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Introduction
MQXF overview

e Target: 140 T/m in 150 mm coil | 7

aperture [ 5 B-m-
* To beinstalled in 2022 (LS3) : - e

* 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
— ldentical short model magnets SOXF

g Luminosity
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Status

Conductor and cable

* HiLumi-LHC/LARP Conductor and

Cable Internal Review (16-17

QXF Strand & Cable Functional
Requirements

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

e Goal: Functional Requirements and
Specifications ready by end of this year

Strand
e Strand diameter
o 0.850x0.003mm
e Nomina!sub-element diameter (according to billet design)
o <50um
e Copperto non-coppervolume ratio:
o 1.1 minimum (to be checked with QP)
e Strand twist pitch
c 17£2mm
e Strand twist direction
o right-handed screw
e Minimum Ic for 80% operating point on load line
o 869 at 127 (with self-fieid), 1.9K
o 544 Azt 15T (with self-field), 1.9 K
* RRR (after full heat treatment)
o »>150
o n-value @ 1I5Tand 42K
o >30
* Magnetization
o TBD
o Mechanical Properties
o Irreversible intrinsic strain (2..,) >0.2%
e Stability
on L23%1,
o TBD Crieria for high-field instability at 1.9K

High
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Status

e Coil
— Cross-section and end design defined

— End spacer optimization in progress, first short coils
fabricated

 Structure

— Baseline design completed
e 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.

G. Ambrosio and P. Ferracin 13/11/2013 5




Outline

e Qverview

e Short model program (SQXF)

* Long model program (prototypes)

e Series production
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Overview

Task Name 2014 2015 2016 2017 2018 2019 2020 2021 2022
Jan [May [ Sep [Jan [May [ Sep | Jan [May ]| Sep | Jan [May| Sep [ Jan [May | Sep [ Jan [May [ Sep | Jan [May]| Sep | Jan [May| Sep [ Jan |

- Short model program
+ Coil fabrication CERN : : . . : :
+ Coil fabrication LARP Py
* SQXF models T e i aa e NS SE NE R B
-/ Long prototype program L
+ Long prototype CERN coils fabrication — : :
: : : : : : : &

+ Long prototype CERN magnets : : : : : : : :

+ Long prototype LARP coils fabrication ' : : : ' : : :

* Long prototype LARP magnets L PEEmsm————————————p . L bbb
= Series program L S —)

+ Series CERN cols fabrcaton - =
* Series CERN magnets b e e peeee——eee——
+ Series LARP coils fabrication (x2) L '

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

G. Ambrosio and P. Ferracin 13/11/2013 7




Outline

e Qverview

e Short model program (SQXF)

* Long model program (prototypes)

e Series production

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

U.S.LARP



SQXF plan and schedule

* Definition of cable geometry in 06/2013
* Update of coil design in 07/2013
e 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

e 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

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




SQXF plan and schedule
Coil fabrication

* CERN * LARP
— Number of coils — Number of coils
* First set * First set
— 2 practice coils + 1 mirror coil — 2 practice coils + 1 mirror coil
— 5 RRP coils — 5 RRP coils
e Second set e Second set
— 6 PIT coils — 5 RRP coils
— 5 RRP coils — Fabrication steps
— Fabrication steps — First set
* Winding + curing + reaction + * FNAL & LBNL: winding +
impregnation curing
— Fabrication time * BNL& FNAL: reaction +
_ impregnation
e ~100 days (5 months) per coil « Second set
* 1 coil produced « LBNL on SQXF
e every 2 monthsin the 1% year e FNAL and BNL on LQXF
* every 1.5 months in the 25t

year — Fabrication time

* every 1 months in the 35t year * ~100 days (5 months) per coil
* 1 coil produced every month

eld%ninosity = G. Ambrosio and P. Ferracin 13/11/2013 10
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SQXF plan and schedule
Coil fabrication

Task . [Task Mame - Duration . |Start - Finish + Pre 2014 2015 2018 2017
Mode Mo lan Mar | May | Jul [ sep Mo Jan Mar | may [ Jul | sep Mov lan mar | May [ ul | sep Mo Jan
% Fine tuning of cable geometry 0 days MMon 02/06/14  Mon 02706714 P 052,/06 : : : : : : :

- & oil fabrication CERN 806 days Wed 08/01/14 Wed 08/02/17 = =
% End parts decision 0 days Wed 08/01/14  Wed 06/01/14 K 08/01 : :

% [l First set 445 days Mon 03/02/14  Fril6/10/15 = : : : > ¥

b= Coil C1 {RRP practice) 120days  Mon03/02/14 Fri18/07/14 P——— : : :

= Coil €2 (PIT practice) 120 days Mon 28/04/14  Fri 10,1014 ; e

% Coil C3 {RRP) for mirror 100 days Mon 21,/07/14  Frio5/12/14 : ;| p———

= Coil C2 (RRP) 100days  Mon22/09/14 Fri06/02/15 : | p————

= Coil £5 (RRP) 100 days Mon 24/11/14  Fri 10,04,15 : : Py : ;

< Coil C6 {RRP) 100 days Mon 26/01/15  Fri 12,/06/15 : : : p—— :

= Coil C7 (RRPY 100 days Mon 30,0315  Fri14,/08/15 : : : e :

= Coil C8 (RRP) 100 days Mon 01,0615  Fri 16,/10,/15 : : : | e | : : : ; ;
% = second set 398 days Mon 03/08,/15 Wed 08/02/17 R 4 > > 5 5 5 ¥
- Coil L9 {PIT) 100days  Mon 03/08/15 Fri18/12/15 : : : : | pe———— : : : : :
= Coil C10 (PIT) 100 days Thu17/09/15  Wed 03,/02/16 Py

< Coil C11 {PIT) 100 days Tue 03/11/15  Mon 21,03/16 L

< Coil C12 {MT) 100 days Fil8/12/5  Thu 05/05/16 Py

= Coil C13 {PIT) 100 days Wed 03/02/16 Tue 21,/06/16 _—

< Coil C14 {PIT) 100 days Mon 21/03/16  Fri 05,08/16 : : : : : : | — ;

2 Coil C15 (RRP) 100 days Thu 05/05/16  Wed 21,09/16 : : : : : : : Py

= Coil C16 (RRP) 100 days Thu 09,/06/16  Wed 26,1016 : : : : : : : I =

2 Coil C17 {RRP) 100 days Thu 14,/07/16  Wed 30/11/16 —_

-, Coil C18 (RRF) 100 days Thu 18/08/16  Wed 04/01/17 ey

=8 Coil C19 {RRP) 100 days Thu 22/09/16  Wed 08,/02/17 y
% =] coil fabrication LARP 488 days Wed 05,/02/14 Fri18/12/15 ¥ v

= [ First set 301 days Wed 05/02/14 Wed 01,/04,/15 = - =)

