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The CERN 10-year plan
(approved early 2011)
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New LHC Plan since Dec. 2013
with HL-LHC approved
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Mantain and increase physics reach
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Technical bottlenecks
Cryogenics P4
Pt 5

o

1'800 SC magnets

Never good to couple RF

with Magnets ! 24 km and 20 kW @ 1.9 K

Reduction of availabe cryo-

power and coupling of the 36'000 tons @ 19K

RF wiht the Arc (thermal

5
cycle requires > 2 months - 96 tons of He
T

and many tests)

T
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IT cryoplants and new LSS QRL

LHC PROJECT

rrar

UNDERGROUND WORKS
Poimnt 5

-{ Availability: separation New Inner Triplets
| (and IPM in MS) from the arc cryogenics.

Keeping redundancy for nearby arc
cryoplant

Redundancy with nearby Detector SC
Magnets cryoplant
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P7 : EPC and DFB near collimators
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Displacing EPC and DFB in the adjacent TDZ
tunnel (~ 500 m away) via SC links

45K

Q4
Q11, Q10...Q7

<{pe IP7

.‘(- 3 -
w‘,
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!te‘l¢°/

Two links each about 500 m long
48 cables rated at 600 A per link
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Availability: SC links =removal of
EPCs, DFBs from tunnel to surface

4 pairs 300 m 150 kA (IR) — LS3
tens of 6-18 kA CLs pairs in HTS

APMS 6

A. Ballarino,
ulse CERN
o 37
USCS 3
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First test of high current
b temberature

o
b & ~

Tested March 2014
| =20 kA

T=24K
Bpeak=1T

Length = 2x20 m

Dext ~ 65 mm

A. Ballarino,
CERN
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The most straight forward action for HL:
reducing beam size with a «local» action

(50%,507y,507) exvelope for €,=5.02646 x 101, €,=5.02646 x 107", o, =0.000111

¢0l
LHC has better aperture L |
than anticipated: now all \0 |
margin can be used;
however is not possible to
have * <40 cm

s/m

Smaller B* = larger IT aperture
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Not only B*; more protons at low ¢

. Parameter N 2 nominal 25ns 50ns
o Np _ frev np INp 1.15E+11 2.2E+11 3.5E+11
S Nb L = ) 4 » R 2808 2808 1404
= Niot 4‘?1'871 ﬁ 3.2E+14  6.2E+14 4.9E+14
SO beam current [A] 0.58 @ 0.89
- x-ing angle [prad] 300 590 590
Ps) beam separation [o] 9.9 12.5 11.4
= 8" [m] 0.55 0.15
— €n [um] 3.75 2.50 3
g €. [eVs] 2.51 2.51 2.51
- energy spread 1.20E-04 1.20E-04 1.20E-04
E bunch length [m] 7.50E-02 7.50E-02 7.50E-02
S IBS horizontal [h] 80 -> 106 18.5 17.2
c IBS longitudinal [h] 61->60 20.4 16.1
2 Piwinski parameter 0.68 3.12 2.85
3 Reduction factor 'R1*H1‘ at full crossing angle (ng crabbing) 0.828 0.306 0.333
© Reduction factor ‘HO’ at zero crossing angle ’W 0.991 0.905 0.905
§ beam-beam / IP without Crab Cavity 3.1E-03 3.3E-03 4.7E-03
Ny beam-beam / IP with Crab cavity 3.8E-03 1.1E-02 1.4E-02
5 Peak Luminosity without levelling [cm™ s™'] 1.0E+34 7.4E+34 8.5E+34
2 Virtual Luminosity: Lpeak*HO/R1/H1 [cm™s™] 1.2E+34  21.9E+34 23.1E+34
< Events / crossing without levelling 19 -> 28 210 475
Levelled Luminosity [cm™ 5] . 5E+34 2.50E+34
- Events / crossing (with leveling for HL-LHC) *19 -> 28 140
@tﬁ"g*""\‘\ Leveling time [h] (assuming no emittance growth) - 9.0 18.3

- L Rossi @Desy 23 May 2014




The critical zone around IP1 and IP5

- - - -

»
Jan Q10

2. Deep change alsds_ 1. Deep change in the |

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

1.2 km of LHC !!

