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1. Introduction

The Large Hadron Collider (LHC), being built at CERN in Geneva (Switzerland), is designed for the collision of proton beams in four interaction regions (IRs) with the nominal energy of 7 TeV per beam and nominal luminosity in two high-luminosity IRs of 1034 cm-2s-1. 

The first generation of low-beta quadrupoles for the LHC IR inner triplets based on NbTi superconductor have been developed and are being fabricated by KEK (MQXA) and Fermilab (MQXB) in collaboration with CERN. They provide a nominal field gradient of 205 T/m with a 20% margin at the high luminosity insertions with 70-mm coils, and operate at 1.9K under high radiation-induced heat load. Based on the radiation dose, an estimate of the low-beta quadrupoles lifetime in the high luminosity IRs is about 6-7 years. Taking into account that there are two low-luminosity IRs with the same magnets, the lifetime of the high luminosity IRs could be increased by factor of two by exchanging magnets with low-luminosity IRs. Based on the experimental data and theoretical analysis present NbTi low-beta quadrupoles have the critical temperature margin sufficient for increasing the heat deposition in their coils or, in other words, the machine luminosity by a factor of two with respect to the nominal luminosity. However, the magnet lifetime in high luminosity IRs will be proportionally reduced to 3 years. Although this time could be sufficient to fabricate a new set of the same NbTi quadrupoles, these magnets would limit possibilities for further luminosity increase since it also requires magnets with higher field gradient and/or larger aperture. 

In order to reach the highest possible luminosity and keep the magnet lifetime on the acceptable level (5 years or more) a new generation of low-beta quadrupoles is required. These magnets should utilize superconductors with higher than NbTi critical parameters (critical temperature, critical current and critical magnetic field), and materials and components with higher radiation strength. 

At the present time there are several classes of superconducting materials that have higher critical temperature to provide the required operation margin, and high enough critical field and critical current to reach the same or even higher field gradient in the same or larger aperture. These are A15 superconductors (Nb3Sn, Nb3Al, V3Ga, Nb3Ge etc.), HTS (BiSCCO and YBCO) and recently discovered Mg2B. However, only Nb3Sn superconductor is produced on the commercial level at reasonable price and rate in the form of multifilament stabilized strands and allows considering it as a real candidate for these magnets. The perspectives for other materials mentioned above are promising but still quite uncertain including technical and/or commercial aspects.

The magnet components that restrict the lifetime of present NbTi magnets in hard radiation environment are the plastic end parts consisting epoxy (G11). Recent progress in magnet technology allows replacing them with metallic ones in new generation quadrupoles and using epoxy-free insulating materials. 

This proposal presents the R&D program aimed on the development of new generation IR quadrupoles for the high-luminosity LHC IRs with larger aperture and possibly higher field gradient based on the Nb3Sn superconductor with the lifetime acceptable for reliable LHC operation at highest possible luminosities. The proposed program schedule assumes accomplishing the development phases and fabrication of new generation IR quadrupoles before the planned machine shut down in 2013.

Fermilab in collaboration with LBNL has developed and now is fabricating and testing the interaction region quadrupole magnets (MQXB) for the Large Hadron Collider. In the framework of this project eight 2-m long models and full-scale 6-m long prototype have been developed and successfully tested in 1996-2001. Magnet production has been started this year. For the past few years, the Fermilab’s superconducting magnet team has also been involved in the design, fabrication and tests of 12-T dipole models based on Nb3Sn superconductor. These efforts have been focused on both shell-type designs that utilize wind-and-react technology for coil fabrication and block-type designs in common coil configuration that utilize react-and-wind techniques. 

Due to these involvements as well as previous works for SSC and Tevatron, Fermilab have developed the necessary infrastructure to build and test superconducting magnets with the length up to 15 m and to perform all necessary experimental studies in support of SC magnet R&D programs. Furthermore, a team of highly trained and qualified professionals has been built at Fermilab, with a wide expertise in magnet design, fabrication, instrumentation, testing and analysis. This infrastructure with necessary modification and expertise will be used in the proposed program resulting in significant cost and time savings.

2. Nb3Sn IRQ conceptual design study (summary)

Based on the preliminary studies [1] the quadrupole main target parameters are (same or better than that for MQXB):

· Magnet (coil) bore – 90 mm

· Nominal field gradient – 205 T/m

· Margin along the load line – 15-20%

· Temperature margin – sufficient for at list a factor of 3 in luminosity increase

· Nominal temperature – 1.9-2.0 K or 4.5 K

· Field quality – see MQXB error tables v.3

· Life time – >5 years (operation, replacement)
The following constraints were used in order to minimize the impact on the inner triplet other systems:

· nominal current - <15-16 kA (current leads and feed boxes, bus bars, PS)

· cold mass OD - < 500 mm (cryostat, feed boxes, tooling, test facility)

2.1 Magnetic design and analysis

The MQXB design consists of four, two-layer shell-type NbTi coils connected in series, clamped by stainless steel collars, and surrounded by iron laminations. A two-layer geometry was chosen based on mechanical, thermal and quench protection considerations. This design approach was used for the proposed Nb3Sn IR quadrupoles for the LHC IR upgrade. 

Two 90-mm quadrupole coil cross-sections optimized for the best geometrical field quality using ROXIE code are shown in Figure 2.1. Design I was optimized for 12-mm thick collar/spacer, assuming that the iron yoke and the skin provide the coil support.  It consists of 37 turns/octant combined in 4 blocks. Design II was optimized for 30-mm thick stainless steel collars that provide full mechanical support. It has 36 turns/octant grouped in 3 blocks. Both designs utilize the Rutherford cables made of 42 Nb3Sn strands 0.7 mm in diameter and insulated with ~0.2 mm thick insulation.
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Figure 2.1. Quadrupole coil cross-sections: Design I – left, Design II – right.

The systematic and random (due to ±50 m block displacement) geometrical harmonics are shown in Table 1.  Both the designs provide excellent systematic geometrical harmonics an order of magnitude better than in present 70-mm MQXB design.  For the assumed quite large random block displacements within  ±50 m, the calculated harmonics RMS spread for both designs is close or better (except few low order harmonics) than for MQXB where block displacement was within ±15 m.  The possibilities of further field quality improvements in Nb3Sn quadrupoles including a reduction of the coil geometry variations and/or an active correction of the random field errors will be studied during the R&D phase.

Table 1. Geometrical harmonics at 17 mm radius, 10-4.

	n
	Systematic bn
	Random (±50 m block displacement) (an/(bn, 

	
	Design I
	Design II
	MQXB
	Design I
	Design II
	MQXB

	3
	-
	-
	-
	0.947/0.890
	1.095/1.114
	0.28/0.26

	4
	-
	-
	-
	0.356/0.375
	0.456/0.445
	0.37/0.08

	5
	-
	-
	-
	0.151/0.148
	0.172/0.172
	0.15/0.07

	6
	0.00029
	0.00018
	-0.013
	0.052/0.054
	0.062/0.069
	0.05/0.17

	7
	-
	-
	-
	0.019/0.019
	0.025/0.024
	0.03/0.03

	8
	-
	-
	-
	0.007/0.006
	0.008/0.009
	0.01/0.00

	9
	-
	-
	-
	0.002/0.002
	0.003/0.003
	0.01/0.00

	10
	0.00002
	0.00048
	-0.001
	0.001/0.001
	0.001/0.001
	0.00/0.01


The iron yoke optimization for the best field quality in the operation region was performed with additional constraints including the yoke outer radius of 200 mm as for MQXB and longitudinal heat transfer requirements inside the cold mass for the “ultimate luminosity” [2].  Estimated area of necessary cooling channels equals to the area of 4 holes, each 10 cm in diameter. Since the round holes of such size exceed the available yoke thickness, they were split onto 8 holes with different size and shape. The holes occupies significant fraction of iron cross-section. However, the harmonic deviations are close to the random block displacement and thus can be neglected. An alternative option is to use a warm yoke design.  The yoke saturation effect in this case virtually does not exist, due to large distance between the coil and the “warm” iron. 

The effect of collar magnetization has been determined assuming a uniform and constant Nitronic 40 collar permeability of 1.003. It gives deviations of dodecapole component by –0.13·10-4 that can be easily eliminated by corresponding adjustment of the coil geometry. A contribution to the harmonics RMS spread due to the variations of collar magnetic properties is expected to be small.

The coil magnetization has been simulated assuming superconductor properties measured on Nb3Sn strands with effective filament diameter of ~120 (m. In order to correct large coil magnetization effect in Nb3Sn magnets, simple passive correction approaches were developed and successfully tested in Nb3Sn dipole models [3,4]. In the case of quadrupole magnet one iron strip placed on top of the wedge in the inner layer reduces b6 at low fields by a factor of four to the level less than in MQXB. The coil magnetization effect could be also reduced using more expensive PIT strands with smaller effective filament diameter (~20-30 (m). All these options as well as harmonics RMS spread due to the coil magnetization effect have to be studied and optimized experimentally during R&D phase.

Figure 2.2 presents the maximum bore gradient as function of critical current density in the coil for both “cold” and “warm” cases at 1.95 K or 4.5 K operation temperature. The difference in maximum gradient between the two cases is only 2 %. In order to provide the nominal field gradient of 205 T/m with 15% critical current margin, the critical current density of superconducting strands at 12 T and 4.2 K has to be 2400-2500 A/mm2 for operation at 1.95 K or 2800-3000 A/mm2 for operation at 4.5 K (including 10% critical current degradation during cabling). The nominal field gradient of 205 T/m is reached at the nominal currents of 14.1 kA and 15.0 kA for the magnets with cold and warm yoke. 

The turn critical temperature margin for the Nb3Sn coil (Design I) and for the MQXB at 80% critical current margin are shown in Figure 2.3. At the operation temperature of 1.95 K the critical temperature margin of Nb3Sn quadrupoles are a factor of three higher than the margin of MQXB. At the operation temperature of 4.5 K the critical temperature margin of Nb3Sn quadrupoles is still a factor of two higher than MQXB. The preliminary analysis shows that this margin is sufficient to operate with energy depositions in the coil an order of magnitude higher than the nominal ones at 1.95 K or a factor of five higher in the case of 4.5 K operation temperature.


[image: image3.wmf]220

230

240

250

260

2000

2200

2400

2600

2800

J

sc

(12T, 4.2K), A/mm

2

G, T/m

Cold yoke, 4.2K

Warm yoke, 4.2K

Cold yoke, 1.9 K

Warm yoke, 1.9K

 
[image: image4.wmf]0

3

6

9

12

0

5

10

15

20

Turn number

Temperature margin, K

MQXB_1.95K

Nb3Sn_1.95K

Nb3Sn_4.5K


Figure 2.2. The maximum gradient versus the critical current density of superconductor.

Figure 2.3: Turn critical temperature margin for the Nb3Sn coil (Design I) and MQXB at 80% Ic margin.

Magnetic analysis shows that 90-mm quadrupole magnets based on the Nb3Sn two-layer shell-type coils can provide the nominal field gradient of 205 T/m with sufficient critical current and large critical temperature margins using state of the art Nb3Sn strands.  The expected systematic and random field harmonics are comparable or even better than reached in MQXB. The nominal field gradient of 205 T/m is achieved at nominal currents less than 16 kA that makes these magnets compatible with present power system that includes power supply and current leads. The size of magnet cold mass is the same or smaller than the size of MQXB cold mass which allows using the available quadrupole cryostat and triplet cryogenics system that included feed boxes and HeII heat exchanger.

There is a potential for magnetic design improvements with respect to the performance parameters and magnet cost. The possible directions include an optimization of number of coil blocks in magnet body and in the ends, cable and strand cross-section, insulation thickness, collar and yoke design, field quality correction, critical current and critical temperature optimization. All these possibilities will be explored during the model magnet R&D phase.

2.2. Mechanical design and analysis

Coil support structure helps in stabilization of field harmonics during the operation cycle as well as reduction of occurrence of spontaneous quenches caused by turn motion. There are two general options to support the coil for the proposed magnets: a) rigid stand-alone collar structure and b) with iron yoke and thick skin. The later was tested and is being used in most of the high field accelerator magnets. However, since both cold and warm iron yoke designs are being considered for the proposed Nb3Sn quadrupoles, the stand-along collar structure has certain advantages and was chosen for the analysis. 

Two variants of this design were analyzed. The first design is similar to the MQXB design in which the pole area is a part of the collar. The required pre-stress to the coil is delivered through azimuthal oversizing of the coil. The second design is with round collars in which the pole pieces are a part of the coil-impregnated assembly. The required pre-stress in the coil is typically achieved by radial compression of the coils through radial interference of the coil and the collar structure. The later has an advantage in the sense that the fabrication process is simpler. However, the first variant gives better stiffness to the collar structure, which helps to maintain the pre-stress in the coil especially during excitation. The acceptable mechanical criteria are:

· The peak stress in the coil should be less than 150 MPa to prevent the irreversible critical current degradation of brittle Nb3Sn superconductor. 

· A minimum coil stress should be more than 5 MPa at nominal gradient of 210 T/m to ensure that coils are under compression.

· The maximum collar stress should be less than the yield stress of the collar material.

· Maximum coil displacements under Lorentz forces should be less than 0.1 mm to prevent the spontaneous quenches and to provide harmonics stability in operation cycle.

Mechanical analysis of the two possible coil support structures shows (see Tables 2 and 3) that the regular collar design meets all the criteria for the acceptable design whereas the coil starts to unload for the round collar design. The assembly procedure for the round-collar design is being looked into to reduce the spring-back affect so that the pre-stress in the coil could be higher consequently avoiding the unloading of coil at peak gradient. For both the structures the turn radial and azimuthal motion under the Lorentz force action is practically within the required range. The peak equivalent stress in the major elements of coil support structure is less than the yield stress of the materials used. The mechanical design of the support structure and the materials used will be experimentally investigated and optimized during the magnet R&D phase.

Table 2: Azimithal stress in the coil and the peak stress in the collar for various stages of the magnet assembly and operation.
	
	Azimuthal Stress, MPa
	

	Stages
	Inner Coil
	Outer Coil
	Peak Collar Stress

	
	Mid-Plane
	Pole
	Mid-Plane
	Pole
	MPa

	Before Spring Back
	125
	98
	58
	85
	361

	After Spring Back
	50
	31
	41
	38
	481

	4.2 K, 0 T/m
	43
	21
	21
	27
	272

	4.2 K, 240 T/m
	134
	0
	83
	16
	800


Table 3: Radial displacements of the coil at four positions.
	
	Radial Displacement, m

	Stages
	Inner Coil
	Outer Coil

	
	Position 1
	Position 2
	Position 3
	Position 4

	After Spring Back
	30
	35
	37
	38

	4.2 K, 0 T/m
	-110
	-71
	-188
	-162

	4.2 K, 240 T/m
	19
	44
	-72
	-72


2.3. Thermal analysis

A continuous heat load due to energy depositions of secondary particles coming from IPs will be released in IR quadrupole magnets and in particular in their coils. The beam induced energy deposition as well as other factors will cause the coil temperature rise. To prevent magnet quench the cable temperature everywhere in the magnet coil should be kept below the superconductor critical temperature.

The luminosity upgrade will cause a growth of the radiation-induced heat depositions in the magnets increasing the coil local temperatures and the total heat load on the magnet cold mass. The proposed Nb3Sn IR quadrupoles have significantly higher critical temperature margin than present NbTi IR quadrupoles and that increase the operation margin of Nb3Sn quadrupole magnets with respect to the expected higher level of heat deposition in the coil. 

The results of calculation of turn operation margin for the maximum energy deposition in the coil of 1 mW/g at field gradient of 210 T/m and critical current margin of 0.85 are shown in Figure 2.4. Thermal analysis was performed using a 2-D steady thermal model based on the ANSYS® code.  It includes the inner and outer coils, the ground insulation, and the stainless steel collars. Boundary conditions include constant temperature of HeII of 1.9 K in the annular channel and on the outer surface of the coil, and zero heat flux through the midplane. The distribution of radiation-induced heat depositions in the coil was fitted by the following function found from the analysis of the heat deposition distribution in MQXB:
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where r and (  are polar coordinates, Rin is the coil inner radius, Po power of energy depositions on the coil inner surface, Ro and (o are fitting parameters.  Operation margin is defined as a ratio of turn critical temperature margin to the turn temperature rise, dTc/dTcbl. As it can be seen the operating margin of both layers is determined by the midplane turns. Operating margin of whole magnet is determined by the operation margin of inner-layer midplane turns although the operation margin of the outer-layer midplane turns is almost the same.  

Figure 2.5 shows the dependence of magnet temperature margin versus the maximum energy deposition in the inner-layer mid-plane turn for the proposed Nb3Sn IR quadrupoles and present MQXB. Energy deposition at nominal luminosity corresponds to 3.6 mW/cm3.
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Figure 2.4. Operation margin for inner and outer turns at field gradient of 210 T/m and Top=1.95 K.

Figure 2.5. Operation margin for proposed Nb3Sn IRQ and present MQXB versus the maximum energy deposition in the inner-layer mid-plane turn at Top=1.95 K.

