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LHCEEEIL7 YT L—F -HL-LHC-
HL-LHC BZE: 3000fb?, 5x1034 cm2 sec’?
(FRFTLHC 300fbl, 1x1034 cm2secl) 2022
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* Injector upgrade (LIU)

* New optics & Layout
(Achromatic Telescopic
Squeeze, crossing angle...)
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* IR magnets
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e Collimation, e-Lens

* 11T dipole (DS at IR 3/7)
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13.5.24

HL-LHCD /NS A—5 (BT ? )

HL-LHC Performance Estimates

B ‘Stretched’ Baseline Parameters following 2" HL-LHC-LIU:

Parameter nominal

N 1.15E+11
Ny 2808
beam current [A] 0.58
x-ing angle [urad] 300
beam separation [o] 9.9
p* [m] 0.55
£, [um] 3.75
£, [eVs] 2.51
energy spread 1.20E-04
bunch length [m] 7.50E-02
IBS horizontal [h] 80 -> 106
IBS longitudinal [h] 61 -> 60
Piwinski parameter 0.68
geom. reduction 0.83
beam-beam / IP 3.10E-03
Peak Luminosity 110
Virtual Luminosity 1.2 1034

OT}-«”S'/ Crossing (peak & leveled L) 19 -> 28

2.2E+11 3.5E+11
2808 1404
1.12 0.89
590 590

1255 11.4
0.15 0.15

2.5 3.0

2.51 7.8 |
1.20E-04 1.20E-04
7.50E-02 7.50E-02
18.5 17.2
20.4 16.1
3.12 2.85
0.305 0.331
3.3E-03 4.7E-03
7.4 103 8.5 1034
24 1034 26 1034
207 476

6.2 10'%and 4.9 104
p/beam

= sufficient room for leveling
(with Crab Cavities)

Virtual luminosity (25ns) of
L=74/030510% cm?s!

=2410* ecm?s!(k' = 5)

Virtual luminosity (50ns) of
L=85/033110** cm?s?!

=26 103 cm2 s (K = 10)

(Leveled to 5 10°* cm=2 5!
and 25 10** ecm? sY)

140 140

Bl G IS NVEBe T 2012 Oliver Briining BE-ARP CERN 10
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HL-LHCIC M) F 7=t S B 7

IR Magnets (triplet, D1, D2, MQ4, ...)
SC Crab Cavities, IR Collimation

- ————
N - —————

jan a10

wuIL L

1. Deep change in the I!m

AY
2. Deep change alsos_

3. For collimation we matchingsection: ~ \_ and interface to detectors;
need to change also this Magnets, collimators ~ \_relocation of Power Supply
part, DS in the and CC :

continuous cryostat
LR BB
compensation
wires

ROssi@CERN-KEK Dec2011 6
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HL-LHCT A I : WP &K

1 project — 1 structure: HL-LHC

FP7 HiLumi Design Study just covers part of it

WP1 Project Management
and Technical Coordination

-
WP2 Accelerator Physics
. . and Performance
HiLumi KEKAS
- i S — WP3 Magnets
LH C In /_L} :_Et ‘ N for |ﬂ€lﬁ‘.':i§;:l‘1(.;{('g:0m
EC-FP7 | & -

Crab Cavities
—_—
WP5

Collimation WwWP12
Vacuum
wP6 WwWP13
Cold Powering Beam Diagnostics
S— wP14
WP16 Integration & (De-Jinstallation

High-Energy LHC - Studies

WwWP17 FRESCA2
High-Field Magnets - R&D

@ 201 1N SRR ZHtA
E— . RN+ K B 0 E R

MLIVETIE (XA, RDKFSADHEKRET

13.5.24

Machine Protection

Collider-Experiment Interface

Energy Depaosition & Absorber

Hardware Commissioning

—

WP7
WP

wP9

Cryogenics

WP10

CERN

WP11 H
11-T Dipole Two-in-One for DS Internal

WP15

ZhB

= nin
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WP2: Accelerator Physics
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HL-LHC baseline optics (1/4)

* The Achromatic Telescopic Squeeze (ATS) is now firmly
established as baseline for the HL-LHC.

