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Key Technologies at ILC:

Damping Ring

e+ Source

e- Source e- Main Linac

Parameters

o+ Main Linac Interaction point Beam Energy 125 GeV
Detectors
Beam Rep. rate 5 Hz
pre-accelerator MEmeHERE W ee el Pulse duration 0.73ms
at DR and BDS _
Beam size at IR 7.7 nm
ML-SRF, <E> gradient 31.5 (35) MV/m (+/-20%)
Qo =1E10 (1.6E10)
# SRF cavity (9-cell) ~8,000 x 1.1
i | # Cryo-M-a. w/o Q-mag ~ 630

h |
“EAERYARRREN | | # Cryo-M-b, w Q-mag ~315

main linac A . .
compressor collimation # RF, Klystron ~ 240

A. Yamamoto, 190819a




ILC-ML-SCM (SCQ)



SC Quadrupoles and Dipoles for ILC ML

Type-B module

cavities (8) ' SC quad package (1) w/ 8 SRF-cavities and 1 SC-Quad. Magnet

12.652 m Q: for focusing beam
D: for steering beam and bendingit along

the earth surface with p = 6,400 km

Vacuum
He gas
N etum
e
\ @ Ip
N\ X
Quadrupole coil 3\ SN NN N N NN e B DR
t leads
\
\ H °
- hpe - ° ! //l
< g g 7\" &/ Two-phase ’
1 ] T helium pipe
= “\ Radiation st o me
(=) ©) shields - X
> 0 T
Quadrupole \\ E(‘ ) AU
magnet Al-sheet for Rl B
JL conduction TN
cooling 2>
oI/ I o T
\ 1 ‘ / | -

Q and D Combined functioning required for beam focusing and steering
A. Yamamoto, '20-07-30 4



SC Quadruple (SCQ) Design in the ILC TDR
to be updated

Beam Position Monitor (BPM) + SC Quadrupole (SCQ) Function:

« Beam focusing and the Orbit Steering

Parameter Value Unit

Peak gradient

Peak integrated gradient

Field non-linearity at 5 mm radius
Dipole trim coils integrated strength

,"”5 Main Linac Type-4 Cryomodule Aperture

Central support . Pole-to-pole distance

Magnetic stability (20 % field change)
Peak operating quadrupole current
Magnet total length

300 mm pipe

SC wire diameter 0.5 mm
NbTi filament size (vendor value) 3.7 pm
Cu:SC volume ratio 1.5
Space available for Quad Superconductor Critical current ( 5T and 4.2K) 200 A
! . _incl. Coil maximum field at 100 A current 3.3 T
i Magnetic field stored energy 40 kJ
B - Quad: ~ 660 mm .
e — B T - correctors: 335 mm Quadrupole inductance 3.9 H
Combined or stand alone correctg;s (Quad cer;ter stability issues) ? QuadrupOIG coil number of turns/pole 900
Yoke outer diameter 280 mm

2010/312 N.Solyak “ML Magnet specs” 7

A. Yamamoto, '20-07-30 5



Update: 200717

IL-ML SCQ Design Variations
to be studied

Q-D Combined w/ Two types : in study

Parameters Type - L.E. Type - H.E.
(5~25 GeV) (25~250 GeV)

Q-D separated in TDR w/ some updates

Parameters Separated
(Baseline)

Physical Length in total 0.995 m Dimensions:

Iron-Pole Radius 0.045 m Physical Length m 0.25 1.00

Quad(max. at 250 GeV/c): Magnetic Length m 0.20 0.95
Physical Length 0.66 m Iron-Pole Radius m 0.045 0.045
Magnetic Length 0.621 m Quadrupole field:
eirglienie (€) &y W Field Gradient (G) T/m 19 40
_g_(é—l?te lral (required) 3287TT ‘ G-Integral (required) T 3.8 38

at pole T e Bg at pol T ~0.86 ~1.8

B-max in Coil ~36T R

Dipoles (max. at 250 GeV/c): Dlgole field: - 0.05 0.105
Physical Length 0.335 m BDI . | ired) T. 0'01 0 10
Magnetic Length 0.29 m B-ntegral (required) m : ;
B* 0.34T B-max
B-Integral (required)* 0.1 Tem at Pole T ~0.9 ~1.9
B-max in Colil in Coil T <15 <3