According to the calculations, the proposed Nb3Sn IR quadrupoles and nominal field gradient of 205 T/m and nominal temperature 1.9 K can operate at heat load level by a factor of 10 higher than the nominal one. At the 4.5 K operation temperature the operation margin will be lower due to lower critical current margin but still sufficient for a substantial luminosity increase. Experimental study and optimization of the Nb3Sn quadrupole thermal performance at 1.95 K and 4.5 K as well as the HeII heat exchanger design will be performed in the frames of short model and prototype R&D stage.

Analysis shows that for heat loads up to slightly under that corresponding to ultimate luminosity (about 400 W), the present cryogenic system including yoke hole size is adequate.  For heat loads above 600 W total (or above 40 W/m peak in Q1), a new cryostat would be required.  With a new cryostat one could perhaps remove 1.5 times the heat load corresponding to "ultimate luminosity", or about 680 W total before reaching other LHC cryogenic system limits.  

Of course, LHC overall thermal margin remains to be seen.  It will be important to see data from the cryogenic operation of the inner triplets at LHC.  Especially, how much reserve capacity is actually available and what temperatures are reached will help us judge how much additional heat one can remove from a second generation of IR quadrupoles.  

For heat loads above the 400 W which the present system is capable of removing, one can also consider options for reducing heat deposited to the 1.9 K level, such as a 4-20 K internal liner, a thinner cold mass with warm iron, or a magnet entirely cooled at the 4.5 K temperature level.  

2.4. Quench protection

IR Quadrupoles will operate in severe radiation environments which may cause magnet quenches, and the magnets have to be reliably protected during quench. The main dangers for the superconducting magnet during a quench are coil overheating and associated with that mechanical overstress as well as high voltages between the turns inside the magnet and between the magnet coil and ground.  These factors can change the magnet operation parameters or destroy it. Due to the larger aperture the proposed Nb3Sn quadrupoles have by a factor of 2 higher nominal stored energy than present MQXB that complicate their quench protection. This section presents the results of analysis of quench protection problem for the Nb3Sn quadrupoles proposed for the LHC interaction regions upgrade.

The limitations on temperature and voltage were set to 300 K for the peak coil temperature, 1 kV for the maximum turn to ground voltage and 100 V for the maximum turn to turn voltage. Preliminary experiments indicate that Nb3Sn type magnets can be heated up to ~420 K after a quench without permanently degrading the brittle superconductor [5]. However, it is reasonable at this stage to set the lower temperature limit because a) the results indicated above are preliminary, b) the glass transition temperature for the S2-glass insulation is around 400 K and c) the effect of repeated temperature excursions over the magnet lifetime is not well known. The above voltage limits are in agreement with the data on impregnated fiber-glass insulation and include a large safety factor [6,7].

The temperature of the turn(s) where the original quench occurred (hot spot temperature) and the temperature of the turns under the heaters (bulk temperature) remain below 300 K for a ~30 % heater coverage. Quench heaters placed on the outer coils only result in a ~55% heater coverage, whereas, due to the slightly smaller number of turns in the inner layer, the inner layer only represents 44% of the total coil volume. The analysis assumes a total heater delay of 30 ms. Experimental evidence as well as FE modeling support this assumption. 

A summary of the results of the quench analysis is given in Table 4. The voltages and temperatures listed in the table are below or at the limits. Especially in the case of the voltages the figures presented here are for the standard operational cases. Different realistic heater failure scenarios were simulated and they can result in larger voltages that exceed the limiting voltage by a maximum of 10%.

Table 4: Summary of the quench calculations 6-m long Nb3Sn LHC IR quadrupole. 
	
	1 heater fail
	Nominal case

	Heater coverage (%)
	25
	50

	Heater delay (ms)
	30
	30

	Max. hot spot temperature (K)
	314
	231

	Max. bulk temperature (K)
	180
	127

	Max. turn-to-ground voltage (V)
	419
	407

	Max. turn-to-turn voltage (V)
	64
	30


Another important quench protection parameter is the Cu/NCu ratio. Given cable dimensions as required by the magnetic design the Cu/NCu ratio, together with the critical current density in the superconductor, determines the current density in the normal conducting matrix (copper matrix) during a quench. Simulations show that the choice of Cu/NCu=1.2 and a minimum 25 % heater coverage are compatible with the temperature and voltage limits. In addition the calculations revealed that the Cu/nonCu ratio could be varied in the range of 1 to 1.4 without dramatically changing the peak temperature.
Thus quench protection analysis shows that it is possible to operate the proposed Nb3Sn quadrupole magnets with nominal field gradient 205 T/m and magnetic length of 6-7m within the acceptable limitations. To stay within the temperature limit of 300 K a minimum heater coverage of 25% is required. A 50% coverage for the redundancy can be easy provided by placing heaters on the coil outer surface as in present MQXB. Experimental studies on optimization of the heater parameters and position in the coil as well as quench protection system parameters will be performed during model magnet R&D phase. 

2.5 Component and instrumentation development 

Major components that determine the magnet performance and its cost are the superconducting strand and cable, electrical insulation, coils, coil mechanical support structure. Component development and tests require in many cases development of a special instrumentation. These components and magnet instrumentation have to be developed, studied and optimized in parallel with the model magnet R&D.

SC strands and cables. Nb3Sn is currently the material most commonly foreseen for the development of high field superconducting magnets, thanks to its high critical temperature, Tc0, of 18 K, high upper critical field, Bc20, of about 25-28 T (24-25 T at 4.2 K), and commercial availability. As a comparison, the ductile superconducting alloy NbTi has a Tc0 of 9.5 K and a Bc20 of 14 T (that reduces to 10-11 T at 4.2 K). At this time there are three technologies that may reach the Jc requirements for the proposed magnets: the Internal Tin (IT) by Outokumpu (previous IGC-AS, i.e. Intermagnetics General Corporation, Advanced Superconductors), Mitsubishi, and Oxford Instruments Superconducting Technology (OI-ST), the Modified Jelly Roll (MJR) by OI-ST, and the Powder-in-Tube (PIT) by ShapeMetal Innovation (SMI) and Kobe Seiko. Studies of Nb3Sn strands produced using different technologies, optimization their critical current density, Cu:nonCu ratio, effective filament size, heat treatment schedule, RRR, etc., are to be performed in order to chose the final Nb3Sn strand parameters.

In order to provide maximum design flexibility for a shell-type quadrupole magnet, it is important to understand the limits of compaction and keystone angle for Nb3Sn strands.  Prior work has shown that some types of strands, especially the PIT Nb3Sn, are more sensitive to degradation in cabling.  The main focus of the first phase of this program will be to determine the optimum cabling parameters (compaction and keystone angle) for the three types of Nb3Sn strand that are being considered for this application.  These include modified jelly roll (MJR), internal tin (IT), and powder in tube (PIT).  

The Fermilab baseline magnet design requires a 42-strand cable using 0.7 mm diameter strands.  Similar cable having 41 strands of 0.7 mm diameter strands and no keystone angle has been fabricated successfully for the Fermilab react and wind racetrack magnets.  However, the quadrupole baseline design requires a large keystone angle of 1.3 degrees and a high degree of compaction at the cable narrow edge.  The degradation associated with this high compaction is expected to be severe for some types of Nb3Sn strand, and thus a tradeoff study between Ic degradation and keystone angle/compaction must be performed. 

High-temperature insulation. Insulation is one of the most important elements of magnet design, which determines (and in some cases even limits) the electrical, mechanical, and thermal performance as well as lifetime of the magnet. It also has the potential to affect the overall magnet cost. The exposure to high radiation loads in the interaction region further limits the choices of the insulation materials. 

Wind-and-react technique imposes demanding requirements on the coil insulation. The insulation must withstand a long heat treatment at high temperature (~700C) under compression. Ceramic insulation meets these requirements. Being used with ceramic binder (CTD Inc.) it improves the insulation performance during coil manufacturing. However, it is still rather expensive. An alternative is to use S-2 fiberglass, which is affordable but involves a lot of pre-processing. Both insulation systems are to be studied and compared.

Hence the lifetime of the magnet is primarily determined by the choice of the material used during vacuum impregnation. Note that the coil end-parts are made from aluminum-bronze. Traditionally Nb3Sn magnets are impregnated with epoxy to improve both the mechanical and electrical properties. However the acceptable radiation limit for epoxy is low which reduces the lifetime of the magnet. High radiation resistant materials such as polyimides are being investigated to replace epoxy. A feasibility study is now underway. Ten-stack samples were impregnated with different polyimide solutions to determine whether polyimide could sustain vacuum impregnation. The process still needs to be refined and more ten-stack samples have to be impregnated to perfect the procedure. The mechanical, thermal and electrical properties have to be measured and compared with the samples impregnated with epoxy.

Coil. The design of proposed Nb3Sn quadrupole magnets is based on two-layer shell-type coils made of Nb3Sn cable using wind-and-react approach. Coil fabrication technology uses the wind-and-react approach to avoid a large degradation of the cable critical current during winding and consists of the following steps:  after winding each coil is impregnated with a liquid ceramic binder and cured at 120C to pre-form coils before reaction and then the two half-coils are assembled, reacted and impregnated together. NbTi cables stabilized by copper cable are used for coil leads. 

The coil consists of straight section, and lead and return ends. The straight section of each coil consists of two groups of insulated turns separated by the insulated metal wedge. The coil ends consist of metal pole inserts, groups of turns separated by the metal end spacers and metal saddles. Shell-type Nb3Sn magnets use complicated 3D end parts that must withstand the heat treatment cycle without deformation and match the cable shape in the ends to avoid shorts. An optimization method for metallic end parts was developed and successfully tested. Rapid prototyping techniques reduce time and cost of the optimization process for such end parts. Emerging technologies, such as water jet machining, promise a significant reduction of the end part cost by a factor of 2.5 and of the manufacturing time by a factor of 10. The coil development program will be focused on the optimization of coil design including materials and components and fabrication procedures to provide required geometry, mechanical and electrical properties. 

Collar structure. There are three distinct parts of the collared coil assembly: straight section, lead and return ends.  The straight section consists of the coil, ground insulation with quench heaters, collars and keys. Collared coil ends include coil ends, end ground insulation, collets and end cans. Inter-layer cable transition is placed in the collared coil lead end. The collared coil assembly procedure has to provide the design coil geometry (cross-section), the nominal coil prestress in the body and end regions and preserve the electrical insulation from damage. 

During the short model R&D program the design of major elements of the collared coil and collared coil assembly procedure will be optimized using short mechanical models. The target parameters responsible for the performance of the collared coil will be determined and verified.

Instrumentation. Magnet instrumentation is an important source of information about magnet operational performance. Typical instrumentation kit for SC magnet includes:

· Voltage taps to detect quench and its origin  

· Strain gauges in the coil to measure coil azimuthal stress

· Temperature gauges to measure RRR, magnet Ic(T), etc. 

· End plate (bullet) gauges to measure longitudinal load and Lorentz forces

· Skin gauges to measure skin stress

· Magnetic field probes (installed in magnet bore)

· Quench antenna (installed in magnet bore)

· Spot heaters to initiate the quench in the coil

Many of the above gauges and measurement methods have been already developed and successfully used in testing practice of SC magnets. However, taking into account the specific design and technological features of Nb3Sn magnets some of them to be modified as well as new ones to be developed and implemented during the R&D phase. 

2.6 Summary

The results of conceptual design studies show that the Nb3Sn low-beta quadrupoles proposed for the LHC high-luminosity IR upgrade are feasible.  Their major parameters meet the preliminary requirements to these magnets. The magnets have a lot of potential for the design optimization and require efforts for the development of their technologies. Some important parameters such as magnet training, training memory, field quality, reproducibility of main parameters from magnet to magnet, etc., that depend not only on magnet design but also on its technology as well as magnet long-term performance in real operation conditions have to be studied experimentally. All those studies are to be included in the proposed R&D program. They determine the scope of the program, its duration, stages, milestones and cost.

3. Program schedule

This proposal present the R&D program aimed on the development of new generation IR quadrupoles for the high-luminosity LHC IRs with larger aperture and possibly higher field gradient based on the Nb3Sn superconductor with the lifetime acceptable for reliable LHC operation at possible higher luminosities. The result of proposed R&D program will be the design and technology of Nb3Sn quadrupole magnets suitable for the LHC high-luminosity IR upgrade. Based on the results of this work the cost and the required time for the LHC IR upgrade will be justified.

The program is divided on the following stages:

Stage I. Short model R&D. This stage is divided by three phases described below:

Phase I - short model design development and tests. This phase includes a) magnet and tooling engineering design, b) fabrication and tests of short mechanical model, c) fabrication and tests of three proof of principle short models with the goal of reaching the field gradient above 210 T/m using commercially available Nb3Sn strands. To accelerate this phase with restricted funds available in first two years, the 70-mm Nb3Sn quadrupoles utilizing MQXB collars and yoke and tooling will be developed and tested. 

Phase II - short model design and technology optimization. This phase includes a) the magnet design, tooling and component optimization, b) fabrication and tests of six short models to study and optimize mechanical, thermal, magnetic and quench performance of magnets, c) study and justification of magnet critical current and critical temperature margin, d) development specifications for superconductor, cable and magnet components 

Phase III – reproducibility and long-term performance study. This phase includes  fabrication and tests of five identical models of final design with final magnet materials and components in order to study a) a reproducibility of main magnet parameters including quench performance and field quality, b) magnet long-term performance during cycling, repeated quenching and periodic warming up-cooling dawn cycles, c) study a string of magnets

Stage II. Full-scale prototype R&D. It includes development of full-scale prototype of magnet cold mass design and technology, full-scale tooling design, interface with the cryostat, fabrication and tests of the technological model and 2 full-scale cold massed in the horizontal cryostat.

The proposed program schedule assumes accomplishing the development phases and fabrication of new generation IR quadrupoles before the planned machine shut down. Proposed schedule and major milestones are shown in Table 5. Schedule in based on the time required for design and tooling development and procurement, model fabrication and tests scaled from the Fermilab’s MQXB short model and prototype R&D and Nb3Sn HFM R&D programs. Yearly program reviews are scheduled to monitor program progress and correct the scope of work based on the results achieved.

Table 5: Program schedule.
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4. Program cost estimates

Table 6 present the cost estimates for the proposed program in M&S, Labor and EDIA categories separately for tooling, model fabrication, tests and component development. The cost estimates based on the real cost of tooling, magnet parts, model fabrication and test efforts used for MQXB short model R&D phase as well as for the cos-theta Nb3Sn high field dipole model R&D. Table 7 summarizes the program budget.

Table 6: Program cost estimates (K$).
[image: image10.png]



Table 7: Summary of program budget. 

	  
	FY03
	FY04
	FY05
	FY06
	FY07
	FY08
	FY09
	FY10
	FY11

	M&S (k$) 
	126
	366
	520
	1,472
	1,640
	1,840
	2,518
	2,358
	1,679

	Labor (FTE)
	0.4
	0.4
	1.6
	5.9
	6.3
	9.7
	11
	12.9
	8.2

	EDIA (FTE)
	1.6
	1.6
	7.6
	8
	10.4
	11.6
	12
	11.3
	11

	 Total (k$)
	380
	620
	1,405
	2,540
	2,978
	3,510
	4,199
	4,126
	3,194


5. Conclusions

The presented proposal of the R&D program shows that the new generation IR quadrupoles for the high-luminosity LHC IRs with 90-mm aperture and nominal field gradient of 205 T/m or higher based on the Nb3Sn superconductor with the lifetime acceptable for reliable LHC operation at highest possible luminosities are feasible. The proposed program schedule assumes accomplishing the R&D phases during FY2003-FY2011 with total budget of 22,952 K$. The results of proposed R&D program will be the design and technology of Nb3Sn quadrupole magnets suitable for the LHC high-luminosity IR upgrade, magnet and component specifications. Based on the results of this work the cost and the required time for the LHC IR upgrade will be justified.

