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Introduction 
IR layout (by E. Todesco) 

• IR in the present LHC 
 
 
 
 
 

• IR in the HiLumi LHC 
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Introduction 
MQXF overview 
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• Target: 140 T/m in 150 mm coil 
aperture  

• To be installed in 2022 (LS3) 
 

• Q1/Q3 (by US LARP collaboration) 
– 2 magnets with 4.0 m of magnetic 

length within 1 cold mass 

• Q2 (by CERN) 
– 1 magnet of 6.8 m within 1 cold mass, 

including MCBX (1.2 m) 

 
• Baseline: different lengths, same 

design 
– Identical short model magnets SQXF 

 
 
 



Status 

• Conductor and cable 
• HiLumi-LHC/LARP Conductor and 

Cable Internal Review  (16-17 
October 2013) 
• Main parameters defined 
• Procurement/schedule verified 

• Fine tuning of cable geometry in 
progress to improve mechanical stability 

• Cable fabrication for first set of short 
coils starts by the end 2013 / early 
2014 

• Mandate to Conductor WG for 
setting the remaining parameters 
• 95% is done 
• Goal: Functional Requirements and 

Specifications ready by end of this year  
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Status 

• Coil 
– Cross-section and end design defined 

– End spacer optimization in progress, first short coils 
fabricated 

• Structure 
– Baseline design completed  

• 2 identical 1.5 m long structures to be procured 

– Aluminium shells procured and detailing design of 
components in progress 

• SQXF 
– Coil fabrication starts in early next year. First test in 2015. 
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Outline 

• Overview 

 

• Short model program (SQXF) 

 

• Long model program (prototypes) 

 

• Series production 

 

 
13/11/2013 G. Ambrosio and P. Ferracin  6 



Overview 
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• Short model program: 5 CERN-LARP models, 2014-2016 
– Coil fabrication starts in 02/2014 
– First magnet test (SQXF1) in 05/2015 

• Long model program: 2 (CERN) + 3 (LARP) models, 2015-2018 
– Coil fabrication starts in 2015: 01 (LARP), 09 (CERN) 
– First magnet test in 08/2016 (LARP) and 07/2017 (CERN) 

• Series production: 10 (CERN) + 10 (LARP) cold masses, 2017-2021 
 



Outline 

• Overview 

 

• Short model program (SQXF) 

 

• Long model program (prototypes) 

 

• Series production 
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SQXF plan and schedule 

• Definition of cable geometry in 06/2013 
• Update of coil design in 07/2013 
• Coil parts fabrication/optimization in progress 

– Decision on end parts for first set of coils: 12/2013 
– End spacer turn-around: ~2 months 

• Coil tooling 
– Procurement 

• Parallel coil fabrication LARP-CERN 
– CERN: 1 Wind&Curing + 2 React&impreg 
– LARP: 1 Wind&Curing + 2 React&impreg 

– Winding and curing tooling by 11/2013 
– Reaction and impregnation tooling by 02/2014 

• Fabrication of full practice coil starts, both at CERN and in the US, in 
02/2014 

• Fabrication of second set of coils starts in 03/15 (LARP), 05/15 (CERN) 
• Possibility of fine tuning cable geometry by 06/2014 
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SQXF plan and schedule 
Coil fabrication 

• CERN 
– Number of coils 

• First set 
– 2 practice coils + 1 mirror coil 
– 5 RRP coils 

• Second set 
– 6 PIT coils 
– 5 RRP coils 

– Fabrication steps 
• Winding + curing + reaction + 

impregnation 

– Fabrication time 
• ~100 days (5 months) per coil 
• 1 coil produced  

• every 2 months in the 1st year 
• every 1.5 months in the 2st 

year 
• every 1 months in the 3st year 

 
 

 
 
 
 
 

 