High
Luminosity
LHC
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Magnet the progress

* LHC dipoles features 8.3 T in

56 mm (designed for 9.3
peak field)

LHC IT Quads features 205
T/m in 70 mm with 8 T peak
field

HL-LHC

* 11 T dipole (designed for 12.3 T
peak field, 60 mm)

* New IT Quads features 140 T/m
in 150 mm > 12 T|operational
d, designed for 13.5T).

ty

* LHC

14

12

10

HL-LHC
Nb,Sn ="
NbTioo ¢ LHC
,,,,,, e
HERA Pt ~
Tevatron e
P RHIC
1 %ps & Main Ring (resistive)
1980 1985 1990 1995 2000 2005 2010 2015 2020
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New Interaction Region lay out
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Thick boxes are magnetic lengths -- Thin boxes are cryostats

High
Luminosity
LHC
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LHC low-B quads: steps in magnet
technology from LHC toward HL-LHC

3¢ Fermilab “© @

LARP
LHC (USA & JP, 5-6 m) ' v LARP TQS & LQ (4m)
or0mm 51 | R :> 090 By 11T
1992-2005 ) 2004-2010
New structure
Sy . based on bladders

and keys (LBNL,
LARP)

LARP & CERN
« i t n
150 mm,
Boeaw~ 12.1T
_ 2013 2020

LARP L. Rossi LARP._ L —————
17

LARP HQ
120 mm,
Bpeak~ 12T
2008-2014



http://www.kek.jp/

New development for HL magnets - 1

.
® Nbg Al

* Nb,Sn superconductor

* Fragile once formed
-or HEP magnets
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sushnbasn @ EUNb3sn I\/Iagnets Progress
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Re-discovering old gost: instability
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Quench Current, (A)
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New development for HL magnets - 2

* Nb3Sn coils are less precise in size and more
rigid than Nb-Ti coils. COLLARS are not ideal

Tevatron

L. Rossi @Desy 23 May 2014 21
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High

Luminosity

LHC case

isertion rods Otress at Coil Pole (MPa)
L | 150
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Goinguptollorl2T:
forces doubles

-

Force per quadrant (kN/m)

1800
1600

1400 |

1200
1000
800
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400
200

“horizontal force Fx

“~ vertical force Fy

Bore field (T)

LHC

*

=

L

. Rossi @Desy 23 May 2014

HiLumi

magnets!
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Pre-stress by bladder at high pressure
then put solid keys and remove

bladders

Restraining forces
-

hell

)
S
o> 4
T 2
4 o)
o~ yoke =
5w 5
o> J

- -

- S. Caspi, LBNL, 1997 to 2007
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Results HQO1

LARP

HQOla-b-c-d 4.4K Training
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Recent results HQ02a-b @120 mm

15000

Current Limit

]
e e e e
14500 - o ¢ =T 80% I, @1.9K
- 14000 - ’ A 14.6kA, 166 T/m
< 13500 N " A e
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= 12500 -
© 12000 1 gt
£ s
s 1 Quench  ®1529_al0 ® 1708 b7
g 11000~ coiland ~ #16b10 al0 20b6 b8
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10000 T T T T T T
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Quench #
High
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Recent results HQ02a-b ©120 mm

- cont.
SEO0D | S -
SSL at2.2 K 89% of SSL 98% of SSL
o X J SSL at 4.5 K
Pl e i - - -
S 15000 -
= Current limit HQ02a
S 14000 - PR
e Ramp rate study
= 13000 - PH tests P
v
2 T-dep. stud
S 12000 - B SLaY
11000 - A22K QP study gﬁ tstu;jy
®45K ests
10000 - . ; . )
0 10 20 30 40 50
Quench #

High
Luminosity
LHC
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Progress in MQXF (IT quads)