B-max at Pole 28T

B-max in Coil (tbd) * See: page 13

A. Yamamoto, '20-07-30



An Issue:
Dark-Current Electrons generated in SRF Cavities
accelerated and transported into the next SCQ

Poce. = ~<0.3> GeV/c
BSCQ=O~2T= ~<1>T
r=~1m

100k emitters random in phase and location:
* green - lost in cavity, red - exit to the right, blue - exit to the left

Reject particles with wei;h <1% and ener% < 0.5 Me)/ (parameters) — small contribution in radiation
IAYELEZL nmroty, T JYU

LCWS15, Nov1-6, 2015
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« /34 7#8~0.002)/cm3. Absorber&f~0.003J/cm3, Coil&k~0.001J/cm3

A. Yamamoto, '20-07-30 8



Superconductors to be Compared in Basic Study

Critical Temp. @ 0 T and
0A

Wire dia. (bare)
# filaments
Filament dia.
Twisted pitch
Cu: SC (ratio)
RRR (Cu)

Critical Current
Wire dia. (insulated)

Insulation material
Heat Treatment required
Relative cost
Availability

mm

um

mm

mm

9.2~9.5K
~8K@3T

0.5
1242
3.7
25
1.5~2 : 1
50 ~ 100

204 A
@5 T,4.2K

0.54 + (0.04~0.10) = ~
0.61

Enamel + (Glass-Fiber)
<200C
1
Contributed by Fermilab

39K 18.3 K
TBDK@3T (>~15K@3)

0.55
10
90

200

1:1.2

88 (RT/10 K), 40 (RT/-
40K)

116, 164, 232, 328 A
@5,4,3,2T, @4.2K

0.71

T-Glass

~ 600 C >~ 600 C
s ~9

2 v
Purch Kea.e% “luired Purchasing required




Possible International Cooperation

» Technical options and remaining issues:

A set of {SC quadruple (SCQ)} and {BPM+Beam-pipe (BP)}, assembled

« Advantage: the best mechanical alignment that is so important at ILC
« SCQ and BPM+BP, separated

* Necessary effort: accurate and reliable interface design between SCQ and BPM
 Sustainability to beam/SR irradiation and mitigation

« Remaining issue for to find the best solution for magnet protection: collimators/absorbers/etc.

« Sharing the production:
« Each region to be responsible, including overall CM performance test,
« One (or two) institution(s) to be responsible for the full production and test,
* Any others,

« Some personal comment:
* The production strategy to be established in the ILC preparation phase,

* It may be a good plan, in this stage, to _deve_lo? an industrial prototype to finalize the
procll_uctlort\ magnet design, to be optimized in terms of current, quad/dipole combination,
cooling, etc.



DAMPING RING



ILC Accelerator Technology
Interaction point _’

p— o e- Main Linac
: - Beam dump
Physics Detectors

e+ Main Liinac

Bunch, consisting of ~1010

 Creating patrticles - Sources
 polarized elections/positrons
» High quality beams Damping ring (DR)
» Low emittance beams
» Acceleration Main linac
 superconducting radio frequency (SRF)
» Getting them collided BDS, Final focus
* nano-meter beams Nano-beam Technology
- Goto Beam dump

Meeting, 2020/6/22 12



ILC Configurations and Parameters:

~20.5 km
eJe+ DR Dimensions:
. [ = Overall 20.5 k
= g S 3 g \ E : , 5 Km
o o+ Linac S fwl eliec m Damping Ring o
Zmag _eanbe Sy B ML + RTML (in part) '
Ov;\‘ - 7 3 ® o //r’i = p ~
3 H\W%}fﬁ g Undulators 2 (1515 I:rr?) e
8 : ~.
3 s EDE 2 x 2.25 km
~ 2,25 km ~ 2,25 km |- 1.1 km
~7.4 km ~5.6 km ~7.5Kkm Beam Energy 125 GeV
Not To Scale
: Beam Rep. rate 5 Hz
Nano-Beam Technology:
at DR and BDS Pulse duration 0.73 ms
_______________ Beam sizes at IR 7.7 nm (V)
—————————— 729 nm (H)
ML-SRF, <E> gradient 31.5 (35) MV/m (+/-20%)
at ML [ Qo > 1E10 (1.6E10)

main linac

compressor collimation



Status of DR Design and Technology

 ILC DR beam optics/lattice design has been matured with the ILC-TDR-500, and
no reasons to change for ILC-250; i.e., from e+/e- Source to Main Linac.

* One update after TDR has been done for the DR main dipoles (weaker and
longer), to reduce the horizontal emittance for the possible luminosity-upgrade

option.

« Low emittance beam technology for the ILC-DR has been sufficiently advanced
with worldwide efforts, particularly for electron storage rings for light sources in
photon science projects.

« Nano-beam technology required for the ILC-DR/BDS has been well
demonstrated with the ATF/ATF-Il collaboration and the facility hosted at KEK.



ILC Damping Ring (TDR)

Table 6.1
Nominal parameters of injected and
extracted beams for the baseline con-

figuration.
Electron  Positron
Parameter
Beam Beam
Train repetition rate [Hz] 5.0
Main Linac Bunch separation [ns] 554
Nom. # bunches per train 1312
Nom. bunch population 2 x 1010
Required acceptance!
Norm. betatron amplitude (ax + ay)max [m rad] 0.07
Long. emittance (AE/E X Al)max [% X mm] 0.75x33
Extraction Parameters:
Norm. horizontal emittance yex [pm rad] 55
Norm. vertical emittance yex [nm rad] 20
RMS relative energy spread op/p [%] 0.11
RMS Bunch length o, [mm] 6
Max. allowed transfer jitter [ox y] 0.1

T specified for the positron damping ring

Meeting, 2020/6/22

Damping Ring

Figure 6.1
Damping-ring layout:
the circumference is
3238.7 m; the length
of each straight is
710.2m.

\ wiggler \ RF \ Phase trombone

712m

|

—

\chicane \injection\extraction

—_—

579 m

15



Table 6.2

Damping ring lattice parameters
for 5Hz Low Power (baseline)
and High Luminosity (upgrade)
operating modes and 10 Hz
repetition rate (baseline) opera-
tion [98].

ILC DR Parameters and the

potential Upgrade

5Hz Mode 10 Hz Mode
Parameter :
PLOW ngh' Positrons Electrons
ower Lumi
Circumference [km] 3.238 3.238
Number of bunches 1312 2625 1312 +
Particles per bunch [x10]] 2 2 2 e (FUture
Maximum beam current [mA] 389 779 389
Transverse damping time 7x, 7y [ms] 23.95 12.86 17.5 u pg rade)
Longitudinal damping time 7, [ms] 12.0 6.4 8.7
Bunch length o, [mm] 6.02 6.02 6.01 B .
Energy spread o /E [%] 0.11 0.137 0.12 e (Basellne)
Momentum compaction factor ap [x1074] 3.3 33
Normalized horizontal emittance yex[pm] 5.7 6.4 5.6 + i
Horizontal chromaticity &x —51.3 —50.9 —51.3 e (Basellne)
Vertical chromaticity &y —43.3 —44.1 —43.3 s
Wiggler Field [T] 1.51 2.16 1.81 . Figure 6.2
Number of Wigglers 54 54 Damping-ring arc
Energy loss/turn [MeV] 45 8.4 6.19 magnet layout with
— positron ring at the
RF Specifications: bottom and electron
Frequency [MHz] 650 650 nng ‘f"‘d’ above A
Number of cavities 100 12 12 SECond POton g
Total voltage [MV] 14.0 22.0 17.9 ‘:;':"1’” placed ?{b"“
Voltage per cavity [MV] 1.40 1.17 1.83 1.49 r:dd('o)n n:i s
RF synchronous phase [°] 18.5 21.9 20.3 quirsd: Iao?: :n;l(b)
Power per RF coupler [KW]* 176 294 272 200 -

dipole section layout.

