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THE HL-LHC IR REGION MAGNETS

100 magnets of 11 different types, done via 6 collaborations

To be ready by 2024
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THE HL-LHC IR REGION MAGNETS
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FEATURES

Peak field from 2 to 12 T  Operating at 30 to 80% of max current
(usually called short sample current)

)
14 1
LHC dipole
*  Triplet
= 0.8 5 riplet <¢>LHC dipole
* D1 6.5 TeV
10
LHC dipole 0.7
<¢>7 TeV 5 * D2
E 8 506
=) LHC dipole = Nested corrector
& 6.5 TeV 205 ;
x * D1 = Canted corrector
& 6 = 8 . , * Superferric skew quad
£
4 ; é‘upﬁedrf%?;f:"gbsm 0.3 * Superferric HO correctors
Y Canted correctpr 0.2
X
uperferric HO correctars 0.1
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HOW TO READ A PERFORMANCE PLOT

Magnet nickname

\ July 2017 «<— Date first test

350 Short sample at 217 K MCSXFP1
Ultimate: Operation for 7.5 TeV ...... { ........ 2. ..1.7. .k ...... S ...... A L] .Z.é. k. L) g - MaX fraction Of Short
300 X : : : ) = sample reached (test result)
A\l » . e :
o : O 65%
2 0 : g8 | —
200 : - o o o 3
S 15D Ultimate current :
S Py ) C = C -_- 0
V Norinal_current : 36%
100 : e
U = | a quench \|
50 : 1o provoked quench
Nominal: operation for 7 TeV . |=reached, no quencl'\\/ Ratio between
0 t T T o T T — short sample and nominal

Testat INFN-LASA Quench number

_ Virgin training These data are representative of the
IL | ’ C\ﬁw behaviour in the accelerator
L T
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SUMMARY

Where are we with validation of the design

= Open points

= Understood issues

* Conclusions

Hitumni Y (G
HL-LHC PROJ ECT w9, E. Todesco



HIGH ORDER CORRECTORS DESIGN 2/ NFN

The high order corrector are based on a superferric design, first developed
by CIEMAT for S-LHC
Design, prototypes and series as INFN-LASA contribution

Nb-Ti winding of a single insulated strand, around iron poles
Both winding and iron at 1.9 K

Magnet cross-sections
(G. Volpini, M. Sorbi)

The dodecapole: magnet (left), coil (right)

‘HLL% )M ) C\E/RW (M. Statera, A. Musso, et al.)



HIGH ORDER CORRECTOR RESULTS /~TNFN

= Design succesfully validated on prototypes

= Sextupole ...
February 2016
350 . Short sample at 2,17 K MCSXFP1
00 i 217K : 422K .
G . % =
250 o+ S | 65%
—~~ <. . A A A g = —
< : : E®
: 200 E - O E @) o) :
3 150 Ultimate current  ©  : e =
— . — — .
O Nominal_current o 36%
100 . ‘o
: - | Aquench
50 = E E o prn\/nkpd que -
: . |=reached, no quenc
0 2 4 6 8 10 12 14 16
Testat INFN-LASA Quench number

"HL_!HCLPJHGJECTI C\ﬁw Sextupole training [G. Volpini, M. Sorbi, et al.]
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HIGH ORDER CORRECTOR RESULTS /~TNFN

Design succesfully validated on prototypes

Octupole ...
March 2017
250 ‘
422K VWA 422K <X =
I MCOXFP1 N o % 63%,
200 3 aa Mmoo T
— S Laasat - 3
< 150 N =
= 1| Ultimate current |~ Y
s 100 —* — Nominal current @& ~[”°
O 00 1 SIS
_r A quench ol ©
50 o O provoked quench ™ ©
1 I reached, no quench el £
O T |l l I I I | Efm
|_
0 5 10 15 20 25 30 '35
Testat INFN-LASA Quench number
'HL_.!HCLPJHGJ.ECJ C\@ Octupole training [G. Volpini, M. Sorbi, et al. ] C odesco