CERN short coil
with Cu cable |
J

* First coil (1 m) : 2014 EEE
* Magnet test 2015 | \
* Long Magnets: 2016-17 B¢ » WS
* Many new technlogical -

developement: X,
- Magnet Protection P~

* |Insulation
e Precision mechanics

29



11 T dipole : why?

LHC PROJECT

VB BNIRT

wdlpﬂh =

. 2 Pomnt 2

2 r& _mat &

e 6,18 m (Lcyy) 6,18 m (Lcyy)
< > = >
ALICE X = 5,3 m (Lipag) - 2,27 m (collimator) 9,3 m (Linag)
3 - . — - -
—
R/ e " T} b oo LHC B
ATLAS

=T

L. MUSSTWUTSY 27 Tviay U LY
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More classical collar chosen

e Cosntrain: must be in series
with LHC dipoles

0.7 mm Nb;Sn RRP strand

40-strand cable

High

Luminosit .
GLHC 4 Stainless steel collar
L

. Rossi @Desy 23 May 2014 31



11 T effort at FNAL

'./Our—)‘ -)C\Q
20PEEPO®®

L. Rossi @Desy 23 May 2014
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Result from 11T
Potentially good but not yet A.Q.

15000
EmMBHSPO1 4.5K J‘.er: 1.9K 4}5}(
14000 - <MBHSPD2 | A ﬁéﬂﬂﬂﬂ&ﬂl
| &i‘l. A |
AMBHSMOL - s A
—_ | oa L I
= 13000 - M BHSPO3 o ABANBL I
= i
E 12000~ -
o A
'Fé 11000 1 &
g A
o 10000 - f
|
| |
9000 —.I4.5r:: 1.9K 45K 1.9K
*a
8000 +& . . : . . .
0 10 20 30 40 50 60 70

Quench number
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Integration view of IT zone

P. Fessia
JP Corso and EN-MEF int. team




In-kind contribution and Collaboration for
HW design and prototypes

Q1-Q3 : R&D, Design, Prototypes
and in-kind USA

D1 : R&D, Design, Prototypes
and in-kind JP

MCBX : Design and Prototype ES
HO Correctors: Design and

L Prototypes IT

q CC : R&D, Design and in-kind USA | CC : R&D and Design UK | Q4 : Design and Prototype FR
L. Rossi @Desy 23 May 2014 35
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2025 is tomorrow: LHC timeline

R&D for 8-10 T: 13 kA cables,
short models, 10 m long
prototypes, 1% string test

agnet construction, /|nstallation,
performance test, LHC start
tunnel preparation ncident

inal design,
industrialization
tart pre-series

Twin Dipoles
Hell cooling

1985 8T
Magnet designs
atfirst LHC Final dipole
workshop, 1984 L 1
o p_r First LHC dipole cross section First energy record in

prototype on the test

bench (Junel994)

frozen 1999) : £7 <" B the proton beam,
\ — ‘ December 2009

4%3,“’( Clirwl ‘d

@%@WQ

.
hl’ u-l, cj L

Assembly of 15
m long coils in
industry, 2003

T B~

lla,b High Mmr.

Hodeoe Modorsh il

3,E 8.E 8.€ =
Synopais of hadron collider options forgaw Lig

" o~ — - . L
; ™ ‘ Continuous magnet line installed
High h H c a n d 0
eth?'”‘””y "' W N - - - w8 SN in the 27 km LHC tunnel, 2006
—

R —— L. Rossi @Desy 23 May 2014 36



The super-exploitation of the CERN complex:

Injectors, LEP/LHC tunnel, infrastructures

1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030 2035

M3 Construct.  Physics | Upgr

LHC BESEGEGED) - Construct. Physics

HL-LHC Design, R&D Construct. Physics

HE-LHC

W EEE
e % &£ 3 2 § B E B 8
&0

ALEFH, DELPHI,
| OMEGA BEBC | £p | pwBein
158 Low-Betn

W uic

Design, R&D - Construct. Physics

L. Rossi @Desy 23 May 2014
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First studies on a new 80 km
tunnel in the Geneva area

