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Magnet supports

Over 80% of the length is covered by magnets of about 138 types.

Adjustment Ranges of magnets TUNNEL CROSS SECTION OF THE ARC AREA
X >+20 mm ABx >+10 mrad
Y >+30 mm ABy >+10 mrad
Booster
>+20 mm ABz >+10 mrad

Collider




Magnet supports

Optimization for dipole supports

No. of Max. deformation

5670 mm

. — supports | (um)
1 |
% % 5 [ 4 7
! D1 D2 i
i : 5
e e —— - — . 31 . l1 _ 9 iz l .
'E -1 2e-2 l;I ¢ ‘E -
H_Is;‘:j_ M3f l F1l . l F2 l ’\'
- o 1000 2000 3000 asca. s000 5670, -3 \g ! 11 : 11 12 P
[rmm]
Methods: 1 a
» Theoretical derivation
» Deformation optimization
Tools:
> Matlab
» Workbench-Response surface
> |nventor




Magnet supports

Optimization for dipole supports in Booster

ANSYS
w160

Methods:

» Theoretical derivation
» Deformation optimization
» Topology optimization

Tools:
> Matlab Topology optimization was first used in
» Workbench-Response surface girder design by our team on HEPS-TF
» ANSYS APDL
» Inventor



Magnet supports

Optimization for SC magnet supports

Cryostat
Helium
Vacuum vessel
Adjusting
mechanism
Support bed
Movement
meehanizm inder cantilever under gravity For concentric cylindrical
> Max. deformation ypqy cantilever under gravity
» First natural frequency w; pl* o'
CIl4 64l4p _as El : 35D |E Ymax™ 321 (Dz —d? +Fd2)
Ymax = Tgpr T wgEpz 1T 77 (pAl* T alZ |p = p':equivalent density of
Methods: inside cylinder

» Shape factors: [, D; material factors: E/p
» Theoretical derivation
» Deformation optimization
> Stability optimization
» Material optimization

Tools: ['-'

> Matlab Fz1 G
» Workbench
> |Inventor




Magnet supports

Optimization for SC magnet supports

F2 - Total| Deformation 2 Maximum  sme G: 1gravity+2rnagnet-bonded

Directional Deformation

Type: Directional Deformation(X Axis)
Unit: m

Global Coordinate System
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» Deformation optimization
> Stability optimization
» Material optimization

Tools:

> Matlab
» Workbench

——QDO0-without auxiliary support
-{~ — ~QDO-with auxiliary support
*  QF 1-without auxiliary support
¢ QF1-with auxiliary support

Il

——QDO-without auxiliary support
— — ~QDO-with auxiliary support

> Inventor O e

Amplitude of harmonic response/m
Phase angle of harmonic response/rad

©  QF1-with auxiliary support

10 20 30 40 50 o 10 20 30 40 50

Frequency/Hz Frequency/Hz



Magnet supports

Stiffness study for adjusting joints: very important for stability evaluation
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A new method
used in HEPS

* High efficiency
* High accuracy
* Simple

EHKG XX/% X/% TY/% TZ/%
Methods: 500| 1 2 2 19 1 2
1000 3 4 0 23 8 6
» FEA-based hammering method 1500 0 2 3 28 3 8
Tools: 2000 2 0 5 20 0 5
2500 0 1 2 15 3 5
» ANSYS APDL 3000| 7 0 5 10 1 6
» Matlab 3500 1 4 6 9 0 3
> Test devices 4000 2 5 9 6 0 2
4500 3 7 8 8 0 1
5000 5 8 10 4 1 0




Magnet supports

Main parameters obtained in analysis

» Regular dipoles in Collider: 5670 mm long, uneven deformation
< 10um (under gravity )

» QDO0: 2000 mm long, uneven deformation <30 um (under gravity
and Lorentz force in anti-solenoid )

More detailed works are under-going

» Further optimization in SC magnet support

» Common girder design for regular quadrupoles and sextupoles,
and optimization



MDI mechanics

Detector
MDI layout: Continue to be updated Y‘::AL T
Detector ('-‘
9620 ) Solenoid \
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Acceltr E Accelerator
devic devices
Collaboration from several
systems:
» Accelerator: physics,

mechanics, SC magnets,
vacuum, cryogenic,
instruments...