=, Practice Coil #11 108 days Wed 05,/02/14 Fri 04,/07/14 P———

- Practice Coil #L2 120 days Thu 13/03/14  Wed 27,/08/14 —————y

- Coil £13 (for mirror test) 88 days Mon 14,/04/14 Wed 13,/08/14 P e

< 107 days Mon 07,/07/14 Tue 02/12/13 : p———

b= 102days  Mon 28/07/14 Tue 16/12/14 | pe—y

b3 120 days Mon 18/08/14  Fri 30,/01,/15 : : T

< 98 days wed 01/10/14  Fri 13/02/15 e

= Coil #18 116 days Wed 22/10/14 Wed 01,04/15 : : [ ey : :

= [ Second set 207 days Thu 05/03/15  Fri18/12/15 0 —

< Coil L9 107 days Thu 05,/03/15  Fri 31,/07/15 e :

= Coil L1O 107 days Thu 09,/04/15  Fri 04,/09/15 : : : p—————y :

= Coil 111 107days  Thu14/05/15 Fi09/10/15 p————y

< Coil L12 107 days Thu 18/06/15  Fri 13/11/15 b —

% [ Coil L13 (spare) 107 days Thu 23/07/15  Fril18/12/15 0

High
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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

G. Ambrosio and P. Ferracin 13/11/2013 12
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SQXF plan and schedule
Tests

* From assembly to disassembly: 5 months

e 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 caoil

* Then (LARP), SQXF2 (CERN), SOXF2b in series (2015-2016)

* All the coil fabricated to date will be available for 1 magnet (not shared)
* Test of LHe containment in SQXF2b
« 2" generation coils
* LARP RRP: SQXF3 and (2016)
* CERN PIT: SQXF4 (2016-2017)

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

Task , TaskName - Duration _ |Start - |Finish - 2015 2018 2017
Made ul [ sep [ Mov [ Jan [ Mar [ May [ Jul | Sep [ Nov [ Jan [ Mar [ May [ Jul [ Sep [ MNov [ Jan [ Mar [ May [ Jul |
212 |2 ~ SQXF models 748 days Thu 14/08/14  Mon 26/06/17 = % % % % . . . . . . . o :
213 |2 + SQXF mirror (LARP) 85 days Thu14/08/14 Wed 10/12/14 T : : : : : : : i
219 |2 + SQXF mirror (CERN) 85 days Mon 08/12/14  Fri 03/04/15 : L e . : : : : : : i
225 |2 + SQXF1 (LARP); coil L4,L5,L6,C4 111days  Mon03/02/15 Mon 13/07/15 T :
29 2 + SQXF1b (LARP) 111days  Tue 14/07/15 Tue 15/12/15 s :
233 |2 + SQXF2 (CERN) 111days  Wed 16/12/15 Wed 18/05/16 L e
37 |2 + SQXF2b [CERN) with Lhe containment 66 days Thu19/05/16  Thu 18/08/16 : : : : : f i i f i : : :
241 | * SQXF3 (LARP): RRP Il set 111days  Wed 16/12/15 Wed 18/05/16 L g
245 |2 + SOXF3b (LARP) 111 days Thu 19/05/16  Thu 20/10/16 : : : : : : 5 !:V
23 B * SQXF4 (CERN): PIT Il set 111days  Fri19/08/16  Fri 20/01/17 =
PEE A + SOXF5 (CERN): RRP Il set & SQXF3b 111 days Mon 23/01/17 Mon 26/06/17 : : : V=V
" Hi )h . .
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Outline

e Qverview

e Short model program (SQXF)

* Long model program (prototypes)

e Series production
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Long model program
Plan and schedule

CERN LARP
* Number of coils * Number of coils
— 3 practice — 1 practice
— 1 mirror — 1 mirror
— 11 real (5 RRP + 6 PIT) — 16 real
— Coil winding starts 09/2015 — Coil winding starts 01/2015
 Models/tests  Models/tests
— 2 models, 3 tests — 3 models, 4 tests
— Horiz. “simplified” tests — Vertical tests (workshop in Dec.)
— Mirror test in 11/2016 — Mirror test in 10/2015
— First model test in 07/2017 — First model test in 08/2016