HE-LHC :33 TeV
with 20T magnets

» 42 TeV with 8.3 T using prese
LHC dipoles

"80TeV with16T based
on Nb;Sn dipoles

=100 TeV with 20 T based
on HTS dipoles

‘.“".‘ High
Luminosity
¥ LHC

& ot £

LHC E3 ]|
gl.ﬂ’
“E‘l':’
o
Jura =
o
Prealps
..............
LLLLL | e
.""\' st S Dty
) '3
lura Schematic of an
B0-100 ong
llllllllllllll
Aravis
By
o
ERH 2004 é
——— e —
38
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s it really possibile to go so high?

Dipole Field for Hadron Collider
20
HE-LHC
18 ) -
16 HTS - ""_,-'
e 4 ° " @ HL-LHC
2 12
A Nb,Sn ° +*
: 10 ® ‘,ﬂ"-‘
0 P
g 8 Nb-Ti e LtiC
S 6 Tevatron "_‘,‘-
4 ’},.-— HERA RHIC
2 e
0 SPS & Main Ring (resistive)
1975 1985 1995 2005 2015 2025 2035
Year

@ Nb-Ti operating dipoles; ® Nb3Sn cos9 test dipoles

High
Luminosity
LHC

" L. Rossi @Desy 23 May 2014

Looking at
performance
offered by
practical SC,
considering
tunnel size and
basic engineering

(forces, stresses,
energy) the
practical limits is
around 20 T. Such
a challenge is
similartoa 40T
solenoid (u-C)

® Nb3Sn block test dipoles # Nb3Sn cos3 LARP QUADs

39



In solenoids, forces are
self supported (till the
limit of the winding!)

~0.5]

Intrinsic «inefficiency» of transverse
field : B,

overall X tcoiI

In transverse field the lateral forces
are not supported at all

The longitudinal (along beam)
forces are poorly supported

VRN RNSESSS

SRR
A

\‘\
WA\ AT

- Large forces kept from outside means movements with —inevitably — friction (stick and
@t slip, resin fracture, flux change, etc.). Thicker the coil and farther is restrain from JB

——————— L. Rossi @Desy 23 May 2014 40




Field timline

Record Magnetic Field vs. time

—o—B Solenoids

35
—=—B Sol Demo J Factor 2 due to

30
Coil «efficiency»
and to force-stress

~+—B Dipoles

25 +—

managment

Field (tesla)

= =
= i

LN

o

1970 1980 1990 2000 2010 2020
YEAR

High
Lumi'mly
LHC
———

41
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Nb,Sn is becoming a «commodity»

e Recent 23.4T (1 GHz) NMR
Magnet for spectroscopy in
Nb,Sn (and Nb-Ti). 15-20
tons/year for NMR and HF
solenoids. Experimental MRI is
taking off

 |TER:500tin 2010-2015! It is
comparable to LHC!

0.7 mm, 108/127 stack RRP from Oxford OST

« HEP ITD (Internal Tin Diffusion):
— High Jc., 3xJc ITER

— Large filament (50 um), large
coupling current...

— Cost is > 5 times LHC Nb-Ti 1 mm, 192 tubes PIT from Bruker EAS
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Nb3Sn

| |

L. Bottura, CERN

Performance
J. (KA/mm?) Peak field
Cost

g Target performance:
Jc> 3 kA/mm?

PIT

Dy;; < 20 pm
Magnetization RRR > 100
Field Quality
Stability Stability
Protection

Dy (um) < \RRR (-)

Controling filamente diameter & RRR (field quality and stabiility)

Increasign curent density at 15-18 T region

S High
Luminosity
LHC
——— —

44
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The « nhew » materials: HTS
Bi-2212

* Round wire, isotropous and
suitable to cabling!

HEP only users (good < 20K and
for compact cable)

Big issue: very low strain
resistance, brittle

Production ~ O,
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,
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(Ag stabilized)

: wofgd ¥ -
e E:%l;in()sity ! .". = -:-'!.“ [

LHC

e

* DOE program 2009-11 in USA
let to a factor 2 gain. Another
50% and more uniformity is
being gained now in USA...