! The baseline RF deployment for positrons is 12 cavities to support 5 and 10 Hz modes.

¥ power/cmlgler cog’plétﬁ%GS/g‘f?? Current) X (E loss/turn)/(No. cavities). 16

etim



Contributions expected
for the ILC-DR design and technology

Beam optics/dynamics:

Magnets:

— Note: permanent magnet applications much interested (see Appendix)
Wigglers, Fast-Kickers, and RF:

PS, Control, and Diagnostics:
— Note: precision alignment/control and stability critically important

Vacuum: and
Others



ILC-DR Arc Cells, Magnets, BPMs (in TDR)

712m i

|
| 40 . . . . .
s s - — By B steering
\ wiggler RF \\ Phase trombone 35 | _ [:))y ] Skewquad |
— T mm dipole
s79m quadrupole sextupole
30
25
— ] — . N
\chicane \njection\extraction . 20
: £
Each cell contains : a5
1 - 3m (to be longer) dipole, 6 = /75
3 — quadrupoles 10
4 - sextupoles
3 - corrector magnets 5
1-horizontal steering 0
1-vertical steering

1- skew quad
2 beam position monitors

75-cells/arc
Meeting, 2020/6/22 18
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ILC-DR Arc Cell Optics Updated

E.. L\NEAP CGLUDEH CULLABORAT\DN :IP
signil great par ',b
EHAN RSl o A Orlglnal (TDR) New (Iong bend)
NO.ILC-CR-0016  |PM¥™5  Miimodified: 25/972017

LUMINOSITY IMPROVEMENT AT 250GEV CM

The luminosity at the center-of-mass energy250GeV canbe 1mprovedby —————— — 7

factor ~1.65 by adopting the horizon 5:_ - T T T T .

than in the TDR. This is achieved by modifying the damping ring design 4

slightly. E Bw
== F

See:
Appendix 2 and 3

JUYMINS
1 OodvNdg
s
2’100
JUVYMINS
L' OHVYINdE
viog
¢ 0YVvINdg
s
2100
(443
Z2'HZ0D

Meeting, 2020/6/22 19



ILC-DR Damping Wigglers

» Wiggler straight Bx —
« 2 wigglers/cell 25 _ni ,,,,,,,,,,, |

quadrupole I
wiggler

» 30 cells

« 2.1 m wiggler

* 1.5T<Bjea< 2.2T

* 54 @ 2.16T => 1,=13ms (10Hz) =
* 54 @ 1.51T => 1, =25ms (bHz) =

* 3 empty cells will accommodate
6 additional wigglers if required

* H&V dipole corrector and BPM
adjacent to each quad

Proceedings of [PAC2012, New Orleans, Louisiana, USA TUPPRO065
WIGGLER MAGNET DESIGN DEVELOPMENT FOR THE ILC
DAMPING RINGS

J.A. Crittenden, M.A. Palmer, D.L. Rubin
CLASSE," Cornell University, Ithaca, NY 14850, USA

Meeting, 2020/6/22 20
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e+ (future)