ATLAS & CMS: $7=10 cm (...”ultimately”)

- LMCEZ ATS MD 4 Twv. = %00m 1T U2 ATS MO, 4 TV '+ Y0em
20000
145000 ‘
< S (1 o o
Yao00 l
Y i |
an i | Pmaxy~25km ! | {ii]
A " " I!' W v } s oo W
2000 . . . ' L, - .
L eaterd B T LT
X0 ool trentod
14000 '
P
Yoo ‘ £
o . ; J -
o U -
0 0 Ty T 20000 2000 om e

LongAadng vaadan Jrq Longmainad kocston nd

- B ~10 cm demonstrated in MD (with some B-beating and special machine configuration)
including a full chromatic correction, thank to the ATS: CERN-ATS-2013-004 MD.
... of course not (yet) usable for operation (not enough magnet aperture) !

S. Fartoukh, LARP CM20/HiLumi meeting 8-10 April 2012 8
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WP2: Accelerator Physics

—————— R —

HL-LHC baseline optics (4/5)

* The new crossing scheme is closed at D2 before the crab-

cavities but requiring very strong orbit corrector (see later)

Bend h Bend h
At IR1B1 4444 - - Quad i IR1B1 4444c = Quad
e Kick h s Kick h
2013 A Kick v 001 Kick v
[ ‘\ Sext A Sext
0010 ,’ '\_ s o 0010 e
T - Yy ' |

0003 000%

! 0.000 ! 0000
-0.003 -0.008
0010 Y i b
-0.015 '\J" -0.015
B T 7200 7300 7400 002015850 19950 353 1100 20200
Standard crossing scheme New crossing scheme
(closing at Q6) (closing at D2)

Gm.
Lo« «
LHC
S. Fartoukh, LARP CM20/HiLumi meeting 8-10 April 2012 11
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WP3: IR Magnets, Layout

layouts

Q2 Q2b D

Ql
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Thin boxes are cryostats

B
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50 60 70 b
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TE=
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out for HL LHC from IP
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WP3: IR Magnets

Aperture selection: Q1-Q3 150 mm, D1: 160 mm, Q4: 90 mm
Energy deposition and heat load targets

» Targets for peak values: 40 MGy - 4 mW/cm3
e Achieved with large shieding with beam screen and W
e Higher temperature in the coil: 1.9+0.75 K (midplane)

Most critical triplet features, priorities for 2013

« Performance: 80% on the loadline tight but achieved in LARP IT-Quad MQXF (Nb3Sn, 150 mm,
quads — instabilities are still an issue G=140T/m, Byey= 12T)

e Conductor: smaller filament size, but where to stop ?

pea

 Coil fabrication, electrical integrity
 Protection critical (HQ affected/protected by quenchback)

D1 tentative choice: 1 layer LHC cable, 5.2 T, 7.6 m long
Q4 tentative choice: 1 layer LHC cable, 120 T/m, 4.5 m long

Nb,Sn-I TR B MBI A D RMHAFE (FrLo o) ITDWTIIUTESE,
http://cry3-aps.kek.jp/~cryoweb/publicdocs/20120915HLLHCMagnetNakamotoSV.pdf

Beam separation Dipole (NbTi,
160 mm, B=5.2T, B,.,,= 6 T)
13.5.24 [ IREELHCA YIRS T SR T — LD R F missF 1WA = w0 O A X



WP3: Nb,Sn SC Cable for IT Quad. (150mm)

SQXF status -?ﬁﬁw%%phﬂfrx“
Cable R&D TRDILK

Target criteria established
-~ Mechanical stability during winding
— Stability current /; 2 3*/,,
— RRR after cabling > 150
— No shear planes in micrograph images

First iteration completed in 03/2013
— Winding tests, cross-section images, extracted strand meas.
* No cable reached all targets
Second iteration has started
— Cabling, winding tests, micrograph images in 04/2013
— Extracted strand measurements in 05/2013
— Cable parameters for first set of coils by end of 05/2013

Cable R&D will continue (PIT strand, improved parameters...)