The proposed program would also results in the development of the new technology of high field magnets based on the shell-type Nb3Sn coils suitable for a future hadron colliders or upgrades of present machines or their components. 
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																						G10=0.03W/m*K

				2nd generation IRQ (Nb3Sn), cold yoke (Vadim)																		Igor

				Turn #		Bout, T		B/I, T/kA		Bin, T		B/I, T/kA		Tc_out, K		Tc_in, K		dTc_out,K		dTc_in,K		Tcbl_out, K		Tcbl_in, K		dTcbl_out, K		dTcbl_in, K		dTc/dTcbl_out		dTc/dTcbl_in		Pout, mW/cm3		Pin, mW/cm3

				1		4.864		0.34743		8.856		0.63257		11.892		8.573		9.942		6.623		3.4232		3.1253		1.473		1.175		6.7		5.6

				2		4.936		0.35257		8.934		0.63814		11.837		8.500		9.887		6.550		3.4184		3.0779		1.468		1.128		6.7		5.8

				3		5.002		0.35729		8.980		0.64143		11.786		8.456		9.836		6.506		3.3807		3.0324		1.431		1.082		6.9		6.0

				4		5.077		0.36264		9.025		0.64464		11.728		8.414		9.778		6.464		3.3252		2.9607		1.375		1.011		7.1		6.4

				5		5.149		0.36779		9.076		0.64829		11.672		8.365		9.722		6.415		3.2558		2.8799		1.306		0.930		7.4		6.9

				6		5.229		0.37350		9.106		0.65043		11.610		8.336		9.660		6.386		3.1787		2.7963		1.229		0.846		7.9		7.5

				7		5.317		0.37979		9.140		0.65286		11.541		8.304		9.591		6.354		3.0988		2.7157		1.149		0.766		8.3		8.3

				8		5.415		0.38679		9.165		0.65464		11.465		8.280		9.515		6.330		3.0186		2.6402		1.069		0.690		8.9		9.2

				9		5.522		0.39443		9.181		0.65579		11.381		8.264		9.431		6.314		2.9402		2.5709		0.990		0.621		9.5		10.2

				10		5.638		0.40271		9.160		0.65429		11.291		8.284		9.341		6.334		2.8648		2.5076		0.915		0.558		10.2		11.4

				11		5.760		0.41143		9.057		0.64693		11.195		8.383		9.245		6.433		2.7936		2.4500		0.844		0.500		11.0		12.9

				12		5.894		0.42100		8.775		0.62679		11.089		8.649		9.139		6.699		2.7270		2.2343		0.777		0.284		11.8		23.6

				13		6.322		0.45157		9.049		0.64636		10.749		8.391		8.799		6.441		2.6649		2.1909		0.715		0.241		12.3		26.7

				14		6.782		0.48443		9.275		0.66250		10.376		8.173		8.426		6.223		2.6068		2.1483		0.657		0.198		12.8		31.4

				15		7.064		0.50457		9.578		0.68414		10.144		7.873		8.194		5.923		2.5519		2.1103		0.602		0.160		13.6		37.0

				16		7.265		0.51893		10.252		0.73229		9.977		7.168		8.027		5.218		2.4996		2.0783		0.550		0.128		14.6		40.7

				17		7.437		0.53121						9.832				7.882				2.4491				0.499				15.8

				18		7.771		0.55507						9.547				7.597				2.3987				0.449				16.9

				19		8.363		0.59736						9.026				7.076				2.3464				0.396				17.8

				20		9.092		0.6494285714						8.350				6.400				2.2903				0.340				18.8

				Bo=		12		T												P=1.5*exp(-(x-4.5)/1.7)mW/g*7g/cm^3*F(alfa)										F1(alfa)=1/(1+(10*alfa)^1.5)

				Bc2(0)=		28		T												Pin=0.984mW/g										Pout=0.396mW/g

				Tco=		18		K												Pin=0.167W/m										Pout=0.067W/m

				To=		4.2		K												IRQ90		first variant		Novitski, 5Feb02

				Inom=		14.5		kA		Ic(1.9K)=		17.479								Inner				outer								Nb3Sn IRQ_90										MQXB

				Ico(Bo,To)=		17.066		kA												TEMP		TEMP		TEMP		TEMP						dTc1_in, K		dTcbl=k*Pcbl								dTc1_in, K

				Jco(Bo,To)=		2.5		kA/mm2		Inom/Ic(1.9)=		0.8295669089								2.0133		2.0414		2.1928		2.2229		pole				6.623										2.005

				SnCu=		7.585		mm2												2.0562		2.0783		2.2559		2.2903						P1_in, W/m		P1_in, mW/cm^3		dT1_in, K		dTc1_in/dT1_in				P1_in, mW/cm^3		dT1_in, K		dTc1_in/dT1_in

				Ic degrad=		10		%												2.0891		2.1103		2.3167		2.3464						0.0100		0.427		0.070		94.131				0.446		0.093		21.676

				Tnom=		1.95		K												2.1253		2.1483		2.3721		2.3987						0.05		2.137		0.352		18.826				2.229		0.463		4.335

																				2.1658		2.1909		2.4246		2.4491						0.1		4.274		0.704		9.413				4.458		0.925		2.168

																				2.2081		2.2343		2.4757		2.4996						0.15		6.410		1.055		6.275				6.687		1.388		1.445

																				2.3029		2.3976		2.5284		2.5519						0.2		8.547		1.407		4.707				8.917		1.850		1.084

																				2.3504		2.4500		2.5835		2.6068						0.25		10.684		1.759		3.765				11.146		2.313		0.867

																				2.4029		2.5076		2.6418		2.6649						0.3		12.821		2.111		3.138				13.375		2.775		0.723

																				2.4610		2.5709		2.7037		2.7270						0.35		14.957		2.463		2.689				15.604		3.238		0.619

																				2.5255		2.6402		2.7704		2.7936						0.4		17.094		2.814		2.353				17.833		3.700		0.542

																				2.5969		2.7157		2.8421		2.8648						0.45		19.231		3.166		2.092				20.062		4.163		0.482

																				2.6750		2.7963		2.9183		2.9402						0.5		21.368		3.518		1.883				22.292		4.625		0.434

																				2.7579		2.8799		2.9982		3.0186						0.55		23.504		3.870		1.711				24.521		5.088		0.394

																				2.8416		2.9607		3.0804		3.0988						0.6		25.641		4.222		1.569				26.750		5.550		0.361

																				2.9170		3.0324		3.1623		3.1787						0.65		27.778		4.573		1.448				28.979		6.013		0.333

																				2.9806		3.0779		3.2427		3.2558						0.7		29.915		4.925		1.345				31.208		6.475		0.310

																				2.9636		3.1253		3.3157		3.3252		mid-plane				0.75		32.051		5.277		1.255				33.437		6.938		0.289

																								3.3752		3.3807						0.8		34.188		5.629		1.177				35.667		7.400		0.271

																								3.4153		3.4184						0.85		36.325		5.981		1.107				37.896		7.863		0.255

																								3.4263		3.4232						0.9		38.462		6.332		1.046				40.125		8.325		0.241

																																0.95		40.598		6.684		0.991				42.354		8.788		0.228

																																1		42.735		7.036		0.941
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Nb3Sn IRQ

MQXB (NbTi)

Pcbl1_in, mW/cm^3
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						Nb3Sn_90_cold_vadim								MQXB_NbTi

						Tn=1.95 K		Jc(12,4.2)=2.4kA/mm^2		Tn=4.5 K		Jc(12,4.2)=2.8kA/mm^2		Tn=1.95 K		Jc(5,4.2)= 2.75kA/mm^2

				Turn #		dTc_out,K		dTc_in,K		dTc_out,K		dTc_in,K		dTc_out, K		dTc_in, K

				1		9.834		6.447729768		7.677		4.5250571636		3.189		2.005

				2		9.778		6.3724812399		7.623		4.4564207545		3.164		1.987

				3		9.726		6.3278431345		7.575		4.4157466571		3.135		1.974

				4		9.667		6.2839840129		7.519		4.3758131359		3.1		1.959

				5		9.61		6.2340438169		7.466		4.3303805496		3.057		1.943

				6		9.547		6.2045495366		7.406		4.3035675622		3.006		1.926

				7		9.477		6.1710156601		7.341		4.2730997001		2.895		1.908

				8		9.4		6.1462849777		7.268		4.250642194		2.762		1.889

				9		9.315		6.1304243557		7.188		4.2362448623		2.613		1.872

				10		9.222		6.1512361282		7.101		4.2551374249		2.451		1.861

				11		9.125		6.2526782435		7.009		4.3473282917		2.272		1.866

				12		9.017		6.5252992021		6.908		4.5959007269		2.076		1.978

				13		8.671		6.2605138913		6.584		4.3544563894		1.864		1.822

				14		8.291		6.0367136372		6.229		4.1512677097		1.633		1.475

				15		8.055		5.7281197886		6.008		3.872549109		1.359

				16		7.884		4.9997827798		5.849		3.2224769242		1.338

				17		7.736				5.712

				18		7.445				5.442

				19		6.911				4.95

				20		6.218				4.316
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			B0, T			G0, T/m			b1			b2			b3			b4			b5			b6			b7			b8			b9			b10			b11


			0.2510991			14.7705352941			2.73E-06			1.00E+04			-2.73E-06			-3.04E-10			2.73E-06			8.40E-03			-2.73E-06			-6.04E-11			2.73E-06			1.50E-03			-2.73E-06


			0.5021984			29.5410823529			2.74E-06			1.00E+04			-2.74E-06			-3.02E-10			2.74E-06			7.98E-03			-2.74E-06			-6.11E-11			2.74E-06			1.60E-03			-2.74E-06


			1.004389			59.0817058824			2.74E-06			1.00E+04			-2.74E-06			-2.94E-10			2.74E-06			8.80E-03			-2.74E-06			-6.13E-11			2.74E-06			7.12E-04			-2.74E-06


			1.506202			88.6001176471			2.74E-06			1.00E+04			-2.74E-06			-3.04E-10			2.74E-06			1.30E-02			-2.74E-06			-6.04E-11			2.74E-06			-3.95E-04			-2.74E-06


			2.004981			117.9400588235			2.74E-06			1.00E+04			-2.74E-06			-3.12E-10			2.74E-06			3.27E-02			-2.74E-06			-5.97E-11			2.74E-06			5.68E-04			-2.74E-06


			2.495853			146.8148823529			2.76E-06			1.00E+04			-2.76E-06			-2.99E-10			2.76E-06			5.82E-02			-2.76E-06			-6.00E-11			2.76E-06			2.31E-04			-2.76E-06


			2.975668			175.0392941176			2.77E-06			1.00E+04			-2.77E-06			-3.04E-10			2.77E-06			7.21E-02			-2.77E-06			-6.13E-11			2.77E-06			8.04E-04			-2.77E-06


			3.444271			202.6041764706			2.76E-06			10000			-2.76E-06			-3.06E-10			2.76E-06			7.04E-02			-2.76E-06			-6.02E-11			2.76E-06			5.87E-04			-2.76E-06


			3.905004			229.7061176471			2.76E-06			10000			-2.76E-06			-2.99E-10			2.76E-06			5.90E-02			-2.76E-06			-6.00E-11			2.76E-06			6.04E-04			-2.76E-06


			4.362926			256.6427058824			2.76E-06			10000			-2.76E-06			-3.00E-10			2.76E-06			4.90E-02			-2.76E-06			-6.09E-11			2.76E-06			8.22E-04			-2.76E-06


			4.819643			283.5084117647			2.76E-06			10000			-2.76E-06			-2.96E-10			2.75E-06			4.10E-02			-2.75E-06			-6.03E-11			2.75E-06			4.61E-04			-2.75E-06


			hole			irq90_107_2						10 cm eq.																																	b6			b10


			0.2510912			14.7700705882			2.06E-05			10000			-2.06E-05			-3.14E-10			2.06E-05			6.83E-03			-2.06E-05			-6.10E-11			2.06E-05			-6.47E-04			-2.06E-05						0.000003135			-0.0000002496						0.000003135			-0.0000002496


			0.5021824			29.5401411765			2.06E-05			10000			-2.06E-05			-2.99E-10			2.06E-05			7.91E-03			-2.06E-05			-6.11E-11			2.06E-05			-2.54E-04			-2.06E-05						0.00046			0.0003929718						0.001076696			0.0003929718


			1.004291			59.0759411765			2.06E-05			10000			-2.06E-05			-3.00E-10			2.06E-05			7.38E-03			-2.06E-05			-6.08E-11			2.06E-05			2.09E-04			-2.06E-05						0.00172			0.0008556125						0.000547123			0.0008556125


			1.503283			88.4284117647			2.06E-05			10000			-2.06E-05			-3.01E-10			2.06E-05			8.24E-03			-2.06E-05			-6.14E-11			2.06E-05			5.47E-04			-2.06E-05						0.001405712			0.0011937983						0.001405712			0.0011937983


			1.986747			116.8674705882			2.06E-05			10000			-2.06E-05			-3.03E-10			2.06E-05			1.94E-03			-2.06E-05			-6.06E-11			2.06E-05			8.86E-04			-2.06E-05						-0.004889511			0.0015325206						-0.004889511			0.0015325206


			2.455315			144.4302941176			2.06E-05			10000			-2.06E-05			-3.04E-10			2.06E-05			-1.44E-03			-2.06E-05			-5.94E-11			2.06E-05			7.55E-04			-2.06E-05						-0.00856			0.00140189						-0.008270592			0.00140189


			2.916223			171.5425294118			2.05E-05			10000			-2.05E-05			-3.02E-10			2.05E-05			-4.51E-03			-2.05E-05			-5.98E-11			2.05E-05			4.74E-04			-2.05E-05						-0.011341344			0.0011209308						-0.011341344			0.0011209308


			3.37417			198.4805882353			2.05E-05			10000			-2.05E-05			-2.98E-10			2.05E-05			-3.64E-03			-2.05E-05			-6.11E-11			2.05E-05			3.88E-04			-2.05E-05						-0.010467237			0.0010354265						-0.010467237			0.0010354265


			3.830817			225.3421764706			2.05E-05			10000			-2.05E-05			-2.96E-10			2.05E-05			-2.37E-03			-2.05E-05			-6.10E-11			2.05E-05			8.93E-04			-2.05E-05						-0.009201164			0.0015397301						-0.009201164			0.0015397301


			4.286706			252.1591764706			2.06E-05			10000			-2.06E-05			-2.98E-10			2.06E-05			-1.42E-03			-2.06E-05			-6.11E-11			2.06E-05			3.22E-04			-2.06E-05						-0.008252316			0.0009694126						-0.008252316			0.0009694126


			4.742127			278.9486470588			2.06E-05			10000			-2.06E-05			-2.96E-10			2.06E-05			-1.30E-04			-2.06E-05			-6.10E-11			2.06E-05			5.85E-04			-2.06E-05						-0.0069604861			0.0012323776						-0.0069604861			0.0012323776


			noyoke


			0.2269059			13.3474058824			2.72E-06			10000			-2.72E-06			-3.00E-10			2.72E-06			-5.30E-03			-2.72E-06			-6.05E-11			2.72E-06			-2.18E-03			-2.72E-06


			0.4538119			26.6948176471			2.72E-06			10000			-2.72E-06			-3.02E-10			2.72E-06			-5.67E-03			-2.72E-06			-6.03E-11			2.72E-06			-1.08E-03			-2.72E-06


			0.9076237			53.3896294118			2.72E-06			10000			-2.72E-06			-2.95E-10			2.72E-06			-6.13E-03			-2.72E-06			-6.07E-11			2.72E-06			-7.99E-04			-2.72E-06


			1.361436			80.0844705882			2.73E-06			10000			-2.73E-06			-3.05E-10			2.73E-06			-6.77E-03			-2.73E-06			-6.06E-11			2.73E-06			7.22E-04			-2.73E-06


			1.815247			106.7792352941			2.72E-06			10000			-2.72E-06			-3.02E-10			2.72E-06			-6.13E-03			-2.72E-06			-6.06E-11			2.72E-06			1.08E-03			-2.72E-06


			2.269059			133.4740588235			2.72E-06			10000			-2.72E-06			-2.98E-10			2.72E-06			-5.88E-03			-2.72E-06			-6.07E-11			2.72E-06			-3.15E-04			-2.72E-06


			2.722871			160.1688823529			2.73E-06			10000			-2.73E-06			-3.03E-10			2.72E-06			-5.59E-03			-2.72E-06			-6.17E-11			2.72E-06			5.79E-04			-2.72E-06


			3.176683			186.8637058824			2.72E-06			10000			-2.72E-06			-2.97E-10			2.72E-06			-6.05E-03			-2.72E-06			-6.08E-11			2.72E-06			5.12E-04			-2.72E-06


			3.630495			213.5585294118			2.72E-06			10000			-2.72E-06			-2.94E-10			2.72E-06			-5.95E-03			-2.72E-06			-6.12E-11			2.72E-06			5.38E-04			-2.72E-06


			4.084307			240.2533529412			2.72E-06			10000			-2.72E-06			-3.00E-10			2.72E-06			-6.35E-03			-2.72E-06			-6.04E-11			2.72E-06			7.02E-04			-2.72E-06


			4.538118			266.9481176471			2.72E-06			10000			-2.72E-06			-2.98E-10			2.72E-06			-6.26E-03			-2.72E-06			-6.07E-11			2.72E-06			7.35E-04			-2.72E-06


			hole			irq90_107_3						6 cm eq.