» Detector: physics, mechanics,
VTX, Yoke, shielding... 0




I MDI mechanics

MDI layout: Continue to be updated

IP Be-Al chamber || Remote Y-shape IP BPMs Lumical body
Z: -700~700mm || VVacuum chamber Z: 855~950mm | Z: 940-1100mm
go7rgréic7:t8<;r Z: 783~855mm QDo
: mm Z: 2200~4200mm

Tools: Inventor, solidworks...

Phased achievements: a workable layout for CDR o



I MDI mechanics

Remote vacuum connector

Low vacuum

’ Spline gear H Flange ‘

Screw
thread

Bellows |

Pneumatic
annular

Limit
pin

Spline
flange

Locking
gear

Two layers of
edge sealing

Methods:

» Theoretical derivation

» Two layers of edge sealing
» Space optimization

> FEA Sealing

Tools:

> Workbench
> |Inventor

membrane ’ &

‘ Guiderods
and limits

\| Long

tools




I MDI mechanics

Remote vacuum connector

Difficulties:

» Space limitation, leak rate, thermal dissipation...

Sealing methods Within detection Leak rate
angle estimation

% % % % Successful used in S-KEKB

Remote chain Yes ) ¢ Eliminated

Inflatable seal* Yes % % Experience from CSNS
Improved inflatable Yes * % % Mainly focused on
seal

Our experience: E oo |

a F
ﬁ 1.5E-08 [

 Single-layer = double layer, leak rate can be T 1oeos |

-

improved from 1e-6 Pa.m3/s to 8.5e-10 Pa.m3/s. %o |

0.0E+00 ©

* Replace membrane sealing by edge sealing " 000 0020 0040 0060 0080

F A7 L EFE ERal 1 m]
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Collimators and machine protection scheme

4 collimators per IP per ring forg.%ackg

round decreasing

bellows

Horizontal aperture
» 4.4 mm~20 mm

Driven
A device

Methods:

> FEA

» Thermal deposition analysis
» Impedance analysis

> Kinetic design

Tools: '

00IS Distance to | Beta H.orlzon_tal
IP/m function/m Dispersion/

> ANSYS/Workbench e

> Inventor APTXA D11.1897 2139.06 113.83 0.24

» Geant4 APTX?2 D1|-1sg4 2207-63 113-33 0-24

> CST ' | | |

APTX3 D10.10 1832.52 113.83 0.24
APTX4 D10.14 1901.09 113.83 0.24
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Collimators and machine protection scheme

Particle deposition SR load
» Jaw material: Cu » 9.3 KW@30 MW, Higgs
> Total heat generation: 91.6 W » Main powet for collimator

» Maximum temperature raise by
particle-material reaction: 2°C

GewD.1mm?  10°

5 » Loss factor can be optimized with
tip offset ~ negligible power
L

yfmm

x/mm

B: Steadly-State Thermal

Temperature 1.20E-01

Type: Temperature

Unit: °C 1.0

Time: 1 O

2 4

23.309 Max =
23.163 -
23.018 7 6o
22873 4
22727 ﬁé 40
22.582 -
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Collimators and machine protection scheme

Highest temperature in jaws: 183 °C

Highest temperature in chamber: 143 °C

B: Steadly-State Thermal

Temperature

Type: Temperature

Unit: °C
Time: 1

183.11 Max
165.21
14731
12941
11151
93.607
75.707
57.807
39.907
22007 Min

B: Steady-State Thermal

ACSSEMISRE

Type: Temperature

Unit: °C
Time: 1

70443 Max
65.062
59.68
54.298
48.916
43534
38.152
32.77
27.388
22007 Min

| N S ——

B: Steady-State Thermal
Temperature
Type: Temperature
Unit: °C
Time: 1

143.27 Max
116.34
94479
76.724
62306
50.597
41.089
33.367
27.097
22,005 Min

B: Steady-State Thermal
Temperature

Type: Temperature
Unit: °C
Time: 1

143.27 Max
116.34
84479
76.724
62.306
50.597
41.089
33.367
27.097
22,005 Min
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Collimators and machine protection scheme

If the beam loss happens:

» 242 bunches, 15e10 particles per bunch, 120 GeV. From CDR.
> 242*15e10*1.602e-19*120e9 =697.831kJ

» Equal to ~1.7kg copper from 20 °C to melting point or ~131g
copper to gasification point.