000 "1.)(7{ «-”3 500

High 2 s
Gl:lnglnww . G. Ambrosio and P. Ferracin 09/04/2013 3
LHC US. LARP

\j,’,_\a'»)Q/ B @‘;}_ . .:‘;" "  l *‘-} ﬂmgg ) ‘Q") g
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WP3: HQ (120 mm) Model Study

oo HQ and LHQ status e“n',

- LHC
LARP : :
Assembled HQO02a magnet HQO2a pre-load HQO2a impulse test
e lj [Positive kead to Negative polarity/20130328)
é 'm ..;:..-L ~
i [ iR
3 N

}_i W

, 'f’ i

}
g 1
DRI

Alt. structure model Fabrication of first LHQ practice coil

LARP/Hi-Lumi CM20, Apnl X, 2013 Magnet Project — (5. Sabbi 18

13.5.24 [ iR IREELHCANYIYIRST SR — LD EFFYIER 1 RE@LHEKXRE 13



WP3: Schedule of IT Quad.
00 Project schedule @

= LHC
LARP .
] iu Nmne m'“ I 2017 2w 20
| o o1 laz/czfos ot lazicz[ad
© Protetypm dessboprred
2 | BT s
ER LQXFIM Coll Fab (RAD colla IM-7)
+ | L2001 Aasembly, Tesl, Dinsanast bty
[ 3 | LQXFir b Aczmn bly, Teat
s | LG ¥ Distatwns ity
TY T L el Mod
s LGXF03 Coll Fuk JRAD Colkw #8-12)
® LCIFUR Aweembly, Tout, D s by
T LG YI"0Z> A by, Twst
11 | Comstywstion Phaso
12| Comstruction spprevel
1w CD-2 oqutvetort
A Pl CD-3
16 Prodmties (MGXF) Saite
e P roduction Tacling, Pquipnect Procusment, OC | Selup
7 | Prodmstion Coll Mabriestion
1| Procuiion Colle #1.20
(. Prosuciion Colle £21-90
2 | Prodaction Cabd b Assmmtdy snd Tosd
a1 | Prosucion Cold Mees F1-4 Assy and Test
| Procuciion Cold Mess #5-12 Assy and Tasl
3 | Prosudiion Cold Meea 1318 Asey and
| Prochurfion (ol b nes #45-20 Ay sl
R e Prototype Construction Pmduplion Spqrc
LA PIOJECL PRASES development start units units
LARP/Hi-Lumi CM20, Apnl 8, 2013 Magnet Project — G. Sabbi 3
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WPA4: Crab CaVities Integration in LHC tunnel —IP1
oy :

Closest Cavern - ' Point 1 (ATLAS)
2 Crab Cavities s
ATLA -
— e | N
1 e o SR\N P Closest Cavern
| J ‘ - | l ot : RR17
| »- R S hielding???
Crab Cavaty Crab Cawity : L _ \ ;
- ‘ Access through tunnel = = CC/

e =

Crab Cawity ‘ ‘ Crab Cawity | 'A ~155 m N,Zg,m L
- T !

Nearest Equipment Space

» Technical Challenges

- = & @ I 2 Z-EN ..