— Last test 10/2018 — Last test 11/2017

G. Ambrosio and P. Ferracin 13/11/2013 15




Long model program
Plan and schedule

Task Name . |Duration _ |start - |Finish . |r[2014 [2015 [2016 [2017 [2018 [2019 [2020 [2021 [2022
Jan [ May [ Sep | Jan [May [ Sep | Jan [May [ Sep [Jan [May | Sep [ Jan [May [ Sep [ Jan [May | Sep [ Jan [May [ Sep | Jan [May [ Sep | Jan [ May [ Sep
237 El Long prototype CERN coils fabrication 616 days Tue 01/09/15  Tue 09/01/18 : : : : = = = = = 1 : : : : :
238 Practice coil 1 [Cu) 133 days Tue 01/09/15  Thu 03/03/16 = :
242 Practice coil 2 [RRP) 132 days Mon 02/11/15 Tue 03/05/16 o
246 Practice coil 3 (PIT) 110 days Tue 02/02/16 Mon 04/07/16 : : : : : ;pE—— : :
250 [*I Coil 4 (RRP mirror coil) 110 days Mon 04/04/16 Fri 02/09/16 : : : : : P =g : :
254 # Coil 5 (RRP) 110days  Fri03/06/16  Thu03/11/16 : : : : : : e
258 Coil 6 (RRP) 110 days Thu 04/08/16  Wed 04/01/17 ey
262 Coil 7 (RRP) 110 days Wed 05/10/16 Tue 07/03/17 =
266 Coil 8 (RRP) 110 days Tue 06/12/16 Mon 08/05/17 iy
270 Coil 3 (RRP) 110 days Mon 06/02/17  Fri 07/07/17 : : : : : ; : ; p——y
274 Cail 10 (PIT) 110days  Wed 08/03/17 Tue 08/08/17 e
278 Coil 11 (PT) 110days  Fri07/04/17  Thu07/09/17 : : : : : : : : [ ey
282 Coil 12 (PIT) 110 days Tue 08/05/17 Mon 09/10/17 =y
286 Coil 13 (PIT) 110 days Thu 08/06/17  Wed 08/11/17 : : : : : : : : : L
290 Coil 14 (PT) 110 days Mon 10/07/17 Fri 08/12/17 : : : : : : : : : | ey
204 [# coil 15 (PIT) 110 days ‘Wed 09/08/17 Tue 09/01/18 : : : : : : : : : P pE——
298 El Long prototype CERN magnets 572 days Mon 05/09/16 Tue 13/11/18 H H H H H H H L > > >
299 MQXFLP mirror; coil 4 132 days Mon 05/09/16 Tue 07/03/17 H H H H H H H 0
303 MQXFLP1; coil 5,6,7,8 132 days Tue 09/05/17 Wed 08/11/17 : : : : H H : : : p—y
307 MQXFLP1b; coil 6,7,8,9 132 days Thu 09/11/17  Fri11/05/18 : : : : : : : : : :  p— :
311 MQXFLP2; coil 10,11,12,13 132 days Mon 14/05/18 Tue 13/11/18 e
315 | E Long prototype LARP coils fabrication 692days  Fri12/12/14  Mon 07/08/17 = = = = = = — : :
316 Long QXF Practice Coil 106days  Fri12/12/14  Fri 08/05/15 : Lo :
322 Leoil #1 {for mirror) 89 days Mon 12/01/15 Thu 14/05/15 : L =
327 Leoil #2 113 days Thu 13/08/15 Mon 18/01/16 i
234 Leoil #3 101 days Fri25/09/15  Fri 12/02/16 : : : : gy
340 Leoil #3 119days  Mon 26/10/15 Thu 07/04/16 : : : : | e
347 Leoil #5 101 days Tue 24/11/15  Tue 12/04/16 : : : : | ey
353 Leoil #6 95 days Wed 23/12/15 Tue 03/05/16 =
359 Leoil #7 113 days Fri 13/05/16  Tue 18/10/16 =y
366 Leoil #8 101 days Mon 13/06/16 Mon 31/10/16 : : : : : : L=y
372 Leoil #9 129 days Tue 12/07/16  Fri 06/01/17 H H H H H H Py
379 Leoil #10 117days  Wed 10/08/16 Thu 19/01/17 : : : : ; : [ g
385 Leoil #11 (W&C PC at BNL) 45 days Mon 02/05/16  Fri 01/07/16 ; : : : : : L
389 Leoil #12 (full coil at BNL) 183 days Mon 04/07/16 Wed 15/03/17 pE———
395 Leoil #13 155 days Fri30/09/16  Thu04/05/17 : : : : : : : e
200 Leoil #14 182days  Mon31/10/16 Tue 11/07/17 N
405 Leoil #15 128days  Fri30/09/16  Tue 28/03/17 : : : : : : : ! :
411 Leoil #16 155 days Mon 31/10/16 Fri 02/06/17 e
417 Leoil #17 180 days Tue 29/11/16  Mon 07/08/17 : : : : : : : P ey :
422 | El Long prototype LARP magnets 683days  Fri15/05/15  Tue 26/12/17 — =
423 LOXF mirror 110days  Fri15/05/15  Thu 15/10/15 : : : ey : : : : : :
429 LOXF1 156 days Wed 13/04/16 Wed 16/11/16 : : : : : f ey
438 LOXF1b 130days  Thu17/11/16 Wed 17/05/17 : : : : : : ; | ey
446 LOXF2 horizontal test 150 days Fri20/01/17  Thu 17/08/17 : : : : : : : : —_— ;
as1 | LOXF3 w MQXF structure 120 days Wed 12/07/17 Tue 26/12/17 : : : : : : : : : | p—

( ) Luminosity 89 G. Ambrosio and P. Ferracin 13/11/2013 16
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Outline

e Qverview

e Short model program (SQXF)

* Long model program (prototypes)

e Series production
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Pre-series and series production

(based on “Production Plan” from M. Anerella)

CERN (Q2) full length

LARP (Q1/Q3) half length

10 cold masses * 10 cold masses
— 2 pre-series/spares, 8 series — 2 pre-series/spares, 8 series
10 magnets * 10+10 magnets
— 2 pre-series, 8 series — 4 pre-series, 16 series
45 coils * A45+45 coils
— 4.5 per magnet — 4.5 per magnet
80 days per coil * 80 days per coil
1 coil every 15 days * 1 coil every 15 days

e 2 production lines

e USRP G. Ambrosio and P. Ferracin 13/11/2013
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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

—

|

sity ‘L’@‘%“l
U.S. LARP
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Pre-series and series production

(based on “Production Plan” from M. Anerella)

CERN (Q2)
e Coil winding starts 09/2017

e Coil fabric. ends by 02/2021

* First magnet test in 04/2019

e Last magnet test in 10/2021

LARP (Q1/Q3)
* Coil winding starts 03/2017

* Coil fabric. ends by 08/2020

* First magnet testin 11/2018

* Last magnet test in 05/2021

U.S. LARP

G. Ambrosio and P. Ferracin 13/11/2013 20



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

e Alternative scenarios under consideration
— Cold mass as LARP deliverable

— Cold mass with cryostat as LARP deliverable
* No correctorsin Q1/Q3

— Deliverable still to be tested at CERN before installation

— Also to be added: integration work

G. Ambrosio and P. Ferracin 13/11/2013 21
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Pre-series and series production
CERN coil production

Task Name

=l Series CERN coils fabrication

Coil 1

Coil 2

Coil 3

Coil 4

Coil 5

Coil 6

Coil 7

Coil 8

Coil 9

Coil 10
Coil 11
Coil 12
Coil 13
Coil 14
Coil 15
Coil 16
Coil 17
Coil 18
Coil 19
Coil 20
Coil 21
Coil 22
Coil 23
Coil 24
Coil 25
Coil 26
Coil 27
Coil 28
Coil 28
Coil 30
Coil 31
Coil 32
Coil 33
Coil 34
Coil 35
Coil 36
Coil 37
Coil 38
Coil 39
Coil 40
Coil 41
Coil 42
Coil 43
Coil 44
Coil 45

-

Duration

901 days
144 days
144 days
79 days
79 days
79 days
79 days
79 days
79 days
79 days
79 days
79 days
79 days
79 days
79 days
79 days
79 days
79 days
79 days
79 days
79 days
79 days
79 days
79 days
79 days
79 days
79 days
79 days
79 days
79 days
79 days
79 days
79 days
79 days
79 days
79 days
79 days
79 days
79 days
79 days
79 days
79 days
79 days
79 days
79 days
79 days

- |Start -

Fri 08/09/17
Fri 08/09/17
Wed 15/11/17
Tue 05/06/18
Tue 26/06/18
Tue 17/07/18
Tue 07/08/18
Tue 28/08/18
Tue 18/09/18
Tue 09/10/18
Tue 30/10/18
Tue 20/11/18
Tue 11/12/18
Tue 01/01/19
Tue 22/01/19
Tue 12/02/19
Tue 05/03/19
Tue 26/03/19
Tue 16/04/19
Tue 07/05/19
Tue 28/05/19
Tue 18/06/19
Tue 09/07/19
Tue 30/07/19
Tue 20/08/19
Tue 10/09/19
Tue 01/10/19
Tue 22/10/19
Tue 12/11/19
Tue 03/12/19
Tue 24/12/19
Tue 14/01/20
Tue 04/02/20
Tue 25/02/20
Tue 17/03/20
Tue 07/04/20
Tue 28/04/20
Tue 19/05/20
Tue 09/06/20
Tue 30/06/20
Tue 21/07/20
Tue 11/08/20
Tue 01/09/20
Tue 22/09/20
Tue 13/10/20