• LARP 
– Number of coils 

• First set 
– 2 practice coils + 1 mirror coil 
– 5 RRP coils 

• Second set 
– 5 RRP coils 

– Fabrication steps 
– First set 

• FNAL & LBNL: winding + 
curing 

• BNL & FNAL : reaction + 
impregnation 

• Second set 
• LBNL on SQXF 
• FNAL and BNL on LQXF 

– Fabrication time 
• ~100 days (5 months) per coil 
• 1 coil produced every month 
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SQXF plan and schedule 
Coil fabrication 
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SQXF plan and schedule 
Support structure 

 

• LARP/CERN design  

• 2 SQXF structures 
procured by CERN 

• From conceptual 
design to assembly 
and qualification  

– Beginning of 2013 to 
end of 2014 
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SQXF plan and schedule 
Tests 

• From assembly to disassembly: 5 months 
• 1st generation coils 

• First LARP coil mirror test in 12/2014 (Dedicated structure) 
• First CERN coil mirror test (mirror) in 04/2015 (SQXF structure with practice coils or LARP mirror 

structure) 
• First magnet test (SQXF1) in 05/2015 

– Assembled ad tested by LARP with 3 LARP coils and 1 CERN coil 

• Then SQXF1b (LARP), SQXF2 (CERN), SQXF2b in series (2015-2016) 
• All the coil fabricated to date will be available for 1 magnet (not shared) 

• Test of LHe containment in SQXF2b 

• 2nd generation coils 
• LARP RRP: SQXF3 and SQXF3b (2016) 
• CERN PIT: SQXF4 (2016-2017) 

• Test of 2-magnets in 1-cold-mass: SQXF5 (2017) 
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Outline 

• Overview 

 

• Short model program (SQXF) 

 

• Long model program (prototypes) 

 

• Series production 
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Long model program 
Plan and schedule 

CERN 

• Number of coils 
– 3 practice 

– 1 mirror 

– 11 real (5 RRP + 6 PIT) 

– Coil winding starts 09/2015 

• Models/tests 
– 2 models, 3 tests 

– Horiz. “simplified” tests 

– Mirror test in 11/2016  

– First model test in 07/2017 

– Last test 10/2018 

 
 

 

 

 

LARP 

• Number of coils 
– 1 practice 

– 1 mirror 

– 16 real 

– Coil winding starts 01/2015 

• Models/tests 
– 3 models, 4 tests 

– Vertical tests (workshop in Dec.) 

– Mirror test in 10/2015 

– First model test in 08/2016 

– Last test 11/2017 
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Long model program 
Plan and schedule 
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Outline 

• Overview 

 

• Short model program (SQXF) 

 

• Long model program (prototypes) 

 

• Series production 

 

 
13/11/2013 G. Ambrosio and P. Ferracin  17 



Pre-series and series production 
(based on “Production Plan” from M. Anerella) 

CERN (Q2) full length 

• 10 cold masses 
– 2 pre-series/spares, 8 series 

• 10 magnets 
– 2 pre-series, 8 series 

• 45 coils 
– 4.5 per magnet 

• 80 days per coil 

• 1 coil every 15 days 
 

 
 

 

 

 

LARP (Q1/Q3) half length 

• 10 cold masses 
– 2 pre-series/spares, 8 series 

• 10+10 magnets 
– 4 pre-series, 16 series 

• 45+45 coils 
– 4.5 per magnet 

• 80 days per coil 

• 1 coil every 15 days 

• 2 production lines 
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Pre-series and series production 
(based on “Production Plan” from M. Anerella) 

• Tooling per production line (both CERN and LARP) 

– 1 oven 

– 1 vacuum impregnation tank 

– 2 winding mandrel assembly 

• Winding while curing outer layer 

– 3 reaction tooling 

• Preparation for reaction 

• Reaction 

• Preparation for impregnation 

– 2 impregnation tooling 
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Pre-series and series production 
(based on “Production Plan” from M. Anerella) 

CERN (Q2) 

• Coil winding starts 09/2017 

 

• Coil fabric. ends by 02/2021 

 