Crab cavities have only barely been shown to work.
Never in hadron machines
LHC bunch length =>» low frequency (400 MHz)

19.4 cm beam separation =» “compact” ODU/SLAC
(exotic) design
@ Additional benefit
Crab cavities are an easy way to level luminosity! BNL
@ Currently aiming for: Cockcfroft/
Down-select -next year Lancaster U
SPS test in 2015 ' UK LARP
Prebys - Joint HiLumi/LARP Meeting Novemer 14, 2012

IN—a UM ITLTHRES
SPSTDE — LKERZFHH
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WPA4: Crab Cavities

——————————— =

ODU/SLAC

Hot news: 1.5 vertlcal test of RF dipole

LOE+10 - | | , * Expected Q, = 6.7x10°
! . ‘ | * Volt:
| ; + AtR¢=22nQ

\*ﬂ. 000..*-vwa‘£‘".“’ . AndR =20l’lQ
"*F

1 I
| 2 Kresult E | | ‘s * Achieved Q, = 4.0x10° . Freq
: i .% |
-, ] : * Achieved fields o Q.
S10E+09 | — eqy | | — . Cavi
Tooea, 1 —] E, = 18.6 MV/m avi
4.2 K result i 7 Y - .« V,=7.0MV * RFp
- Y Quench
| : Sl + Ep=75MV/m * Bear
1 |
| P « B,=131mT
* 1 \
1 1 t
1.OE+08 - :: i S e\ e\’
0 5 110 i I8 20 Ey (MV/m) e*C 0{5
0.0 15 303, 4 4550 60 7.5 Vi (MV) CO“g
0 20 40 60 80 Ep(MVim)
0 28 56 84 12 140 By (mT)
f—'——_' ;
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WP5: Collimation

Summary of WP5 activities

@ Setup the Collimation Upgrade Specification meeting to steer the WP5 activities
-+ 15 meetings in 2012 - Regular and active participation of all WP5 partners + CERN teams.

® Performed simulations of collimation cleaning for HL optics (ATS at B'=15 cm)
irst simulations indicate high losses in the arcs used for telescopic squeeze!
ulations with Merlin code advanced well: detailed benchmarking with SixTrack ongoing.

Participatiog to LHC operation and MDs
- Beam surements for code benchmarking (TCL scans at 4 TeV, failure scenarios).
- Improved els for B reach from collimatiop: proposed 35-50cm after LS1!

@ Triggered study formew TCL layout IR1/5 for implementation in LS1 (profited from WP10 models)
-+ Improve losses inmatching section and DS. Ne ayoWL with HiLumi in mind!_ .

e — -
L e —
w P e — |

~ Merlin loss map.
(M. Serluca)

l J ;||l‘ J

—————————— S —

1)

I - - N - - - - BN - & - T - = - .}
DS losses in IR7

New peaks in 8-1

First cleaning simulations with
ATS: high losses in arc 81

inefficiency

M1 MI M Me M 7

[E——
. 1YY

% b I'I III A. Marsili
10 a (collimation
team)

g

rrrmy ™ YV”V'I
-

Effect of TCL —
decroaning losses
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WP6: Cold Powering %%ggﬁ.‘%ﬁwgsp Z RS
WP6

SC Link at CERN: 20 m length, up to 20 kA Integration studies : P5 L

New shaft for SC Link &
Height ~85 meter

%

Evaluation of beam effect on
MgB, with 1°B, 11B and "B Baseline cryogenic flow-scheme for LHC SC links
LHC distribution feed-box A A v
<] Controks |
,';g *’;E; ’:1, D & _[Pressire |+ T HEX
i = 4 S (TS-Linked |Control 7] Dump CL? :
- - B - > : < ’ Cr‘rnm 1 & - .
iy S Ar’.‘ ’\ﬁ Linker-CL Cryostat T
-_.'." T .- b 2 > ( i
o ' Heater Level S ' dend st
| ;_ - == ,/Y= ;..;‘ — ¥ ‘_ ; — ‘Iv'.‘w L Control actuation signa
! SC He
I 3= S B 36/350kPa :
7 | L s 1L ) -,; | S " | Pe =115k Vﬂqov;';n::l:;llrv