Tue 03/11/20

Finish

Fri 19/02/21
Wed 28/03/18
Mon 04/06/18
Fri 21/09/18
Fri12/10/18
Fri02/11/18
Fri23/11/18
Fri14/12/18
Fri 04/01/19
Fri 25/01/19
Fri 15/02/19
Fri 08/03/19
Fri 29/03/19
Fri 19/04/19
Fri 10/05/19
Fri 31/05/19
Fri 21/06/19
Fri 12/07/19
Fri 02/08/19
Fri 23/08/19
Fri 13/09/19
Fri 04/10/19
Fri 25/10/19
Fri15/11/19
Fri 06/12/19
Fri 27/12/19
Fri 17/01/20
Fri 07/02/20
Fri 28/02/20
Fri 20/03/20
Fri 10/04/20
Fri 01/05/20
Fri 22/05/20
Fri 12/06/20
Fri03/07/20
Fri 24/07/20
Fri 14/08/20
Fri 04/09/20
Fri 25/09/20
Fri 16/10/20
Fri 06/11/20
Fri 27/11/20
Fri 18/12/20
Fri 08/01/21
Fri 29/01/21
Fri 19/02/21

2014 | [2016 |

[2022

2015 2 2017 [2018 2019 [2020 [2021
Jan \Mav|5ep \ Jan |Mav| Sep \ Jan |Mav\ Sep \Jan |Mav\ Sep |Jan \Mav| Sep |Jan \Mav| Sep |Jan |Mav|5ep | Jan |Mav|5ep

¥

e
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v
=
v—
T
=
e
e
=
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—
| p—
=
=
=
—
—
==
: : T : : :
P L R N
: : = : :
; —g
| =y
= :
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=
=
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=
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=y
=y
—
=
=
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Pre-series and series production
LARP coil production

Task Name . |puration _ [start - - |1[2014 [2015 [2016 [2017 [2018 [2019 [2020 [2021 [2022 |
Jan |Mav| Sep \ Jan | Mav\ Sep | Jan \ Mav| Sep | Jan | Mav\ Sep | Jan \ Mav| Sep | Jan | Mav\ Sep \ Jan \ May \ Sep | Jan |Mav | Sep \ Jan | May \ Sep |
679 El Series LARP coils fabrication (x2) 901 days Wed 15/03/17 Wed 26/08/20 : : : H H - - - - - ) : : : : :
580 coil 1 144 days Wed 15/03/17 Mon 02/10/17 T
684 Coil 2 144 days Mon 22/05/17 Thu 07/12/17 ey
588 Coil 3 79 days Fri0B8/12/17  Wed 28/03/18 : =0
592 Coil 4 79 days Fri29/12/17  Wed 18/04/18 =
596 Coil 5 79 days Fri19/01/18  Wed 09/05/18 =S
700 Coil 6 79 days Fri09/02/18  Wed 30/05/18 |
704 Coil 7 79 days Fri02/03/18  Wed 20/06/18 =
708 Coil 8 79 days Fri23/03/18  Wed 11/07/18 Coge=y
712 Coil9 79 days Fri13/04/18  Wed 01/08/18 =
716 coil 10 79 days Frioa/os/18  Wed 22/08/18 =
720 Coil 11 79 days Fri25/05/18  Wed 12/09/18 =
724 Coil 12 79 days Fri15/06/18  Wed 03/10/18 =y
728 Coil 13 79 days Fri06/07/18  Wed 24/10/18 ==
732 Coil 14 79 days Fri27/07/18  Wed 14/11/18 ey |
736 Coil 15 79 days Fri17/08/18  Wed 05/12/18 =y
740 Coil 16 79 days Fri07/09/18  Wed 26/12/18 =
744 Coil 17 79 days Fri28/09/18  Wed 16/01/19 | iy
748 Coil 18 79 days Fri19/10/18  Wed 06/02/19 | ey
752 coil 19 79 days Friog/11/18  Wed 27/02/19 o]
756 Coil 20 79 days Fri30/11/18  Wed 20/03/19 pE=y :
760 Coil 21 79 days Fri21/12/18  Wed 10/04/19 =
764 Coil 22 79 days Fri11/01/19  Wed 01/05/19 =
768 Coil 23 79 days Fri01/02/19  Wed 22/05/19 | p—y
772 Coil 24 79 days Fri22/02/19  Wed 12/06/19 : L=y
776 Coil 25 79 days Fri15/03/19  Wed 03/07/19 ; | ey
780 Coil 26 79 days Fri05/04/19  Wed 24/07/19 : [ ey
784 Coil 27 79 days Fri26/04/19  Wed 14/08/19 o=
788 coil 28 79 days Fri17/05/19  Wed 04/09/19 =
792 Coil 29 79 days Fri07/06/19  Wed 25/09/19 | =gy
796 Coil 30 79 days Fri28/06/19  Wed 16/10/19 | gy
800 Coil 31 79 days Fri19/07/19  Wed 06/11/19 L=
804 Coil 32 79 days Fri0go/08/19  Wed 27/11/19 g
808 Coil 33 79 days Fri30/08/19  Wed 18/12/19 ey
812 Coil 34 79 days Fri20/09/19  Wed 08/01/20 e
816 Coil 35 79 days Fri11/10/19  Wed 29/01/20 =0
820 Coil 36 79 days Fri01/11/19  Wed 19/02/20 =
824 Coil 37 79 days Fri22/11/19  Wed 11/03/20 T
828 Coil 38 79 days Fri13/12/19  Wed 01/04/20 o]
832 Coil 39 79 days Fri03/01/20  Wed 22/04/20 [
836 Coil 40 79 days Fri24/01/20  Wed 13/05/20 o=
840 Coil 41 79 days Fri1a/02/20  Wed 03/06/20 o=
844 Coil 42 79 days Frios/03/20  Wed 24/06/20 =
848 Coil 33 79 days Fri27/03/20  Wed 15/07/20 T
852 Coil 44 79 days Fri17/04/20  Wed 05/08/20 L]
856 Coil 45 79 days Fri08/05/20  Wed 26/08/20 =

( ) Luminosity 89 G. Ambrosio and P. Ferracin 13/11/2013 23
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re-series and series production
verview of magnet production