—
CESR-type cryo-module KEK-B cryomodule

CESR, KEK-B
for References

Meeting, 2020/6/22

ILC-DR RF System

Nominal 10Hz mode Luminosity

, ~ , Parameter Unit 5 Hz et ring .
| | _ Frequency MHz 650
:Mw.. :n; :p...,.um,n. Total RF voltage MV 14 14
Overvoltage factor 2.94 2.49 2.94
e-. Layer—2 s79m Active cavity length m 0.23
R/Q Q 89
Qo at operating gradient 10° 1 0.6 1
- \m.\Rr AN T Number of cavities/ring 10 12 12
— Cavity RF voltage MV 1.4 1.83 1.17
Cavity average gradient MV /m 6.1 8.0 5.1
Beam power per cavity KW 185.5 287 309
Input coupler Qext 68 x 10°
Cavity tuning stationary fixed stationary
e F mary | RF reflected power % 8.0 11.4 2.6
- | | HOM Power % 5
mm,,m: - : m,,,: Total RF power MW 2.00 3.83 3.80
Number of klystrons/ring 5 6 6
nd Klystron peak power
e+: Layer-1 (10% overhead) KW 44 703 698
Operating temperature K 45
4~ — RF cryogenic losses per cavity W 15 50 15
nitombts noiba‘nl7anmim/ Number of SC modules per ring 10 12 12
Static cryo losses at 4.5 K w 30
Total cryo losses per ring w 450 960 540

21



plm]

X
quadrupole

Meeting, 2020/6/22

R steering

e skewquad

mm= dipole
sextupole

nlcm]

Dipole,

ILC-DR

Quad., & Sext. Magnet
Concepts

22



ILC-DR Magnets

Parameters for the Major Magnets

ILC-TDR, Vol. 3, Part II, 6.7.2 (P115)

Conventional Magnets

The damping ring has conventional electromagnets for the dipole, quadrupole, sextupole, and corrector

magnets. This technology choice offers flexibility for tuning and optimizing the rings as well as for

adjusting the operating beam energy by a few percent around the nominal value of 5GeV. Magnet

counts are shown in Table 6.8. Table 6.9 gives the key magnet parameters and maximum higher-order

harmonic content specifications.

Table 6.8

Magnet types and counts for a single
ILC Damping Ring using the baseline
lattice. These counts do not include
magnets, kickers, and septa associated
with the damping ring abort beam
dump located in the RTML (see Chap-
ter 7). Wiggler magnets are supercon-
ducting, all others are normal conduct-
ing. In the engineering style designa-
tion, which is of the form MxxLyyy, M
indicates the magnet type, xx indicates
the bore diameter in millimetres, and
yyy indicates the physical length in
millimetres [127].

S -
) c =2
Accelerator: Baseline T O
= >
Hed.2
D =
+ ]
® @

Power
Magnet Type Eng. Style Quy Method
Dipoles: Corrector D60L250 304  Individual
Chicane D60L940 28 String
Disp. Supp. D60L1940 10 String
Arc D60L2940 150 String
Quadrupoles: Arc Q60L480 482 Individual
Straight Q60L700 121 Individual
Wig/Inj/Ext Q85L309 50  Individual
Wiggler Q85L600 30 Individual
Skew Quads Corrector Q60L250 158 Individual
Sextupoles — SX60L250 600 Individual
Wigglers — WGT76L2100 54 Individual
Kickers Inj/Ext Striplines 42 Individual
Thin Pulsed Septa Inj/Ext — 2 Individual
Thick Pulsed Septa Inj/Ext — 2 Individual
e-fe+ DR
~3.2 km _
S S
15 o ILC Technical Design Report: Volume 3, Part Il
L D
=)
@
1 +
@ @

Meeting, 2020/6/22

7

115

D60L250
(Corrector)

D60L2940
(Arc)

Q60L480
(Arc)

Q60L700
(Straight)

QS60L250
(Skew C.)