» 4.6 m long copper of the cross section (165, 35.7) um will be
gasified.

_ , _ v _a¢ 1_0D
> AT = Q/(c m)‘ AT = q v L= 2uls?

» ~0.3 bunches for copper melting

» The facility should be protected from the mad beams, especially
at IR.

=1
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Collimators and machine protection scheme

Beam loss failure of CEPC

» If dipoles have powering failure, The beam will be lost in 1 turn, on
collimators or on vacuum chamber. From accelerator physics.
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Broken collimator of KEKB Broken collimator of Experiments of APS-U Experiments of LHC
Super KEKB

» Beam loss failure on vacuum chamber or magnets should be avoided.
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Preliminary design on machine protection

Machine protection—KEKB

» Beam abort system, to avoid direct hit on movable collimators.
» Response time: ~100 us (~10 turns).

Machine protection —Super KEKB

» Deliver the stored beam into a beam dump and prevent spewing beam
everywhere in the ring.

» Response time: less than 20 us. (=2 turns)

Machine protection-LHC

» Collimators are used for passive protection. 99.99% of the lost protons
were intercepted. 100 collimators.

» Dump delay: 270 us (3 turns)

Abe, Tetsuo, et al. "Achievements of KEKB." Progress of Theoretical and Experimental Physics 2013.3 (2013).

Akai, Kazunori, Kazuro Furukawa, and Haruyo Koiso. "SuperKEKB collider." Nuclear Instruments and Methods in Physics Research Section A:
Accelerators, Spectrometers, Detectors and Associated Equipment 907 (2018): 188-199.

Mimashi, Toshihiro, et al. "SuperKEKB beam abort system." Proc. IPAC 14 (2014): 116.

Wenninger, Jorg. "Machine protection and operation for LHC." arXiv preprint arXiv:1608.03113 (2016). 19
e



Preliminary design on machine protection

Preliminary scheme

. i
Time T Failures and protection
2700 turns 10000 turns  — Operational
‘mistakes’
=0.89s A
oot
270turns 1000 turns # | ! ' | Beam abort
: | : ' | system, to beam
27 turns 100 turns  — A== N - Quench i dump
A ! Quenches ' power Protection |
: : 1 converter :
571 | | . interlocks |
./ turns e — —
10 turns I NC ma.gnet . N ’T‘ -_ :
ransverse o . | Passive protection
feedback I | ' .
L | * Collimators
Ttun =~ — o . . .
0.27turns  _gg o | Kicker — —— | * Reverse switching
magnets BLMs Absorbers .
solenoids

Picture from: Wenninger, Jorg. "Machine protection and operation for LHC." arXiv preprint arXiv:1608.03113 (2016). 20




Preliminary design on machine protection

Possible method for passive protection

» By collimators > By reverse switches

* Primary collimator: diamond, 1 mm in * Scale up the beam size three times larger,

thickness . the copper chamber will not melt.
e Secondary collimator: graphite, 200 . .
* Auxiliary solenoids on the vacuum

meters after : e :
chamber with a reverse switching with

* The collimators can endure the 242 : .
bunches without melting. dipoles may be used to dilute each bunch.

« Collimator distribution and impedances * Response time and technical flexibility
haven’t been studied. should be studied.
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Summary

Theoretical derivation, deformation optimization,
topology optimization have been adopted in the magnet
girder design, more detailed optimization works are on-

going.

We have made a workable MDI layout. Some key
devices such as remote vacuum connector are designed.

The collimators for background decreasing are designed.
The beam loss failure has been considered and
preliminary protection scheme with abort system,
collimators and reverse switching solenoids are
considered.
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Thanks for your attention!