			0.2510939			14.7702294118			2.73E-06			10000			-2.73E-06			-2.94E-10			2.73E-06			1.11E-02			-2.73E-06			-6.07E-11			2.73E-06			2.44E-03			-2.73E-06


			1.004346			59.0791764706			2.74E-06			10000			-2.74E-06			-3.00E-10			2.74E-06			9.60E-03			-2.74E-06			-6.17E-11			2.74E-06			8.87E-04			-2.74E-06


			1.998424			117.5543529412			2.74E-06			10000			-2.74E-06			-3.04E-10			2.74E-06			1.88E-02			-2.74E-06			-6.03E-11			2.74E-06			2.53E-04			-2.74E-06


			2.943351			173.1382941176			2.74E-06			10000			-2.74E-06			-2.98E-10			2.74E-06			1.60E-02			-2.74E-06			-6.03E-11			2.74E-06			1.68E-04			-2.74E-06


			3.865932			227.4077647059			2.73E-06			10000			-2.73E-06			-2.95E-10			2.73E-06			1.22E-02			-2.73E-06			-6.06E-11			2.73E-06			2.11E-04			-2.73E-06


			4.780945			281.2320588235			2.73E-06			10000			-2.73E-06			-3.08E-10			2.73E-06			8.54E-03			-2.73E-06			-6.08E-11			2.73E-06			4.93E-04			-2.73E-06


			90_107_2_second


			magn second																					b6												b10


			0.1276211			7.5071235294			9.79E-06			1.00E+04			-9.79E-06			-2.93E-10			9.79E-06			6.71			-9.79E-06			-6.04E-11			9.79E-06			-2.17E-02			-9.79E-06


			0.2505734			14.7396117647			-5.20E-05			1.00E+04			5.20E-05			-3.12E-10			-5.20E-05			-1.75			5.20E-05			-6.07E-11			-5.20E-05			4.06E-02			5.20E-05


			0.3127021			18.3942411765			-5.90E-05			10000			5.90E-05			-3.02E-10			-5.90E-05			-2.734258			5.90E-05			-6.09E-11			-5.90E-05			3.92E-02			5.90E-05


			0.3751836			22.0696235294			-5.93E-05			1.00E+04			5.93E-05			-3.02E-10			-5.93E-05			-2.82			5.93E-05			-6.01E-11			-5.93E-05			3.44E-02			5.93E-05


			0.5005556			29.4444470588			-5.48E-05			1.00E+04			5.48E-05			-2.97E-10			-5.48E-05			-2.24			5.48E-05			-6.01E-11			-5.48E-05			2.22E-02			5.48E-05


			0.6260636			36.8272705882			-5.08E-05			1.00E+04			5.08E-05			-3.02E-10			-5.08E-05			-1.71			5.08E-05			-6.05E-11			-5.08E-05			1.66E-02			5.08E-05


			0.7516409			44.2141705882			-4.79E-05			1.00E+04			4.79E-05			-2.99E-10			-4.79E-05			-1.32			4.79E-05			-6.25E-11			-4.79E-05			1.21E-02			4.79E-05


			1.002814			58.9890588235			-4.42E-05			1.00E+04			4.42E-05			-2.91E-10			-4.42E-05			-0.82			4.42E-05			-6.07E-11			-4.42E-05			6.08E-03			4.42E-05


			1.25346			73.7329411765			-4.21E-05			10000			4.21E-05			-2.93E-10			-4.21E-05			-0.5493402			4.21E-05			-6.06E-11			-4.21E-05			4.61E-03			4.21E-05


			1.502201			88.3647647059			-4.09E-05			1.00E+04			4.09E-05			-2.99E-10			-4.09E-05			-0.38			4.09E-05			-6.04E-11			-4.09E-05			3.10E-03			4.09E-05


			1.985938			116.8198823529			-3.97E-05			1.00E+04			3.97E-05			-2.91E-10			-3.97E-05			-0.22			3.97E-05			-6.17E-11			-3.97E-05			2.35E-03			3.97E-05


			2.454601			144.3882941176			-3.92E-05			1.00E+04			3.92E-05			-3.04E-10			-3.92E-05			-0.15			3.92E-05			-6.15E-11			-3.92E-05			2.49E-03			3.92E-05


			2.915573			171.5042941176			-3.90E-05			10000			3.90E-05			-3.05E-10			-3.90E-05			-0.12			3.90E-05			-6.04E-11			-3.90E-05			1.68E-03			3.90E-05


			3.373594			198.4467058824			-3.88E-05			10000			3.88E-05			-3.02E-10			-3.88E-05			-0.09			3.88E-05			-6.09E-11			-3.88E-05			1.98E-03			3.88E-05


			3.830305			225.3120588235			-3.86E-05			10000			3.86E-05			-3.00E-10			-3.86E-05			-0.07			3.86E-05			-6.08E-11			-3.86E-05			1.47E-03			3.86E-05


			4.286249			252.1322941176			-3.85E-05			10000			3.85E-05			-2.98E-10			-3.85E-05			-0.05			3.85E-05			-6.09E-11			-3.85E-05			1.56E-03			3.85E-05


			4.74172			278.9247058824			-3.84E-05			10000			3.84E-05			-3.00E-10			-3.84E-05			-0.04			3.84E-05			-6.05E-11			-3.84E-05			1.55E-03			3.84E-05


			90_107_2_second


			magn second + 300 mkm strip on the wedge


			0.1299639			7.6449352941			1.22E-04			1.00E+04			-1.22E-04			-3.03E-10			1.22E-04			1.27E+01			-1.22E-04			-6.18E-11			1.22E-04			-2.05E-01			-1.22E-04


			0.2528252			14.8720705882			1.38E-05			1.00E+04			-1.38E-05			-3.04E-10			1.38E-05			1.51E+00			-1.38E-05			-6.14E-11			1.38E-05			-5.35E-02			-1.38E-05


			0.3148777			18.5222176471			-2.20E-06			10000			2.20E-06			-3.03E-10			-2.20E-06			-0.1311648			2.20E-06			-6.06E-11			-2.20E-06			-3.05E-02			2.20E-06


			0.3772804			22.1929647059			-7.66E-06			10000			7.66E-06			-3.02E-10			-7.66E-06			-0.6833144			7.66E-06			-6.02E-11			-7.66E-06			-2.07E-02			7.66E-06


			0.5025428			29.5613411765			-7.41E-06			10000			7.41E-06			-3.04E-10			-7.41E-06			-0.6248506			7.41E-06			-6.08E-11			-7.41E-06			-1.74E-02			7.41E-06


			0.6279705			36.9394411765			-5.35E-06			10000			5.35E-06			-3.01E-10			-5.35E-06			-0.3863335			5.35E-06			-6.10E-11			-5.35E-06			-1.54E-02			5.35E-06


			0.7534798			44.3223411765			-3.65E-06			10000			3.65E-06			-2.99E-10			-3.65E-06			-0.1912887			3.65E-06			-6.11E-11			-3.65E-06			-1.34E-02			3.65E-06


			1.004547			59.091			-1.53E-06			10000			1.53E-06			-2.99E-10			-1.53E-06			5.27E-02			1.53E-06			-6.09E-11			-1.53E-06			-1.12E-02			1.53E-06


			1.255101			73.8294705882			-5.30E-07			10000			5.30E-07			-3.05E-10			-5.31E-07			0.1709138			5.30E-07			-6.11E-11			-5.31E-07			-8.63E-03			5.30E-07


			1.503753			88.4560588235			-7.45E-08			10000			7.45E-08			-2.99E-10			-7.53E-08			0.2279577			7.50E-08			-6.16E-11			-7.52E-08			-8.53E-03			7.51E-08


			1.987344			116.9025882353			6.33E-08			10000			-6.33E-08			-2.91E-10			6.25E-08			0.2529875			-6.27E-08			-6.12E-11			6.26E-08			-6.49E-03			-6.27E-08


			2.455918			144.4657647059			-1.61E-07			10000			1.61E-07			-3.07E-10			-1.62E-07			0.2363128			1.62E-07			-6.04E-11			-1.62E-07			-4.95E-03			1.62E-07


			2.916837			171.5786470588			-4.10E-07			10000			4.10E-07			-3.00E-10			-4.11E-07			0.213958			4.11E-07			-5.98E-11			-4.11E-07			-3.56E-03			4.11E-07


			3.374824			198.5190588235			-5.65E-07			10000			5.65E-07			-2.99E-10			-5.66E-07			0.1999771			5.66E-07			-6.07E-11			-5.66E-07			-3.42E-03			5.66E-07


			3.831511			225.383			-6.81E-07			10000			6.81E-07			-2.99E-10			-6.82E-07			0.1896242			6.82E-07			-6.07E-11			-6.82E-07			-2.82E-03			6.82E-07


			4.287435			252.2020588235			-7.99E-07			10000			7.99E-07			-2.98E-10			-7.99E-07			0.1796062			7.99E-07			-6.03E-11			-7.99E-07			-2.21E-03			7.99E-07


			4.74289			278.9935294118			-8.91E-07			10000			8.91E-07			-2.97E-10			-8.92E-07			0.1700662			8.91E-07			-6.16E-11			-8.92E-07			-2.27E-03			8.91E-07








quench


			


			Icable, kA			G0, T/m			Bpeak, T			G/I, T/m/kA						W/8, J/mm			W, kJ/m			L, mH/m


			1			14.7705352941			0.761964			14.7705352941						0.304769			2.438152			4.876304


			2			29.5410823529			1.523929			14.7705411765						1.219076			9.752608			4.876304


			4			59.0817058824			3.047833			14.7704264706						4.87625			39.01			4.87625


			6			88.6001176471			4.570549			14.7666862745						10.9677			87.7416			4.8745333333


			8			117.9400588235			6.083813			14.7425073529						19.4533			155.6264			4.863325


			10			146.8148823529			7.573212			14.6814882353						30.2176			241.7408			4.834816


			12			175.0392941176			9.029983			14.5866078431						43.1134			344.9072			4.7903777778


			14			202.6041764706			10.4541			14.4717268908						58.0219			464.1752			4.7364816327


			16			229.7061176471			11.8555			14.3566323529						74.9193			599.3544			4.68245625


			18			256.6427058824			13.2487			14.2579281046						93.8814			751.0512			4.6361185185


			20			283.5084117647			14.6389			14.1754205882						114.935			919.48			4.5974


			hole			10 cm eq.									G, T/m			G/I						W/8, kJ/m			W, kJ/m			L, mH/m


			1			14.7698882353			136.10913						14.7700705882			14.7700705882						0.304755			2.43804			4.87608


			2			29.5397882353			272.21827						29.5401411765			14.7700705882						1.21902			9.75216			4.87608


			4			59.0756470588			544.43654						59.0759411765			14.7689852941						4.875575			39.0046			4.875575


			6			88.4281176471			816.65481						88.4284117647			14.7380686275						10.9374			87.4992			4.8610666667


			8			116.8671764706			1088.8731						116.8674705882			14.6084338235						19.2011			153.6088			4.800275


			10			144.43			1361.0913						144.4302941176			14.4430294118						29.5168			236.1344			4.722688


			12			171.5423529412			1633.3096						171.5425294118			14.2952107843						41.8801			335.0408			4.6533444444


			14			198.4804705882			1905.5279						198.4805882353			14.1771848739						56.3255			450.604			4.598


			16			225.3421176471			2177.7462						225.3421764706			14.0838860294						72.868			582.944			4.55425


			18			252.1591764706			2449.9644						252.1591764706			14.0088431373						91.5111			732.0888			4.5190666667


			20			278.9487058824			2722.1827						278.9486470588			13.9474323529						112.257			898.056			4.49028


			noyoke												G, T/m			G/I						W/8, kJ/m			W, kJ/m			L, mH/m


			1			13.3474058824			0.691247						13.3474058824			13.3474058824						0.263055			2.10444			4.20888


			2			26.6948176471			1.382494						26.6948176471			13.3474088235						1.052221			8.417768			4.208884


			4			53.3896294118			2.764988						53.3896294118			13.3474073529						4.208884			33.671072			4.208884


			6			80.0844705882			4.147481						80.0844705882			13.3474117647						9.469988			75.759904			4.2088835556


			8			106.7792352941			5.529975						106.7792352941			13.3474044118						16.8355			134.684			4.208875


			10			133.4740588235			6.912469						133.4740588235			13.3474058824						26.3055			210.444			4.20888


			12			160.1688823529			8.294963						160.1688823529			13.3474068627						37.88			303.04			4.2088888889


			14			186.8637058824			9.677457						186.8637058824			13.347407563						51.5588			412.4704			4.2088816327


			16			213.5585294118			11.06						213.5585294118			13.3474080882						67.3421			538.7368			4.20888125


			18			240.2533529412			12.4424						240.2533529412			13.3474084967						85.2299			681.8392			4.2088839506


			20			266.9481176471			13.8249						266.9481176471			13.3474058824						105.222			841.776			4.20888


			hole			6 cm eq.


			1			14.7702294118			0.761949


			4			59.0791764706			3.047707


			8			117.5543529412			6.064771


			12			173.1382941176			8.936509


			16			227.4077647059			11.7423


			20			281.2320588235			14.5284


			cu/sc=1.2


			Jc(12T)			B0, T			G0, T/m			Bpeak, T


			1000			1.7560748			175.60748			9.0613511


			1200			1.8909269			189.09269			9.7571784


			1400			2.0011931			200.11931			10.326049


			1600			2.095022			209.5022			10.810607


			1800			2.1788272			217.88272			11.243883


			2000			2.2548559			225.48559			11.637299


			2200			2.3229987			232.29987			11.990147


			2400			2.3836236			238.36236			12.304199


			2600			2.43847			243.847			12.588339


			2800			2.4891402			248.91402			12.850798


			3000			2.5368691			253.68691			13.09793


			hole			10 cm eq.												4.2K			1.9 K


			1000			1.7391886			173.91886			8.9822924						173.91886			185.3


			1200			1.8735564			187.35564			9.6785175						187.35564			198.4


			1400			1.9839684			198.39684			10.250137						198.39684			209.2


			1600			2.0779943			207.79943			10.736219						207.79943			218.8


			1800			2.1618627			216.18627			11.169583						216.18627			227.3


			2000			2.2382374			223.82374			11.564429						223.82374			234.8


			2200			2.3069871			230.69871			11.920261						230.69871			241.4


			2400			2.3682243			236.82243			12.237493						236.82243			247.4


			2600			2.4234322			242.34322			12.523605						242.34322			252.9


			2800			2.4742573			247.42573			12.787012						247.42573			258.1


			3000			2.5219611			252.19611			13.034179						252.19611			262.8


			noyoke															4.2K			1.9 K


			1000			1.6840528			168.40528			8.7249947						168.40528			180.13289


			1200			1.8229278			182.29278			9.4440723						182.29278			193.67513


			1400			1.9370132			193.70132			10.034815						193.70132			204.75396


			1600			2.0330636			203.30636			10.532178						203.30636			214.36421


			1800			2.1174987			211.74987			10.969382						211.74987			223.01676


			2000			2.1944816			219.44816			11.367976						219.44816			230.72195


			2200			2.2646381			226.46381			11.731211						226.46381			237.50272


			2400			2.3277413			232.77413			12.057924						232.77413			243.57016


			2600			2.3843198			238.43198			12.350859						238.43198			249.13789


			2800			2.4359523			243.59523			12.618194						243.59523			254.24626


			3000			2.4839566			248.39566			12.86675						248.39566			258.89527


			hole			6 cm eq.


			1000			1.7469424			174.69424			9.0188622


			1200			1.8816136			188.16136			9.7144852


			1400			1.9920435			199.20435			10.284925


			1600			2.0860311			208.60311			10.770537


			1800			2.169936			216.9936			11.204195


			2000			2.246247			224.6247			11.59876


			2200			2.3148306			231.48306			11.953525


			2400			2.3758847			237.58847			12.269467


			2600			2.4310094			243.10094			12.554813


			2800			2.4818251			248.18251			12.81792


			3000			2.5295787			252.95787			13.065221








plots


			








plots


			14.7705352941			14.7705352941


			29.5410823529			29.5410823529


			59.0817058824			59.0817058824


			88.6001176471			88.6001176471


			117.9400588235			117.9400588235


			146.8148823529			146.8148823529


			175.0392941176			175.0392941176


			202.6041764706			202.6041764706


			229.7061176471			229.7061176471


			256.6427058824			256.6427058824


			283.5084117647			283.5084117647





b6


b10


G, T/m


b6, b10, 10-4


0.0084


0.0015


0.007982914


0.001598358


0.0088


0.0007122611


0.01303289


-0.000394771


0.03267038


0.0005676219


0.05820951


0.0002313238


0.07209924


0.0008044737


0.07042714


0.0005868203


0.05899352


0.000604192


0.04898601


0.0008220996


0.04095304


0.0004608849





plots (2)


			14.7705352941			14.7705352941


			29.5410823529			29.5410823529


			59.0817058824			59.0817058824


			88.6001176471			88.6001176471


			117.9400588235			117.9400588235


			146.8148823529			146.8148823529


			175.0392941176			175.0392941176


			202.6041764706			202.6041764706


			229.7061176471			229.7061176471


			256.6427058824			256.6427058824


			283.5084117647			283.5084117647





Ic


G/Ic


G, T/m


Ic, kA


G/Ic, T/m/kA


1


14.7705352941


2


14.7705411765


4


14.7704264706


6


14.7666862745


8


14.7425073529


10


14.6814882353


12


14.5866078431


14


14.4717268908


16


14.3566323529


18


14.2579281046


20


14.1754205882





			1000


			1200


			1400


			1600


			1800


			2000


			2200


			2400


			2600


			2800


			3000





Jsc(12T, 4.2K), A/mm2


G, T/m


175.60748


189.09269


200.11931


209.5022


217.88272


225.48559


232.29987


238.36236


243.847


248.91402


253.68691





			14.7705352941			14.7705352941


			29.5410823529			29.5410823529


			59.0817058824			59.0817058824


			88.6001176471			88.6001176471


			117.9400588235			117.9400588235


			146.8148823529			146.8148823529


			175.0392941176			175.0392941176


			202.6041764706			202.6041764706


			229.7061176471			229.7061176471


			256.6427058824			256.6427058824


			283.5084117647			283.5084117647





L


W


G, T/m


L, mH/m


W, kJ/m


4.876304


2.438152


4.876304


9.752608


4.87625


39.01


4.8745333333


87.7416


4.863325


155.6264


4.834816


241.7408


4.7903777778


344.9072


4.7364816327


464.1752


4.68245625


599.3544


4.6361185185


751.0512


4.5974


919.48





			