HIGH ORDER CORRECTOR RESULTS /~TNFN

= Design succesfully validated on prototypes

= Decapole ...
September 2017
300 ; MCDXFP1
422K i | 422K LIK 1 64%
250 ®eseveisecseseoessoboccscsssssssssnnne iQOOO‘OOO‘oooA ........ e
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. i~ | S S
< ] s C
£ 150 5 : 55
= : = _Ultimate current e
=== = 26
© 100 5 A : x quench ominal current /o
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: = reached, no quench
O I : I I I I I 1
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‘Wi i CERN s :
‘ HL-I!HCLPJH[}J_ECTI \\/j Decapole training [M. Sorbi, M. Statera, A. Musso et al.] C odesrs



HIGH ORDER CORRECTOR RESULTS /~TNFN

Design succesfully validated on prototypes
Dodecapole ... (first done in industry)

October 2018
300 MCTXFP1
250 oo .4.'.2.2. K .......... .4;'.2..2. .I.( ...............................
§ Short sample at 4.22 K
< 200 E 45%
£ 150 <
£ Sl Ultimate current
3 100 — . 27%
Nominal current |a quench
50 o) -~ loprovoked quench
= reached, no quench
O 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14
Testat INFN-LASA Quench number

"HL_'!HCLPJHGJECTI C\w Dodecapole training [M. Sorbi, M. Statera, A. Musso et al.]
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HIGH ORDER CORRECTOR RESULTS /~TNFN

= Design succesfully validated on prototypes

= ... and skew quadrupole
February 2019
300 T
499 K Short sample at 4.22 K MQSXFP1b
250
Ultimate current
< 200 LA —
N’ r‘ - O
s A AA 44%
= 150 " Nominal current "
= AA ©
- A A
O 100 —
A quench &S
50 O-proy h 2
= reached, no quench | ~
0 o I T T T ]
0 5 10 15 20 25
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"HL_!HCLPJHGJECTI C\'ﬁw Decapole training [M. Sorbi, M. Statera, A. Musso et al.] C odeecs




HIGH ORDER CORRECTOR RESULTS /~TNFN

The RCSM (round coil superferric magnet)

INFN and CERN explored the possibility of using a corrector design
based on round coils in MgB,

Not adopted due to the lower efficiency in
producing integrated gradient

LASA developed and tested a sextupole
that reached 75% of short sample

Short sample limit

350 s
300 . :
single coil at 4.2 K
— 250
< A A
T .
= 200 . Ultimate current
5 .
o :
= 150 : Nomimal current
100 '
A quench
50 O—provoked-queneh
: = reached, no quench
0 T T T T T - T - - - -

0 1 2 3 + 5 6 7 8 9
Test at INFN-LASA Quench number

. ’—’ f En . : -
HL_L% PHGJ.ECTI \\/j RCSM magnet (left) and power test (right) [M. Sorbi, M. Statera, G. VOEIP}rl’(ljld %tsecl}).]



D2 CORRECTOR DESIGN

Dipole corrector magnet based on canted cos theta design
(D. 1. Meyer, 1970 — S. Caspi, 2015)
(H. Meinke, et al 2003)

Uses more conductor but has a very simple tooling and faster construction

3 T peak field magnet, 50% on the loadline, 2-m-long

Interesting for 2-5 T range

Nb-Ti winding of a single insulated strand, inside a groove taking 10
strands, made on an Al cylinder
CERN (927 lab) developed the design and manufactured short model and prototypes

China (IHEP) is developing a prototype based on CERN design and will provide the
series magnets

The short model winding (G. Kirby, et al.) - Tt Tl 3my & ,
i i ’ CERN : : 1
ﬁ!}% LPJHGFJTEDTI \\/) Test in SM18 (F. Mangiarotti, et al.) Detail of winding (J. Mazet,



D2 CORRECTOR RESULTS

Design succesfully validated on one short model (double
aperture) and on one prototype (double aperture)

