BUDGET JUSTIFICATION

Introduction

Three upgrades to the Alternating Gradient Synchrotron (AGS) at Brookhaven National Laboratory (BNL) are required to enable the KOPIO experiment to reach its goals:

·  extraction of a micro-bunched proton beam, essential  for the experiment as it enables the momentum of the neutral K meson to be determined;

·  increasing the extracted proton beam intensity by a factor of 1.5 or more to 1014 protons (100 TP) per AGS cycle to give the required K meson flux; and,

· constructing a new proton beam line to bring the intense micro-bunched beam to a new K meson production target.

The first two upgrades will involve a collaboration between accelerator experts at BNL and TRIUMF/UBC while the proton beam line will be produced entirely by BNL. The major pieces of equipment required for the proposed upgrades are unique assemblies, which cannot be purchased commercially. Some of the individual parts may be purchased but the normal method of procurement used by TRIUMF (and other accelerator laboratories) is to carry out the design work in-house based on numerical simulations and prototype work or modifications to similar designs available elsewhere, to fabricate the parts using industry where possible, and then to assemble, commission and test at TRIUMF. The tested components will be shipped to BNL where they will be installed in the accelerator ring and operated under beam conditions. In special instances, e.g. vacuum welding, the TRIUMF Machine Shop will carry out the work. The personnel and equipment costs are determined based on recent experience of fabricating similar devices.
 TRIUMF has an excellent record of producing this type of equipment on budget and on schedule.

The costs associated with the AGS upgrade for KOPIO can be grouped in four  categories:

1. 25 MHz and 100 MHz micro-bunching radio frequency cavities;

2. A5 and F3 kicker magnet upgrades;

3. Beam and accelerator physics studies; and

4. Upgrades to the extracted proton beam line and production target to handle the increased beam intensity.

A summary of the total costs of the AGS upgrade project and the planned division of costs between the partners is given in Table 1 below.
 More detailed breakdowns of these costs are provided in subsequent tables.

Table 1.   AGS upgrades for KOPIO – overall budget.

	
	Total Cost

Can. $million
	US Contribution

Can. $million
	Canadian Contribution (CFI)

Can. $million

	Micro-bunching
	  5.310
	3.662
	1.648

	Kickers
	  6.824
	1.619
	5.205

	Beam development
	  1.000
	0.625
	0.375

	Proton beam line
	  1.946
	1.946
	       0

	Total
	15.280
	7.850
	7.228


Fig. 1.   Schedule for the proposed AGS upgrade work.
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A schedule for the proposed work to be done at TRIUMF/UBC, funded through this CFI application, is given in Fig. 1 covering a 4-year period leading to commissioning.

1. 25 MHz Micro-Bunching Cavity

The cost estimates for the 25 MHz and 100 MHz micro-bunching cavities are presented in Table 2. The estimate for the 25 MHz cavity which will be built at TRIUMF is reliably based on a similar cavity built recently for the RHIC accelerator. The Canadian component of this work is identified in the last column of Table 2. Some travel costs to coordinate the work have been included.
 Although the division of responsibilities between BNL and TRIUMF has been agreed to for this collaborative work, there is flexibility in determining the assignment of some aspects that may occur in areas of overlapping responsibility. TRIUMF expects to design the higher order mode dampers as part of the model studies and may fabricate them depending on the availability of resources.

It is anticipated that model work for the 25 MHz cavity will start immediately with existing KOPIO funds so that the design parameters can be fixed by the time the CFI decision is made on this application.

TRIUMF/UBC will provide the items 2.10.1.1 to 2.10.1.5 in Table 2 amounting to a total of  $1.648 million. The remaining costs for the 25 MHz cavity and the full costs of the 100 MHz cavity will be provided by BNL.
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Description

Base Cost

EDIA Labour

Mfg Labour

Mfg Matls

Canadian Cont.