13.5.24 [ iR IREELHCANYIYIRST SR — LD EFFYIER 1 RE@LHEKXRE 18



WPg: Cryogenics Overall HL-LHC layout

* HL-LHC cryo-upgrade:
* 2 new cryoplants at P1 and P5

P5
p4q/‘3\p P6 for high luminosity insertions

o * 1 new cryoplant at P4 for SRF
cryomodules
* New cooling circuits at P7 for

P3 | P7 SC links and deported current

feed boxes
» Cryogenic design support for
. cryo-collimators and 11 T

P2 \"E/b P8 dipoles at P3 and P7

O Existing cryoplant
P4 cryogenic process & flow diagrame: " o venicemen
I —
T BeRR uce: J
OO Q0| 6-7KW@ 45K P
S ey cryoplant (tbc)

13.5.24 [EiEIEBBLHCA YIRS TSR — LD RFFYIEBEZ 1 RE@EHEKXRE 19



WP11: 11 T dipole for DS *Fermilab-CERN

*Nb3Sn#B{nE 47

SAMERT I3 IS2)

Technical Progress (incomplete ...) - 8
* WP 11 (11 T dipole)

* 2 m long single bore: test in June/July 2012
10.4 T at low dl/dt,
95% of the goal, coil damage recognized
new 1 m single bore to test in February
Then one 2 m single bore in 2013 and after
the 2in1 "™ . 2
NP g Tem

i

Currest (A)

EEEEERE
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Upgrades: "Enhanced Consolidation" & "Full Performance"

HiLumi: Two branches (with overlap)

* Enhanced Consolidation * Full performance upgrade
upgrade (1000-1200 fb?) (3000 fb1)

* Magnet rad. damage and * Maximum low-f3 Quads

enhanced cooling aperture
* Cryogenics (P4, |P4,IP5) * Crab Cavities
with separation Arc form  « HB feedback system (SPS)
RF and from IR « Advanced collimation
* Collimation systems
* SC links (in part) * E-lens (?)
* QPS and Machine Prot. * SC links (all)
* Kickers * R2E and remote handling
e * Interlock system for 3000 fb1
—— i

13.5.24 [l ILESELHCAYIYIR TS AT — LD RHFYIEZ TS @ELHERE 21



T H RTEY(CERN)

————————— A —

Preliminary budget estimate

HL-LHC impr. cons + full performance

BEMcoons WPcons = Mperf 8P pert

20012 2013 2014 2005 2006 2017 2018 2019 2020 2001 2022 23

Improving Full Total HL-LHC [%5%]
Consolidation performance US-LARP: SZOOM (PIan)
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13.5.24

KEKTHBILEABHFE

tDBE2DEBRIE, THEREAD, BIBSE TS, ..

e LHC Injector Upgrade: X&FHRSA (RDHEE)
« E—LAZE: KRZTA. MolodozhentsevEAs
- BEEIVSTER: ZHFEIA
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Objectlve New D1

For HL-LHC upgrade, needs for new Inner
Triplet system at IR1 & IR5.

— Large aperture (150 mm) HF Quadrupoles,
corrector package.

New beam separation dipole (D1) should be
accommodated with large aperture IT Quads;
which will have a even larger aperture than IT
Quads and 50% increase in original integrated

field (26 Tm = 35~40 T m).
Q: 140 T/m
MCBX:22T 25/45Tm
D1:52T 35Tm
Ql Q2a Q2b Q3 T DI
E=EE G E LB 1N == =R e ]
% 2 28
Q @) @)
= = >
20 3I0 40 50 6IO 7I0 80

distance to IP (m)

Schematic layout of the IR (5 $BZE)

Schematic layout of the LHC

870 mm

678 mm

IE00EOCNN
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£ — L35y FAK OB BRI - D1 e

e OAJLINFE: 160 mm
o MigE: 40T m
o TEARHEIS: 52T @ 11kA
e O—RZAULL: 70 % (B4R ERE — 0 #355.9T)
 EIRRE: 1.9K (BiREIHe R AN)
o BizEaAJ): 15mmEIEIAIL
— LHCERIBH A EaAIILANLTII—T )L
. HHEE: HIA—oho5—
— LHC-MQXA, J-PARC=21—hk!) /SCFM% ZXBE
o WEBEHEEEBIE): <104 (ZE3E50mm)
e WARNEZE: 570 mm s
o FREHE: %10 MGy, ~1022 /m2, 10 W/m oo

