The Radiation Length of SCT Endcap modules
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We present our best estimate of the radiation length of SCT endcap modules, based on our knowledge of their composition and measurements of their mass.  

Our approach is to first try to understand the compositions and masses of module components. The conclusion of this section then feeds in to our prediction for the complete module. Any difference between the predicted and measured module mass is then used as a scale factor, which is used to produce our best estimate for the module composition. All of the raw data and calculations reported in this note are contained in spreadsheets available on the web [1].

Changes since version 2: NIKEHF inners have been re-weighed. Previous weighing mistakenly assumed that all handling frames were identical. New results are much more consistent with expectation.

A large number of hybrid flexes were weighed and thickness of layers measured in cut sections. The conclusion is that the copper layer thickness is around 17 m rather than the nominal 15 m. The calculation now uses 17 m and it increases the mass of flex and hybrid by 0.23 g.

Changes since version 3: New data on Freiburg inners and bug fixed in Middle spereadsheet.

Module Components

Table 1 shows an overview of the calculated and measured weights of the principle module components for which we have reasonably large statistics.

	 
	Calculated
	Measured
	No.
	R.M.S.
	Meas - Calc
	Meas/Calc

	Middle detectors
	10.408
	10.464
	9
	0.009
	0.056
	1.005

	Middle spines
	5.769
	5.591
	12
	0.061
	-0.178
	0.969

	Inner spines
	3.542
	3.469
	7
	0.092
	-0.073
	0.979

	Flexes
	3.149
	3.195
	21
	0.219
	0.046
	1.015

	Hybrids
	7.614
	7.662
	26
	0.177
	0.048
	1.006


Table 1. Calculated and measured masses (g) of the principle module components.

There is good agreement between the calculated and measured detectors, not surprising given the well-defined dimensions and material of detectors. We take the calculated values as input to the module composition.

In the case if spines, there is not such good agreement between measured and calculated masses. In the second stage of our calculation we will scale the spine mass, based on the measured weight of the whole module. For the moment we remain with the calculated value.

Hybrids are an important part of the module radiation length. Now that we have increased the copper layer thickness to 17 m there is only a small difference between their calculated mass and the measurements. Figure 1 shows the distribution of measured hybrid masses. We want to model the hybrids as being identical in all module types, so we scale up the material of all of the hybrid components equally by the factor 1.006, to produce our best estimate for input to the module composition. Table 2 shows the resulting composition of a hybrid.
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Figure 1. Histogram of measured hybrid masses (g)

	Material
	Radlen
	Density 
	Weight
	Vol. 
	%Xo

	 
	mm
	g/mm^3
	g
	mm^3
	 

	Cu
	14.3
	0.00896
	2.2018
	245.7
	0.21722

	CC
	220.0
	0.00190
	1.8201
	958.0
	0.05504

	Si
	93.6
	0.00233
	0.7842
	336.6
	0.04546

	Kapton
	286.0
	0.00142
	0.8044
	566.5
	0.02504

	Adhesive
	335.0
	0.00117
	0.7413
	633.6
	0.02391

	AI203
	75.5
	0.00390
	0.4066
	104.2
	0.01745

	Plastic
	300.0
	0.00190
	0.1734
	91.3
	0.00385

	Sn/Pb
	9.5
	0.00833
	0.4241
	50.9
	0.06775

	AIN
	84.0
	0.00325
	0.1369
	42.1
	0.00634

	EotiteP102
	43.0
	0.00290
	0.0984
	33.9
	0.00997

	AIT
	43.0
	0.00290
	0.0353
	12.2
	0.00358

	scr. Epoxy
	200.0
	0.00176
	0.0354
	20.1
	0.00127

	Sum
	
	
	7.6620
	
	0.47687


Table 2. Our best estimate of the materials making up a typical hybrid. The radiation length is normalised to a typical module area of 7911 mm^2.

Modules

Taking as input the measured hybrid mass and calculated values of all other component weights, we produce a calculated module mass for comparison with the measured values. The results for each module type are shown in Table 3.

	 
	Calculated
	Measured
	No.
	r.m.s.
	Meas-Calc
	Meas/Calc

	Inner
	16.794
	16.824
	30
	0.290
	-0.030
	0.998

	Middle
	25.577
	25.292
	28
	0.170
	0.285
	1.011

	Outer
	25.908
	25.969
	33
	0.210
	-0.061
	0.998


Table 3. Calculated and measured module masses (g).