August 2017
800 —Short sample-at 1.9 K
700 13K MCBRDS1
600
< 500 - Ultimate —current —
+— ‘ 2) o
E’ 400 Nominal current © 54%
= . ]
3 300 -
200 Aquench O =
100 O provoked quench o é
~ reached, no quench
0 ] ] ] ] | | |
0 2 4 6 8 10 12 14
Testat CERN Quench number
’_—j Training of D2 corrector short model first aperture (F. Mangiarotti, G. Kirby, et al.)
.. ﬁu% PF-][}JEI’.ITi C\ﬁw




D2 CORRECTOR RESULTS

Design succesfully validated on one short model (double
aperture) and on one prototype (double aperture)

May 2018
800 Short Qample at1.9 K
700 LOK MCBRDS?2 250
600 T 1279
@ 500 " a4 Jitimate—current—
= 54%
é 400 Nominal current
-]
3 300
200 a-quench
100 o provoked quench
= reached, no quench
O - =SS | l
0 10 15
Testat CERN Quench number
/W Training of D2 corrector short model second aperture (F. Mangiarotti, G. Kirby, et al.)
\
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D2 CORRECTOR RESULTS

Design succesfully validated on one short model (double
aperture) and on one prototype (double aperture)

Long training in one aperture but good memory o vember 2018

Short sample at 1.9 K
O i ————— h ...........
700 A Ap. 2 quench ® Ap. Lquench ;
600 = Ap. 2 reached = Ap. 1 reached :
< :
t= 500 A Ultimate current 0%0%%0¢™4 comi= o=
= = oget® "¢ o 70
. 400 =5 ee®00®® 00 Nominal current : = 47%
300 12 ..o‘i'. -
200 1
£
100 MCBRDP1 19K | | 19K
O T T T T : .I 1
0 10 20 30 40 50 60
Testat CERN Quench number

Training of D2 corrector prototype (F. Mangiarotti, G. Kirby, et al.)
Hitum Y @)
HL-LHC PROJECT
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D2 CORRECTOR

IHEP is steering the collaboration, prototype and series to be done in WST, tested in IMP IHEP

“Hilu i) (iE’RW Signature of collaboration agreement
HL-LHC PROJECT



Ciemat

szmmm. NESTED CORRECTOR: DESIGN . =

y Tecnoldgicas

Dipole corrector magnet based on Rutherford cable =<
3.5 T peak field magnet, 50% on the loadline, 1.5 and 2.5-m-long

Horizontal and vertical dipole, nested

Double collaring with mechanical lock on the straight part §
Nb-Ti Rutherford cable with impregnation

. Design, prototypes and series as CIEMAT contribution

Coil winding (F. Toral, J. C. Perez, et al.)




Ciemat

el NESTED CORRECTOR RESULTS

y Tecnoldgicas

The first prototype reaches performance on 80% of required operational
range

The other 20% accessible via training

Main critical part is the head support given by shimming (see next section)

[teration on shimming to improve performance and to check reproducibility
on the second prototype

MCBXFBP1 powering history 3
| 2000 12 required operational range
| <«
?ﬂ'—‘l = 2= i RN .
| 1500 }--- =~ -00- g - - --------- - =g - - -8 ==Y 2 I
.. == f- = '{\\Q%
o ol > Sy
1000 | © 9
—~ bS pmg
@X f-&?% ~ & Iy E 3
o= EEN . 1 =
= ) ~— =S
500 - 8 = e
3 2 o o
g, b-CD1 o E 5 0 8
g £ ° 2
3 -~~~ Nominal Inner e 2 o
500 || — Uttimatelnner 25 °© 3
- ==~ Nominal Outer i a 04 $ g -1 ~
— Ultimate Outer e H g = &
1000 - reached Inner Dipole 06 - <
= Reached Outer Dipole 2
@ Quench Inner dipole 0.8 - J
-1500 0 Quench Outer dipole 8
—o—Torque (fraction of nominal) ~ [|~~ "~~~ T T TR T 1
—— thermal cycle . o -CD2 -
2000 b-CD2 c-CD1  c¢-C d-CD1 12 -3 T T T T T
0 10 20 0 4 50 60 70 80 90 100 110 120 -3 -2 -1 0 1 2
Eventnumber Outer dipole field (T m)
Training of nested corrector short prototype Operational cycle preformed without
cﬁw (G. Willering, J. C. Perez, F. Toral, et al.) quenches after training(in red)