			14.7705352941			14.7700705882			14.7702294118			13.3474058824


			29.5410823529			29.5401411765			59.0791764706			26.6948176471


			59.0817058824			59.0759411765			117.5543529412			53.3896294118


			88.6001176471			88.4284117647			173.1382941176			80.0844705882


			117.9400588235			116.8674705882			227.4077647059			106.7792352941


			146.8148823529			144.4302941176			281.2320588235			133.4740588235


			175.0392941176			171.5425294118						160.1688823529


			202.6041764706			198.4805882353						186.8637058824


			229.7061176471			225.3421764706						213.5585294118


			256.6427058824			252.1591764706						240.2533529412


			283.5084117647			278.9486470588						266.9481176471





no hole


hole 10cm eq.


hole 6cm eq.


no yoke


G, T/m


b6, 10-4


0.0084


0.006833135


0.01106406


-0.0053


0.007982914


0.007906696


0.009597786


-0.00567152


0.0088


0.007377123


0.0187723


-0.006126422


0.01303289


0.008235712


0.01596717


-0.006766172


0.03267038


0.001940489


0.01219186


-0.006133719


0.05820951


-0.001440592


0.008543008


-0.005883605


0.07209924


-0.004511344


-0.005588172


0.07042714


-0.003637237


-0.006053419


0.05899352


-0.002371164


-0.005947278


0.04898601


-0.001422316


-0.006345947


0.04095304


-0.0001304861


-0.00625546





			14.7705352941			14.7698882353			14.7702294118			13.3474058824


			29.5410823529			29.5397882353			59.0791764706			26.6948176471


			59.0817058824			59.0756470588			117.5543529412			53.3896294118


			88.6001176471			88.4281176471			173.1382941176			80.0844705882


			117.9400588235			116.8671764706			227.4077647059			106.7792352941


			146.8148823529			144.43			281.2320588235			133.4740588235


			175.0392941176			171.5423529412						160.1688823529


			202.6041764706			198.4804705882						186.8637058824


			229.7061176471			225.3421176471						213.5585294118


			256.6427058824			252.1591764706						240.2533529412


			283.5084117647			278.9487058824						266.9481176471





no hole


hole 10cm eq.


hole 6cm eq.


no yoke


G, T/m


Ic, kA


1


1


1


1


2


2


4


2


4


4


8


4


6


6


12


6


8


8


16


8


10


10


20


10


12


12


12


14


14


14


16


16


16


18


18


18


20


20


20





			1000			1000			1000			1000


			1200			1200			1200			1200


			1400			1400			1400			1400


			1600			1600			1600			1600


			1800			1800			1800			1800


			2000			2000			2000			2000


			2200			2200			2200			2200


			2400			2400			2400			2400


			2600			2600			2600			2600


			2800			2800			2800			2800


			3000			3000			3000			3000





no hole


hole 10cm eq.


hole 6cm eq.


no yoke


Jsc(12T, 4.2K), A/mm2


G, T/m


175.60748


173.91886


174.69424


168.40528


189.09269


187.35564


188.16136


182.29278


200.11931


198.39684


199.20435


193.70132


209.5022


207.79943


208.60311


203.30636


217.88272


216.18627


216.9936


211.74987


225.48559


223.82374


224.6247


219.44816


232.29987


230.69871


231.48306


226.46381


238.36236


236.82243


237.58847


232.77413


243.847


242.34322


243.10094


238.43198


248.91402


247.42573


248.18251


243.59523


253.68691


252.19611


252.95787


248.39566





			14.7700705882			14.7700705882


			29.5401411765			29.5401411765


			59.0759411765			59.0759411765


			88.4284117647			88.4284117647


			116.8674705882			116.8674705882


			144.4302941176			144.4302941176


			171.5425294118			171.5425294118


			198.4805882353			198.4805882353


			225.3421764706			225.3421764706


			252.1591764706			252.1591764706


			278.9486470588			278.9486470588





b6


b10


G, T/m


10-4


0.000003135


-0.0000002496


0.00046


0.0003929718


0.00172


0.0008556125


0.001405712


0.0011937983


-0.004889511


0.0015325206


-0.00856


0.00140189


-0.011341344


0.0011209308


-0.010467237


0.0010354265


-0.009201164


0.0015397301


-0.008252316


0.0009694126


-0.0069604861


0.0012323776





			14.7698882353			13.3474058824


			29.5397882353			26.6948176471


			59.0756470588			53.3896294118


			88.4281176471			80.0844705882


			116.8671764706			106.7792352941


			144.43			133.4740588235


			171.5423529412			160.1688823529


			198.4804705882			186.8637058824


			225.3421176471			213.5585294118


			252.1591764706			240.2533529412


			278.9487058824			266.9481176471





cold yoke


warm yoke


G, T/m


Ic, kA


1


1


2


2


4


4


6


6


8


8


10


10


12


12


14


14


16


16


18


18


20


20





			14.7698882353			13.3474058824


			29.5397882353			26.6948176471


			59.0756470588			53.3896294118


			88.4281176471			80.0844705882


			116.8671764706			106.7792352941


			144.43			133.4740588235


			171.5423529412			160.1688823529


			198.4804705882			186.8637058824


			225.3421176471			213.5585294118


			252.1591764706			240.2533529412


			278.9487058824			266.9481176471





cold yoke


warm yoke


G, T/m


L, mH/m


4.87608


4.20888


4.87608


4.208884


4.875575


4.208884


4.8610666667


4.2088835556


4.800275


4.208875


4.722688


4.20888


4.6533444444


4.2088888889


4.598


4.2088816327


4.55425


4.20888125


4.5190666667


4.2088839506


4.49028


4.20888





			14.7698882353			13.3474058824


			29.5397882353			26.6948176471


			59.0756470588			53.3896294118


			88.4281176471			80.0844705882


			116.8671764706			106.7792352941


			144.43			133.4740588235


			171.5423529412			160.1688823529


			198.4804705882			186.8637058824


			225.3421176471			213.5585294118


			252.1591764706			240.2533529412


			278.9487058824			266.9481176471





cold yoke


warm yoke


G, T/m


W, kJ/m


2.43804


2.10444


9.75216


8.417768


39.0046


33.671072


87.4992


75.759904


153.6088


134.684


236.1344


210.444


335.0408


303.04


450.604


412.4704


582.944


538.7368


732.0888


681.8392


898.056


841.776





			7.5071235294			7.6449352941


			14.7396117647			14.8720705882


			18.3942411765			18.5222176471


			22.0696235294			22.1929647059


			29.4444470588			29.5613411765


			36.8272705882			36.9394411765


			44.2141705882			44.3223411765


			58.9890588235			59.091


			73.7329411765			73.8294705882


			88.3647647059			88.4560588235


			116.8198823529			116.9025882353


			144.3882941176			144.4657647059


			171.5042941176			171.5786470588


			198.4467058824			198.5190588235


			225.3120588235			225.383


			252.1322941176			252.2020588235


			278.9247058824			278.9935294118





w/o correction


strip on the wedge


G, T/m


b6, 10-4


6.705027


12.66103


-1.753031


1.507217


-2.734258


-0.1311648


-2.81544


-0.6833144


-2.236545


-0.6248506


-1.708303


-0.3863335


-1.317422


-0.1912887


-0.8234647


0.05270431


-0.5493402


0.1709138


-0.3839706


0.2279577


-0.220907


0.2529875


-0.1527898


0.2363128


-0.1164716


0.213958


-0.08774405


0.1999771


-0.06518008


0.1896242


-0.0482756


0.1796062


-0.03670018


0.1700662





			7.5071235294			7.6449352941


			14.7396117647			14.8720705882


			18.3942411765			18.5222176471


			22.0696235294			22.1929647059


			29.4444470588			29.5613411765


			36.8272705882			36.9394411765


			44.2141705882			44.3223411765


			58.9890588235			59.091


			73.7329411765			73.8294705882


			88.3647647059			88.4560588235


			116.8198823529			116.9025882353


			144.3882941176			144.4657647059


			171.5042941176			171.5786470588


			198.4467058824			198.5190588235


			225.3120588235			225.383


			252.1322941176			252.2020588235


			278.9247058824			278.9935294118





w/o correction


strip on the wedge


G, T/m


b10, 10-4


-0.02171624


-0.2048864


0.04056024


-0.05351561


0.03918033


-0.03046969


0.03441606


-0.0207221


0.02220375


-0.01737699


0.01655738


-0.01536579


0.01214798


-0.01342871


0.006080645


-0.01120002


0.004612547


-0.008629853


0.003104714


-0.008527218


0.002348463


-0.006486973


0.002490258


-0.004950727


0.001677643


-0.003563588


0.001979546


-0.003424924


0.001472777


-0.002818525


0.001558048


-0.002213117


0.001551464


-0.002272136





			1000			1000			1000			1000


			1200			1200			1200			1200


			1400			1400			1400			1400


			1600			1600			1600			1600


			1800			1800			1800			1800


			2000			2000			2000			2000


			2200			2200			2200			2200


			2400			2400			2400			2400


			2600			2600			2600			2600


			2800			2800			2800			2800


			3000			3000			3000			3000





Cold yoke, 4.2K


Warm yoke, 4.2K


Cold yoke, 1.9 K


Warm yoke, 1.9K


Jsc(12T, 4.2K), A/mm2


G, T/m


173.91886


168.40528


185.3


180.13289


187.35564


182.29278


198.4


193.67513


198.39684


193.70132


209.2


204.75396


207.79943


203.30636


218.8


214.36421


216.18627


211.74987


227.3


223.01676


223.82374


219.44816


234.8


230.72195


230.69871


226.46381


241.4


237.50272


236.82243


232.77413


247.4


243.57016


242.34322


238.43198


252.9


249.13789


247.42573


243.59523


258.1


254.24626


252.19611


248.39566


262.8


258.89527








_1076331867.unknown

_1076323533.xls
Chart2

		0.4273504274		0.4458314757

		2.1367521368		2.2291573785

		4.2735042735		4.458314757

		6.4102564103		6.6874721355

		8.547008547		8.916629514

		10.6837606838		11.1457868926

		12.8205128205		13.3749442711

		14.9572649573		15.6041016496

		17.094017094		17.8332590281

		19.2307692308		20.0624164066

		21.3675213675		22.2915737851

		23.5042735043		24.5207311636

		25.641025641		26.7498885421

		27.7777777778		28.9790459206

		29.9145299145		31.2082032992

		32.0512820513		33.4373606777

		34.188034188		35.6665180562

		36.3247863248		37.8956754347

		38.4615384615		40.1248328132

		40.5982905983		42.3539901917

		42.735042735



Nb3Sn IRQ

MQXB (NbTi)

Pcbl1_in, mW/cm^3

Operation margin, dTc/dTcbl

94.1311489362

21.6756756757

18.8262297872

4.3351351351

9.4131148936

2.1675675676

6.2754099291

1.445045045

4.7065574468

1.0837837838

3.7652459574

0.867027027

3.1377049645

0.7225225225

2.6894613982

0.6193050193

2.3532787234

0.5418918919

2.0918033097

0.4816816817

1.8826229787

0.4335135135

1.7114754352

0.3941031941

1.5688524823

0.3612612613

1.4481715221

0.3334719335

1.3447306991

0.3096525097

1.2550819858

0.289009009

1.1766393617

0.2709459459

1.1074252816

0.2550079491

1.0459016548

0.2408408408

0.9908541993

0.2281650071

0.9413114894



Tc_margin

		Peak field in 90mm IRQ cables at 14 kA														2nd generation IRQ (Nb3Sn), cold yoke (Vadim)																				NbTi HGQ		I/Ic=0.85		HGQ_temp_margin.xls										IRQ90		first variant

		Turn #		B, T								B/I, T/kA				Turn #		Bout, T		B/I, T/kA		Bin, T		B/I, T/kA		Tc_out, K		Tc_in, K		dTc_out,K		dTc_in,K				Tc_out, K		dTc_out, K		Tc_in, K		dTc_in, K								Inner				outer

		1		4.864		<--- outer layer midplane						0.34743				1		4.864		0.34743		8.856		0.63257		11.892		8.573		9.942		6.623				5.139		3.189		3.955		2.005								TEMP		TEMP		TEMP		TEMP

		2		4.936								0.35257				2		4.936		0.35257		8.934		0.63814		11.837		8.500		9.887		6.550				5.114		3.164		3.937		1.987								1.9635		1.9868		2.0911		2.1163		pole

		3		5.002								0.35729				3		5.002		0.35729		8.980		0.64143		11.786		8.456		9.836		6.506				5.085		3.135		3.924		1.974								1.9941		2.0125		2.1398		2.1659

		4		5.077								0.36264				4		5.077		0.36264		9.025		0.64464		11.728		8.414		9.778		6.464				5.05		3.1		3.909		1.959								2.0143		2.0328		2.1829		2.2051

		5		5.149								0.36779				5		5.149		0.36779		9.076		0.64829		11.672		8.365		9.722		6.415				5.007		3.057		3.893		1.943								2.0371		2.0588		2.2206		2.2405

		6		5.229								0.37350				6		5.229		0.37350		9.106		0.65043		11.610		8.336		9.660		6.386				4.956		3.006		3.876		1.926								2.0638		2.0895		2.2557		2.2742

		7		5.317								0.37979				7		5.317		0.37979		9.140		0.65286		11.541		8.304		9.591		6.354				4.845		2.895		3.858		1.908								2.0916		2.1205		2.2893		2.3076

		8		5.415								0.38679				8		5.415		0.38679		9.165		0.65464		11.465		8.280		9.515		6.330				4.712		2.762		3.839		1.889								2.1510		2.2289		2.3241		2.3425

		9		5.522								0.39443				9		5.522		0.39443		9.181		0.65579		11.381		8.264		9.431		6.314				4.563		2.613		3.822		1.872								2.1802		2.2634		2.3608		2.3794

		10		5.638								0.40271				10		5.638		0.40271		9.160		0.65429		11.291		8.284		9.341		6.334				4.401		2.451		3.811		1.861								2.2127		2.3018		2.4000		2.4190

		11		5.76								0.41143				11		5.760		0.41143		9.057		0.64693		11.195		8.383		9.245		6.433				4.222		2.272		3.816		1.866								2.2491		2.3444		2.4421		2.4616

		12		5.894								0.42100				12		5.894		0.42100		8.775		0.62679		11.089		8.649		9.139		6.699				4.026		2.076		3.928		1.978								2.2902		2.3919		2.4881		2.5081

		13		6.322								0.45157				13		6.322		0.45157		9.049		0.64636		10.749		8.391		8.799		6.441				3.814		1.864		3.772		1.822								2.3364		2.4444		2.5384		2.5587

		14		6.782								0.48443				14		6.782		0.48443		9.275		0.66250		10.376		8.173		8.426		6.223				3.583		1.633		3.425		1.475								2.3878		2.5016		2.5928		2.6131

		15		7.064								0.50457				15		7.064		0.50457		9.578		0.68414		10.144		7.873		8.194		5.923				3.309		1.359												2.4438		2.5622		2.6508		2.6707

		16		7.265								0.51893				16		7.265		0.51893		10.252		0.73229		9.977		7.168		8.027		5.218				3.288		1.338												2.5018		2.6222		2.7116		2.7305

		17		7.437								0.53121				17		7.437		0.53121						9.832				7.882																				2.5551		2.6768		2.7731		2.7912

		18		7.771								0.55507				18		7.771		0.55507						9.547				7.597																				2.6039		2.7112		2.8351		2.8511

		19		8.363								0.59736				19		8.363		0.59736						9.026				7.076																				2.5800		2.7569		2.8926		2.9062		mid-plane

		20		9.092								0.64943				20		9.092		0.6494285714						8.350				6.400																								2.9404		2.9514

		21		8.856		<--- inner layer midplane						0.63257																																										2.9742		2.9828

		22		8.934								0.63814				Bo=		12		T																																		2.9828		2.9896

		23		8.98								0.64143				Bc2(0)=		28		T

		24		9.025								0.64464				Tco=		18		K

		25		9.076								0.64829				To=		4.2		K

		26		9.106								0.65043				Inom=		14.5		kA		Ic(1.9K)=		17.479

		27		9.14								0.65286				Ico(Bo,To)=		17.066		kA

		28		9.165								0.65464				Jco(Bo,To)=		2.5		kA/mm2		Inom/Ic(1.9)=		0.8295669089

		29		9.181								0.65579				SnCu=		7.585		mm2

		30		9.16								0.65429				Ic degrad=		10		%

		31		9.057								0.64693				Tnom=		1.95		K

		32		8.775								0.62679

		33		9.049								0.64636

		34		9.275								0.66250

		35		9.578								0.68414

		36		10.252								0.73229
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																						G10=0.03W/m*K