Task Name - |Duration Start - |Finish - 12014 [2015 [2016 [2017 [2018 [2019 [2020 [2021 [2022
Jan\Mav\Sep|Jan|Mav|Sep|Jan\Mav\Sep|Jan|Mav|Sep\Jan|Mav\5ep|Jan|Mav|Sep\Jan|Mav\5ep|Jan\Mav|3ep|]an|Mav\Sep
457 Series CERN coils fabrication 901 days FriD8/09/17  Fri 18/02/21 : : : : : : 7 . . . . . =T : I :
638 [ Series CERN magnets 860 days Mon 15/10/18 Fri 28/01/22 : = = = -
539 LMOXFC1 205days  Mon 15/10/18  Fri 26/07/19 e
543 LMQXFC2 205 days Mon 22/04/19  Fri 31/01/20 ey
547 LMQXFC3 205days  Mon 22/07/19  Fri 01/05/20 e
651 LMQXFCa 205 days Mon 21/10/19  Fri 31/07/20 | ey
655 LMQXFCS 205days  Mon 20/01/20 Fri 30/10/20 : p———— :
559 LMOXFD1 200days  Mon 20/08/20 Fri22/01/21 : : L — 4 :
563 LMQXFD2 205 days Mon 20/07/20  Fri 30/04/21 ; ; | pe——— :
667 LMQXFD3 205 days Mon 19/10/20  Fri 30/07/21 ey
571 LMQXFD4 205 days Mon 18/01/21 Fri 29/10/21 I
575 LMQXFD5 205days  Mon 19/04/21 Fri 28/01/22 D pe————
679 Series LARP coils fabrication (x2) 901 days Wed 15/03/17 Wed 26/08/20 7= = = = = = = 2 :
860 | [ Series LARP magnets 860days  Wed 09/05/18 Tue 24/08/21 o & R : !
861 MOXF #1 205days  Wed 09/05/18 Tue 19/02/13 . - :
865 MQXF #2 205 days Wed 14/11/18 Tue 27/08/19 ; T
862 MQXF 43 205days  Wed13/02/19 Tue 26/11/19 | ey
873 MOQXF #3 205 days Wed 15/05/19 Tue 25/02/20 ; ey
877 MQXF #5 205days  Wed 14/08/19 Tue 26/05/20 L ey
881 MOXF £6 205 days Wed 13/11/19 Tue 25/08/20 : : P ey
885 MQXF #6 205days  Wed 12/02/20 Tue 28/11/20 e
889 MOXF #8 205days  Wed 13/05/20 Tue 23/02/21 I —
893 MOQXF #3 205 days Wed 12/08/20 Tue 25/05/21 e
897 MQXF #10 205days  Wed11/11/20 Tue 24/08/21 e ——)

y High
&) Luminosity
LHC U.S. LARP
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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

Task Name 2014 2015 2016 2017 2018 2019 2020 2021 2022
lan !Mav | Sep | Jan !Mav | Sep | Jan !Mav! Sep | Jan !Mav! Sep | Jan !Mav! Sep | Jan !Mav! Sep | Jan !Mav! Sep | Jan !Mav! Sep [ Jan |

- Short model program e
+ Coil fabrication CERN ' . — : : . . : 5 5
+ Coil fabrication LARP . : : : . ; : : : : :
+ SaxF models e el i
- Long prototype program P
+ Long prototype CERN coils fabrication ' '
* Long prototype CERN magnets L e
+ Long prototype LARP coils fabrication ' ' : : :
* Long prototype LARP magnets L pEEmmm————————y L L bbb
* Series CERN il fabriction e e
* Series CERN magnets e e——
+ Series LARP col fabication <2 A -
+ Series LARP magnets A O

88 High

e
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Additional slides
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Lengths

Q2a Q2b D1
- - (e e i
# Q: 140 T/m
oM j:_ r. MCBX:2.1T 2.545Tm
'_, < = D1: 52T 35Tm
= = -
20 30 40 50 60 70 80
distance to IP (m)

Short model Q1/Q3 (half unit)

e Lummosny

S LHC U.S. LARP

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

£ in G. Ambrosio and P. Ferracin 13/11/2013 27




CERN procurement plan

Procurement— MOXF Wire

Planned

Planned |
LP: 200+200 km | | l
Practice coils @ e
LMP: 30+30 km Ordered. S
SMP: 20420 km On-track I

Conductaf
Cabling trials: 5+5 km

Practice coils Procured . _
SMP: 7+7 km @ % B+6 LMCS
SMP: 35+35 km %%—_I o+5 SMCs [(May 2015)

E-.HS sn.ﬁcs for series N
2012 2013 2014 2015 E[IE 2017
Long Prototypes
shorcModel Program
— —
Internal Review, CERM, 16,/10,/2013 A Ballarine
€ Ll:%ﬁ:inosity @ G. Ambrosio and P. Ferracin 13/11/2013 28
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CERN specifications

Strand diameter 0.850 = 0.004 mm
Nominal sub-element diameter (according to < 50 um

billet design)

Copper to non-copper volume ratio:

Minimum 1.10
mMaximum 1.30
Strand twist pitch 19 £ 3 mm
Strand twist direction right-handed screw
Minimum crifical current at 4.222 K 361 Aatl15T

(632 Aat127T)

RRR (after full heat treatment) =150
n-value @ 15 Tand 4.2 K =30
Co L i @ G. Ambrosio and P. Ferracin 13/11/2013 29



= Hi

! - & [un.'.i- @ l|.||:|:'|i-
: Strand Procurement and Cabling Plan @ : =
LARF = TF TF TF TF
Stmnd | Cabling Run Strand| Ombe |10B/127 [108,127 | 1087127 | 184715 | 144150
Celivary[mrd End ke Coil Winding| Reg. | Unit [0ESmm| 0B [0ES mm| 90 &5 |0ES mm apr-15 | ¥l L HFOr 104 1 61 11
Momth | ig Eoil IE] StartDete | kg |lengtts| kg |mm kg| COF kg | mm kgl C0F g hay-15 — L HF-Crd SOHF1L | 104 1 61 267 x50
Oct-13 SO4F ACOL 34 1 = | 3% Jun-15 LG SCHF1 | 104 1 il 163
hou-13 SONF FCO02 | moesvwerga | 39 1 124 210 lul-15 frog L3 HF05 SOHF 13 104 1 61 25
Cec- 13 ShFOE EL] 1 L E laug-1s | | LOHFC06 LOHE0r | d64 1 €1 155
Ier-14 || sarroaps 74 2 =2 152 | fi=p-15 za LOHF403 1 355
Febrid SO4FI6,07 | SQXFFCOL [ 79 2 = 114 Oct-15 |1 LOHFi04 61 5015
Mar-14 [o SONFOE SOAFFOOZ | 34 1 =4 75 an Haw-15 LOHF0 5 [
Apr14 SO KFOmE SOQKEFCOS | 39 1 i 15 o 51 Dac-15 LM PO LOK F 06 104 1 A1
Moyt [iE Y 15 2l 1E0 lan-16 LOH L 104 1 a7
lurr1a SOHF Co4 155 306 Feb- 16 LOHF O B 11 £ E: EE)
dubid SO4F COE 185 dE6 | &0 Bhar-16 [rco LOHF CI0BLC 1S wa | 2 185
Az 18 LOUFFO0L | SOXFCOS | 104 1 61 1EG Apri6 LCRE? 185
Sepld L0 ¥ 001 SOUFCoF | 1o 1 a1 =2 - 16 |150 LCKE s 3ag
ct-14 | SO4F COB 61 XE2 Jun- 16 ' LGHF C13BC15 LORFomect] 104 2 FEN
Mo u-14 SONFCI0 ED] 1 61 3 Jul-16 LOHE CIARCIE LONFCI08C] 104 X 137
De=c-14 SOWFC1l Lo s FRC01 34 1 a1 203 Aug-16 LOKFC17? 1614 i bk}
Ier15 SR T R 1 A1 T Sep- 16 LOHECLaRe1s 23
FebiS SONFCIE squFoe | 3o 1 61 =5 ot 16 LGHECIOEC1E
viar-15 SO4F10 =1 25 Naw 16 | LOHEC7 |
Aprds | 4 IO ¥ 002 104 1 61 21 |
TEEE k= R ] = T 1 61 X7 250 |

Corducks Aedew 0Cl1&-17, IH3

LARF Shard Epec . Prooremen), Deas emenk A Greeh

Corduchks Aedew 0cl1&-17, IH3

LARF Shard Epec . Prooremen), Deas emenk A Greeh
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i*| Present SPECifiCﬂﬁﬂﬂ @Hi.-l.