) (G. Willering, J. C. Perez, F. Toral; etral):




D2 RECOMBINATION DIPOLE DESIGN ~ZINEN

The D2 dipole is a 4.5 T two 1n one aperture dipole «a la LHC»

Same cable, same SS collars, but only one layer of cable and 105 mm aperture

5.5 T peak field magnet, 65% on the loadline, 7-m-long

Novel features
Small coil asymmetry to compensate aperture cross-talk
Al sleeve to lock the two apertures

Design, prototypes and series as INFN-Ge contribution

SS collars

SS shell

Magnet cross-section
(P. Fabbricatore, S. Farinon, et al.

Hil ,l Cﬁw Two apertures assembled in Al sleeve [P. Fabbricatore, S. Farinon, et al.] Ready for test in SM18
\
HL-LHC PROJECT
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D2 RECOMBINATION DIPOLE RESULTS

= Design validated on one aperture of one short model INFN
* Fine tuning of design to improve robustness of assembly
= One aperture had a major assembly fault (see next section)

February 2019
13 19K % 1.9K
)
16 =
2‘ 14 Ultimate current § j
=2 =
] —
2 12 TNommal current = 65%
5
g 10 - A4 A A, A “ A
0 A A g Tamp
8 | rate test | MBRDS1
MBRDS1 single aperture
6 I 1 I |
0 5 10 15 20
Hestar (RN Quench number

Hi : /W Training of recombination dipole short prototype
HL-I!HC LPJHGJ_ECTl \ (G. Willering, A. Foussat, P. Fabbricatore, et al.) E. Todesco




D1 SEPARATION DIPOLE DESIGN

Iron stack

“ The D1 dipole is a 5.6 T large aperture dipole tube

= Same LHC cable but one layer of cable and 150 mm aperture
= 6.5 T peak field magnet, 75% on the loadline, 6-m-long
= Mechanical structure «a la MQXA»

= Iron mechanical support, thin collar spacers

HX holes

~ GFRP wedge

Coil
Protection
heater,
insulation,
brass shoe

Iron yoke

., @
\‘I

SS collar SS shell

. . . . Magnet cross-section
= Design, prototypes and series as KEK contribution (T. %\Iakamoto et al.)

) .= N =
\ I AV =
\ K - J
| ’ o
* - m

Ready for test in KEK
E. Todesco

. m CE{W Collaring with iron [T. Nakamoto, M. Sugano, et al.]
HL-LHC PHGJ_ECT \



D1 SEPARATION DIPOLE RESULTS @

= Design succesfully validated on three short models

= First assembly of first short model had assembly issues (see next
section) — second assembly OK

April 2016
17 : MBXFS1a — MBXFS1b
16 1R AR Y s 1
v 19K 19K Mo |
15 % T TG '
< il
141+ : ~
- Ultimate current
f/ 27 | M ataa L, 3 A AA .“ - 0
: A ah : , (
5 12 Nommal Curtenia , A a4 r: A 1 ’77/6
E & -t B 2 |
O : A ) Aa MO g
10 + A o - S =
‘A '_’; A = E“\
9 : _ %
% = A Quench : : é =
8 1= § - | = Reached no quench | z S
7 . T e T T A= q;I
0 10 20 30 40
Quench number
. m CE/RW Training of separation first dipole short prototype
HL-LHC PROJECT \ (T. Nakamoto, M. Sugano, A. Musso, K. Suzuki, et al.)
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D1 SEPARATION DIPOLE RESULTS @