Can$k

Can$k

Can$k

Can$k

Can$k

2.10.1&2

AGS RF Mods

5310

1847

1050

2413

1648

2.10.1

25 MHz ubunch cavity

2611

759

539

1313

1649

2.10.1.1

Cavity

996

108

56

832

996

2.10.1.2

Tuner

125

72

28

25

125

2.10.1.3

Tuner shop work

114

0

0

114

114

2.10.1.4

Vacuum pump

42

0

8

34

42

2.10.1.5

Power amplifier

347

108

197

42

347

2.10.1.6

Driver

61

0

27

34

2.10.1.7

Low level

134

73

27

34

2.10.1.8

Controls

150

73

27

50

2.10.1.9

Damper

528

325

169

34

2.10.1.10

Damper shop work

114

0

0

114

2.10.1.11

Shipping

25

2.10.2

100 MHz booster cavity

2699

1088

511

1100

2.10.2.1

Cavity

1132

325

141

666

2.10.2.2

Tuner

134

73

27

34

2.10.2.3

Tuner shop work

79

0

0

79

2.10.2.4

Vacuum pump

32

0

8

24

2.10.2.5

Power amplifier

417

182

169

66

2.10.2.6

Driver

61

0

27

34

2.10.2.7

Low level

170

109

27

34

2.10.2.8

Controls

150

73

27

50

2.10.2.9

Damper

445

326

85

34

2.10.2.10

Damper shop work

79

0

0

79


Table 2.   Cost estimates for 25 MHz and 100 MHz cavities.

2. Kicker Magnets and Power Supplies

The cost estimate for the kicker upgrades is based on recent experience in similar projects, and is shown in Table 3. During the work on the KAON Project Definition Study (1990-94) some prototype work was carried out on a kicker device with very similar specifications to the BNL requirements. A careful cost estimate was made at that time and some of the estimated component costs here come from that work, escalated to present day prices. More recently, the TRIUMF Kicker group has fabricated the Resonant Charging Power Supplies (RCPS) and the pulse forming networks (PFN) for the CERN-LHC injection kickers. The total value of this work was approximately
$4 million and it provides an additional basis for the cost estimates, since many of the components are similar.

The BNL contributions to this work consist of providing the controls and interfacing of the equipment at BNL, a new building to house the pulse forming network, and a new tunnel penetration. The cost for these items provided by BNL is $1.62 million.

                                 Table 3.   Cost estimates for F3 and A5 kicker magnets.
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Description

Base Cost

EDIA Labour

Mfg Labour

Mfg Matls

($k)

($k)

($k)

($k)

2.10.3

F3 Kicker (4 modules)

2820

225

400

2195

2.10.3.1

Ferrite

135

5

130

2.10.3.2

Magnet assembly

438

60

120

258

2.10.3.3

Vacuum tank

272

10

20

242

2.10.3.4

Thyratrons/housings

770

20

50

700

2.10.3.5

Capacitors/resistors

110

10

20

80

2.10.3.6

25 Ohm cable PFN 

145

10

30

105

2.10.3.7

RCPS

680

80

150

450

2.10.3.8

50 Ohm cables/connectors.

140

5

10

125

2.10.3.9

Controls/interlocks

100

25

75

2.10.3.10

Shipping

30

30

2.10.4

A5 Kicker (3 modules)

2270

225

300

1745

2.10.4.1

Ferrite

95

5

90

2.10.4.2

Magnet Assembly

358

60

90

208

2.10.4.3

Vacuum tank

226

10

14

202

2.10.4.4

Thyratrons/housings

598

20

33

545

2.10.4.5

Capacitors/resistors

85

10

15

60

2.10.4.6

25 Ohm cable PFN 

115

10

20

85

2.10.4.7

RCPS

550

80

120

350

2.10.4.8

Cables/connectors

113

5

8

100

2.10.4.9

Controls/interlocks

100

25

75

2.10.4.10

Shipping

30

30

2.10.3&4

AGS Upgrade - Kickers

5090

450

700

3940


3. Beam Development

As described earlier, an important part of the collaboration with BNL is the theoretical and simulation work associated with the beam dynamics of the micro-bunching and high intensity operation of the AGS. This work is essential in the final optimization and specification of the equipment that is required. The costs of the TRIUMF beam dynamics manpower for this collaborative work are included. Some of this work is suitable for summer or post-graduate students and funds for these are included. Two TRIUMF staff members, including one who has already been collaborating on the micro-bunching work with BNL, will participate in the studies.