There is generally good agreement between measured and calculated module masses for all three types of module. We take account of the slight disagreement by scaling the amount of material in the spine, fan-ins, washers and glue so as to exactly match the measured module weight. We do not scale the hybrid because that has already been done, nor do we scale the detectors because Geant will probably need the true detector thickness in order to correctly simulate the signal. 

Inner Modules
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Figure 2. Inner module weights (g).

The distribution of inner module weights is shown in Figure 2. Our best estimate of the composition of inner modules is shown in Table 4. A scale factor of 0.9522 has been applied to the calculated mass of all components except the hybrid and the detectors, in order to exactly match the measured weight of real inner modules.

	 
	Material
	Rad Len
	Density
	Weight
	Volume
	% X0

	 
	 
	mm
	g/mm^3
	g
	mm^3
	 

	Detectors
	Silicon
	93.6
	0.00234
	4.1219
	1761.5
	0.60897

	TPG
	Carbon
	205.0
	0.00208
	1.4016
	673.8
	0.10636

	Ceramic
	AlN
	84.0
	0.00325
	1.8577
	571.6
	0.22020

	Glue
	Elastosil
	335.0
	0.00120
	0.0319
	26.6
	0.00257

	Glue
	Araldite
	335.0
	0.00120
	0.0514
	42.8
	0.00414

	Spine sum
	 
	 
	 
	3.3426
	 
	0.33326

	 
	Aluminium
	89.0
	0.00234
	0.1187
	50.7
	0.01845

	 
	Araldite
	335.0
	0.00120
	0.0051
	4.2
	0.00041

	 
	FR4
	174.0
	0.00185
	0.3663
	198.0
	0.03682

	Washer sum
	 
	 
	 
	0.4901
	 
	0.05568

	Fan-ins
	Glass D263
	127.0
	0.00223
	0.8675
	389.0
	0.09911

	Wire bonds
	Aluminium
	89.0
	0.00234
	0.0018
	0.8
	0.00029

	Assy glue
	Araldite
	335.0
	0.00120
	0.3385
	282.1
	0.02725

	Hybrid
	Table 2
	 
	 
	7.6620
	 
	1.22075

	Total
	
	
	
	16.8244
	
	2.34531


Table 4. Best estimate of the composition of inner modules. The radiation length is normalised to the detector area of inner modules; 3090.3 mm^2.

Middle Modules
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Figure 3. Middle module weights (g).

The distribution of middle module weights is shown in Figure 3. Our best estimate of the composition of middle modules is shown in Table 5. A scale factor of 0.9718 has been applied to the calculated mass of all components except the hybrid and the detectors, in order to exactly match the measured weight of real middle modules.

	 
	Material
	Rad Len
	Density
	Weight
	Volume
	% X0

	 
	 
	mm
	g/mm^3
	g
	mm^3
	 

	Detectors
	Silicon
	93.6
	0.00234
	10.4082
	4447.9
	0.60897

	TPG
	Carbon
	205.0
	0.00208
	2.6172
	1258.3
	0.07866

	Ceramic
	AlN
	84.0
	0.00325
	2.6428
	813.2
	0.12405

	Glue
	Elastosil
	335.0
	0.00120
	0.0305
	25.4
	0.00097

	Glue
	Araldite
	335.0
	0.00120
	0.0491
	41.0
	0.00157

	Spine sum
	 
	 
	 
	5.3396
	 
	0.20525

	 
	Aluminium
	89.0
	0.00234
	0.1135
	48.5
	0.00699

	 
	Araldite
	335.0
	0.00120
	0.0049
	4.1
	0.00016

	 
	FR4
	174.0
	0.00185
	0.3503
	189.3
	0.01394

	Washer sum
	 
	 
	 
	0.4687
	 
	0.02109

	Fan-ins
	Glass D263
	127.0
	0.00223
	0.8296
	372.0
	0.03754

	Wire bonds
	Aluminium
	89.0
	0.00234
	0.0018
	0.8
	0.00011

	Assy glue
	Araldite
	335.0
	0.00120
	0.5823
	485.3
	0.01856

	Hybrid
	Table 2
	 
	 
	7.6620
	 
	0.48345

	Total
	
	
	
	25.2921
	
	1.37497


Table 5. Best estimate of the composition of middle modules. The radiation length is normalised to the detector area of middle modules; 7803 mm^2.
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Figure 4. Outer module weights (g).

