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“CRAB” CAVITIES
16 superconducting ,crab”
cavities for each of the ATLAS

2 CIVIL ENGINEERING

2 new 300-metre service tunnels and

2 shafts near to ATLAS and CMS.

and CMS experiments to tilt the
beams before collisions.

e\

NN
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o
A
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FOCUSING MAGNETS \
12 more powerful quadrupole magnets
for each of the ATLAS and CMS ’

experniments, designed to increase the
concentration of the beams before

collisions.

BENDING MAGNETS
4 pairs of shorter and more

SUPERCONDUCTING LINKS
Electrical transmission lines based on a
high-temperature superconductor to carry 15 to 20 new collimators and 60 replacement
current to the magnets from the new service collimators to reinforce machine protection. to free up space for the new
tunnels near ATLAS and CMS. collimators.

COLLIMATORS

powerful dipole bending magnets

CERN Novembee 2015
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4
10 Nb-Ti 4.2 K LHC insertion Maximal J, at 1.9 K for entire LHC NbTi
il quadrupole strand & strand production (CERN-T. Boutboul '07).
(Boutboul et al. 2006) Reducing the temperature from 4.2 K
% produces a ~3 T shift in J, for Nb-Ti

s | 55x18 filament B-OST strand
50 bar Over-Pressure HT. J.
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Cu stabilisation (optional)

Ag cap layer

REBCO layer
buffer layer stack|
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Muon Collider: Magnet Zoo

Muon collider design is driven by finite muon lifetime

MAP collaboration

Proton Driver Front End Cooling Acceleration Collider Ring

__OOA

— 1
— — )
i 2 —
2 S @ T P9 E|gRE g w 2
= 2 ¢ 5 [Fe2 58S 83 -, B 8
2 E 2 £ |[8292 4|84 8 ¢¥ 8§ ©
§ ~ G.§§ ﬁ © g:" = ?% S E’ Accelerators: H H
< § o =g 2 = | Linacs, RLA or FFAG, RCS
“Short, intense proton .
! P Muon are captured, Collision

bunches to produce

hadronic showers bunched and then cooled by

ionisation cooling in matter .
Acceleration to

Protons produce pions collision energy
Pions decay to muons



Front End: Muon Production Solenoid
large aperture, high field, high radiation

ITER Central
Solenoid Model Coil

2 MW proton beam target

* liquid mercury
demonstrated (MERIT)
but safety concerns

Beam

e experts think graphite = " Window wWater-Cooled
. . N 2s) Mercury Pool/ Tungstel_-l-Carbide
target is possible i il i Shield
e alternatives are Water I _
H Drain Iron Resistive
considered, e.g. Mercury plug Magnets Mercury design shown

fluidized tungsten



Cooling: Focusing Solenoid: very high field, high radiation

> P Cooling
high transvers| .- . -
emittance LH,-Absorber
B -reduced transversal but
el B . .'i.htrgas'ed' Iongitudinmitta
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energy loss re-acceleration Principle has been demonstrated

MICE (UK) Muon cooling prin

I

ciple

—

High field solenoids minimise beta-
function and impact of multiple scattering
32 T reached

next goalis40 T

up to 60 T appear possible

= NHFML
32 T solenoid
- with HTS




Acceleration: RCS or FFA?

Rapid cycling synchrotrons (RCS)
* Combine static and ramping magnets

* Fast-ramping magnets to follow beam energy

* normal conducting or novel HTS
* O(kT/s) required

* Main challenge is cost and efficiency of
magnets and power converters
* 0(95%) energy recovery

RF system
* Important single-bunch beam loading
* 2x10 '? particles in O(mm)-long bunch at 5 TeV

Alternative FFA

* Fixed (high-field) magnets but large energy
acceptance

* Challenging lattice design for large bandwidth
and limited cost

* Complex high-field magnets
* Challenging beam dynamics

FNAL 290 T/s HTS magnet

Test of fast-ramping normal-
conducting magnet design

EMMA proof of
FFA principle

Nature Physics 8,
243-247 (2012)
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Acceleration

Accelerators:
Linacs, RLA or FFAG, RCS

Magnet coil wrapped
with 30 layers of MLI




Collider Ring
High Field

ined Function
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outer like Nb3Sn?

* Coil: 2 layer L/R asy.

LockKey o Coil ID: ~ 140 mm
Quad: ~ 68 T/m

LR Asymmetri® Peak Field: ~ 12T

Coil
Plastic Collar

~1100 A

* Conductor: LHC arc
* Dipole:~ 75T

* Operation Current:

Yoke Stack e

(SHe Vessel)
Tube

Stainless
4 Steel Shell

]
4
=
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High Field Version: 2 layer, Nb
structure needed to be optimized
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Who's next
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