2.943
2.627
2311
1.995

e ]

N000E00EN

1BI (T)

6.105
5.789
5.473
5.157
4.840

1.679
1.362
1.046

AR D, S5t E IR
— KA > BHAOEH»ERK, EEHRET, oar
— NEOHIR > ISAARAVMLDOHIBEES . RIS
— MHOTMREHRE. BAEORBEENEE Cotllayout i the 1st quadrant |

0 10 20 30 40 50 60 70 80 20
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BiimExEt: BEMAMEOSEIL (b,)

~. N S VEREE O RE 1L
-

Nominal
current

Normal multiple b3 (1e-4)

=#-15collar & HX85

-60 y =4—20collar & HX85
=#=20collar & HX85 & notch

-70 =>&=2(0collar & HX50 & notch
=@=20collar & HX50 & notch & 2holes

-80

0 7 8 9 10 11
. A ‘
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BiIGERET: BAMEOREL (b, n>3)

SHRFE50mm

3

o “@h5  ==b7  =Sebg  =%=bll  “0=bh13
A, ! Injection

2
?
= Nominal
2 1 current
@ ,
'U o A
& e
S N
o 0 ;
o
E —g’
= ;
=

-1

-2

0 1 2 3 4 5 6 7 8 9 10 11
Current (kA)
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Collaring - yoke assembly

HWIa~DFE: HIA—IBBEE _'f’ﬁ"@,,j.‘j

; ‘© ®
$ : j\, - | j]
*Considering the packing factor variation of the Slot.. L
iron yoke during fabrication. - .
*Simulation with ROXIE; 11 kA, Rref=50mm oL e
*Different packing factor at slot regions L@ ® 7
Thody  ©
PF PF ~
(body) (slot) b3 b5 b7 B (T)
1 0.21 -0.18 0.16 5.25
1 0.95 -2.1 -0.53 0.12 5.2443
0.9 -4.48 -0.89 0.08 5.2384
0.98 -0.1 -0.05 0.16 5.2261
0.98 0.94 -1.94 -0.33 0.13 5.2216
0.9 -3.83 -0.62 0.09 5.2169
Importance of control of packing factor in highly
saturated iron to maintain good field quality.
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BIGERET: M) imEp R R DR TE

* Iron covers the whole coil ends currently. Peak field in coil ends is ~ 5% higher
than straight section.

Return end

Iron yoke Cryostat

Straight section

Lead end
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Field Integral & Magnet Length: Option 1 (Tentative)

a9 ono.

Return | U pr SS. 1 Lepd
ent ' T ool ! \ end *For Mechanical Coil Length: 3.51 m (-1757 <z< +1753)
i 5,000 E Field Return End S. Lead End:
i 6,000 ; integral | ((2000<2<[(-1400 <z <|(+1400 <z
; 4000 ; - -1400) | +1400 mm) | +2000 mm
i 2000 i B1 1.39E+00 1.47E+01 1.496+00] 1.76E+01
2400 .50 1000 50, 6 500 1,000 4500 2400 B3 -9.11E-03 1.48E-02 -7.27E-03 -1.58E-03
i 200 i
’\ i 100 i A B5 -3.42E-03 1.31E-03 -2.28E-03 -4.39E-03
SN : 0 . : —~ A |
2,400|[1,500 -1,000 -50800 b 50 Lo fsof] 2o B7 -1.13E-03 2.52E-04 -7.74E-04 -1.65E-03
: -200 A :
i W T Al - 8.62E-04 -5.43E-0§ -4.56E-03
i ) b5 |
1 -500 A~ 1
! 600 | b7 | A3 = -1.276-04 1.71E-03{ 1.59E-03
| - | . . . (Tm)
| 20 i * Field integrals of higher order multipoles are
1 10 ~ . .
5 0 . designed to be less than 1 unit w.r.t. that of B1.
2,000 -1,500 -1,000 -50010 9 500 1000 1500 260 e Peak field in coil ends is ~ 5% higher than straight
; 22 | section. (Iron yoke fully covers the ends.)
! a0 —a3 i e Coil length estimates
] 50 1 ] - 35 Tm >> Mechanical coil length 6.82 m
13504 o s nckguicS - 40 Tm >> Mechanical coil length 7.77 m
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after excitation (Pa)