				2nd generation IRQ (Nb3Sn), cold yoke (Vadim)																		Igor

				Turn #		Bout, T		B/I, T/kA		Bin, T		B/I, T/kA		Tc_out, K		Tc_in, K		dTc_out,K		dTc_in,K		Tcbl_out, K		Tcbl_in, K		dTcbl_out, K		dTcbl_in, K		dTc/dTcbl_out		dTc/dTcbl_in		Pout, mW/cm3		Pin, mW/cm3

				1		4.864		0.34743		8.856		0.63257		11.892		8.573		9.942		6.623		3.4232		3.1253		1.473		1.175		6.7		5.6

				2		4.936		0.35257		8.934		0.63814		11.837		8.500		9.887		6.550		3.4184		3.0779		1.468		1.128		6.7		5.8

				3		5.002		0.35729		8.980		0.64143		11.786		8.456		9.836		6.506		3.3807		3.0324		1.431		1.082		6.9		6.0

				4		5.077		0.36264		9.025		0.64464		11.728		8.414		9.778		6.464		3.3252		2.9607		1.375		1.011		7.1		6.4

				5		5.149		0.36779		9.076		0.64829		11.672		8.365		9.722		6.415		3.2558		2.8799		1.306		0.930		7.4		6.9

				6		5.229		0.37350		9.106		0.65043		11.610		8.336		9.660		6.386		3.1787		2.7963		1.229		0.846		7.9		7.5

				7		5.317		0.37979		9.140		0.65286		11.541		8.304		9.591		6.354		3.0988		2.7157		1.149		0.766		8.3		8.3

				8		5.415		0.38679		9.165		0.65464		11.465		8.280		9.515		6.330		3.0186		2.6402		1.069		0.690		8.9		9.2

				9		5.522		0.39443		9.181		0.65579		11.381		8.264		9.431		6.314		2.9402		2.5709		0.990		0.621		9.5		10.2

				10		5.638		0.40271		9.160		0.65429		11.291		8.284		9.341		6.334		2.8648		2.5076		0.915		0.558		10.2		11.4

				11		5.760		0.41143		9.057		0.64693		11.195		8.383		9.245		6.433		2.7936		2.4500		0.844		0.500		11.0		12.9

				12		5.894		0.42100		8.775		0.62679		11.089		8.649		9.139		6.699		2.7270		2.2343		0.777		0.284		11.8		23.6

				13		6.322		0.45157		9.049		0.64636		10.749		8.391		8.799		6.441		2.6649		2.1909		0.715		0.241		12.3		26.7

				14		6.782		0.48443		9.275		0.66250		10.376		8.173		8.426		6.223		2.6068		2.1483		0.657		0.198		12.8		31.4

				15		7.064		0.50457		9.578		0.68414		10.144		7.873		8.194		5.923		2.5519		2.1103		0.602		0.160		13.6		37.0

				16		7.265		0.51893		10.252		0.73229		9.977		7.168		8.027		5.218		2.4996		2.0783		0.550		0.128		14.6		40.7

				17		7.437		0.53121						9.832				7.882				2.4491				0.499				15.8

				18		7.771		0.55507						9.547				7.597				2.3987				0.449				16.9

				19		8.363		0.59736						9.026				7.076				2.3464				0.396				17.8

				20		9.092		0.6494285714						8.350				6.400				2.2903				0.340				18.8

				Bo=		12		T												P=1.5*exp(-(x-4.5)/1.7)mW/g*7g/cm^3*F(alfa)										F1(alfa)=1/(1+(10*alfa)^1.5)

				Bc2(0)=		28		T												Pin=0.984mW/g										Pout=0.396mW/g

				Tco=		18		K												Pin=0.167W/m										Pout=0.067W/m

				To=		4.2		K												IRQ90		first variant		Novitski, 5Feb02

				Inom=		14.5		kA		Ic(1.9K)=		17.479								Inner				outer								Nb3Sn IRQ_90										MQXB

				Ico(Bo,To)=		17.066		kA												TEMP		TEMP		TEMP		TEMP						dTc1_in, K		dTcbl=k*Pcbl								dTc1_in, K

				Jco(Bo,To)=		2.5		kA/mm2		Inom/Ic(1.9)=		0.8295669089								2.0133		2.0414		2.1928		2.2229		pole				6.623										2.005

				SnCu=		7.585		mm2												2.0562		2.0783		2.2559		2.2903						P1_in, W/m		P1_in, mW/cm^3		dT1_in, K		dTc1_in/dT1_in				P1_in, mW/cm^3		dT1_in, K		dTc1_in/dT1_in

				Ic degrad=		10		%												2.0891		2.1103		2.3167		2.3464						0.0100		0.427		0.070		94.131				0.446		0.093		21.676

				Tnom=		1.95		K												2.1253		2.1483		2.3721		2.3987						0.05		2.137		0.352		18.826				2.229		0.463		4.335

																				2.1658		2.1909		2.4246		2.4491						0.1		4.274		0.704		9.413				4.458		0.925		2.168

																				2.2081		2.2343		2.4757		2.4996						0.15		6.410		1.055		6.275				6.687		1.388		1.445

																				2.3029		2.3976		2.5284		2.5519						0.2		8.547		1.407		4.707				8.917		1.850		1.084

																				2.3504		2.4500		2.5835		2.6068						0.25		10.684		1.759		3.765				11.146		2.313		0.867

																				2.4029		2.5076		2.6418		2.6649						0.3		12.821		2.111		3.138				13.375		2.775		0.723

																				2.4610		2.5709		2.7037		2.7270						0.35		14.957		2.463		2.689				15.604		3.238		0.619

																				2.5255		2.6402		2.7704		2.7936						0.4		17.094		2.814		2.353				17.833		3.700		0.542

																				2.5969		2.7157		2.8421		2.8648						0.45		19.231		3.166		2.092				20.062		4.163		0.482

																				2.6750		2.7963		2.9183		2.9402						0.5		21.368		3.518		1.883				22.292		4.625		0.434

																				2.7579		2.8799		2.9982		3.0186						0.55		23.504		3.870		1.711				24.521		5.088		0.394

																				2.8416		2.9607		3.0804		3.0988						0.6		25.641		4.222		1.569				26.750		5.550		0.361

																				2.9170		3.0324		3.1623		3.1787						0.65		27.778		4.573		1.448				28.979		6.013		0.333

																				2.9806		3.0779		3.2427		3.2558						0.7		29.915		4.925		1.345				31.208		6.475		0.310

																				2.9636		3.1253		3.3157		3.3252		mid-plane				0.75		32.051		5.277		1.255				33.437		6.938		0.289

																								3.3752		3.3807						0.8		34.188		5.629		1.177				35.667		7.400		0.271

																								3.4153		3.4184						0.85		36.325		5.981		1.107				37.896		7.863		0.255

																								3.4263		3.4232						0.9		38.462		6.332		1.046				40.125		8.325		0.241

																																0.95		40.598		6.684		0.991				42.354		8.788		0.228

																																1		42.735		7.036		0.941
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Tc_margin

		Peak field in 90mm IRQ cables at 14 kA														2nd generation IRQ (Nb3Sn), cold yoke (Vadim)																				NbTi HGQ		I/Ic=0.85		HGQ_temp_margin.xls										IRQ90		first variant

		Turn #		B, T								B/I, T/kA				Turn #		Bout, T		B/I, T/kA		Bin, T		B/I, T/kA		Tc_out, K		Tc_in, K		dTc_out,K		dTc_in,K				Tc_out, K		dTc_out, K		Tc_in, K		dTc_in, K								Inner				outer

		1		4.864		<--- outer layer midplane						0.34743				1		4.864		0.34743		8.856		0.63257		11.892		8.573		9.942		6.623				5.139		3.189		3.955		2.005								TEMP		TEMP		TEMP		TEMP

		2		4.936								0.35257				2		4.936		0.35257		8.934		0.63814		11.837		8.500		9.887		6.550				5.114		3.164		3.937		1.987								1.9635		1.9868		2.0911		2.1163		pole

		3		5.002								0.35729				3		5.002		0.35729		8.980		0.64143		11.786		8.456		9.836		6.506				5.085		3.135		3.924		1.974								1.9941		2.0125		2.1398		2.1659

		4		5.077								0.36264				4		5.077		0.36264		9.025		0.64464		11.728		8.414		9.778		6.464				5.05		3.1		3.909		1.959								2.0143		2.0328		2.1829		2.2051

		5		5.149								0.36779				5		5.149		0.36779		9.076		0.64829		11.672		8.365		9.722		6.415				5.007		3.057		3.893		1.943								2.0371		2.0588		2.2206		2.2405

		6		5.229								0.37350				6		5.229		0.37350		9.106		0.65043		11.610		8.336		9.660		6.386				4.956		3.006		3.876		1.926								2.0638		2.0895		2.2557		2.2742

		7		5.317								0.37979				7		5.317		0.37979		9.140		0.65286		11.541		8.304		9.591		6.354				4.845		2.895		3.858		1.908								2.0916		2.1205		2.2893		2.3076

		8		5.415								0.38679				8		5.415		0.38679		9.165		0.65464		11.465		8.280		9.515		6.330				4.712		2.762		3.839		1.889								2.1510		2.2289		2.3241		2.3425

		9		5.522								0.39443				9		5.522		0.39443		9.181		0.65579		11.381		8.264		9.431		6.314				4.563		2.613		3.822		1.872								2.1802		2.2634		2.3608		2.3794

		10		5.638								0.40271				10		5.638		0.40271		9.160		0.65429		11.291		8.284		9.341		6.334				4.401		2.451		3.811		1.861								2.2127		2.3018		2.4000		2.4190

		11		5.76								0.41143				11		5.760		0.41143		9.057		0.64693		11.195		8.383		9.245		6.433				4.222		2.272		3.816		1.866								2.2491		2.3444		2.4421		2.4616

		12		5.894								0.42100				12		5.894		0.42100		8.775		0.62679		11.089		8.649		9.139		6.699				4.026		2.076		3.928		1.978								2.2902		2.3919		2.4881		2.5081

		13		6.322								0.45157				13		6.322		0.45157		9.049		0.64636		10.749		8.391		8.799		6.441				3.814		1.864		3.772		1.822								2.3364		2.4444		2.5384		2.5587

		14		6.782								0.48443				14		6.782		0.48443		9.275		0.66250		10.376		8.173		8.426		6.223				3.583		1.633		3.425		1.475								2.3878		2.5016		2.5928		2.6131

		15		7.064								0.50457				15		7.064		0.50457		9.578		0.68414		10.144		7.873		8.194		5.923				3.309		1.359												2.4438		2.5622		2.6508		2.6707

		16		7.265								0.51893				16		7.265		0.51893		10.252		0.73229		9.977		7.168		8.027		5.218				3.288		1.338												2.5018		2.6222		2.7116		2.7305

		17		7.437								0.53121				17		7.437		0.53121						9.832				7.882																				2.5551		2.6768		2.7731		2.7912

		18		7.771								0.55507				18		7.771		0.55507						9.547				7.597																				2.6039		2.7112		2.8351		2.8511

		19		8.363								0.59736				19		8.363		0.59736						9.026				7.076																				2.5800		2.7569		2.8926		2.9062		mid-plane

		20		9.092								0.64943				20		9.092		0.6494285714						8.350				6.400																								2.9404		2.9514

		21		8.856		<--- inner layer midplane						0.63257																																										2.9742		2.9828

		22		8.934								0.63814				Bo=		12		T																																		2.9828		2.9896

		23		8.98								0.64143				Bc2(0)=		28		T

		24		9.025								0.64464				Tco=		18		K

		25		9.076								0.64829				To=		4.2		K

		26		9.106								0.65043				Inom=		14.5		kA		Ic(1.9K)=		17.479

		27		9.14								0.65286				Ico(Bo,To)=		17.066		kA

		28		9.165								0.65464				Jco(Bo,To)=		2.5		kA/mm2		Inom/Ic(1.9)=		0.8295669089

		29		9.181								0.65579				SnCu=		7.585		mm2

		30		9.16								0.65429				Ic degrad=		10		%

		31		9.057								0.64693				Tnom=		1.95		K

		32		8.775								0.62679

		33		9.049								0.64636

		34		9.275								0.66250

		35		9.578								0.68414

		36		10.252								0.73229
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																						G10=0.03W/m*K

				2nd generation IRQ (Nb3Sn), cold yoke (Vadim)																		Igor

				Turn #		Bout, T		B/I, T/kA		Bin, T		B/I, T/kA		Tc_out, K		Tc_in, K		dTc_out,K		dTc_in,K		Tcbl_out, K		Tcbl_in, K		dTcbl_out, K		dTcbl_in, K		dTc/dTcbl_out		dTc/dTcbl_in		Pout, mW/cm3		Pin, mW/cm3

				1		4.864		0.34743		8.856		0.63257		11.892		8.573		9.942		6.623		3.4232		3.1253		1.473		1.175		6.7		5.6

				2		4.936		0.35257		8.934		0.63814		11.837		8.500		9.887		6.550		3.4184		3.0779		1.468		1.128		6.7		5.8

				3		5.002		0.35729		8.980		0.64143		11.786		8.456		9.836		6.506		3.3807		3.0324		1.431		1.082		6.9		6.0

				4		5.077		0.36264		9.025		0.64464		11.728		8.414		9.778		6.464		3.3252		2.9607		1.375		1.011		7.1		6.4

				5		5.149		0.36779		9.076		0.64829		11.672		8.365		9.722		6.415		3.2558		2.8799		1.306		0.930		7.4		6.9

				6		5.229		0.37350		9.106		0.65043		11.610		8.336		9.660		6.386		3.1787		2.7963		1.229		0.846		7.9		7.5

				7		5.317		0.37979		9.140		0.65286		11.541		8.304		9.591		6.354		3.0988		2.7157		1.149		0.766		8.3		8.3

				8		5.415		0.38679		9.165		0.65464		11.465		8.280		9.515		6.330		3.0186		2.6402		1.069		0.690		8.9		9.2

				9		5.522		0.39443		9.181		0.65579		11.381		8.264		9.431		6.314		2.9402		2.5709		0.990		0.621		9.5		10.2

				10		5.638		0.40271		9.160		0.65429		11.291		8.284		9.341		6.334		2.8648		2.5076		0.915		0.558		10.2		11.4

				11		5.760		0.41143		9.057		0.64693		11.195		8.383		9.245		6.433		2.7936		2.4500		0.844		0.500		11.0		12.9

				12		5.894		0.42100		8.775		0.62679		11.089		8.649		9.139		6.699		2.7270		2.2343		0.777		0.284		11.8		23.6

				13		6.322		0.45157		9.049		0.64636		10.749		8.391		8.799		6.441		2.6649		2.1909		0.715		0.241		12.3		26.7

				14		6.782		0.48443		9.275		0.66250		10.376		8.173		8.426		6.223		2.6068		2.1483		0.657		0.198		12.8		31.4

				15		7.064		0.50457		9.578		0.68414		10.144		7.873		8.194		5.923		2.5519		2.1103		0.602		0.160		13.6		37.0

				16		7.265		0.51893		10.252		0.73229		9.977		7.168		8.027		5.218		2.4996		2.0783		0.550		0.128		14.6		40.7

				17		7.437		0.53121						9.832				7.882				2.4491				0.499				15.8

				18		7.771		0.55507						9.547				7.597				2.3987				0.449				16.9

				19		8.363		0.59736						9.026				7.076				2.3464				0.396				17.8

				20		9.092		0.6494285714						8.350				6.400				2.2903				0.340				18.8

				Bo=		12		T												P=1.5*exp(-(x-4.5)/1.7)mW/g*7g/cm^3*F(alfa)										F1(alfa)=1/(1+(10*alfa)^1.5)

				Bc2(0)=		28		T												Pin=0.984mW/g										Pout=0.396mW/g

				Tco=		18		K												Pin=0.167W/m										Pout=0.067W/m

				To=		4.2		K												IRQ90		first variant		Novitski, 5Feb02

				Inom=		14.5		kA		Ic(1.9K)=		17.479								Inner				outer

				Ico(Bo,To)=		17.066		kA												TEMP		TEMP		TEMP		TEMP						dTc1_in, K		dTcbl=k*Pcbl

				Jco(Bo,To)=		2.5		kA/mm2		Inom/Ic(1.9)=		0.8295669089								2.0133		2.0414		2.1928		2.2229		pole				6.623

				SnCu=		7.585		mm2												2.0562		2.0783		2.2559		2.2903						P1_in, W/m		P1_in, mW/cm^3		dT1_in, K		dTc1_in/dT1_in

				Ic degrad=		10		%												2.0891		2.1103		2.3167		2.3464						0.0100		0.4115226337		0.070		94.131

				Tnom=		1.95		K												2.1253		2.1483		2.3721		2.3987						0.05		2.0576131687		0.352		18.826