• First magnet test in 04/2019 

 

• Last magnet test in 10/2021 

 
 

 

 

 

LARP (Q1/Q3) 

• Coil winding starts 03/2017 

 

• Coil fabric. ends by 08/2020 

 

• First magnet test in 11/2018 

 

• Last magnet test in 05/2021 
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Pre-series and series production 
(based on “Production Plan” from M. Anerella) 

• This plan foresees LARP series magnets tested and 
delivered without LHe containment and cryostat 

– Cold mass and cryostat assembly, and testing at CERN of 
LARP magnet still to be included in the plan 

• Alternative scenarios under consideration 

– Cold mass as LARP deliverable 

– Cold mass with cryostat as LARP deliverable 

• No correctors in Q1/Q3 

– Deliverable still to be tested at CERN before installation 

– Also to be added: integration work 
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Pre-series and series production 
CERN coil production 
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Pre-series and series production 
LARP coil production 
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Pre-series and series production 
Overview of magnet production 
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Conclusion/comments 

• Integrated development of CERN and LARP schedules 
– Useful to verify plans, integration and check consistency 
– CERN 180 team to join asap for prototype and production schedule/plans 

• Short model program plan reasonably well defined 
– 5 models, fully integrated CERN/LARP, 2014-2016 period 

• More work to do on long prototypes 
– 2+3 prototypes in the 2015-2018 period 
– Enough model and time? Can we say 5 models in total? 

• Much more work on series production 
– Still to be defined many what and where 
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Additional slides 

 

13/11/2013 G. Ambrosio and P. Ferracin  26 



Lengths 
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Short model Q1/Q3 (half unit) Q2 

Magnetic length [m] 1.2 4.0 6.8 

“Good” field quality [m] 0.5 3.3 6.1 

Coil physical length [m] 1.5 4.3 7.1 

Cable unit length per coil [m] 150 430 710 

Strand per coil [km] 6.5 18 30 



CERN procurement plan 
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CERN specifications 
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Strand needs for the production 
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Q2 
Strand per coil: 30 km 
# of cold mass: 10 (2 pre-series and 8 series) 
# of coil per cold mass: 4.5 
Total # of coils: 45 
Total quantity of strand: 1350 km 
  
Q1/Q3 (half unit) 
Strand per coil: 18 km 
# of cold mass: 20 (4 pre-series and 16 series) 
# of coil per cold mass: 4.5 
Total # of coils: 90 
Total quantity of strand: 1620 km 
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Complete Coil schedule 
(1/2 production x 2 locations) 

1st 2 coils with 2x 

duration (new tools) 

9/10/20 finish 

3/15/17 start 

(after last R&D 

coil) 



Coil Prep schedule 
(1/2 production x 2 locations) 

• Cmm inspection 

• Install midplane 

ground insulation 

• Part time use of 

3rd coil winder 



Yoke / Shell Subassembly 
(1/2 production shown x 2 parallel lines) 

• Parallel effort to production 

• Early start due to (slightly) longer task duration 

• Assembly (2 x 2 Techs), Strain Gauge Installation (1 Tech) performed in parallel 

→All subassemblies available for production, including shipping time 

Need date 

10/3/18 

3/11/19 

1/7/21 



Quadrupole Assembly & Test 
(1/2 production x 2 locations) 

Coil Pack 

Coil Structure 

1st assy with 2x duration 

1st test with 1.5x duration 

Test time based on FNAL 

(BNL test time TBD) 

Test setup in parallel w/ 

He vessel , cryostat assy 

(2nd set of vessels req’d) 

(2 testing techs, 

4 assy/disassy techs) 

Coil Pack (2 techs) in parallel 

w/ Structure (2 techs) 

Coil 5 done 

Coil 15 done 



Complete Production Schedule 
(1/2 production x 2 locations) 

April 2022 CERN need 

date (30 months float) 

December 2022 CERN 

need date (18 months float) 



SQXF plan and schedule 
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