After excitation D

PP
.489E+08
_733E+08
_978E+08
_122E+09
.147E+09
171E+08
_196E+00
.220E+09

- ~1 mm displacement in x direction

e

. Simulation
model

i (top half)

B0CDER0R

UX

With the fillet radius of 2 mm at
the corner of key — slots

Coil blocks

Stress distribution
after excitation (Pa)

0

.150E+08
.300E+08
.450E+08
.600E+08
.750E+08
.900E+08
.105E+09
— .120E+09

LDRHFYEZ | FEE LR K

Applying Lorentz force transferred
from the magnetic simulation results.

DUDIDDII
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160 mm aperture, with 110% of the nominal current
Lorentz force: 1.4 MN/m and 0.6 MN/m in X/Y direction at nominal current

140
120
© 100
a
= —
a &0 v
o
2 60 =
o
)
40
—4—Average stress in mid-plane
20 —B-Average stress in pole region
0 | Coil peak stress in mid-plane
Collaring Yoking with  Yoking with  Shell welding 2K Excitation
load key

Simulation steps
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o HEMIMEEERETIZLHC-MQXA, J-PARC=2—k) /SCFM% 5 EE
e J-PARC T2K SC Magnets (I JLAEZE173.4mm)DAEFEO B F| .

— #3—U 5% (550mm) [XRIC

— #HA—IITEIREEE  AmRMETLRGE
« NbTiBEES—TIL

— LHCERBHAE BT —7 ILDFRM

— HeliZHA T TORBEICEN-EXRMEEMH

> CERNEDHA(MOXCHBRR +ERRIIEER)

GFEETE
e JFY 2013
— IZET.HmECaE. M)
— TAPaA L 2@FE+HEERIIRE
RETILEH
e JFY2014
— ETIIISH#HOMILESTRE, 2mRET
IWHERHEAILT
— S EEhREELER
e JFY2015
— ETIL2EHEE (BEET)
— B ErmEERE

13.5.24 [ iR IREELHCANIYIRST SR — LD EFFIERE 1 RE@LHEKXRE 33




Cable Insulation

* NbTi SC cable: LHC MB Inner or Outer layer

* Insulation: 2 candidates
— MB-like: Apical tape, cured at 190-197 °C at > 15 MPa.
— improved MQXA-like: Upilex tape w/ prepreg (Cyanate Ester + Epoxy), cured at 150 °C.

e ———————

Heat transfer through cable electrical

e MB insulation looks

T\ .
insulation: evolution "= | havingbetter heat
HL-LHC s transfer capability.
10 Heat Deposut
: Nb-Ti Nb-T/, PP .
ssc LHC MB # * |nsulated inner and
i outer cables with
| e Apical tapes were
3 heated cables delivered from CERN.
= pressure: 50 MPa
‘s 04} _
= - e 10 stack
0.2 Nb-Ti, Enhanced | .
‘ Insulation (E14) measurements will be
0.0 : : ,  omea) made soon.
"0 20 40 60 80 100
P (mW/cm®)

e Radiation resistance?

& * unpublished measurements from D. Richter (5 SC heated cables, actual MQX cables)

pinosity
LHC

P.P. Granlerl 2nd HiLumi Mramen Heat extraction and quench limits 6
Meeting3FBazdati, 2012 — [ Seum /MR s LACH T IRST O AT — LR A F B F I A= @4 O ERE 34




Collar, Yoke

Collaring yoke structure (Originated at RHIC-dipole, followed by MQXA)
— Stainless collar as a spacer, vertically split iron yoke locked by keys

— Both collars and yokes should have small dimensional errors (20-30 um at smallest). >>
Fine-Blanking technology

Discussion with a fine-blanking company started in March.
— Some suggestions for the first design.
— Waiting for answers: cost estimates, technical feasibility, delivery time.
A set of fine-blanking die for iron yoke: very expensive, very long delivery time.