= Design succesfully validated on three short models
= Second model OK

October 2018
17 MBXFS2 =K
Short sample 1.9 K
16 --------------------------------------------------------------------
15
. 14 _
M%- ‘_‘_‘_A_A_
é 13 5 T e i A—A i A4
= - 0
8 12 Nominal curent A ~ 77 /0
5 11 R —
g e :
(&)
10 &
9 A Quench E
g = Reached no quench 5
| =]
7 I T =] T T
0 3 10 15 20 25
test at KEK Quench number
H ph o= Training of separation second dipole short prototype
HL-I!HCLPJH[} JECTl \\ (T. Nakamoto, M. Sugano, A. Musso, K. Suzuki, et al.) E. Todesco




D1 SEPARATION DIPOLE RESULTS @

= Design succesfully validated on three short models
* Third model OK

September 2019
17 MBXFS3 : 2K
Short sample 1.9 K :
R e e
P M
15 S
14 : —
§ Ultimate current : A -
13 : ™ H—‘—.—@ r-‘ - - —
= AAada A i 0
g 12 +—2 — , : T7%
o A Nominal current :
= 11 - )
® 10 >
Q
9 A Quench g
S = Reached no quench 2
-
7 I ] I | | |
0 5 10 15 20 25 30
test at KEK Quench number
H ph o= Training of separation third dipole short prototype
HL-I!HCLPJH[} JECTl \\ (T. Nakamoto, M. Sugano, A. Musso, K. Suzuki, et al.) E. Todesco




TRIPLET DESIGN

The MQXF i1s a 11.5 T peak field, 150 mm aperture, Nb;Sn quadrupole
78% on the loadline, 7.15 and 4.2-m-long (CERN and US version)
First Nb;Sn magnet to be operated in a particle accelerator after the 11 T

First magnet to be operated in a particle accelerator with Al shell and b&k

Part of the preload given during cool-down, avoiding peak stresses during collaring
First magnet to be operated in a particle accelerator protected by CLIQ
Design as a joint venture CERN-US, based on LARP experience

: | L ,l Cﬁw Beam screen insertion in short model Assembly of the coils
HL-LHC PROJECT ) [P. Ferracin, J. C. Perez, et al.] [P. Ferracin, F. Lackner, gtal}




TRIPLET RESULTS

Design succesfully validated on three short models: first

First «Frankenstein» model (2 coils from CERN and 2 from US, different
strands

No quenches below nominal after thermal cycle -
Large margin at 4.2 K ; Hﬁ-{?}]gc | ,

More than 100 quenches and five thermal cycles

October 2016
_Short sample 1.9K =3 22 Shortsample 1.9K
19K MJ 19K % 19K 5 | 19K v (19K 10K
B ;< . o
Ultimate current ,:, 4| AdA LAk A A Ultimate current : ¥ :
=18 AAA"T"““‘IA“ ad ;‘:h“ ~ 18— v e — =
= ﬂA“A — 4 - it § ‘AA : : ‘»AA
o 16 AL‘ tof Nominal:enrrent ~ 16 = Nominmalcurrent
5 A 219 : = S
. Q .
514 A ~1s : £ 14 St
9 =% 3 E|E
12 S|z - 12 5lv MQXFS1d|
= MQXFS1a 2| MQXFS1b| : MQXFS1c 217 MQ
I I I 2 .| 10 | I I - | . I I I | |
0 10 20 30 40 45 50 55 60 65 70 75 80 85 9
Testat FNAL Quench number Testat FNAL Quench number
_ m ¢ ﬁw Train'ing of first s.hort model quadrupole
HL-LHE PROJECT /) (G. Ambrosio, P. Ferracin, S. Feher, S. Stoyneyv, et al.) E. Todesco



TRIPLET RESULTS

= Design succesfully validated on three short models: second
= No quenches below ultimate after thermal cycle
= Large margin at 4.2 K