4. Proton Beam Line 

In order to deliver the high intensity micro-bunched beam to the K meson production target, a new beam line must be designed and constructed. TRIUMF and BNL scientists will consult on the design. The costs for this section of the AGS upgrade project will be borne entirely by BNL. Complete work breakdown schedules and cost estimates have been made by BNL staff.

Other Costs

In addition to the hardware and component costs in this proposal, technical personnel and travel expenses related to the development of the infrastructure have been included using the following guides.

Personnel Costs

The hourly rate for professional and most technical staff is determined by the cost of salary plus benefits. The TRIUMF Design Office and Machine Shop operate as cost centers and include overhead in the hourly rates. The personnel costs have been estimated for each of the activities based on the work expected to be carried out by TRIUMF technical staff. Where appropriate work will be contracted to outside firms and the costs for labour are included in the component costs. 

Typical hourly rates are listed below in Table 4.

Table 4.   TRIUMF hourly rates.

	Employee Category
	Hourly rate (with benefits)

$

	
	

	Physicist/engineer
	50-75

	Technician
	30-45

	Research Associate
	30

	Design Office
	62

	Machine Shop
	67


There will be three TRIUMF groups involved in this work. 

Beam Dynamics Group: 2 physicists and 1 research associate or student 

The cost estimates are based on 0.6 FTE physicist and 0.75 FTE research associate during the first two years of the project and then later for commissioning.

RF Group: 2 senior engineers, 1 designer, 2 mechanical technicians, 1 rf amplifier technician, 1 co-op student. This assumes that the power amplifier is provided by industry and that most of the mechanical fabrication is contracted out.   

Kicker Group: 1 physicist, 1 engineer, 2 designers, 2 mechanical technicians and 2 electrical technicians.

The cost estimate in Table 3 assumes that most of the design, fabrication and assembly work is carried out at TRIUMF as our experience has shown that this is necessary for this type of equipment.    

Travel

Travel between TRIUMF and BNL associated with the AGS upgrade infrastructure will be necessary for members of the collaboration. The cost of travel and accommodation at BNL for TRIUMF/UBC staff is included. The travel cost for a one-week trip based on an economy airfare and on-site accommodation at the laboratory is shown in Table 5.

As in other collaborations of this sort, each group is responsible for the travel costs of its own employees.

                                   Table 5.   Single trip travel cost Vancouver-NY.

	
	Cost  - Can.$

	Air fare
	1100

	Accommodation
	  700

	Per diem
	  650

	Local transportation
	  400

	Total
	2850


The travel costs have been estimated for each group based on the number of trips and their duration. For example, for the first year of the collaboration the Beam Dynamics group will have:

6 person trips at 1 week  -  $17k

2 person trips at  4 weeks  - $18k

Summary

The overall budget costs using the CFI breakdown are shown in Table 6 over the four-year period of the project. Table 7 gives the list of component costs and the dates each item is to be acquired.

.


[image: image3.wmf]Expenditure Type

Item

Total

Year 1

Year 2

Year 3

Year 4

Can k$

Can k$

Can k$

Can k$

Can k$

Personnel Costs

Beam development

250

75

75

25

75

25 MHz cavity

500

100

200

150

50

Kicker upgrades

1150

125

400

400

225

Subtotal

1900

300

675

575

350

Component Costs

Beam Development

0

25 MHz cavity

1073

250

500

323

Kicker upgrades 

3940

500

1430

1530

480

Subtotal

5013

750

1930

1853

480

Travel Costs

Beam Development

125

35

35

20

35

25 MHz cavity

75

25

25

25

Kicker upgrades

115

35

25

20

35

Subtotal

315

95

85

65

70

Total

7228

1145

2690

2493

900


Table 6.   Budget costs using CFI breakdown 

Table 7.   Cost of individual items.