— Yoke cross section has to be finalized soon: single or double layer coil, size and location
of holes, etc. >> determined by the heat load and the cooling scheme.

Business inquiry will be sent to vendors for stainless steel, iron yoke.
Control of packing factor is crucial to field quality due to high saturation.
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1 I 1 HEEDHBIEEIA JL (J-PARC SCFM) , 1w,
mﬁ&ﬁﬁﬁﬂw Fﬂ‘ﬁ% nzlul I AR—H—[FG10(TRF L +EASR),

New radiation resistant GFRPs (w/ S-2 Glass or T-Glass) are
baseline for coil wedges, end spacers.

— Cyanate Ester & Epoxy
— BT (Bismaleimide Triazine)
— BMI (Bismaleimide)

e Trial production has been made: prepreg sheets, laminated
plates and pipes.

e Backup plan (in case of higher dose) would be metallic
parts with Polyimide coating by "Vapor Deposition
Polymerization" technology.

o HMRETHRELER (KR . ®IiR. 100 MGy) Z5tE
— JAEAGE I : CofOvHR . 2MeVE F#& 2012.10~
— EKXREFIF:30MeVEFH#R2012.9~
30MeVEFHREBSTZ : 10MGyHE = ;.
Epoxy CE BT BMI B L =BT-GFRP/ X1/ (160, L1000)

BMI

y EEHHADR)AZ
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* All new GFRPs (CE&Epoxy, BT, and BMI) have shown better

Flexural Strength (MPa)

radiation resistance up to 10 MGy.

e Samples were irradiated up to 50 MGy by May and evaluation
tests will be carried out soon. Irradiation up to 100 MGy will be

completed within 2013.

*  Ordinary G10 already showed significant degradation at 10 MGy.

Gamma ray irradiation test at RT, in vacuum.

3=
Tm

800 Rate: 13.9 kGy/hr. Evaluation test at RT. GFRP made by ARISAWA.
T
® G10 (Epoxy) -V
- B BT (BT2160&2170)-V 3
., O BT (BT2160&2170)-H
600 |.f.... I o BMIV
© BMI:H
500 : A CE ( 60RX&Epoxy)-V
é / 27C 6URX&EPOXY)-H
S — \
400 \‘
300 ,..\\ = [
\ o {b v H
200 Q
®
100 \J
0
0 20 40 60 80 100
13.5.24

G100 CE BT BMI

After irradiation of 13 MGy

3 =BT ER (G10, 30MGy)
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o EHEBAEEEALDT-HHL-LHCT YT L—F (250-300 fbl/y, 3000fb1) %51
— 20225 [hoRILANAVAR—IL]
— KERIE. IRL/50DLow-Beta Insertion DB H . HFTLL\E —LERET(ATS)
— SC Crab Cavities|[Z&BL A5
— KE—L/\J—xtK, MEHR*ER. WIEEE B

e WPL-15TEREIPAZR. R&D > HfiTEZEIEZIEH (2015) > EEFRD¥IET(2016?)
— EC-FP7 HiLumi-LHC
— CERN
— US-LARP

— KEK(LIU, E—L A%, BEEHA. V57 2ER)

o KEKTIIE—LSNBERAKXKOEAS A47R—IL (5T, 40Tm, $160@1.9K) DR&DZE R ZA—k,
— 2012 #WE=ZERET
— 2013 TIZEEEH+HTAROSILGE
— 2014 ETIVERFE. AR ER
BHEBRAROEHER: OFOBE&RST 160mm > 150mm?

http://hilumilhc.web.cern.ch/HiLumiLHC/
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