July 2017
22 :
19k  Shortsample 1.9K : ' 19K
20 e
- 9 88%
_ 18 | Ultimate current ¥, 6670
s n AAAAAAAA“"”.. X gz:‘ﬁ
g —can 1 80%
= = Nofminal curTent T
£ 14 - ok
= 14 >
=
12 =
MQXFS5 : 2
10 I I I -
0 10 20 30
Testat CERN Quench number
Training of MQXFS5
H| umi C\E/RW (P. Ferracin, J. C. Perez, H. Bajas, et al.)
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TRIPLET RESULTS

= Design succesfully validated on three short models: third
= No quenches below ultimate after thermal cycle
= Large margin at 4.2 K

= Four thermal cycles

July 2018
22 ey MQXFS4b
Short sample 1.9K { ey
20 il |
3 0
Ultimate current Y } _’ m
2 18 n — — }J i
A : - ‘ -.—-.—— 0
= 16 Nomimal current " § { : 18%
5 | 15 o] ¢
g 14 o i3 @ Of
= < B = y
o o) 18 2] ¢
. [l .
12 : § e B
: & B
MQXFS4 | 19k i8| B 8] i<
10 l = : I l
0 5 10 15
Testat CERN Quench number
Training of MQXFS4
HLL% I Tl, C\E/RW (P. Ferracin, J. C. Perez, F. Mangiarotti, et al.)
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TRIPLET RESULTS i Hﬁ%c y

= Design succesfully validated on one prototype to nominal

“ 4-m-long magnet has similar training of short models

= Test interrupted by short (see next section)
August 2017

Ultimate current
A A A

MQXFAPI

I |

5 10 15 20
Quench number

_ Training of MQXFP1
Hl U | CE/RW (G. Ambrosio, P. Ferracin, S. Feher, J. Muratore, et al.)
HL-LHC PROJECT ) E. Todesco




A FEW WORDS ABOUT COLLABORATIONS




LARGE APERTURE Q4 (MQYY)

= A large, double aperture Nb-Ti magnet to replace MQY (Q4 in the LHC)
= Initially in the baseline, then removed after project streamlining
= Coil manufactured at CEA, collaring in 927 *
= Test foreseen in CEA in 2020

* QUACO initiative in construction phase: two prototypes in the EU industry
[M. Losasso, I. Bejar Alonso]

Coils ready for assembly N
[D. Simon, H. Felice, M. Segreti, et al.] Collaring

‘ HlLU | ’ C\E/RW [D. Simon, H. Felice, J. C. Perez, et al.]
HL-LHC PHGJ_ECT
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SUMMARY

Where are we with validation of the design

= Open points

= Understood issues

* Conclusions

- E. Todesco



COIL REPLACEMENT

We have two cases of coil replacement in MQXF not working as expected

Magnet limited by one coil, that coil is replaced, and coil previously «well behaving»
limit performance
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REVERSE BEHAVIOUR

By reverse behaviour we indicate 4.5 K performance better than 1.9 K,
and high ramp rates better than low ramp rate

Seen in in one short and one long magnet

Indication that we are touching instabilities (B. Bordini, et al., several works since 2005
published on IEEE TAS)
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ELECTRICAL INTEGRITY

Quench heater location

We have in the baseline quench heaters impregnated in the coil heads

We (together with US AUP) found evidence of a possible mechanism of loss of
electrical integrity between coil and heaters
Questions also coming from the experience of the 11 T program, where the removal of
heaters from impregnation was decided early 2019

Remember that 11 T has double voltage requirements w.r.t. MQXF because of the energy extraction
We are considering the option of removing the quench heaters from impregnation to
make the design more robust

Tests on short and long magnets are being done, a roadmap is identified, decision to be
taken at the end of the year




DEGRADATION

Performance degradation

Worries on degradation of magnet performance started eraly 2019, based on tests on a
11 T short model (SP109)

