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Outline 

ÅDesign overview 

 

ÅFabrication plans 

 

ÅIntegrated dose & energy deposition 
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MQXF overview 
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Å140 T/m in 150 mm coil aperture  
 

ÅTwo-layer coils w/o internal splice 

ÅAl shell structure preloaded with 
bladders and keys 

ÅSegmented Al shell 

ÅAxial preload by tie-rods  

ÅQuench protection by active 
heaters 
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Lengths 
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Short model Q1/Q3 (half unit) Q2 

Magnetic length [m] 1.2 4.0 6.8 

άDƻƻŘέ ŦƛŜƭŘ ǉǳŀƭƛǘȅ [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 

This talk and next ones 
ŦƻŎǳǎ ƻƴ ǘƘŜ άǎǘǊǳŎǘǳǊŜέ Ґ 
cold mass w/o He vessel; 

 

Options for deliverable to be 
presented in Apollinari talk 
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Conductor 

ÅStrand:  0.85 mm diameter 
ïIc > 361 A at 15 T 4.2 K 

ïCopper/non_copper > 1.2 

ïRRP 132/169;  PIT 192 

ÅCable:  40 strands with stainless steel core 
ï18.15 mm x 1.525 mm 

ï25 um core thickness 

ÅCable insulation:  braided S2-Glass 
ï145 um thick (per side) 

ïSilane (933) sizing  
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Magnetic Design ς X-section 
Main magnetic parameters of the QXF cross-section  at 1.9 K. 

  unit Iss Imax Inom 

% of IssϞ % 100 90 82 

Current kA 21.25 19.12 17.46 

Gradient T/m 168 152 140 

Peak field T 14.51 13.14 12.06 

Temperature  

margin 
K 0 2.69 4.16 

Fx per octant MN/m 3.85 3.20 2.75 

Fy per octant MN/m -5.69 -4.63 -3.89 

Energy MJ/m 1.92 1.56 1.32 

Ld mH/m 8.15 - 8.22 
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Optimization criteria: 
ÅGeometric harmonics Č meets requirements  
ÅLarge number of turns (50) Č for quench protection 
ÅEven distribution of azimuthal stress in inner and outer layer 
ÅCoil layout similar to HQ Č benefit of HQ experience 

 
 
 

ÀBased on Jc = 2450 A/mm2  at 4.2 K, 12 T (for RRP and PIT) 
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Magnetic Design - Ends 
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ÅEnds optimization based on: 
ïField in ends lower than in x-section 
ÅIron Č stainless transition in pads  

ïLow integrated field harmonics 

ïMinimize cable stress/deformation 

ïCompact ends   

10.8

11.0

11.2

11.4

11.6

11.8

12.0

12.2

12.4

600 700 800 900P
e

a
k
 f

ie
ld

 i
n

 t
h

e
 c

o
n

d
u

c
to

r 
[T

] 

Arc length of the conductor [mm] 

http://www.uslarp.org/


DOE Review of LARP ï February 17-18, 2014 

Design & Fabrication 

ÅNext talks are showing design features and 
fabrication technology 

ïBuilding upon successfully demonstrated design 
features and processes 

 

ÅDesign and fabrication responsibilities are 
distributed according to competencies of each 
lab for the project 
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Fabrication Plans 

Fabrication plan at start is based on LQ, HQ and LHQ plans                      
at the end demonstrates production readiness: 
   

ïCabling: LBNL          LBNL 

ïCable insulation: NEWT        NEWT 

ïCoil W&C: FNAL   Č BNL & FNAL  

ïCoil R&I: BNL, FNAL, LBNL  Č BNL & FNAL 

ïCoil traces (protect. heaters): LBNL   LBNL 

ïStruct. sub-assembly & QA: LBNL      LBNL 

ïCoil-structure assembly: LBNL  Č BNL & FNAL / LBNL 
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Plan Overview 
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ÅShort model program: 2014-2016 
ïProgram fully integrated between CERN and LARP 
ïFabrication of practice coil is starting this month  
ÅEarlier than in CollabMtg20 (4/13) schedule 

ïFirst SQXF coil test (Mirror) in Dec. 2014 
ïFirst magnet test (SQXF1) in May 2015 
ï2 (LARP) + 3 (CERN) short models + reassembly (~4) 

