0.24
	0
	0
	0
	0
	2.879
	0.007

	Sensor Glue
	41
	43
	0.05
	1.0
	335.0
	0.01
	0
	0
	0
	0
	0.004
	0.000

	Bondwires
	43
	45
	0.02
	0.3
	89.0
	0.01
	0
	0
	0
	0
	0.001
	0.000

	Fanin Copper
	44
	65
	0.01
	0.5
	14.3
	0.05
	0
	0
	0
	0
	0.096
	0.001

	Fanin Kapton
	44
	65
	0.05
	1.0
	286.0
	0.02
	0
	0
	0
	0
	0.032
	0.000

	Fanin Glue
	45
	64
	0.03
	1.0
	335.0
	0.01
	0
	0
	0
	0
	0.012
	0.000

	ASIC(VELO)
	65
	75
	0.30
	0.6
	93.6
	0.19
	0
	0
	0
	0
	0.088
	0.001

	ASIC glue
	67
	73
	0.05
	0.4
	43.0
	0.05
	0
	0
	0
	0
	0.013
	0.000

	Kapton region 1
	45
	65
	0.10
	1.0
	286.0
	0.03
	0
	0
	0
	0
	0.06
	0.000

	Kapton region 2
	65
	0
	0.30
	1.0
	286.0
	0.10
	-87.5
	87.5
	-110
	110
	0.156
	0.001

	Kapton Copper
	65
	0
	0.03
	1.0
	14.3
	0.21
	-87.5
	87.5
	-110
	110
	0.308
	0.002

	Connector 1
	0
	0
	2.00
	1.0
	300.0
	0.67
	-80
	-40
	-107
	-105
	0.001
	0.000

	Connector 1 pins
	0
	0
	2.00
	0.5
	14.3
	6.99
	-80
	-40
	-107
	-105
	0.019
	0.003

	Connector 2
	0
	0
	2.00
	1.0
	300.0
	0.67
	40
	80
	-107
	-105
	0.001
	0.000

	Connector 2 pins
	0
	0
	2.00
	0.5
	14.3
	6.99
	40
	80
	-107
	-105
	0.023
	0.003

	Connector 3
	0
	0
	2.00
	1.0
	300.0
	0.67
	-80
	-40
	105
	107
	0.002
	0.000

	Connector 3 pins
	0
	0
	2.00
	0.5
	14.3
	6.99
	-80
	-40
	105
	107
	0.013
	0.002

	Connector 4
	0
	0
	2.00
	1.0
	300.0
	0.67
	40
	80
	105
	107
	0.001
	0.000

	Connector 4 pins
	0
	0
	2.00
	0.5
	14.3
	6.99
	40
	80
	105
	107
	0.020
	0.003

	Subtrate  1
	40
	60
	0.10
	1.0
	190.0
	0.05
	0
	0
	0
	0
	0.108
	0.001

	Substrate 2
	60
	0
	0.30
	1.0
	190.0
	0.16
	-87.5
	87.5
	-120
	120
	0.297
	0.002

	Subtrate Glue
	40
	0
	0.03
	1.0
	335.0
	0.01
	-87.5
	87.5
	-120
	120
	0.029
	0.000

	Cooling Block 1
	0
	0
	1.00
	1.0
	190.0
	0.53
	-87.5
	87.5
	-130
	-110
	0.049
	0.001

	Cooling Block 2
	0
	0
	1.00
	1.0
	190.0
	0.53
	-87.5
	87.5
	110
	130
	0.047
	0.001

	Paddle 1
	0
	0
	0.25
	1.0
	190.0
	0.13
	-87.5
	87.5
	-380
	-130
	0.016
	0.000

	Paddle 2
	0
	0
	0.25
	1.0
	190.0
	0.13
	-87.5
	87.5
	130
	380
	0.016
	0.000

	
	
	
	
	
	
	
	
	
	
	Total
	4.291
	0.01


Table 1: List of Materials and their contributions to the material budget. All numbers except those in the final column refer to an r or a ( sensor and hybrid.
The contributions to the average material traversed by a track  for a “nominal” LHCb-lite configuration, with z stations at -2.5, 0.5, 3.5, 6.5, 12.5, 15.5, 18.5, 21.5, 24.5, 27.5, 58.5, 63.5, 68.5, 73.5cm from the interaction point. Figures have been computed assuming that both an r and ( plane are traversed. The radiation length as a function of angle, between 13 and 270mr, for tracks originating from the nominal interaction point is given in Figure 1. The maximum radiation length is about 7% at 120mr. For tracks generated with uniform density in pseudo-rapidity (()  the average material traversed is 4.3%. The uncertainty on this estimate is of order 0.5%. The hybrid accounts for a total 1.3% of a radiation length.
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Figure 1: Radiation length as a function of angle for tracks passing through modules. Also shown is the average  number of stations the track passes through 
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Figure 2: Pie chart showing contributions to average material traversed through modules