																				2.1658		2.1909		2.4246		2.4491						0.1		4.1152263374		0.704		9.413

																				2.2081		2.2343		2.4757		2.4996						0.15		6.1728395062		1.055		6.275

																				2.3029		2.3976		2.5284		2.5519						0.2		8.2304526749		1.407		4.707

																				2.3504		2.4500		2.5835		2.6068						0.25		10.2880658436		1.759		3.765

																				2.4029		2.5076		2.6418		2.6649						0.3		12.3456790123		2.111		3.138

																				2.4610		2.5709		2.7037		2.7270						0.35		14.4032921811		2.463		2.689

																				2.5255		2.6402		2.7704		2.7936						0.4		16.4609053498		2.814		2.353

																				2.5969		2.7157		2.8421		2.8648						0.45		18.5185185185		3.166		2.092

																				2.6750		2.7963		2.9183		2.9402						0.5		20.5761316872		3.518		1.883

																				2.7579		2.8799		2.9982		3.0186						0.55		22.633744856		3.870		1.711

																				2.8416		2.9607		3.0804		3.0988						0.6		24.6913580247		4.222		1.569

																				2.9170		3.0324		3.1623		3.1787

																				2.9806		3.0779		3.2427		3.2558

																				2.9636		3.1253		3.3157		3.3252		mid-plane

																								3.3752		3.3807

																								3.4153		3.4184

																								3.4263		3.4232
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harm

		

		B0, T		G0, T/m		b1		b2		b3		b4		b5		b6		b7		b8		b9		b10		b11

		0.2510991		14.7705352941		2.73E-06		1.00E+04		-2.73E-06		-3.04E-10		2.73E-06		8.40E-03		-2.73E-06		-6.04E-11		2.73E-06		1.50E-03		-2.73E-06

		0.5021984		29.5410823529		2.74E-06		1.00E+04		-2.74E-06		-3.02E-10		2.74E-06		7.98E-03		-2.74E-06		-6.11E-11		2.74E-06		1.60E-03		-2.74E-06

		1.004389		59.0817058824		2.74E-06		1.00E+04		-2.74E-06		-2.94E-10		2.74E-06		8.80E-03		-2.74E-06		-6.13E-11		2.74E-06		7.12E-04		-2.74E-06

		1.506202		88.6001176471		2.74E-06		1.00E+04		-2.74E-06		-3.04E-10		2.74E-06		1.30E-02		-2.74E-06		-6.04E-11		2.74E-06		-3.95E-04		-2.74E-06

		2.004981		117.9400588235		2.74E-06		1.00E+04		-2.74E-06		-3.12E-10		2.74E-06		3.27E-02		-2.74E-06		-5.97E-11		2.74E-06		5.68E-04		-2.74E-06

		2.495853		146.8148823529		2.76E-06		1.00E+04		-2.76E-06		-2.99E-10		2.76E-06		5.82E-02		-2.76E-06		-6.00E-11		2.76E-06		2.31E-04		-2.76E-06

		2.975668		175.0392941176		2.77E-06		1.00E+04		-2.77E-06		-3.04E-10		2.77E-06		7.21E-02		-2.77E-06		-6.13E-11		2.77E-06		8.04E-04		-2.77E-06

		3.444271		202.6041764706		2.76E-06		10000		-2.76E-06		-3.06E-10		2.76E-06		7.04E-02		-2.76E-06		-6.02E-11		2.76E-06		5.87E-04		-2.76E-06

		3.905004		229.7061176471		2.76E-06		10000		-2.76E-06		-2.99E-10		2.76E-06		5.90E-02		-2.76E-06		-6.00E-11		2.76E-06		6.04E-04		-2.76E-06

		4.362926		256.6427058824		2.76E-06		10000		-2.76E-06		-3.00E-10		2.76E-06		4.90E-02		-2.76E-06		-6.09E-11		2.76E-06		8.22E-04		-2.76E-06

		4.819643		283.5084117647		2.76E-06		10000		-2.76E-06		-2.96E-10		2.75E-06		4.10E-02		-2.75E-06		-6.03E-11		2.75E-06		4.61E-04		-2.75E-06

		hole		irq90_107_2				10 cm eq.																						b6		b10

		0.2510912		14.7700705882		2.06E-05		10000		-2.06E-05		-3.14E-10		2.06E-05		6.83E-03		-2.06E-05		-6.10E-11		2.06E-05		-6.47E-04		-2.06E-05				0.000003135		-0.0000002496				0.000003135		-0.0000002496

		0.5021824		29.5401411765		2.06E-05		10000		-2.06E-05		-2.99E-10		2.06E-05		7.91E-03		-2.06E-05		-6.11E-11		2.06E-05		-2.54E-04		-2.06E-05				0.00046		0.0003929718				0.001076696		0.0003929718

		1.004291		59.0759411765		2.06E-05		10000		-2.06E-05		-3.00E-10		2.06E-05		7.38E-03		-2.06E-05		-6.08E-11		2.06E-05		2.09E-04		-2.06E-05				0.00172		0.0008556125				0.000547123		0.0008556125

		1.503283		88.4284117647		2.06E-05		10000		-2.06E-05		-3.01E-10		2.06E-05		8.24E-03		-2.06E-05		-6.14E-11		2.06E-05		5.47E-04		-2.06E-05				0.001405712		0.0011937983				0.001405712		0.0011937983

		1.986747		116.8674705882		2.06E-05		10000		-2.06E-05		-3.03E-10		2.06E-05		1.94E-03		-2.06E-05		-6.06E-11		2.06E-05		8.86E-04		-2.06E-05				-0.004889511		0.0015325206				-0.004889511		0.0015325206

		2.455315		144.4302941176		2.06E-05		10000		-2.06E-05		-3.04E-10		2.06E-05		-1.44E-03		-2.06E-05		-5.94E-11		2.06E-05		7.55E-04		-2.06E-05				-0.00856		0.00140189				-0.008270592		0.00140189

		2.916223		171.5425294118		2.05E-05		10000		-2.05E-05		-3.02E-10		2.05E-05		-4.51E-03		-2.05E-05		-5.98E-11		2.05E-05		4.74E-04		-2.05E-05				-0.011341344		0.0011209308				-0.011341344		0.0011209308

		3.37417		198.4805882353		2.05E-05		10000		-2.05E-05		-2.98E-10		2.05E-05		-3.64E-03		-2.05E-05		-6.11E-11		2.05E-05		3.88E-04		-2.05E-05				-0.010467237		0.0010354265				-0.010467237		0.0010354265

		3.830817		225.3421764706		2.05E-05		10000		-2.05E-05		-2.96E-10		2.05E-05		-2.37E-03		-2.05E-05		-6.10E-11		2.05E-05		8.93E-04		-2.05E-05				-0.009201164		0.0015397301				-0.009201164		0.0015397301

		4.286706		252.1591764706		2.06E-05		10000		-2.06E-05		-2.98E-10		2.06E-05		-1.42E-03		-2.06E-05		-6.11E-11		2.06E-05		3.22E-04		-2.06E-05				-0.008252316		0.0009694126				-0.008252316		0.0009694126

		4.742127		278.9486470588		2.06E-05		10000		-2.06E-05		-2.96E-10		2.06E-05		-1.30E-04		-2.06E-05		-6.10E-11		2.06E-05		5.85E-04		-2.06E-05				-0.0069604861		0.0012323776				-0.0069604861		0.0012323776

		noyoke

		0.2269059		13.3474058824		2.72E-06		10000		-2.72E-06		-3.00E-10		2.72E-06		-5.30E-03		-2.72E-06		-6.05E-11		2.72E-06		-2.18E-03		-2.72E-06

		0.4538119		26.6948176471		2.72E-06		10000		-2.72E-06		-3.02E-10		2.72E-06		-5.67E-03		-2.72E-06		-6.03E-11		2.72E-06		-1.08E-03		-2.72E-06

		0.9076237		53.3896294118		2.72E-06		10000		-2.72E-06		-2.95E-10		2.72E-06		-6.13E-03		-2.72E-06		-6.07E-11		2.72E-06		-7.99E-04		-2.72E-06

		1.361436		80.0844705882		2.73E-06		10000		-2.73E-06		-3.05E-10		2.73E-06		-6.77E-03		-2.73E-06		-6.06E-11		2.73E-06		7.22E-04		-2.73E-06

		1.815247		106.7792352941		2.72E-06		10000		-2.72E-06		-3.02E-10		2.72E-06		-6.13E-03		-2.72E-06		-6.06E-11		2.72E-06		1.08E-03		-2.72E-06

		2.269059		133.4740588235		2.72E-06		10000		-2.72E-06		-2.98E-10		2.72E-06		-5.88E-03		-2.72E-06		-6.07E-11		2.72E-06		-3.15E-04		-2.72E-06

		2.722871		160.1688823529		2.73E-06		10000		-2.73E-06		-3.03E-10		2.72E-06		-5.59E-03		-2.72E-06		-6.17E-11		2.72E-06		5.79E-04		-2.72E-06

		3.176683		186.8637058824		2.72E-06		10000		-2.72E-06		-2.97E-10		2.72E-06		-6.05E-03		-2.72E-06		-6.08E-11		2.72E-06		5.12E-04		-2.72E-06

		3.630495		213.5585294118		2.72E-06		10000		-2.72E-06		-2.94E-10		2.72E-06		-5.95E-03		-2.72E-06		-6.12E-11		2.72E-06		5.38E-04		-2.72E-06

		4.084307		240.2533529412		2.72E-06		10000		-2.72E-06		-3.00E-10		2.72E-06		-6.35E-03		-2.72E-06		-6.04E-11		2.72E-06		7.02E-04		-2.72E-06

		4.538118		266.9481176471		2.72E-06		10000		-2.72E-06		-2.98E-10		2.72E-06		-6.26E-03		-2.72E-06		-6.07E-11		2.72E-06		7.35E-04		-2.72E-06

		hole		irq90_107_3				6 cm eq.

		0.2510939		14.7702294118		2.73E-06		10000		-2.73E-06		-2.94E-10		2.73E-06		1.11E-02		-2.73E-06		-6.07E-11		2.73E-06		2.44E-03		-2.73E-06

		1.004346		59.0791764706		2.74E-06		10000		-2.74E-06		-3.00E-10		2.74E-06		9.60E-03		-2.74E-06		-6.17E-11		2.74E-06		8.87E-04		-2.74E-06

		1.998424		117.5543529412		2.74E-06		10000		-2.74E-06		-3.04E-10		2.74E-06		1.88E-02		-2.74E-06		-6.03E-11		2.74E-06		2.53E-04		-2.74E-06

		2.943351		173.1382941176		2.74E-06		10000		-2.74E-06		-2.98E-10		2.74E-06		1.60E-02		-2.74E-06		-6.03E-11		2.74E-06		1.68E-04		-2.74E-06

		3.865932		227.4077647059		2.73E-06		10000		-2.73E-06		-2.95E-10		2.73E-06		1.22E-02		-2.73E-06		-6.06E-11		2.73E-06		2.11E-04		-2.73E-06

		4.780945		281.2320588235		2.73E-06		10000		-2.73E-06		-3.08E-10		2.73E-06		8.54E-03		-2.73E-06		-6.08E-11		2.73E-06		4.93E-04		-2.73E-06

		90_107_2_second

		magn second														b6								b10

		0.1276211		7.5071235294		9.79E-06		1.00E+04		-9.79E-06		-2.93E-10		9.79E-06		6.71		-9.79E-06		-6.04E-11		9.79E-06		-2.17E-02		-9.79E-06

		0.2505734		14.7396117647		-5.20E-05		1.00E+04		5.20E-05		-3.12E-10		-5.20E-05		-1.75		5.20E-05		-6.07E-11		-5.20E-05		4.06E-02		5.20E-05

		0.3127021		18.3942411765		-5.90E-05		10000		5.90E-05		-3.02E-10		-5.90E-05		-2.734258		5.90E-05		-6.09E-11		-5.90E-05		3.92E-02		5.90E-05

		0.3751836		22.0696235294		-5.93E-05		1.00E+04		5.93E-05		-3.02E-10		-5.93E-05		-2.82		5.93E-05		-6.01E-11		-5.93E-05		3.44E-02		5.93E-05

		0.5005556		29.4444470588		-5.48E-05		1.00E+04		5.48E-05		-2.97E-10		-5.48E-05		-2.24		5.48E-05		-6.01E-11		-5.48E-05		2.22E-02		5.48E-05

		0.6260636		36.8272705882		-5.08E-05		1.00E+04		5.08E-05		-3.02E-10		-5.08E-05		-1.71		5.08E-05		-6.05E-11		-5.08E-05		1.66E-02		5.08E-05

		0.7516409		44.2141705882		-4.79E-05		1.00E+04		4.79E-05		-2.99E-10		-4.79E-05		-1.32		4.79E-05		-6.25E-11		-4.79E-05		1.21E-02		4.79E-05

		1.002814		58.9890588235		-4.42E-05		1.00E+04		4.42E-05		-2.91E-10		-4.42E-05		-0.82		4.42E-05		-6.07E-11		-4.42E-05		6.08E-03		4.42E-05

		1.25346		73.7329411765		-4.21E-05		10000		4.21E-05		-2.93E-10		-4.21E-05		-0.5493402		4.21E-05		-6.06E-11		-4.21E-05		4.61E-03		4.21E-05

		1.502201		88.3647647059		-4.09E-05		1.00E+04		4.09E-05		-2.99E-10		-4.09E-05		-0.38		4.09E-05		-6.04E-11		-4.09E-05		3.10E-03		4.09E-05

		1.985938		116.8198823529		-3.97E-05		1.00E+04		3.97E-05		-2.91E-10		-3.97E-05		-0.22		3.97E-05		-6.17E-11		-3.97E-05		2.35E-03		3.97E-05

		2.454601		144.3882941176		-3.92E-05		1.00E+04		3.92E-05		-3.04E-10		-3.92E-05		-0.15		3.92E-05		-6.15E-11		-3.92E-05		2.49E-03		3.92E-05

		2.915573		171.5042941176		-3.90E-05		10000		3.90E-05		-3.05E-10		-3.90E-05		-0.12		3.90E-05		-6.04E-11		-3.90E-05		1.68E-03		3.90E-05

		3.373594		198.4467058824		-3.88E-05		10000		3.88E-05		-3.02E-10		-3.88E-05		-0.09		3.88E-05		-6.09E-11		-3.88E-05		1.98E-03		3.88E-05

		3.830305		225.3120588235		-3.86E-05		10000		3.86E-05		-3.00E-10		-3.86E-05		-0.07		3.86E-05		-6.08E-11		-3.86E-05		1.47E-03		3.86E-05

		4.286249		252.1322941176		-3.85E-05		10000		3.85E-05		-2.98E-10		-3.85E-05		-0.05		3.85E-05		-6.09E-11		-3.85E-05		1.56E-03		3.85E-05

		4.74172		278.9247058824		-3.84E-05		10000		3.84E-05		-3.00E-10		-3.84E-05		-0.04		3.84E-05		-6.05E-11		-3.84E-05		1.55E-03		3.84E-05

		90_107_2_second

		magn second + 300 mkm strip on the wedge

		0.1299639		7.6449352941		1.22E-04		1.00E+04		-1.22E-04		-3.03E-10		1.22E-04		1.27E+01		-1.22E-04		-6.18E-11		1.22E-04		-2.05E-01		-1.22E-04

		0.2528252		14.8720705882		1.38E-05		1.00E+04		-1.38E-05		-3.04E-10		1.38E-05		1.51E+00		-1.38E-05		-6.14E-11		1.38E-05		-5.35E-02		-1.38E-05

		0.3148777		18.5222176471		-2.20E-06		10000		2.20E-06		-3.03E-10		-2.20E-06		-0.1311648		2.20E-06		-6.06E-11		-2.20E-06		-3.05E-02		2.20E-06

		0.3772804		22.1929647059		-7.66E-06		10000		7.66E-06		-3.02E-10		-7.66E-06		-0.6833144		7.66E-06		-6.02E-11		-7.66E-06		-2.07E-02		7.66E-06

		0.5025428		29.5613411765		-7.41E-06		10000		7.41E-06		-3.04E-10		-7.41E-06		-0.6248506		7.41E-06		-6.08E-11		-7.41E-06		-1.74E-02		7.41E-06

		0.6279705		36.9394411765		-5.35E-06		10000		5.35E-06		-3.01E-10		-5.35E-06		-0.3863335		5.35E-06		-6.10E-11		-5.35E-06		-1.54E-02		5.35E-06

		0.7534798		44.3223411765		-3.65E-06		10000		3.65E-06		-2.99E-10		-3.65E-06		-0.1912887		3.65E-06		-6.11E-11		-3.65E-06		-1.34E-02		3.65E-06

		1.004547		59.091		-1.53E-06		10000		1.53E-06		-2.99E-10		-1.53E-06		5.27E-02		1.53E-06		-6.09E-11		-1.53E-06		-1.12E-02		1.53E-06

		1.255101		73.8294705882		-5.30E-07		10000		5.30E-07		-3.05E-10		-5.31E-07		0.1709138		5.30E-07		-6.11E-11		-5.31E-07		-8.63E-03		5.30E-07

		1.503753		88.4560588235		-7.45E-08		10000		7.45E-08		-2.99E-10		-7.53E-08		0.2279577		7.50E-08		-6.16E-11		-7.52E-08		-8.53E-03		7.51E-08