The distribution of outer module weights is shown in Figure 4. Our best estimate of the composition of outer modules is shown in Table 6. A scale factor of 1.008 has been applied to the calculated mass of all components except the hybrid and the detectors, in order to exactly match the measured weight of real outer modules.

	 
	Material
	Rad Len
	Density
	Weight
	Volume
	% X0

	 
	 
	mm
	g/mm^3
	g
	mm^3
	 

	Detectors
	Silicon
	93.6
	0.00234
	10.5280
	4499.2
	0.60897

	TPG
	Carbon
	205.0
	0.00208
	2.8088
	1350.4
	0.08345

	Ceramic
	AlN
	84.0
	0.00325
	2.9072
	894.5
	0.13491

	Glue
	Elastosil
	335.0
	0.00120
	0.0299
	24.9
	0.00094

	Glue
	Araldite
	335.0
	0.00120
	0.0515
	42.9
	0.00162

	Spine sum
	 
	 
	 
	5.7974
	 
	0.22093

	 
	Aluminium
	89.0
	0.00234
	0.1189
	50.8
	0.00724

	 
	Araldite
	335.0
	0.00120
	0.0051
	4.3
	0.00016

	 
	FR4
	174.0
	0.00185
	0.3670
	198.4
	0.01444

	Washer sum
	 
	 
	 
	0.4910
	 
	0.02184

	Fan-ins
	Glass D263
	127.0
	0.00223
	0.8691
	389.7
	0.03888

	Wire bonds
	Aluminium
	89.0
	0.00234
	0.0019
	0.8
	0.00011

	Assy glue
	Araldite
	335.0
	0.00120
	0.6196
	516.3
	0.01953

	Hybrid
	Table 2
	 
	 
	7.6620
	 
	0.47794

	Total
	
	
	
	25.9690
	
	1.38821


Table 6. Best estimate of the composition of outer modules. The radiation length is normalised to the detector area of outer modules; 7893.3 mm^2.

Geant model of modules

We suggest that the modules are modelled in Geant with four volumes: One each for the front and back detector pairs, one for the hybrid, and one for the spine and all the other components. This last volume should fill the space between the detectors and extend up to the hybrid at one end and project by about 5mm at the far end.

Elements in listed materials

The elements that make up the materials in the tables are not always clear from their names. Here is what we know about them.

· Kapton is polyimide; C22  H10 N2 O5 
· The adhesive and screen epoxy in hybrids and the araldite (2011) in modules are probably all phenol epoxies; C6  H6 O

· The Eotite P102 and the AIT in hybrids are both electrically conducting glues. They contain a significant density of silver, which gives them their short radiation length.

· The Elastosil in spines has been assumed to have the same properties as Araldite, though in fact it is a silicone rubber; Si H2
· The Glass D263 is made up of SiO2 , B2O3, Na2O in the ratio 80:12:5 with 3% of something else.

· The FR4 is made up of epoxy and glass in the ratio 44:56 by volume.
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[1] http://www.hep.man.ac.uk/atlas/radlen/index.html
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Chart1

		15.5		15.5		0

		15.7		15.7		0

		15.9		15.9		0

		16.1		16.1		0

		16.3		16.3		0

		16.5		16.5		0

		16.7		16.7		0

		16.9		16.9		3

		17.1		17.1		6

		17.3		17.3		1

		17.5		17.5		0



Inner Modules mass

mean 16.82 g
r.m.s. 0.29 g

10 NIKHEF, 
10 Manchester and 10 Freiburg

NIKHEF

Manchester

Freiburg

0

0

0

0

0

0

0

0

1

1

1

6

2

3

2

0

4

0

0

0

0

0



Summary

		K5-inner		Detector area		3090.33819						Checked Jan 05.				Dimensions in centre of tolerance range.