Luammd s
LARP-MAG-MW-8004 Rew. A

LH
LAHF

Strand Diameter, mim 055
JA12 T at 4.2 K, Almm? = 2650
A = G54
JA15 T at 4.2 K, Almm? = 1400
. A > 381
s, MM (nominal) < G0 108127
Cu-fraction, % > 53 |
Cufnon-Cu =113
‘RRER = 1500 Feduced-=n
Fiece length = 7o0m Dht;ﬂ”ﬁgﬁt;m

cle SLo-alement dizmeter
Jo Critical Current Densiy
FEE residual resistivity ratio

Corduckr Redew 0Cl1517, M3 LAAP Srard S . Proaremenl Measaemenk A Chaeh L]

&\ Higt . .
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Strand needs for the production

Q2

Strand percoil:30 km

# of cold mass: 10 (2 pre-seriesand 8series)
# of coil per cold mass: 4.5

Total # of coils: 45

Total quantity of strand: 1350 km

Q1/Q3 (half unit)

Strand percoil: 18 km

# of cold mass: 20 (4 pre-seriesand 16 series)
# of coil per cold mass: 4.5

Total # of coils: 90

Total quantity of strand: 1620 km

Hig on . .
@Lﬁinosny ‘o9 G. Ambrosio and P. Ferracin 13/11/2013
LHC U.S. LARP



Naming (proposal) 1/3

Drawing Cryo- Cold mass Magnets
magnet
Q1 LQXFA LMQXFA
MQXF
Q3 °
(LQXFB) (LMQXFB)
Q2a LQXFC LMQXFC
MQXFL
o 2L i +
16800] (20081 MCBXFA/B
Q2b e = (LQXFD) | (LMQXFD)
= PR
i o
D1 | 4 T LBXF LMBXF MBXF
q‘ _z —w— I

Hig!
‘ eldn:mmm |. Bejar Alonso, P. Fessia, H. Prin, S. Chemli 6" HL-PLC

H. ’h (4 . .
euﬁ’ninosny b G. Ambrosio and P. Ferracin 13/11/2013 33
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— LARP

Complete Coll schedule
(1/2 production x 2

High
Luminosity
Y LHC

ocations)

1 -~ Wind/Cure/React/impregnate

2 “Coil 1

7 £3 i

- .oon2 3/15/17 start
oil 3

" “coita_ (gfter last R&D

== “Coil 5 )

B “Colil 6 CO||)

2 “Coil 7

=7 “Coil 8

2 “Coil 9

7 “Coil 10

=2 *Coil 11

7 “Coil 12

= “Coil 13

o7 “Coil 14

= “Coil 15

o “Coil 16

8 “Coil 17

&7 “Coil 18

« “ Coil 19

97 * Coil 20

e “Coil 21

o7 ~Coil 22

"= * Coil 23

nr “ Coil 24

== * Coil 25

127 * Coil 26

122 * Coil 27

127 * Coil 28

— ~Coil 29

147 ~ Coil 30

=2 “ Coil 31

=7 “ Coil 32

162 * Coil 33

187 * Coil 34

17z * Coil 35

1w * Coil 36

182 *Coil 37

er * Coil 38

92 “ Coil 39

ar “ Coil 40

202 * Coil 41

207 * Coil 42

212 “ Coil 43

& “Coil 44

222 ~ Coil 45

883 days Wed 3/15/17
139 days Wed 3/15/17
139 days Wed 5/17/17
74 days Ved 11/29/17
74 days Ved 12/20/17
74 days Mon 1/15/18
74 days Tue 2/6/18
74 days Wed 2/28/18
74 days Wed 3/21/18
74 days Wed 4/11/18
74 days Wed 5/2/18
74 days Wed 5/23/18
74 days Thu 6/14/18
74 days Mon 7/9/18
74 days Mon 7/30/18
74 days Mon 8/20/18
74 days Mon 9/10/18
74 days Mon 10/1/18
74 days lon 10/22/18
74 days Tue 11/13/18
74 days Wed 12/5/18
74 days rhu 12/27/18
74 days Mon 1/21/19
74 days Mon 2/11/19
74 days Tue 3/5/M19
74 days Tue 3/26/19
74 days Tue 4/16/19
74 days Tue 5/7/19
74 days Tue 5/28/19
74 days Wed 6/19/19
74 days Fri 7/12/19
74 days Fri 8/2/19
74 days Fri 8/23/19
74 days Fri 9/13/19
74 days Fri 10/4/19
74 days Fri 10/25/19
74 days lon 11/18/19
74 days Mon 12/9/19
74 days Tue 12/31/19
74 days Thu 1/23/20
74 days Thu 2/13/20
74 days Fri 3/6/20
74 days Fri 3/27/20
74 days Fri 4/17/20
74 days Fri 5/8/20
74 days Fri 5/29/20

Thu 9/10/20
Fri 9/29/17
Tue 12/5/17
Mon 3/19/18
Mon 4/9/18
Mon 4/30/18
Mon 5/21/18
Tue 6/12/18
Tue 7/3/18
Thu 7/26/18
Thu 8/16/18
Thu 9/6/18
Thu 9/27/18
Thu 10/18/18
Thu 11/8/18
Mon 12/3/18
Mon 12/24/18
Thu 1/17/19
Thu 2/7/19
Fri 3/1/19
Fri 3/22/19
Fri 4/12/19
Fri 5/3/19
Fri 5/24/19
Mon 6/17/19
Wed 7/10/19
Wed 7/31/19
Wed 8/21/19
Wed 9/11/19
Wed 10/2/19
Wed 10/23/19
Thu 11/14/19
Thu 12/5/19
Fri12/27/19
Tue 1/21/20
Tue 2/11/20
Wed 3/4/20
Wed 3/25/20
Wed 4/15/20
Wed 5/6/20
Wed 5/27/20
Wed 6/17/20
Wed 7/8/20
Wed 7/29/20
Wed 8/19/20
Thu 9/10/20

