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Enclosure No.: 1 to Specification of Essentials terms of the public contract (SIWZ)
Specification of the Subject
	No.
	Parameter
	Required
	Offered

	General requirements

	1
	Amount
	3 pieces 
of Rossendorf type SRF Cryomodules
	 

	2
	Delivery (Incoterms 2010)
	DDP
Narodowe Centrum Badań Jądrowych
Andrzeja Sołtana 7
05-400 Otwock
Poland
	 

	3
	Protection during transportation
	Cryomodules must be transported in  protective frame preventing damage due to hard impacts
	 

	4
	Installation
	Performed jointly by the Contractor and the Orderer
	 

	5
	Commissioning
	Performed jointly by the Contractor and the Orderer
	 

	6
	Warranty
	Minimum 12 months from the date of SAT
	 

	Delivery dates

	 
	Overall delivery schedule
	Partial delivery in accordance with overall PolFEL schedule. Each delivery date agreed with the Orderer.
	 

	Stage 1

	 
	Delivery of a preliminary design documentation
	Not later than 3 months after the contract date
	 


	Stage 2

	 
	Component tests:
Superconductive cavities
	Vertical tests:
Not later than 18 months after the contract date
	 

	Stage 3

	 
	Component tests:
Fundamental Power Couplers
	Warm tests:
Not later than 21 months after the contract date
	 

	Stage 4

	 
	Factory Acceptance Tests:
Cryomodule 1
	Not later than 25 months after the contract date
	 

	 
	Delivery of cryomodule 1
	Not later than 27 months after the contract date
	 

	Stage 5

	 
	Commissioning of cryomodule 1
	Not later than 4 months after delivery
	 

	Stage 6

	 
	Factory Acceptance Tests:
Cryomodule 2
	Not later than 29 months after the contract date
	 

	 
	Delivery of cryomodule 2
	Not later than 31 months after the contract date
	 

	Stage 7

	 
	Commissioning of cryomodule 2
	Not later than 3 months after delivery
	 

	Stage 8

	 
	Factory Acceptance Tests:
Cryomodule 3
	Not later than 31 months after the contract date
	 

	 
	Delivery of cryomodule 3
	Not later than 33 months after the contract date
	 

	Stage 9

	 
	Commissioning of cryomodule 3
	Not later than 3 months after delivery
	 

	 
	Final Site Acceptance Tests
	Not later than 36 months after the contract date
	 


	Design work

	1
	Redesign of the Cryomodule necessary to accommodate:
	- Increased accelerating performance
- Integration of modified TTF-III FPC
- 5 K circuit for FPC intercept
- Improved microphonic behavior (jointly with the Orderer)
	 

	2
	Requirements in the area of microphonic behavior
	1. The Contractor shall prepare and make available to the Orderer full 3D CAD model of the cryomodule the design of which shall be aimed at keeping mechanical vibrations below 24Hz peak-to-peak
2.  The Orderer shall have an option to verify, in agreement with the overall time schedule, the microphonic behavior of the model by means of FEA simulations and to propose eventual changes to the design. The changes must be realistic in terms of effort and costs and are subject to the approval by the Contractor.
3. The Contractor shall manufacture and assemble the cryomodules according to the modified or, if no changes were proposed by the Orderer, to the original design.
	 


	Detailed requirements

	Cryomodule

	1
	Cryomodule type
	Modified Rossendorf style, housing 2 Superconducting Radio Frequency 9-cell accelerating TESLA cavities, equipped with RF power couplers, HOM couplers and field probes
	 

	2
	External dimension 
(L x W x H)
	3.5 x 1.1 x 2.6 m
	 

	3
	Weight
	Within the range:
1400 - 1500 kg
	 

	4
	Cryomodule main components
	1. Cavity string with tuner systems
2. Helium system
3. Thermal shield with Nitrogen cooling system
4. Input couplers
5. Cryostat
	 

	5
	Cryomodule external interfaces
	1. Electrical connection for tuner (2 pieces)
2. Electrical connection for sensors and heater
3. Coaxial connection for RF and HOM antennas
4. Cryogenic connection for LN2 supply
5. Cryogenic connection for N2 return
6. Connection to LN2 level sensor
7. Cryogenic connection for helium (2 K and possibly 5 K supply and return)
8. Vacuum vessel port for evacuation
	 

	6
	Cryomodule external components
	1. Support frame
2. Transport rolls (4 pieces)
3. Module posts (4 pieces)
4. Horizontal adjustment mechanism (transversal/longitudinal) (4 x 2 pieces)
5. Mechanism for axial adjustment of cavity string (cold mass) (2 pieces)
6. Mechanism for radial adjustment of cavity string (cold mass) (6 pieces)
	 

	Cryostat

	7
	Vacuum vessel material
	304 stainless steel
	 

	8
	Vacuum vessel volume
	Within the range:
2150 -  2250 l
	 

	9
	Cryomodule magnetic shield 
	Two layer:
- outer, made of  MuMetal or equivalent, operated at room temperature,
- inner, made of Cryoperm or equivalent, operated at 2 K
	 