																										Measured		Uncertainty		Calc for note

		Part name		Material		Density		X0		No. off		Area1		Thk1		Area2		Thk2		Volume		Mass		X0		Mass

						g/cc		mm				mm^2		mm		mm^2		mm		mm^3		g		%		g

		W12 detectors		Silicon		2.34		93.6		2		3090.33819		0.285						1761.4927683		4.1218930778		0.608974359

		Detectors																				4.1218930778		0.608974359		4.122		0.010		4.1218930778

		TPG spine		TPG		2.08		205		1		1141.742625		0.488		528.750625		0.213		669.794284125		1.393172111		0.1057259429

		Far wings		AlN		3.25		84		2		90.6582617775		0.488		21.775		0.263		99.9361134948		0.3247923689		0.0384979107

		Near wings		AlN		3.25		84		2		187.8417617775		0.488		20.904		0.263		194.3290634948		0.6315694564		0.0748604551

		Far plate		AlN		3.25		84		1		334.3486728892		0.213						71.2162673254		0.2314528688		0.0274343018

		Near plate		AlN		3.25		84		1		344.897565		0.213						73.463181345		0.2387553394		0.0282998698

		Spine glue		Elastosil		1.2		335		1		528.750625		0.05						26.43753125		0.0317250375		0.0025537012

		Spacers		AlN		3.25		84		2		198.82987		0.325						129.2394155		0.4200281004		0.0497862815

		Spacer glue		Araldite 2011		1.2		335		2		198.82987		0.1						39.765974		0.0477191688		0.0038411459

		Bare spine																				3.319214451		0.3309996089

		Far washer		FR4		1.85		174		1		43.7744473888		1		59.75		0.72		86.7944473888		0.1605697277		0.0161412322

		Far precision hole		Aluminium		2.34		89		1		40.8584073464		0.6						24.5150444078		0.0573652039		0.0089132619

		Far washer glue		Araldite 2011		1.2		335		1		24		0.05						1.2		0.00144		0.0001159125

		Far washer																				0.2193749316		0.0251704067

		Spine-washer glue		Araldite 2011		1.2		335		1		28		0.1						2.8		0.00336		0.0002704626

		Spine with washer																				3.5419493826		0.3564404782		3.469		0.050		3.5419493826

		Main washer		FR4		1.85		174		1		50.4		1		101.0336293856		0.59		110.0098413375		0.2035182065		0.0204586174

		Main precision hole		Aluminium		2.34		89		1		43.1968989869		0.6						25.9181393921		0.0606484462		0.0094234039

		Main washer glue		Araldite 2011		1.2		335		1		30.2378292908		0.1						3.0237829291		0.0036285395		0.0002920786

		Main washer																				0.2677951922		0.0301741		0.278		0.001		0.2677951922

		Detector glue		Araldite 2011		1.2		335		2		1099.0343		0.09						197.826174		0.2373914088		0.0191087789

		Fan-in glue		Araldite 2011		1.2		335		2		360		0.1						72		0.0864		0.0069547525

		Washer glue		Araldite 2011		1.2		335		1		106.0035405699		0.1						10.600354057		0.0127204249		0.0010239283

		Assembly glue																				0.3365118337		0.0270874598		0.337				0.3365118337

		Fan-ins		Glass D263		2.23		127		2		644.44375		0.3						386.66625		0.8622657375		0.098520484		0.862				0.8622657375

		Hybrid																				7.231		1.2207461896		7.705		0.094		7.662

		Bond wire (1.6m x 25 um)		Aluminium		2.34		89		1										0.785		0.0018369		0.0002854129		0.002				0.0018369

		Module Total																				16.3632521238		2.3422284834		16.775		0.107		16.794

		Measured module																								16.824		0.127

																				Sum of variable components				5.010359046		5.010359046

																				Sum of fixed components				0.098520484		11.7838930778

						Material		Rad Len		Density		Weight		Volume		% X0				sum				5.10887953		16.7942521238

								mm		g/mm^3		g		mm^3						Excess mass				-5.109		0.030

				Detectors		Silicon		93.6		0.00234		4.1219		1761.5		0.60897				Scale factor for variable components				-0.0196633581		1.0060171089

				TPG		Carbon		205.0		0.00208		1.4016		673.8		0.10636

				Ceramic		AlN		84.0		0.00325		1.8577		571.6		0.22020

				Glue		Elastosil		335.0		0.00120		0.0319		26.6		0.00257

				Glue		Araldite		335.0		0.00120		0.0514		42.8		0.00414

				Spine sum								3.3426				0.33326

						Aluminium		89.0		0.00234		0.1187		50.7		0.01845

						Araldite		335.0		0.00120		0.0051		4.2		0.00041

						FR4		174.0		0.00185		0.3663		198.0		0.03682

				Washer sum								0.4901				0.05568

				Fan-ins		Glass D263		127.0		0.00223		0.8675		389.0		0.09911

				Wire bonds		Aluminium		89.0		0.00234		0.0018		0.8		0.00029

				Assy glue		Araldite		335.0		0.00120		0.3385		282.1		0.02725

				Hybrid		Table 2						7.6620				1.22075

				Total								16.8244				2.34531

				Spine+washer												0.38894

				Fan-in + bonds												0.09940





Weights

		