		1.987344		116.9025882353		6.33E-08		10000		-6.33E-08		-2.91E-10		6.25E-08		0.2529875		-6.27E-08		-6.12E-11		6.26E-08		-6.49E-03		-6.27E-08

		2.455918		144.4657647059		-1.61E-07		10000		1.61E-07		-3.07E-10		-1.62E-07		0.2363128		1.62E-07		-6.04E-11		-1.62E-07		-4.95E-03		1.62E-07

		2.916837		171.5786470588		-4.10E-07		10000		4.10E-07		-3.00E-10		-4.11E-07		0.213958		4.11E-07		-5.98E-11		-4.11E-07		-3.56E-03		4.11E-07

		3.374824		198.5190588235		-5.65E-07		10000		5.65E-07		-2.99E-10		-5.66E-07		0.1999771		5.66E-07		-6.07E-11		-5.66E-07		-3.42E-03		5.66E-07

		3.831511		225.383		-6.81E-07		10000		6.81E-07		-2.99E-10		-6.82E-07		0.1896242		6.82E-07		-6.07E-11		-6.82E-07		-2.82E-03		6.82E-07

		4.287435		252.2020588235		-7.99E-07		10000		7.99E-07		-2.98E-10		-7.99E-07		0.1796062		7.99E-07		-6.03E-11		-7.99E-07		-2.21E-03		7.99E-07

		4.74289		278.9935294118		-8.91E-07		10000		8.91E-07		-2.97E-10		-8.92E-07		0.1700662		8.91E-07		-6.16E-11		-8.92E-07		-2.27E-03		8.91E-07





quench

		

		Icable, kA		G0, T/m		Bpeak, T		G/I, T/m/kA				W/8, J/mm		W, kJ/m		L, mH/m

		1		14.7705352941		0.761964		14.7705352941				0.304769		2.438152		4.876304

		2		29.5410823529		1.523929		14.7705411765				1.219076		9.752608		4.876304

		4		59.0817058824		3.047833		14.7704264706				4.87625		39.01		4.87625

		6		88.6001176471		4.570549		14.7666862745				10.9677		87.7416		4.8745333333

		8		117.9400588235		6.083813		14.7425073529				19.4533		155.6264		4.863325

		10		146.8148823529		7.573212		14.6814882353				30.2176		241.7408		4.834816

		12		175.0392941176		9.029983		14.5866078431				43.1134		344.9072		4.7903777778

		14		202.6041764706		10.4541		14.4717268908				58.0219		464.1752		4.7364816327

		16		229.7061176471		11.8555		14.3566323529				74.9193		599.3544		4.68245625

		18		256.6427058824		13.2487		14.2579281046				93.8814		751.0512		4.6361185185

		20		283.5084117647		14.6389		14.1754205882				114.935		919.48		4.5974

		hole		10 cm eq.						G, T/m		G/I				W/8, kJ/m		W, kJ/m		L, mH/m

		1		14.7698882353		136.10913				14.7700705882		14.7700705882				0.304755		2.43804		4.87608

		2		29.5397882353		272.21827				29.5401411765		14.7700705882				1.21902		9.75216		4.87608

		4		59.0756470588		544.43654				59.0759411765		14.7689852941				4.875575		39.0046		4.875575

		6		88.4281176471		816.65481				88.4284117647		14.7380686275				10.9374		87.4992		4.8610666667

		8		116.8671764706		1088.8731				116.8674705882		14.6084338235				19.2011		153.6088		4.800275

		10		144.43		1361.0913				144.4302941176		14.4430294118				29.5168		236.1344		4.722688

		12		171.5423529412		1633.3096				171.5425294118		14.2952107843				41.8801		335.0408		4.6533444444

		14		198.4804705882		1905.5279				198.4805882353		14.1771848739				56.3255		450.604		4.598

		16		225.3421176471		2177.7462				225.3421764706		14.0838860294				72.868		582.944		4.55425

		18		252.1591764706		2449.9644				252.1591764706		14.0088431373				91.5111		732.0888		4.5190666667

		20		278.9487058824		2722.1827				278.9486470588		13.9474323529				112.257		898.056		4.49028

		noyoke								G, T/m		G/I				W/8, kJ/m		W, kJ/m		L, mH/m

		1		13.3474058824		0.691247				13.3474058824		13.3474058824				0.263055		2.10444		4.20888

		2		26.6948176471		1.382494				26.6948176471		13.3474088235				1.052221		8.417768		4.208884

		4		53.3896294118		2.764988				53.3896294118		13.3474073529				4.208884		33.671072		4.208884

		6		80.0844705882		4.147481				80.0844705882		13.3474117647				9.469988		75.759904		4.2088835556

		8		106.7792352941		5.529975				106.7792352941		13.3474044118				16.8355		134.684		4.208875

		10		133.4740588235		6.912469				133.4740588235		13.3474058824				26.3055		210.444		4.20888

		12		160.1688823529		8.294963				160.1688823529		13.3474068627				37.88		303.04		4.2088888889

		14		186.8637058824		9.677457				186.8637058824		13.347407563				51.5588		412.4704		4.2088816327

		16		213.5585294118		11.06				213.5585294118		13.3474080882				67.3421		538.7368		4.20888125

		18		240.2533529412		12.4424				240.2533529412		13.3474084967				85.2299		681.8392		4.2088839506

		20		266.9481176471		13.8249				266.9481176471		13.3474058824				105.222		841.776		4.20888

		hole		6 cm eq.

		1		14.7702294118		0.761949

		4		59.0791764706		3.047707

		8		117.5543529412		6.064771

		12		173.1382941176		8.936509

		16		227.4077647059		11.7423

		20		281.2320588235		14.5284

		cu/sc=1.2

		Jc(12T)		B0, T		G0, T/m		Bpeak, T

		1000		1.7560748		175.60748		9.0613511

		1200		1.8909269		189.09269		9.7571784

		1400		2.0011931		200.11931		10.326049

		1600		2.095022		209.5022		10.810607

		1800		2.1788272		217.88272		11.243883

		2000		2.2548559		225.48559		11.637299

		2200		2.3229987		232.29987		11.990147

		2400		2.3836236		238.36236		12.304199

		2600		2.43847		243.847		12.588339

		2800		2.4891402		248.91402		12.850798

		3000		2.5368691		253.68691		13.09793

		hole		10 cm eq.								4.2K		1.9 K

		1000		1.7391886		173.91886		8.9822924				173.91886		185.3

		1200		1.8735564		187.35564		9.6785175				187.35564		198.4

		1400		1.9839684		198.39684		10.250137				198.39684		209.2

		1600		2.0779943		207.79943		10.736219				207.79943		218.8

		1800		2.1618627		216.18627		11.169583				216.18627		227.3

		2000		2.2382374		223.82374		11.564429				223.82374		234.8

		2200		2.3069871		230.69871		11.920261				230.69871		241.4

		2400		2.3682243		236.82243		12.237493				236.82243		247.4

		2600		2.4234322		242.34322		12.523605				242.34322		252.9

		2800		2.4742573		247.42573		12.787012				247.42573		258.1

		3000		2.5219611		252.19611		13.034179				252.19611		262.8

		noyoke										4.2K		1.9 K

		1000		1.6840528		168.40528		8.7249947				168.40528		180.13289

		1200		1.8229278		182.29278		9.4440723				182.29278		193.67513

		1400		1.9370132		193.70132		10.034815				193.70132		204.75396

		1600		2.0330636		203.30636		10.532178				203.30636		214.36421

		1800		2.1174987		211.74987		10.969382				211.74987		223.01676

		2000		2.1944816		219.44816		11.367976				219.44816		230.72195

		2200		2.2646381		226.46381		11.731211				226.46381		237.50272

		2400		2.3277413		232.77413		12.057924				232.77413		243.57016

		2600		2.3843198		238.43198		12.350859				238.43198		249.13789

		2800		2.4359523		243.59523		12.618194				243.59523		254.24626

		3000		2.4839566		248.39566		12.86675				248.39566		258.89527

		hole		6 cm eq.

		1000		1.7469424		174.69424		9.0188622

		1200		1.8816136		188.16136		9.7144852

		1400		1.9920435		199.20435		10.284925

		1600		2.0860311		208.60311		10.770537

		1800		2.169936		216.9936		11.204195

		2000		2.246247		224.6247		11.59876

		2200		2.3148306		231.48306		11.953525

		2400		2.3758847		237.58847		12.269467

		2600		2.4310094		243.10094		12.554813

		2800		2.4818251		248.18251		12.81792

		3000		2.5295787		252.95787		13.065221
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0.001940489

0.01219186

-0.006133719

0.05820951

-0.001440592

0.008543008

-0.005883605

0.07209924

-0.004511344

-0.005588172

0.07042714

-0.003637237

-0.006053419

0.05899352

-0.002371164

-0.005947278

0.04898601

-0.001422316

-0.006345947

0.04095304

-0.0001304861

-0.00625546



		14.7705352941		14.7698882353		14.7702294118		13.3474058824

		29.5410823529		29.5397882353		59.0791764706		26.6948176471

		59.0817058824		59.0756470588		117.5543529412		53.3896294118

		88.6001176471		88.4281176471		173.1382941176		80.0844705882

		117.9400588235		116.8671764706		227.4077647059		106.7792352941

		146.8148823529		144.43		281.2320588235		133.4740588235

		175.0392941176		171.5423529412				160.1688823529

		202.6041764706		198.4804705882				186.8637058824

		229.7061176471		225.3421176471				213.5585294118

		256.6427058824		252.1591764706				240.2533529412

		283.5084117647		278.9487058824				266.9481176471



no hole

hole 10cm eq.

hole 6cm eq.

no yoke

G, T/m

Ic, kA

1

1

1

1

2

2

4

2

4

4

8

4

6

6

12

6

8

8

16

8

10

10

20

10

12

12

12

14

14

14

16

16

16

18

18

18

20

20

20



		1000		1000		1000		1000

		1200		1200		1200		1200

		1400		1400		1400		1400

		1600		1600		1600		1600

		1800		1800		1800		1800

		2000		2000		2000		2000

		2200		2200		2200		2200

		2400		2400		2400		2400

		2600		2600		2600		2600

		2800		2800		2800		2800

		3000		3000		3000		3000



no hole

hole 10cm eq.

hole 6cm eq.

no yoke

Jsc(12T, 4.2K), A/mm2

G, T/m

175.60748

173.91886

174.69424

168.40528

189.09269

187.35564

188.16136

182.29278

200.11931

198.39684

199.20435

193.70132

209.5022

207.79943

208.60311

203.30636

217.88272

216.18627

216.9936

211.74987

225.48559

223.82374

224.6247

219.44816

232.29987

230.69871

231.48306

226.46381

238.36236

236.82243

237.58847

232.77413

243.847

242.34322

243.10094

238.43198

248.91402

247.42573

248.18251

243.59523

253.68691

252.19611

252.95787

248.39566



		14.7700705882		14.7700705882

		29.5401411765		29.5401411765

		59.0759411765		59.0759411765

		88.4284117647		88.4284117647

		116.8674705882		116.8674705882

		144.4302941176		144.4302941176

		171.5425294118		171.5425294118

		198.4805882353		198.4805882353

		225.3421764706		225.3421764706

		252.1591764706		252.1591764706

		278.9486470588		278.9486470588



b6

b10

G, T/m

10-4

0.000003135

-0.0000002496

0.00046

0.0003929718

0.00172

0.0008556125

0.001405712

0.0011937983

-0.004889511

0.0015325206

-0.00856

0.00140189

-0.011341344

0.0011209308

-0.010467237

0.0010354265

-0.009201164

0.0015397301

-0.008252316

0.0009694126

-0.0069604861

0.0012323776



		14.7698882353		13.3474058824

		29.5397882353		26.6948176471

		59.0756470588		53.3896294118

		88.4281176471		80.0844705882

		116.8671764706		106.7792352941

		144.43		133.4740588235

		171.5423529412		160.1688823529

		198.4804705882		186.8637058824

		225.3421176471		213.5585294118

		252.1591764706		240.2533529412

		278.9487058824		266.9481176471



cold yoke

warm yoke

G, T/m

Ic, kA

1

1

2

2

4

4

6

6

8

8

10

10

12

12

14

14

16

16

18

18

20

20



		14.7698882353		13.3474058824

		29.5397882353		26.6948176471

		59.0756470588		53.3896294118

		88.4281176471		80.0844705882

		116.8671764706		106.7792352941

		144.43		133.4740588235

		171.5423529412		160.1688823529

		198.4804705882		186.8637058824

		225.3421176471		213.5585294118

		252.1591764706		240.2533529412

		278.9487058824		266.9481176471



cold yoke

warm yoke

G, T/m

L, mH/m

4.87608

4.20888

4.87608

4.208884

4.875575

4.208884

4.8610666667

4.2088835556

4.800275

4.208875

4.722688

4.20888

4.6533444444

4.2088888889

4.598

4.2088816327

4.55425

4.20888125

4.5190666667

4.2088839506

4.49028

4.20888



		14.7698882353		13.3474058824

		29.5397882353		26.6948176471

		59.0756470588		53.3896294118

		88.4281176471		80.0844705882

		116.8671764706		106.7792352941

		144.43		133.4740588235

		171.5423529412		160.1688823529

		198.4804705882		186.8637058824

		225.3421176471		213.5585294118

		252.1591764706		240.2533529412

		278.9487058824		266.9481176471



cold yoke

warm yoke

G, T/m

W, kJ/m

2.43804

2.10444

9.75216

8.417768

39.0046

33.671072

87.4992

75.759904

153.6088

134.684

236.1344

210.444

335.0408

303.04

450.604

412.4704

582.944

538.7368

732.0888

681.8392

898.056

841.776



		7.5071235294		7.6449352941

		14.7396117647		14.8720705882

		18.3942411765		18.5222176471

		22.0696235294		22.1929647059

		29.4444470588		29.5613411765

		36.8272705882		36.9394411765

		44.2141705882		44.3223411765

		58.9890588235		59.091

		73.7329411765		73.8294705882

		88.3647647059		88.4560588235

		116.8198823529		116.9025882353

		144.3882941176		144.4657647059

		171.5042941176		171.5786470588

		198.4467058824		198.5190588235

		225.3120588235		225.383

		252.1322941176		252.2020588235

		278.9247058824		278.9935294118



w/o correction

strip on the wedge

G, T/m

b6, 10-4

6.705027

12.66103

-1.753031

1.507217

-2.734258

-0.1311648

-2.81544

-0.6833144

-2.236545

-0.6248506

-1.708303

-0.3863335

-1.317422

-0.1912887

-0.8234647

0.05270431

-0.5493402

0.1709138

-0.3839706

0.2279577

-0.220907

0.2529875

-0.1527898

0.2363128

-0.1164716

0.213958

-0.08774405

0.1999771

-0.06518008

0.1896242

-0.0482756

0.1796062

-0.03670018

0.1700662



		7.5071235294		7.6449352941

		14.7396117647		14.8720705882

		18.3942411765		18.5222176471

		22.0696235294		22.1929647059

		29.4444470588		29.5613411765

		36.8272705882		36.9394411765

		44.2141705882		44.3223411765

		58.9890588235		59.091

		73.7329411765		73.8294705882

		88.3647647059		88.4560588235

		116.8198823529		116.9025882353

		144.3882941176		144.4657647059

		171.5042941176		171.5786470588

		198.4467058824		198.5190588235

		225.3120588235		225.383

		252.1322941176		252.2020588235

		278.9247058824		278.9935294118



w/o correction

strip on the wedge

G, T/m

b10, 10-4

-0.02171624

-0.2048864

0.04056024

-0.05351561

0.03918033

-0.03046969

0.03441606

-0.0207221

0.02220375

-0.01737699

0.01655738

-0.01536579

0.01214798

-0.01342871

0.006080645

-0.01120002

0.004612547

-0.008629853

0.003104714

-0.008527218

0.002348463

-0.006486973

0.002490258

-0.004950727

0.001677643

-0.003563588

0.001979546

-0.003424924

0.001472777

-0.002818525

0.001558048

-0.002213117

0.001551464

-0.002272136



		1000		1000		1000		1000

		1200		1200		1200		1200

		1400		1400		1400		1400

		1600		1600		1600		1600

		1800		1800		1800		1800

		2000		2000		2000		2000

		2200		2200		2200		2200

		2400		2400		2400		2400

		2600		2600		2600		2600

		2800		2800		2800		2800

		3000		3000		3000		3000



Cold yoke, 4.2K

Warm yoke, 4.2K

Cold yoke, 1.9 K

Warm yoke, 1.9K

Jsc(12T, 4.2K), A/mm2

G, T/m

173.91886

168.40528

185.3

180.13289

187.35564

182.29278

198.4

193.67513

198.39684

193.70132

209.2

204.75396

207.79943

203.30636

218.8

214.36421

216.18627

211.74987

227.3

223.01676

223.82374

219.44816

234.8

230.72195

230.69871

226.46381

241.4

237.50272

236.82243

232.77413

247.4

243.57016

242.34322

238.43198

252.9

249.13789

247.42573

243.59523

258.1

254.24626

252.19611

248.39566

262.8

258.89527