Porosity is still evidentin
densified wires

- ] By - —




Bi-2212: example of guided R&D with

partnership Labs/lndustry

* Undestanding the
reason for posrsity

1200 + 4-
1100
1000
900
800

* Finding the cure:
» Better powder quality
e OverPresssure treatment

80

700 < Temperature (K)
to densify and right O, 600 ¢ ¢}
500 £ ¢ : a 100 b:ar op @
CO nte n t 400 ;, \ 2223: B L Tape Surface
300 E - YBCO: BL Tape Plane

 Densification during
fabrication (CIP, swaging)

200
100

Engineering Current Density (A/mm?, 4.2 K)

0O 5 10 15 20 25 30 35 40 45 50
Applied Field (T)

MAGNET LAB D. Larbalestier, ASC — FSU, Presentation
NALIONAL MIEH MASNETIC LIELD LABCRATONY at Eucad2 kickoff at CERN May 2013
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The « nhew » materials: HTS
YBCO

e Tape of 0.1-0.2 mm x 4-10 mm : difficult for compact (>85%) cables
e Current is EXCELENT but serious issue is the anisotropy;
* >90% of world effort on HTS are on YBCO! Great synergy with all community

* Cost : today is 10 times Nb,Sn, target is same price: components not expensive,
process difficult to be industrialize at low cost

* FP7 Eucard is developing EU Ybco

Ag/Au protection layer (0.1-3 pm) YBCO (1-3 ym)High Currents

Ce02 buffer (~0.05 pm)

(\/ YSZ buffer (~1.5 pm)

L~

[~ High Strength
SS substrate (50-100 ym)




New (old) approach to cabling suitable for
tapes: Roebel (full transposed cable)

* An old type of cabling (Roebel) suitable for tapes has been
recently rivisited (Karlsruhe, General Cable Superconductors NZ)

o SKIT

_Karlsruhe Institute of Technology




EU progra.m FP7-Eucard?2 7 EUCARD?
(collab. with JP and USA)

- Develop 10 kA class HTS accelerator cables
both Bi-2212 and YBCO
Stability, Magnetization, strain resistance
Uniformity and High J

overall

- Testin a5 T accelerator quality dipole

- Then test in background field (10-12 T?)




New coil design
abandoning the perfection of cos3 ?
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Explotring nerw ideas (J. van Nugteren)
Aligned coil block dipole

Va2 4rwe 0

Ll
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Strawman coil design for 20 T

From: E. Todesco, IEEE TAS, 24(3), 2014, 4004306

15T “Snowmass” design
4578 units (+ 160 spares)

1000 tons of LHC-grade Nb-Ti
3500 tons of HEP-grade Nb;Sn

AINIRA 0T = CHEEEENC

W
o0

20 T “Malta revised” design
3662 units (+ 120 spares)

1000 tons of LHC-grade Nb-Ti
3000 tons of HEP-grade NbSn
750 tons of HTS

S [ [ ] o | (| [ ] b

L AT = DERANEE:

(9]
N
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New (old) design very suitable for
Bi-2212 (ASC, LBNL, FNAL.. =S

y alloy

- )/lfi{ Vv
NN

TiO, coating

\2212 RW

Canted
Solenoid

Canted right:
: s Field - up dipole + right solenoid

Ribs intercept forces \X'

transferring them to the

spar

Individual
turm

Stress collecton

(Spar) Canted left;

[}
‘ Field - up dipole + left solenoid

ique turns distribution
BEERKELEY LAH ———— *D... Meyer and R.Flasck “A new configuration for a dipole magnet for use in high
Y - N coss energy physics application”, Nucl. Instr.and Methods 80, pp. 339-341, 1970.)

N

EUCARD 13 10-14 June 2013 CERN

S, Caspl 14



57 attendants to a workshop intended only for

HTS Accelerator Magnets (for high field)
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