15t 2 coils with 2x
duration (new tools)

9/10/20 finish

) Luminosity
¥ LHC

U.S. LARP
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Coil Prep schedule
(1/2 production x 2 locations)

High
Luminosity
LHC

LARP
- Coil Inspection & Insulation 749 days Mon 10/2/17| Thu 9/17/20
1 5 days Mon 10/2/17 Fri 10/6/17 2
2 5 days Wed 12/6/17 Tue 12/12/17 7
3 5days Tue 3/20/18  Mon 3/26/18 12
4 5days Tue 4/10/18  Mon 4/16/18 17
5 5days Tue 5/1/18  Mon 5/7/18 22
6 5days Tue 5/22/18  Mon 5/28/18 27
7 5 days Wed 6/13/18  Tue 6/19/18 32 ] ]
8 Sdays  Fri7/6/18  Thu 7/12/18 37 e Cmm |nspect|0n
9 5days Fri 7/27/18 Thu 8/2/18 42 |
10 5days Fri8/17/18  Thu 8/23/18 47 e |nstall m|dp|ane
11 5days  Fri9/7/18  Thu 9/13/18 52 ) .
12 5days Fri9/28/18  Thu 10/4/18 57
13 5days Fri10/19/18 Thu 10/25/18 62 ground insulation
14 Sdays Fri11/9/18  Fri 11/16/18 67 o ;
15 5 days Tue 12/4/18 Mon 12/10/18 72 Part time use of
16 5 days Ved 12/26/18  Wed 1/2/19 77 rd ; ;
17 5days Fri1/18/19  Thu 1/24/19 82 3" coil winder
18 5days  Fri2/8/(19 Thu2/14/1987 —— e
19 5days Mon 3/4/19 Fri 3/8/19 92
20 5 days Mon 3/25/19 Fri 3/29/19 97
21 5 days Mon 4/15/19 Fri 4/19/19 102
22 5days Mon 5/6/19 Fri 5/10/19 107
23 5 days Mon 5/27/19  Mon 6/3/19 112
24 5 days Tue 8/18/19 Mon 6/24/19 117
25 5days Thu7/11/19 Wed 7/17/19 122
26 S5days Thu8/1/19  Wed 8/7/19 127
27 5days Thu8/22/19 Wed 8/28/19 132
28 5days Thu 9/12/19 Wed 9/18/19 137
29 5days Thu10/3/19 Wed 10/9/19 142
30 5 days Thu 10/24/19 Wed 10/30/19 147
31 5days Fri11/15M19 Thu11/21/19 152
32 Sdays Fri12/6/19 Thu12/12/19 157
33 5 days Vlon 12/30/19  Mon 1/6/20 162
34 5 days Wed 1/22/20  Tue 1/28/20 167
35 5 days Wed 2/12/20  Tue 2/18/20 172
36 5days Thu3/5/20 Wed 3/11/20 177
37 5days Thu 3/26/20  Wed 4/1/20 182
38 5days Thu4/16/20 Wed 4/22/20 187
39 5days Thu5/7/20 Wed 5/13/20 192
40 5days Thu5/28/20  Wed 6/3/20 197
41 5days Thu6/18/20 Wed 6/24/20 202
42 Sdays Thu7/9/20 Wed 7/15/20 207
43 5days Thu 7/30/20  Wed 8/5/20 212
44 5 days Thu8/20/20 Wed 8/26/20 217
Sdays Fri9/11/20  Thu 9/17/20 222

45
| rugn ;
Luminosity i

® LHC U.S. LARP




LARP

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

& High
Luminosity
Y LHC

—_* Paralleteffortto 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

~Shell & Yoke Assembly
“Quad #1
Shell & yoke Assembly
strain gauge instl / cabling / QA
" Quad #2
Shell & yoke Assembly
strain gauge instl / cabling / QA
*Quad #3
" Quad #4
*Quad #5
" Quad #6
" Quad #7
" Quad #8
" Quad #9
" Quad #10

) Luminosity &
® LHC U.S. LARP

633 days Mon 4/2/
79 days Mond4f2/
62days Mond/2/
13 days Thu6/28/
75 days Thu 6/28/
62 days Thu 6/28/
13 days Wed 9/26/
75 days Wed 9/26/
75 days Ved 12/26/

75 days Wed 3/27/

75 days Mon 6/24/

75 days Fri9/20

75 days Ved 12/

75 days Thu 3/

75 days Mon 6/

18
18
18
18
18
18
18
18
18
19
19
19
19

20

I
/
I
120

18
19
15

Need date

Mon 9/28/20
Wed 7/18/118 10/3/18
Wed 6/27/18
Wed 7/18/18 277

112/

25/

112/

14

OO

1
1
18/1
Fri1012118 3/11/19
Tue 9/25/18 277
Fri 10/12/18 280
Mon 1/14/19
Fri4f12119
Fri7n2119
Tue 10/8/19
Tue 1/7/20
Mon 4/6/20
Wed 7/1/20
/