60L1507
(Corrector)

60x100

71x286

60

60

60

60

250

2940

480

730

250

150

0.251

11.8

4.11

2.2

9.6

173.3

58.5

17.9

14.8

26.5

2 x 304

2x 150

2 x 480

2x 121

2x 160

2 x 600

ILC magnet specs. xlIs, (N. Terunuma)
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3m-Dipole

ILC-DR Magnet Parameters

Straight Q,

Environmental Parameters|

Viscosiy @ 60°F This EXCEL sheet for the *3m" and "2m" bends 28.Mrz 12
180psig turs inheicols.
‘CHOOSE THIS ONICHOOSE THIS ONE
ILC DR BENDS ORwithlowl  DRwithmed|  DRwithlower| DR with med | or
forsmalerR2011 | Sacomdctor | SqCondtor | SoConucir | SaConductor | arthrrample
ool 01675 034 034 0255 03
o0 Overstatin| 0200 0310 0370 0210 0370
o Pasage]___025 0185 0183 0125 018
e
H
ol cor " c c c c
engen
SeaTog| e F = T T E=3
Conductor Cross Section| ~ in”
Conductor Weight perCoil 6156 672 027 18053 25474
Conductor Lengh er Coi| 7822 s o649 04665 s
Quantty
Tota Dipoes| 1) 4 8 8 8 8
Total ComectorsTrms| 2] 4 8 8 8 8
Steppard 0 0 0 0 0
Schute 0 0 0 0 0
Bobty 6 8 8 8 8
Scald Estmate 1 L ) ) o 1
Rolup Estinate 1 Em] Eml O mm] O Em =
Unis
ZDR (Walz) Name:
P o 6 6 6 6
Good Field Region o
Sagita Max o
Saggla Min o
Beam Energy Gev
Signa 1
Bend Ange Hax s
Pole Widh o 1000 200 000 000 2000
Inegrated St Max | kG 5 520 2 18 2
Inegrated StnghhMn | KGR 6800 6840 252 6860
Boap (Max) Py 2508 2506 2200 2200 2508
(Min) kG 2280 2,280 2,280 1460 2,280
Efective Length o 300 30 30 20 0
o-Tums AT sa87.4 sa87.4 52136 526 50674
ColeTums Tums S E %
Layers o 4 s s 5
tums perlaer 5
Conciuctr Each o aasssasorzs osstm
Conductor Cross Section in® 005138
Ideal Current (Max) A 299,37 8240
Core Effcency % soon soo
Real Curent A st 857
WL in 2461 265 1605 175 %2
Conuclor Lengh Col t 73 a5 %625 5467 715
Resistanceper fconducor | Ohms 000ME  00OGTS  0O000SST9  DUOTTOS 000009919
Resistance per lagnet | Ohms 060282 0084E2 019084 032358 015305
Current Density Ain? 732,06 338156 930,76 160373 167865
@B 10004 100E04 100804 100804 100808
v 10230 245 1556 Py ®s2
Voage Drop Cabt Mar] |V o7 20 T 05 20
TotlVotage v 10258 256 13 78t %8
Power Magnet (ax) w 13622 52185 135 2508 4503
Power Cabes (Mar) W 1105 7525 570 570 223
Totl Power v 15 90 T4 23 48
Poer Magret (i) w
Amps (M) A
Votage Drop g () |V
Number ofCicus per Mag | EA » 4 4 8 4
6o @ 80dpsg percrcst 04034 04051 02613 o107 029
dTemp "C 8,06 19,34 485 763 14,82
LW por quad, gom BIBN0IB! GBS L0112 1477EsTss
2062012 1513

Longer Q,

Sextupole

INJ DDIISC.xis

Arc Quad for latest ILC Damping Ring "DTC"  6th Feb 2102

(0T a drop ear ol

i
T SIZED GONBUCTORS

N
[TRYING DIFFERE
Sqconsuctor | Secondocor_Jsq conduclor __sold wire AWG 6
o] 0875 0,168
0 Ovrsuttion] 0200
D Watr Passage] 0,125
Gunel | muneismes |2tmeol 178t ool
core of #m
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osoire] ool sl

i G|
iy T

SyaTo| @ 7 9 7] %

q 7 T 0

o el ergh ol =] ] - =

[Rolup Estimate

War]

[
[Resisance por conduclor | Ohms.