ÅLong model program: 2015-2017 
ïCoil winding starts in 2015: Jan. (LARP),  Sept. (CERN) 
ïFirst LQXF coil test (Mirror structure) in Dec. 2015 
ïFirst model test in Oct. 2016 (LARP) and July 2017 (CERN) 
ï3 (LARP) + 2 (CERN) models in total 

ÅSeries production: 2018-2022 
 

More details in 
last talk 
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Test Facilities for S/LQXF 

ÅSQXF models will be tested at FNAL VMTF 
ÅPresently there is no facility in the US for LQXF 
ÅTwo options: 
ïUpgrade of BNL vertical test facility 
Åused for LARP Long Racetrack 

ïUpgrade of FNAL horizontal test facility  
Åused for present LHC low beta quads 

ÅIn the present schedule and budget the upgrade of the 
BNL test facility is assumed 
ïShorter turn-around time; less expensive upgrade 
ïDetails have been presented at dedicated workshop and 

follow-up meetings 
ÅWorkshop: BNL, December 2013 
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ÅDesign features and fabrication plans in next 
talks: 
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Magnet System Session 2  

15:05  QXF Conductor and Cable 30'  

15:35  QXF Coil Design and Winding Tests 20'  

15:55  QXF Coil Fabrication and Tooling 20'  

16:15  QXF Support structure design and development 30'  

16:45  QXF Quench protection 20'  

17:05  QXF schedule and preparation for project 20'  
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Outline 

ÅDesign overview 

 

ÅFabrication plan 

 

ÅIntegrated dose & energy deposition 
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The LARP-CERN Strategy 

ÅSimulations 

ïMARS and Fluka 

ÅExtensive literature survey, consultation with 
experts, workshops 

ïFluckiger,  Weber 

ïWAMSDO 2011, RESMM12/13 

ÅRESMM14, May 12-15, Wroclaw 

ÅIrradiations and material tests 

ïEuCARD program 
14 
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The Solution 

ÅTungsten shielding on coil mid-planes inside 
aperture 

ïFirst proposed by N. Mokhov for 120 mm aperture 

15 
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peak dose longitudinal profile

7+7 TeV proton interactions
HL-LHC at 3000 fb

-1
 - 10 cm gap

LHC at 300 fb
-1

16 F. Cerutti    Nov 12, 2013  3rd Joint HiLumi LHC - LARP Annual Meeting 

16 mm in Q1 and 6 mm elsewhere  

tungsten  inserts  
on the beam screen  

SHIELDING THE NEW TRIPLET ï CP ï D1 [II]  

HL-LHC vs LHC 

(BEFORE vs AFTER LS3) 
beam screen gap in the interconnects is critical 

tungsten in the BPMôs 

more than 600  W  in the cold masses 

 as well as in the beam screen  

  (i.e. 1.2-1.3 kW in total)  

larger values for increasing crossing angle 
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Relative mechanical 

properties for CTD-101K 

             Elvis Fornasiere | CERN, 26th February 2013 TE-MSC-MDT 

Outline 

Structural 

req + energy 

deposition 

Measurement 

techniques 

CTD-101K + 

CE-epoxy 

results 
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Absorbed dose (MGy) 

CTD-101K, with 50% Vf virgin  S-2 Glass 

Torsional Shear Modulus

Compressive Strength

Compressive Modulus

Flexural Modulus

Torsional Shear Strength

Fracture Resistance GIC

Torsional Shear Strain

Shear Strength

ILSS0 Ғ мнл atŀ 30% degradation at 50 MGy 

Shear strength 
degradation with 

irradiation is the most 
sensitive property  

[29]+[30]+[31] 
UTS: 35% reduction at 180 Mgy from UTS0 ~ 1050 MPa 
Compressive strength = 1080 MPa at 160 Mgy (Loss 20%) 
Fracture Resistance GIC: 66% reduction at 230 MGy 

G10 SBS 

Test 

70% degradation 
at 90 MGy 

Plan 

End 

95% degradation 
at 160 MGy 

Note: 41 references!  
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Shear Strength Requirements 

ÅVery low on 
midplane 

 

Å40 MPa on 
pole turn 
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Irradiation & Test 

ÅIrradiation and test 
campaign on four 
candidate materials for 
the impregnation of 
Nb3Sn coils  

Åby EuCARD 
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https://edms.cern.ch/file/1001894/1/EuCARD-Del-D7-2-1_final-1.pdf 
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Report Executive Summary 
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