						Ser No		Weight		Mean		Stdev		Best Est		Uncertainty								Ser No		Weight		Mean		Stdev		Best Est		Uncertainty

				Inner spines				with washers

																						NIKHEF Modules

						39		3.505																42		17.160

						328		3.395																45		17.060												Weight histogram

						323		3.475																48		17.140												bin edge		bin centre		NIK

						316		3.300																53		17.170																NIK		NIK		Man		Man

						305		3.540																60		16.790												14.8		14.9		10		0		10		0		10		0

						270		3.570																64		16.850												15		15.1		10		0		10		0		10		0

						266		3.495																74		16.290												15.2		15.3		10		0		10		0		10		0

										3.469		0.092		3.469		0.05								80		16.460												15.4		15.5		10		0		10		0		10		0

																								89		16.620												15.6		15.7		10		0		10		0		10		0

																								90		16.930												15.8		15.9		10		0		10		0		10		0

																												16.847		0.308								16		16.1		10		0		10		0		10		0

																						Manchester Modules																16.2		16.3		10		1		10		1		10		0

																								446		16.610												16.4		16.5		9		1		9		6		10		0

																								465		16.585												16.6		16.7		8		2		3		3		10		0

				W12 detectors				they are mechanicals, but should be identical weight to real detectors																466		16.565												16.8		16.9		6		2		0		0		10		3

																								467		16.430												17		17.1		4		4		0		0		7		6

								2.065																468		16.380												17.2		17.3		0		0		0		0		1		1

								2.060																469		16.430												17.4		17.5		0		0		0		0		0		0

								2.060																470		16.635												17.6		17.7

								2.060																471		16.595

										2.061		0.002		2.061		0.010								472		16.540

																								473		16.775

																												16.555		0.117

																						Freiburg Modules

																								139		16.993

																								132		16.855

																								183		17.191

																								179		17.177

																								184		16.966

																								174		17.102

																								129		17.074

																								187		17.033

																								189		17.238

																								186		17.088

																												17.072		0.115

																						Combined						16.824		0.290
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Summary

		K5-middle		Detector area		7803.3995025						Checked Jan 05.				Dimensions in centre of tolerance range.

																										Measured		Uncertainty		Calc for note

		Part name		Material		Density		X0		No. off		Area1		Thk1		Area2		Thk2		Volume		Mass		X0		Mass								Material		Rad Len		Density		Weight		Volume		% X0

						g/cc		mm				mm^2		mm		mm^2		mm		mm^3		g		%		g										mm		g/mm^3		g		mm^3

																																Detectors		Silicon		93.6		0.00234		10.4082		4447.9		0.60897

		W21 detectors		Silicon		2.34		93.6		2		3965.75922		0.285						2260.4827554		5.2895296476		0.3094863563		5.338		0.010				TPG		Carbon		205.0		0.00208		2.6172		1258.3		0.07866

		W22 detectors		Silicon		2.34		93.6		2		3837.6402825		0.285						2187.454961025		5.1186446088		0.2994880027		5.126		0.010				Ceramic		AlN		84.0		0.00325		2.6428		813.2		0.12405

		Detectors																		4447.937716425		10.4081742564		0.608974359		10.464				10.4081742564		Glue		Elastosil		335.0		0.00120		0.0305		25.4		0.00097

		TPG spine		TPG		2.08		205		1		2449.267625		0.488		528.750625		0.213		1307.866484125		2.720362287		0.0817571432								Glue		Araldite		335.0		0.00120		0.0491		41.0		0.00157

		Far wings		AlN		3.25		84		2		130.8582617775		0.488		21.775		0.263		139.1713134948		0.4523067689		0.0212317894								Spine sum								5.3396				0.20525

		Mid wings		AlN		3.25		84		2		243.6433137111		0.488						237.795874182		0.7728365911		0.0362778205										Aluminium		89.0		0.00234		0.1135		48.5		0.00699