Mon9/28/20 1/7/21




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

High
Luminosity
LHC

LARP

~ Quad Assembly and Test 841 days Tue 5/8/18 Mon 8/30/21
~ Quad #1 318 days Tue 5/8/18 Mon 8/12/19
- Assembly 159 days Tue 5/8/18 Fri12/21/18 1
Coil Pack Assembly 98 days Tue 5/8/18 Tue 9/25/18 233 COII 5 done
QA 5 days Wed 9/26/18 Tue 10/2/18 310 . .
Coil Structure Assembly 49 days Wed 10/3/18 Wed 12/12/18 311 | ]St assy with 2x duration
QA 7 days Thu 12/13/18 Fri 12/21/18 312
“ Cold Test 159 days lon 12/24/18 Mon 8/12/19 oEi e
He Vessel, Cryostal Assy 15 daysvion 12/24/18  Tue 1/15/19 313 —_———
Leak check Testing 9 days Thu 1/17/19 Tue 1/29/19 315 st 1 1
Setup 40 days Wed 1/30/18 Wed 3/27/19 316 1 tESt Wlth 15X du ratlon
Test: 30 calendar days 22 days Thu 3/28/18 Fri 4/26/19 317 S
Disconnect 15 days Mon 4/29/19 Fri 5/17/19 318 H
Vessel, Cryostat Disassy 20 days Mcn 5/20/18  Mon 6/17/19 319 TeSt tl me based on FNAL
Ship to CERN 38 days Tue 6/18/18 Mon 8/12/19 320 ( H )
- Quad #2 197 days Ved 12/19/18 Mon 9/30/19 BNL teSt tlme TBD
- Assembly 88 days Ved 12/19/18 Thu 4/25/19
Coil Pack Assembly 53 days Ved 12/19/18 Thu 3/7/19 241,32555-4 1
QA 5days Mon 3/4/19 Fri 3/8/19 3265S-5 day COII 15 done
Coil Structure Assembly 27 days Mcn 3/11/19 Tue 4/16/19 327S5-27 da .
QA 7 days Wed 4/17/19  Thu 4/25/19 329SS-7 day Coil Structure
- Cold Test 109 days Fri4/26/19 Mon 9/30/19
] He Vessel, Cryostat Assy 10 days  Fri 4/26/19 Thu 5/9/19 33055-10 da
= Leak check Testing 6 days Fri 5/10/19 Fri 5/17/19 331SS-6 day
Setup 20 days Mon 5/20/18  Mon 6/17/19 319 =
Test: 20 calendar days 15 days Tue 6/18/19 Wed 7/10/18 331
Disconnect 10 days Thu7/11/19 Wed 7/24/19 332 QJ\
Vessel, Cryostat Disassy 10 days Thu 7/25/19 Wed 8/7/19 333 Q.:%%
] Ship tc CERN 38 days Thu8/8/18 Mon 9/30/19 334 - - i D (‘)
- Quad #3 204 days Mon 3/11/19 Thu 12/26/19 Coil Pack (2 techs) in parallel f—-w (\@
-~ Assembly 92 days Mon 3/11/19 Fri 7/19/19 W tr t r 2 t h T
Coil Pack Assembly 53 days Mon 3/11/19  Wed 5/22/19 325,245 / S i UC u _e ( _ eC S) _
QA 5days Thu5/23/19 Wed 5/29/19 338 e e e nean e
Coil Structure Assembly 27 days Thu 5/30/19 Wed 7/10/19 339 j
QA 7 days Thu7/11/19  Fri 7/19/19 340 Test setup in parallel w/
~Cold Test 109 days Thu 7/25/19 Thu 12/26/19
He Vessel, Cryostat Assy 10 days Thu7/25/19  Wed 8/7/19 341,333 He vessel , CryOStat assy
Leak check Testing 6 days Thu 8/8/19 Thu 8/15/19 343 nd °
Setup 20 days Fri 8/16/19 Thu 9/12/19 344 . (2 Set Of Vessels req d)
Test: 20 calendar days 15days Fri9/13/19  Thu 10/3/19 345 (2 testing techs,
Disconnect 10 days Fri 10/4/19 Thu10/17/19 346 .
Vessel, Cryostat Disassy 10 days Fri 10/18/19 Thu 10/31/18 347 4 assy/disassy techs)
& Ship to CERN N 38davs Fri11/1/18 Thu 12/26/19 348 Gl e et e
Luminosity =
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Complete Production Schedule
(1/2 production x 2 locations)
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“Wind/Cure/React/impregnate
*Coil Inspection & Insulation
" $hell & Yoke Assembly
" Quad Assembly and Test
“Quad #1
"Quad 2 «
"Quad #3
" Quad #4
"Quad #5
"Quad 46
“Quad 47
"Quad #8

- Quad 49 «

“Quad #10

883 days Wed 31317
749 days Mon 101217
633 days Mon 42/18
841days Tue 5/8/18
318 days Tue 5/8/18
197 days Ved 1211918

204 days Mon 31119 Thu 12126119

207 days Thu 5/3019
210 days  Fri8i2319
213 days Thu 11/14119
6.days  Fri2ni20
219 days Thu 4/30120
222 days Tue 7121120
225 days lon 1012120

Thu 9110120
Thu 917120
Mon 9728120
Mon 8130121
Mon 8/12119
Mon 9/30119
|
Wed 325120
Thu 6118120
Mon 9114120
Frif12/11120
Wed 3/10/21
|

Fri 614121
Mon 8130121

April 2022 CERN need

date (30 months float)

December 2022 CERN
need date (18 months float)

g High

"“:‘) Luminosity

o LHC




Task Name - |Duration . |Start + Finish - Predecessors 2013 2014 2015 2016 2017
Sep | Nov [ Jan [ Mar [May | Jul | Sep | Nov [ Jan [ Mar [May [ Jul | Sep [ Nov | Jan [ Mar [ May | Jul | Sep | Nov | Jan | Mar | May | Jul | Sep [ Nov | Jan | Mar | May |
1 E completed tasks 1218days  Mon 01/10/12 Wed 31/05/17 == S—— - — - - S—— - P
2 Cable R&D 131days  Mon01/10/12 Mon 01/04/13 == — : : : : : : : : : : s
& Coil design and parts 329 days Mon 01/10/12 Thu 02/01/14 v - -
13 Traces 154days  Mon 03/06/13 Thu02/01/14 I ;
16 Coil tooling 264days  Wed 06/02/13 Mon 10/02/14 I =
32 F coil fabrication CERN 582days  Tue11/02/14 Wed 04/05/16 i ;
33 Coil #1 (copper) 89 days Tue 11/02/14  Fri 13/06/14
38 Coil #2 (RRP practice) 120days  Thu15/05/14 Wed 29/10/14
43 Coil #3 (RRP) 100days  Thu18/09/14 Wed 04/02/15
48 Coil #4 (RRP) 100days  Thu23/10/14 Wed 11/03/15
53 Coil #5 (RRP) 100days  Thu27/11/14 Wed 15/04/15
58 Coil #6 (RRP) 100days  Thu01/01/15 Wed 20/05/15
63 Coil #7 (RRP) 100days  Thu05/02/15 Wed 24/06/15
68 Coil #8 (PIT practice) 100days  Thu12/03/15 wWed 29/07/15
73 Coil #9 (PIT) 100days  Thu30/07/15 Wed 16/12/15
78 Coil #10 (PIT) 100days  Thu03/09/15 Wed 20/01/16
83 Coil #11 (PIT) 100days  Thu08/10/15 Wed 24/02/16
88 Coil #12 [PIT) 100days  Thu12/11/15 Wed 30/03/16
93 Coil #13 [PIT) 100days  Thu17/12/15 Wed 04/05/16
98 El Coil fabrication LARP 365 days Tue 11/02f14 Mon 06/07/15
99 Coil #1 (RRP practice) 120days  Tue 11/02/14 Mon 28/07/14
104 Coil #2 (RRP practice) 100 days Tue 17/06/14 Mon 03/11/14
109 Coil #3 (RRP) 100 days Tue 30/09/14 Mon 16/02/15
114 Coil #4 (RRP) 100 days Tue 04/11/14 Mon 23/03/15
119 Coil #5 (RRP) 100 days Tue 09/12/14 Mon 27/04/15
124 Coil #6 (RRP) 100 days Tue 13/01/15 Mon 01/06/15
129 Coil #7 (RRP) 100days  Tue17/02/15 Mon 06/07/15
134 Support structure 625days  Mon01/10/12 Fri20/02/15
144 SQXF1 (RRP) 143days  Tue24/03/15 Thu 08/10/15
148 SQXF1b (RRP) 143days  Fri09/10/15 Tue 26/04/16
152 SQXF2 (PIT) 143days  Wed 27/04/16 Fri11/11/16
156 SQXF2b (PIT) 143days  Mon 14/11/16 Wed 31/05/17
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