Later dissipated by test on SP107, and noting that 109 had non conform coils

First short model MQXFS1 had many thermal cycles (8) and more than 150 quenches,
showing ability to go to nominal without quenches and to be retrained to ultimate

Special endurance test on MQXFS4 to have a clean test of long term behaviour
(thermal cycles, powering cycles, high MIITs)

Test is ongoing, showing at the moment no issues
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SUMMARY

Where are we with validation of the design

* Open points

= Understood issues

* Conclusions

- E. Todesco



ELECTRICAL SHORT -1

= The skew quadrupole had electrical short durlng test
= Facts: inter-turn short during a quench
= Origin: weakness in the coil design, cured
= Consequence: one coil lost
= New assembly worked succesfully

Orlgln of the short on PCB [M Statera et al.]

Voltage coils 2-4

0.33 0.335 0.34 0.345 035 0.355 0.36
t(s)

Simulation vs. measurements of the electrical short

[M. Statera, M. Prioli, et al.]
E. Todesco



ELECTRICAL SHORT - 2
= The first US MQXEF prototype had electrical short during test

= Facts: double short between quench heater and coil

= Origin: weakness in the coil impregnation (early production) — enhanced by
non conform electrical test

= Consequence: one coil lost

- Analysis 1N https://edms.cern.ch/document/2037314 [E. Ravaioli et al.]

)3

' IL | ’ C\ﬁw Electrical short circuit in MQXFAP1 [G. Ambrosio, et al.]
HL-LHC PROJECT
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https://edms.cern.ch/document/2037314

SHARP CORNERS
The 2 MQXFA prototype had a broken Al shell during test

Facts: broken shell during cool down or during quench

Origin: very sharp corners in Al shell — cured

Consequence: four coil losts

Note: the general issue of sharp corners in Al shells was addressed in a review
Note: the MQXFAP2 NC was considered not critical and was not escalated up
Note the resiliance of the magnet, that anyway reaches 65% of short sample
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Test of MQXFPA2 [J. Muratore, S. Feher et al. ]
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NOT ENOUGH PRESTRESS IN HEADS -1

= The first D1 short model did not reach ultimate field

= Facts: coil ends collapsing few mm inside the aperture
= Origin: not enough prestress in coil ends

= Consequence: erratic performance, but coils not damaged - cured after
prestress increase
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NOT ENOUGH PRESTRESS IN HEADS - 2

The first MCXBF prototype did not reach ultimate field in
both planes simultaneously

Facts: coil ends with a ~0.5 mm gap

Origin: not enough prestress in coil ends
Consequence: blocked at 30% of torque —greatly improved after prestress

increase
1800 . - -
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: : MCBXF magnet performance blocked above 30% of nominal torque
Hil | ’ C\w (F. Toral, G. Willering, J. C. Perez, et al.)
HL-LHC PROJECT
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ASSEMBLY FAULT

The first D2 short model did not reach nominal field in one
aperture

Facts: cable had half of the strands cut during assembly

Origin: misplacement of layer jump during assembly procedure

Consequence: coil lost
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Training of recombination dipole short prototype

o : Disassembly of the faulty coil
(G. Willering, P. Fabbricatore, et al.)



CONCLUSIONS

HL-LHC WP3 magnets include novel technologies for accelerator
magnets

Nb;Sn quadrupole, Al shell structure — a prima in magnets installed in accelerator

CLIQ protection — a prima in superconducting magnets

A double helix magnet as orbit corrector — technology useful for many applications
A double collared nested corrector — a prima in magnet design

A MgB, corrector based on an exotic design from former USSR (not in the baseline)

Design of all HL LHC WP3 magnets has been validated, with few caveats

For MQXF, we rely on 3 short models (to ultimate) and one prototype (well above
nominal): validation on next US and CERN prototypes is a crucial step

For MQXF, the heater inclusion in impregnation is the only open point of design
For MCBXFB, the last corners of the operational space has still to be conquered
For D2, the second aperture 1s very welcome to fully validate the field quality

Now, reproducibility of performance is the next challenge
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