[Resistance per Magnet | Ohms.

otz oo0rroe Twnsier

Curent Dersy i | ]
T

[tage DropCavi )|V

iErrr— v

Fover Vagnel o] W

Poer Cabls ) W

o Pover_ (i) o

[Number of Cirouls por Vag | EA 5 5 1 [
Gt 0165 0165 01178
[aTemp"C 783 42 1073
[CCW per aued, 6P 065 066 047 000
26062012

1814

Straight Quad for latest ILC Damping Ring "DTC3"

INJ DDIISC.xIs

1611 Feb 2012

NOT & crop ear ol APPED QUAD IN WIGGLER SECTION Diam
[TRYING DIFFERENT SIZED GONDUCTORS USE THIS DESIGN
Saconivcor | Saconductor_Jsq conductor__sold wiro AWG #
Goam| 0675 022 0258 0,158
56 Ovarmunton] 0200 023 5210 0,160
0w passage] 0,125 G2 0| 0
[T e Jr2meni 178 tum ol
core of 27.20cm
NomrarGos]—on| = 7]
] TwaIT | 2marie | 2maisz
G [ oot
SicolLongn] _om I 73] s
‘Conductor Cross Section| _in” 0,020057| 0,03617| 0,05138| 0,025365)
Conductor Weigt er Coll b w PE PE
Conducor Lengt per Col| 10 S0 e a1
Core Sze | _om zmann]  wimenn] wawanil waman
Core Weigh| kg ] w021 [T s
Guarty
Sije o448 9 1] 502 [
q 0 9 q
= <G| 502 [
[Scaed Estmale
Tis
R 7 7 -
3 [} 00| 03] 03|
e T 30554 o5
[GaL () T 751 9 9
Efecive Lengh an 30700 300 EE
[Gradienl_(ax] T 579 5 00] T3.040]
Bpoletip (Max) G 309| 4.500] 3,015
[Amp-Turms deal] AT 75,1 i o721
(Col-Tums Toms 2 7] 178
Tayer] B | 9 72
Each T1E75000] T22000| 0255006] _sold copper AWG 76
Ideal Current {(Max) A 64,7| 64, 4.6 26,3
[Core Effcency % E] .10%) 0] 20
Real urrent Max | A 66.9] 65.5] 7.4 27|
R n T o7 EES
Resistance po  conduclor | Ohs o00is0]| 00024277 00001701 Toa0eT
Rosistance por Magnet fims 050238 045090 0220
Rk 3033.06} 7751 45200 03453
[Voliage Drop Mg (Max] v 3l T7.29] 35T
Vokage Drop Cabl (Max) |V 3] a1
TotalVotage v P I
Fower Magnet (ax] W 7024 %] ) &773]
Power Catls (Max] W 2614 7754 381, 4]
[TotalPower (v i 39 22 1] 09
umber o Crouts pertiag | _ER ) 7 G
[Gom @ 80 dplg pe creult [N Tz (RIS
[dTemp °C 783 647 1073
LW per quat GP % 57 a7 o0