	10
	Cryomodule magnetic shield performance
	Damping factor > 100,
Bres < 5 mG (at room temperatures)
	 

	Cavity string

	11
	Cavity operating frequency (at 2 K)
	1300.000 (+/- 0.05) MHz
	 

	12
	Cavity and flanges material
	Cavity - RRR300 niobium,
Flanges - NbTi
	 

	13
	Cavity preparation
	Documented XFEL recipe (EP, 800 °C, 120 °C)
	 

	14
	Cavity performance in vertical tests at 2 K
	Accelerating gradient >23.5 MV/m,
Quality factor Q0 >1.2 x 1010 
	 

	15
	Helium vessel material
	Titanium
	 

	16
	Helium vessel volume
	Volume within the range:
55 - 60 l
	 

	17
	Helium vessel heater power
	< 50 W per cavity
	 


	RF fundamental power coupler

	18
	Coupler type
	Modified TTF-III style, produced according to XFEL specification with increased inner conductor copper plating thickness of 140 µm
	 

	19
	Coupler external quality factor
	Variable in the range 
107 - 108 
by means of a remotely controlled motorized tuner
	 

	20
	Tuner design
	XFEL design (motor and gear, piezo actuators)
	 

	21
	Tuner range
	+/- 150 kHz (by means of motor),
1 kHz (by means of piezo actuators)
	 

	22
	Probe antenna external quality factor
	Qext in the range 3 - 6 x 1011
	 

	23
	Coupler performance at warm tests
	Documented minimum 8 hours stable operation (at room temperature) with 4 kW input coupler power to beam in the standing wave mode under the condition of continuous wave mode operation. The coupler vacuum must stay below 
2 x 10-6 mbar.
	 

	HOM coupler

	24
	HOM-feedthroughs
	XFEL-like
	 

	25
	External quality factor
	Qext > 1 x 1011 (pi-mode)
	 

	Cryomodule assembly 

	26
	Assembly procedure requirements - cavities
	Cavity assembly must be performed in ISO4 (or better) clean room
	 

	27
	Assembly procedure requirements - cryomodule
	Cryomodule assembly must be performed in ISO8 (or better) cleanroom
	 

	28
	Magnetic field
	Magnetic flux B during the cryomodule assembly cannot exceed 5mG (at cavity position prior to string integration)
	 

	Cryomodule performance during Factory Acceptance Test

	Leak check at room temperature:

	29
	Cavity to ambient
	< 2 x 10-10 mbar l/s
	 

	30
	Cavity to helium vessel
	< 2 x 10-10 mbar l/s
	 

	31
	Helium vessel to insulation vacuum
	< 2 x 10-8 mbar l/s
	 

	32
	Insulation vacuum to ambient
	< 1 x 10-7 mbar l/s
	 

	Coupler check

	33
	Coupler performance at warm tests
	Minimum 8 hours stable operation (at room temperature) with 4 kW input coupler power to beam in the standing wave mode under the condition of continuous wave mode operation
	 

	34
	Tuner test
	Frequency change of:
± 20 kHz (by means of motor, in warm state)
1 kHz (by means of piezo actuators, in warm state)
	 

	Cryomodule performance during Site Acceptance Test

	Leak check at room temperature:

	35
	Cavity to ambient
	< 2 x 10-10 mbar l/s
	 

	36
	Cavity to helium vessel
	< 2 x 10-10 mbar l/s
	 

	37
	Helium vessel to insulation vacuum
	< 2 x 10-8 mbar l/s
	 

	38
	Insulation vacuum to ambient
	< 1 x 10-7 mbar l/s
	 

	Leak check at 2K (cooldown from RT to 4K/2K with NCBJ cryoplant and NCBJ control system)

	39
	Cavity to ambient
	< 2 x 10-10 mbar l/s
	 

	40
	Cavity to helium vessel
	< 2 x 10-10 mbar l/s
	 

	41
	Helium vessel to insulation vacuum
	< 2 x 10-8 mbar l/s
	 

	42
	Insulation vacuum to ambient
	< 1 x 10-7 mbar l/s
	 


	Static losses at 2K

	43
	Static losses of each cryomodule
	< 10 W in average (< 30 W for all 3 cryomodules)
	 

	Fundamental power coupler

	44
	Remotely controlled Qext
	1 x 107 to 1x 108
(tuner motor control system provided by the Orderer)
	 

	45
	Stability of operation at 4 kW power (continuous wave)
	Stable operation for at least 4 hours. The temperature rise induced by RF losses  must be below 150 K.
	 

	46
	Frequency
	Tuner must achieve cold frequency of 1.3 GHz with tuning range at 1.3 GHz of  ± 150 kHz
	 

	Cavity performance at 2K

	47
	Accelerating performance
	Eacc > 18 MV/m (at Qext > 2,5 x 107)
Q0 > 1.2 x 1010 in average for all 3 cryomodules (6 cavities), 
no individual cavity can have quality factor Q0 less than
1.0 x 1010 
	 

	48
	Cryogenic load
	The value of the cryogenic load directly corresponds to the quality factor.
Total cryogenic load of all 3 cryomodules (6 cavities) must be below 200 W when operated at 18 MV/m and 2 K bath temperature. 
In addition no cavity should have a higher dynamic cryogenic load than 34 W ± 3 W under the same condition.
	 

	Positioning of cavities

	49
	Cavity positioning accuracy
	Better than ± 300 µm, as demonstrated by means of laser tracker measurements
	 


	Microphonic behaviour

	50
	Mechanical vibration level of cryomodule
	Mechanical vibrations must be below 24Hz peak-to-peak.
Responsibility of the Contractor is limited to the cases that can be related to assembly mistakes.
	 

	Instrumentation of cryomodules

	51
	Status
	Working
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