		Near wings		AlN		3.25		84		2		187.8417617775		0.488		20.904		0.263		194.3290634948		0.6315694564		0.029646582										Araldite		335.0		0.00120		0.0049		4.1		0.00016

		Far plate		AlN		3.25		84		1		334.3486728892		0.213						71.2162673254		0.2314528688		0.0108646585										FR4		174.0		0.00185		0.3503		189.3		0.01394

		Near plate		AlN		3.25		84		1		344.897565		0.213						73.463181345		0.2387553394		0.0112074447								Washer sum								0.4687				0.02109

		Spine glue		Elastosil		1.2		335		1		528.750625		0.05						26.43753125		0.0317250375		0.0010113285								Fan-ins		Glass D263		127.0		0.00223		0.8296		372.0		0.03754

		Spacers		AlN		3.25		84		2		198.82987		0.325						129.2394155		0.4200281004		0.0197165924								Wire bonds		Aluminium		89.0		0.00234		0.0018		0.8		0.00011

		Spacer glue		Araldite 2011		1.2		335		2		198.82987		0.1						39.765974		0.0477191688		0.0015211883								Assy glue		Araldite		335.0		0.00120		0.5823		485.3		0.01856

		Bare spine																				5.5467556181		0.2132345475								Hybrid		Table 2						7.6620				0.48345

		Far washer		FR4		1.85		174		1		43.7744473888		1		59.75		0.72		86.7944473888		0.1605697277		0.0063923251								Total								25.2921				1.37497

		Far precision hole		Aluminium		2.34		89		1		40.8584073464		0.6						24.5150444078		0.0573652039		0.003529871

		Far washer glue		Araldite 2011		1.2		335		1		24		0.05						1.2		0.00144		0.0000459042

		Far washer																				0.2193749316		0.0099681003		0.215		0.003				spine+wash												0.22634

		Spine-washer glue		Araldite 2011		1.2		335		1		28		0.1						2.8		0.00336		0.0001071098								fanin+bond												0.03765

		Spine with washer																				5.7694905497		0.2233097576		5.591		0.030		5.7694905497

		Main washer		FR4		1.85		174		1		50.4		1		101.0336293856		0.59		110.0098413375		0.2035182065		0.0081021158

		Main precision hole		Aluminium		2.34		89		1		43.1968989869		0.6						25.9181393921		0.0606484462		0.0037318998

		Main washer glue		Araldite 2011		1.2		335		1		30.2378292908		0.1						3.0237829291		0.0036285395		0.0001156703

		Main washer																				0.2677951922		0.011949686		0.278		0.001		0.2677951922

		Detector glue		Araldite 2011		1.2		335		2		2343.4201		0.09						421.815618		0.5061787416		0.0161359302

		Fan-in glue		Araldite 2011		1.2		335		2		360		0.1						72		0.0864		0.0027542531

		Washer glue		Araldite 2011		1.2		335		1		106.0035405699		0.1						10.600354057		0.0127204249		0.0004055008

		Assembly glue																				0.6052991665		0.0192956841		0.605				0.6052991665

		Fan-ins		Glass D263		2.23		127		2		644.44375		0.3						386.66625		0.8622657375		0.0390165356		0.862				0.8622657375

		Hybrid																				7.267		0.4834455251		7.662		0.060		7.662

		Bond wire (1.6m x 25 um)		Aluminium		2.34		89		1										0.785		0.0018369		0.0001130305		0.002				0.0018369

		Module Total																				25.1818618023		1.3861045779		25.465				25.577

		Measured module																								25.292		0.030

		Sum of variable components																												7.5066875459

		Sum of fixed components																												18.0701742564

		sum																												25.5768618023

		Excess mass																												-0.285

		Scale factor for variable components																												0.962071294





Weights

		

						Ser No		Weight		Mean		Stdev		Best Est		Uncertainty		max-min						Ser No		Weight		Mean		Stdev		Best Est		Uncertainty		max-min

				Middle spines				with washers														Manchester

						371		5.580														Modules		M-M-417		25.195

						413		5.660																M-M-418		25.180

						364		5.560																M-M-419		25.210

						381		5.570																M-M-420		25.145

						382		5.585																577		25.350		25.183		0.028		25.183		0.030

						393		5.425																576		25.180

						394		5.645																575		25.250

						395		5.625																574		25.240

						396		5.630																573		25.510

						397		5.620																572		25.455

						401		5.610																571		25.200

						404		5.585																570		24.925

										5.591		0.061		5.591		0.030		0.235						569		25.550

																								568		25.330

																								567		25.000

				W22 detectors				they are mechanicals, but should be identical weigt to real detectors																566		25.260												Weight histogram

