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What magnets 7 Let us take the Q1 as a

good example...
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Q1 in LHeC CDR - 2012

Al 180 200

Nb-Ti Q1 option Nb;Sn Q1 option

R =46 (mm) R =46 mm

G =145 (T/m) G =175 (T/m)
Bmax - 8 (T) Bmax = 10 (T)

cw S.Russenschuck, Magnets for the interaction region
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Seven LHeC IR Magnet Options

Low Septum saturates for [Bl much above 1 T

 Migh gradient Magnetic Septfjm Quadrupoles (MSQ).
* Open yoke “MSQ” with integrated correctors 4mmClumsy
« Combined function magnet septum magnets.

* Actively shielded high gradient quadrupoles.

» Extended Sweet Spot quadrupole designs. 4ssmClumsy

* High gradient block coil designs that also may
incorporate “Sweet Spot” regions.

- External field cancel coils as for SuperKEKB.

ciw))  B. Parker, Latest Developments and Progress on the IR Magnet Design
N % Electrons for the LHC - LHeC/FCCeh and Perle Workshop, LAL Orsay, 27-29 June 2018



Options ...

Block-coil quadrupole
Super-ferric Ay N

c\EfW S.Russenschuck, Magnets for the interaction region
N % In A Large Hadron Electron Collider at CERN, LHeC Study Group, CERN-OPEN-2012-0152012



... more options .

Alternative iron cut-outs and
compensation coils in field-free volume
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... and more options ...

eRHIC sweet spot design LHeC sweet spot design

The sweet spot coils contribute 36% of the eRHIC Q1 137 T/m gradient
The e-Beam in the shielded region sees about 1 gauss

Main field quality is 1x1 0-4 at Rref =20 mm
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... and yet more options !

Self-contained coil plus quad-yoke
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LHeC Q1 magnet recalculation
after B.Parker by S. Russenschuck
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What are the challenges ?

S and design of a high-field magnet with such apcags®?t
requirerric i2|d-free region, lack of symmet

Training and perid M Of Nb,Sn mag the range of 10T

Forces (non-symmetric coris ¥1S) and stresses (limited to 150
MPa) on a brittle conggs

Stored enerzgg®Cch detection, quench prot™ugg, \V/oltages
Flo gty and residual field in the field-free region

Get moving !

It will take typically 10 (optimistic) to 15 (realistic)
years from the time the decision is taken, to the first
accelerator magnet of this type
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—
1984: ECFA 24 years 1992: TAP reaches 8.3T at 1.9K

o Lausanne 2008: installation
= | 1995: first 10m prototype  completed
£ 1988: Ansaldo single - |
EJ aperture model 19I98. first 15 m prototy||3e
g  (PerinLeroy) reaches 1991.| Hc pPink Book twin aperture design
s 9.3T at 1.6K | |
LIJ 1993: MTA reaches 9T at 1.9K
- 2000-2005: series
1980 1990 2000 ‘ 2010
o 2000 2010 ‘ ‘ ‘ 2020 2030
£ | |
TEJ 2/2010: Chamonix workshop 2014: First single aperture model MBHSP101
.= defines a need of additional ' Lo
= collimators in the LHC DS's 2015: Ilzlrst tlwm aperture model MBHDP101
— I

6/2010: conceptual 11T magnet 2018: !:'rSt 5.5m prototype

design (Milanese, De RIijk, Todesco) 10 years 2020: installation completed
—

C\@ The Nb;Sn development for the 11T HL-LHC was fast !
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LMBHBO002 powering tests

MBHB-002 Summary of quenches, endurance tests and cyclic loading

Current (kA}

14

12

10

o2

]
1
Nominal
4Hours 15 HDI..ITS: 12 Hours 330
' cycles 3 Hours
.................... c:_z S e i SOR—— A =\ Y/
6.5 TeV

R

Present operation
— 1.9 K current

— 4.5 K current

O Quench

----- thermal cycle

--------- Nominal current

15->45H

Q2: 11135A

This is an accelerator worthy dipole !



Records vs. accelerator magnets
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Other examples

MQXC IR for the LHC Luminosity Upgrade
Phase-I: 11 years

2002 — LHC Project Report 626

2008 — SLHC-pp

2013 — model magnet test

FRESCAZ2: 12 years
2004 — EU-FP6 NED JRA
2009 — EU FP7 EuCARD
2018 — magnet test (14.6 T)




A development plan (12y, S0M)

COST
1.0(P) IR magnhet design (conceptual, engineering)
Strand jand |cable development

O(M)+1.7(P) «[

Conductor Procurement

1.6(M)+1.6(P) | Model magnets (5)
u
3.5(M) Production tooling design and procurement
Prototypes (3)
11.5(M)+17(P) _
Production (10)

1.0(M)+1.0(P) Test (25)
——

&) DISCLAIMER: the content of this slide is non-committal
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Summary and conclusions

The IR magnets for an LHeC pose challenges that have
relevance to future developments, and are comparable to
the HL-LHC magnets

Yes, we are interested !

Though the technical challenges are significant, there are
some very good ideas on the table as to how to address
and solve them

Yes, we can do it !

The main challenge, in fact, is to get a reality check
through a suitable magnet development program

Get going, time is running !