[image: image4.wmf]Item Description

Item #

Total List Price

Date acquired

Can $k

mm/yyyy

25 MHz cavity

cavity model

1

20

12/2002

cavity fabrication

2

510

12/2003

copper plating

3

40

03/2004

tuner & dampers

4

105

03/2004

ceramics

5

50

12/2003

vacuum pump

6

28

12/2003

power tetrode

7

45

12/2003

power amplifier

8

140

03/2004

power supplies

9

75

12/2003

controls equipment

10

35

03/2004

shipping

11

25

11/2004

Total

1073

A5 kicker

ferrite

12

90

03/2004

magnet assembly

13

208

03/2004

vacuum tank

14

202

03/2004

thryratrons/housings

15

545

06/2004

capacitors/resistors

16

60

03/2004

25 ohm cable PFN

17

85

03/2004

RCPS

18

350

09/2004

50 ohm cables/connectors

19

100

03/2004

controls/interlocks

20

75

01/2005

shipping

21

30

07/2005

Total

1745

F3 kicker

ferrite

22

130

09/2004

magnet assembly

23

258

09/2004

vacuum tank

24

242

09/2004

thryratrons/housings

25

700

12/2004

capacitors/resistors

26

80

09/2004

25 ohm cable PFN

27

105

09/2004

RCPS

28

450

03/2005

50 ohm cables/connectors

29

125

09/2004

controls/interlocks

30

75

06/2005

shipping

31

30

01/2006

Total

2195


� The budgetary cost estimates become part of the design optimization, and solutions are found which are compatible with the available funds.  





� All costs are shown in Canadian dollars using the conversion factor C$1.6 = US$ 1.0 where appropriate.


� See Table 7.
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Sheet1

		WBS#		Description		Base Cost		EDIA Labour		Mfg Labour		Mfg Matls

						($k)		($k)		($k)		($k)

		2.10.3		F3 Kicker (4 modules)		2820		225		400		2195

		2.10.3.1		Ferrite		135		5				130

		2.10.3.2		Magnet assembly		438		60		120		258

		2.10.3.3		Vacuum tank		272		10		20		242

		2.10.3.4		Thyratrons/housings		770		20		50		700

		2.10.3.5		Capacitors/resistors		110		10		20		80

		2.10.3.6		25 Ohm cable PFN		145		10		30		105

		2.10.3.7		RCPS		680		80		150		450

		2.10.3.8		50 Ohm cables/connectors.		140		5		10		125

		2.10.3.9		Controls/interlocks		100		25				75

		2.10.3.10		Shipping		30						30

		2.10.4		A5 Kicker (3 modules)		2270		225		300		1745

		2.10.4.1		Ferrite		95		5				90

		2.10.4.2		Magnet Assembly		358		60		90		208

		2.10.4.3		Vacuum tank		226		10		14		202

		2.10.4.4		Thyratrons/housings		598		20		33		545

		2.10.4.5		Capacitors/resistors		85		10		15		60

		2.10.4.6		25 Ohm cable PFN		115		10		20		85

		2.10.4.7		RCPS		550		80		120		350

		2.10.4.8		Cables/connectors		113		5		8		100

		2.10.4.9		Controls/interlocks		100		25				75

		2.10.4.10		Shipping		30						30

		2.10.3&4		AGS Upgrade - Kickers		5090		450		700		3940
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_1073722444.xls
Sheet1