																								565		25.180												bin edge		bin centre

								2.580														MPI		L058		25.60																MPI		MPI		Man		Man

								2.565														Modules		L064		25.58												24.2		24.3		11		0		17		0

								2.570																L066		25.34												24.4		24.5		11		0		17		0

								2.555																L067		25.28												24.6		24.7		11		0		17		0

								2.560																L069		25.26												24.8		24.9		11		1		17		2

								2.560																L076		25.42												25		25.1		10		0		15		6

								2.560																L077		25.34												25.2		25.3		10		6		9		6

								2.560																L078		25.39												25.4		25.5		4		4		3		3

								2.560																L079		25.43												25.6		25.7		0		0		0		0

										2.563		0.008		2.563		0.01								L081		24.99												25.8		25.9		0		0		0		0

																								L083		25.39												26		26.1		0				0

																												25.365		0.164		25.365		0.055

				W21 detectors				they are mechanicals, but should be identical weigt to real detectors

								2.655														Combined						25.292		0.1704212024

								2.660

								2.675

								2.680

								2.680

								2.680

								2.660

								2.670

								2.660

										2.669		0.010		2.669		0.01

				Glass detectors for short middle

						5		2.61		13.05

						2		2.62		5.24

						1		2.63		2.63

						1		2.64		2.64

						2		2.65		5.3

						3		2.67		8.01

						14				36.87				2.634		0.02





Weights

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



Middle Modules mass

mean 25.29 g
r.m.s. 0.17 g

11 MPI and 
17 Manchester modules

MPI

Manchester

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0




_1169014842.xls
Chart1

		7.25

		7.35

		7.45

		7.55

		7.65

		7.75

		7.85

		7.95

		8.05

		8.15

		8.25



Hybrid weights

mean 7.662 g
r.m.s. 0.177 g
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Weights

		

		date				Number		Mass		Mass/item		Mean		stdev		range		Best Est		Uncertainty		Comment

				Hybrids

				Dummy hybrids, with SMDs, no chips or thermal plugs						6.375

										6.435

										6.285		6.365		0.075

				Real hybrids 20220554+																				bin low edge		bin centre

				271408						7.660

				22402						7.815														7.2		7.25		26		0

				271101						7.510														7.3		7.35		26		1

				270506						7.530														7.4		7.45		25		3

				117107						8.000														7.5		7.55		22		8

				115913						7.735														7.6		7.65		14		2

				116008						7.935														7.7		7.75		12		5

				117308						7.860														7.8		7.85		7		5

				270712						7.770														7.9		7.95		2		2

				116611						7.860														8		8.05		0		0

				272601						7.800														8.1		8.15		0		0

				275613						7.460														8.2		8.25		0		0

				276708						7.430

				276401						7.510		7.705		0.188		0.570		7.705		0.094		Need to get samples from other parts of production

		1/18/05		340212						7.525

				112515						7.715

				332615						7.600

				341502						7.500

				331308						7.545

				381608						7.510

				381113						7.555

				271308						7.770

				381712						7.310

				270712						7.825

				270515						7.625

				553501805						7.845		7.610		0.155		0.535

				total								7.662		0.177		0.690		7.662		0.060		Final vaue

				Main washers

				batch 1		77		21.415		0.2781168831

				batch 2		78		21.735		0.2786538462

				batch 3		78		21.695		0.2781410256

				sum		233		64.845		0.278304721		0.278		0.000				0.278		0.001		Final value

				Far-end washers		31		6.655		0.2146774194

						19		4.035		0.2123684211

						23		5		0.2173913043

						73		15.69		0.2149315068		0.215		0.003				0.215		0.003		Final value

				Outer and Inner Fan-ins

																								Calculated		Measured		Sample		R.M.S.		Meas/Calc

																						Middle detectors		10.408		10.464		9		0.009		1.005

																						Middle spines		5.42		5.591		12		0.061		1.032

																						Inner spines		3.542		3.469		7		0.092		0.979

																						Hybrids		7.386		7.662		26		0.177		1.037
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