This is based on our current best estimates of the module design. Some changes may be required. The most critical factor will be the final materials used in the substrate. These will be determined by both mechanical and thermal constraints and measurements from prototypes. An overall doubling of the thickness of the substrate would add an additional  0.3% to the material budget making the average module material(excluding the sensors) about 1.6%/track.
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Sheet1

				rmin		rmax		thick		cover		x0		x0eff		xmin		xmax		ymin		ymax		r.l.		error

				(mm)		(mm)		(mm)				(mm)		(%)										(%)		(%)

		Sensor		7		44		0.22		1.0		93.6		0.24		0		0		0		0		2.879		0.007		0.000049				Sensor		2.879				Sensor		2.879

		Sensor Glue		41		43		0.05		1.0		335.0		0.01		0		0		0		0		0.004		0.000		0				Sensor Glue		0.004				Sensor Glue		0.004

		Bondwires		43		45		0.02		0.3		89.0		0.01		0		0		0		0		0.001		0.000		0				Bondwires		0.001				Bondwires		0.001

		Fanin Copper		44		65		0.01		0.5		14.3		0.05		0		0		0		0		0.096		0.001		0.000001				Fanin Copper		0.096				Fanin Copper		0.096

		Fanin Kapton		44		65		0.05		1.0		286.0		0.02		0		0		0		0		0.032		0.000		0				Fanin Kapton		0.032				Fanin Kapton		0.032

		Fanin Glue		45		64		0.03		1.0		335.0		0.01		0		0		0		0		0.012		0.000		0				Fanin Glue		0.012				Fanin Glue		0.012

		ASIC(VELO)		65		75		0.30		0.6		93.6		0.19		0		0		0		0		0.088		0.001		0.000001				ASIC(VELO)		0.088				ASIC(VELO)		0.088

		ASIC glue		67		73		0.05		0.4		43.0		0.05		0		0		0		0		0.013		0.000		0				ASIC glue		0.013				ASIC glue		0.013

		Kapton region 1		45		65		0.10		1.0		286.0		0.03		0		0		0		0		0.06		0.000		0				Kapton region 1		0.06				Kapton region 1		0.060

		Kapton region 2		65		0		0.30		1.0		286.0		0.10		-87.5		87.5		-110		110		0.156		0.001		0.000001				Kapton region 2		0.156				Kapton region 2		0.156

		Kapton Copper		65		0		0.03		1.0		14.3		0.21		-87.5		87.5		-110		110		0.308		0.002		0.000004				Kapton Copper		0.308				Kapton Copper		0.308

		Connector 1		0		0		2.00		1.0		300.0		0.67		-80		-40		-107		-105		0.001		0.000		0				Connector 1		0.001				Connectors		0.080

		Connector 1 pins		0		0		2.00		0.5		14.3		6.99		-80		-40		-107		-105		0.019		0.003		0.000009				Connector 1 pins		0.019				Substrate 1 (inner ring)		0.108

		Connector 2		0		0		2.00		1.0		300.0		0.67		40		80		-107		-105		0.001		0.000		0				Connector 2		0.001				Substrate 2 (outer)		0.297

		Connector 2 pins		0		0		2.00		0.5		14.3		6.99		40		80		-107		-105		0.023		0.003		0.000009				Connector 2 pins		0.023				Substrate 2 glue		0.029

		Connector 3		0		0		2.00		1.0		300.0		0.67		-80		-40		105		107		0.002		0.000		0				Connector 3		0.002				Cooling Blocks		0.096

		Connector 3 pins		0		0		2.00		0.5		14.3		6.99		-80		-40		105		107		0.013		0.002		0.000004				Connector 3 pins		0.013				Paddles		0.032

		Connector 4		0		0		2.00		1.0		300.0		0.67		40		80		105		107		0.001		0.000		0				Connector 4		0.001						4.291

		Connector 4 pins		0		0		2.00		0.5		14.3		6.99		40		80		105		107		0.02		0.003		0.000009				Connector 4 pins		0.02		0.08

		Subtrate  1		40		60		0.10		1.0		190.0		0.05		0		0		0		0		0.108		0.001		0.000001				Subtrate  1		0.108

		Substrate 2		60		0		0.30		1.0		190.0		0.16		-87.5		87.5		-120		120		0.297		0.002		0.000004				Substrate 2		0.297

		Subtrate Glue		40		0		0.03		1.0		335.0		0.01		-87.5		87.5		-120		120		0.029		0.000		0				Subtrate Glue		0.029

		Cooling Block 1		0		0		1.00		1.0		190.0		0.53		-87.5		87.5		-130		-110		0.049		0.001		0.000001				Cooling Block 1		0.049

		Cooling Block 2		0		0		1.00		1.0		190.0		0.53		-87.5		87.5		110		130		0.047		0.001		0.000001				Cooling Block 2		0.047

		Paddle 1		0		0		0.25		1.0		190.0		0.13		-87.5		87.5		-380		-130		0.016		0.000		0				Paddle 1		0.016

		Paddle 2		0		0		0.25		1.0		190.0		0.13		-87.5		87.5		130		380		0.016		0.000		0				Paddle 2		0.016

																						Total		4.291		0.0096953597		0.000094

																												0.0096953597
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