		Expenditure Type		Item		Total		Year 1		Year 2		Year 3		Year 4

						Can k$		Can k$		Can k$		Can k$		Can k$

		Personnel Costs		Beam development		250		75		75		25		75

				25 MHz cavity		500		100		200		150		50

				Kicker upgrades		1150		125		400		400		225

				Subtotal		1900		300		675		575		350

		Component Costs		Beam Development		0

				25 MHz cavity		1073		250		500		323

				Kicker upgrades		3940		500		1430		1530		480

				Subtotal		5013		750		1930		1853		480

		Travel Costs		Beam Development		125		35		35		20		35

				25 MHz cavity		75		25		25		25

				Kicker upgrades		115		35		25		20		35

				Subtotal		315		95		85		65		70

				Total		7228		1145		2690		2493		900
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Sheet3

		






_1073722546.xls
Sheet1

		Item Description		Item #		Total List Price		Date acquired

						Can $k		mm/yyyy

		25 MHz cavity

		cavity model		1		20		12/2002

		cavity fabrication		2		510		12/2003

		copper plating		3		40		03/2004

		tuner & dampers		4		105		03/2004

		ceramics		5		50		12/2003

		vacuum pump		6		28		12/2003

		power tetrode		7		45		12/2003

		power amplifier		8		140		03/2004

		power supplies		9		75		12/2003

		controls equipment		10		35		03/2004

		shipping		11		25		11/2004

		Total				1073

		A5 kicker

		ferrite		12		90		03/2004

		magnet assembly		13		208		03/2004

		vacuum tank		14		202		03/2004

		thryratrons/housings		15		545		06/2004

		capacitors/resistors		16		60		03/2004

		25 ohm cable PFN		17		85		03/2004

		RCPS		18		350		09/2004

		50 ohm cables/connectors		19		100		03/2004

		controls/interlocks		20		75		01/2005

		shipping		21		30		07/2005

		Total				1745

		F3 kicker

		ferrite		22		130		09/2004

		magnet assembly		23		258		09/2004

		vacuum tank		24		242		09/2004

		thryratrons/housings		25		700		12/2004

		capacitors/resistors		26		80		09/2004

		25 ohm cable PFN		27		105		09/2004

		RCPS		28		450		03/2005

		50 ohm cables/connectors		29		125		09/2004

		controls/interlocks		30		75		06/2005

		shipping		31		30		01/2006

		Total				2195
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Sheet1

		WBS#		Description		Base Cost		EDIA Labour		Mfg Labour		Mfg Matls		Canadian Cont.

						Can$k		Can$k		Can$k		Can$k		Can$k

		2.10.1&2		AGS RF Mods		5310		1847		1050		2413		1648

		2.10.1		25 MHz ubunch cavity		2611		759		539		1313		1649

		2.10.1.1		Cavity		996		108		56		832		996

		2.10.1.2		Tuner		125		72		28		25		125

		2.10.1.3		Tuner shop work		114		0		0		114		114

		2.10.1.4		Vacuum pump		42		0		8		34		42

		2.10.1.5		Power amplifier		347		108		197		42		347

		2.10.1.6		Driver		61		0		27		34

		2.10.1.7		Low level		134		73		27		34

		2.10.1.8		Controls		150		73		27		50

		2.10.1.9		Damper		528		325		169		34

		2.10.1.10		Damper shop work		114		0		0		114

		2.10.1.11		Shipping										25

		2.10.2		100 MHz booster cavity		2699		1088		511		1100

		2.10.2.1		Cavity		1132		325		141		666

		2.10.2.2		Tuner		134		73		27		34

		2.10.2.3		Tuner shop work		79		0		0		79

		2.10.2.4		Vacuum pump		32		0		8		24

		2.10.2.5		Power amplifier		417		182		169		66

		2.10.2.6		Driver		61		0		27		34

		2.10.2.7		Low level		170		109		27		34

		2.10.2.8		Controls		150		73		27		50

		2.10.2.9		Damper		445		326		85		34

		2.10.2.10		Damper shop work		79		0		0		79
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