Environmental Parameters

Viscosity @ 60°F
Deta Preaaure is 80 psig

New ILC DR sextupoles

SBSYDAB

Sq Conductor

Sq Conductor

S60L150

Sq Conductor

S60L150

oD Bare 0255 0187 01029
0D Over Insulation| 0270 0210 0,108
1D Water Passage 0.125 0.125 0
watercooled sold wire
Shephard
Nominal Core
Engiish
Steel Length om 9575 15 15
Conductor Cross Section in2 00098
Conductor Weight per Coil b 15 235 a5t
Conductor Length per Coil ft 2500 62 2142
Quanity
[
Scaled Estimate
Rollp Estimate
Units
r M 003 0,03
Bpole (Max) kG 0617 0617
Bpole (Min) G 0617 0617
Effective Length om 174 174
Amp-Turns / Pole AT 4910 4910
Coil -Tums / Pole Tums 1 100
Pole Width in
Conductor Each 025500.125 0.187x0.125 01079'sq
Ideal Current Max) | A . . X
Core Efficiency % 93,0% 88.4% 88.4%
Real Current A 3532 327 .
MTL in 900 202 14,57
Resistence per Ft Ohms. 1,7091E-04 4,0824E-04 8,9604E-04
Resistence per Magnet Ohms 23072601 7,0094E-02 6,5276E-01
Current Density Alin2 68734 15189 5668
Voltage Drop Mag (Max) v 8148 229 363
Voltage Drop Cabl (Max) v 276 0,24 0,04
Total Voltage v 8424 253 367
Pover Magnet (Max) w 287753 748 201
Power Cables (Max) w 9057 70 02
Total Power KW 2968 008 002
Power Magnet (Min) w
Amps  (Min) A
Voltage Drop Mag_(Min) v
Have to spit each
il into 3 w. circuits
Number of Circuits per Mag | EA 3
Gpm @ 80dpsig per circuit 02619 03031
dTemp 0C 2320 031
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ILC-DR Magnets:
Field Tolerance and Stability required for

ILC-TDR, Vol. 3, Part Il, 6.

Table 6.9

Target field tolerances used for error simulations at a reference
radiug of 30mm for damping-ring magnets. For the wigglers,
the field quality 12 specified by the cbserved roll-off for a hor-
izontal displacement from the beam axis by the indicated dis-
tance. The maamum KlL-value specifies the nominal strength
of the strongest magnet of each magnet type

Max Field

Type it Max KL Error

Dipoles mrad 41 2 x 104
GQuadrupoles m™1 0.35 2% 10—4
Sextupoles =2 1.23 2x 10—
H correctors  mrad 2 Ex 10—
' correctors mrad 2 Ex 10-3
Skew quads  m~? 0.03 3x 1073
Wigglers - 3% 103

Meeting, 2020/6/22
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Figure 6.1
Damping-ring layout:
the circumference is
3238.7 m; the length
of each straight is
710.2m.

ILC-DR Vacuum

i 712m |

\_Wiggler \  RF \ Phase trombone
579 m

\chicane \injection\extraction

Figure 6.9

(a) Dipole Chamber
with grooved top and
bottom surfaces, radi-
ally inside antechamber
with NEG strips, and
radially outside an-
techamber with sloped
wall. (b) BPM and
sliding joint assem-
bly. [116].

(a) (b)

Meeting, 2020/6/22

Chapter 6. Damping Rings

Figure 6.10

(a) Wiggler vacuum
chamber with clearing
electrode and 20 mm
tall antechambers with
recessed NEG strips.
(b) Wiggler section
photon stop showing
sloping and grooved
photon-absorbing
walls [116].

Figure 6.11
Side-by-side compari-
son of ILC DR vacuum
chamber profiles. Di-
mensions are in millime-
ters [116].

NEG STRIP

CLEARING ELECTRODE _
POWER FEEDTHRU

(a) WIGGLER CHAMBER

(b) ARC CHAMBER

SLOPING TOP AND
BOTTOM GROOVED SURFACES

(b)

%M N
N\

(c) DIPOLE CHAMBER  (d) DRIFT CHAMBER
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Summary

« ML-SCM (S_CQ% may be a very appropriate contribution in harmonization
of Spanish institute and indusiry cooperation.

- Damping Ring (DR) may be a very effective contribution with a common
E)echnlca E[)rolspect of the ultra-low emittance beam and ultra-precision
eam control.

« |LC-250 accelerator sub-systems focusing on Damping Ring, including,
beam dynamics, various components for the DR. have been described.
Thcejsbe aref_ tvery efficient technical areas to share the common objectives
and benefits.

* Further potentials will be further investigated and discussed.
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Heat Absorption in the SCQ

Assumption of Power/Energy Deposition into SCQ

« Dark current / cavity: <50 nA

 Power depositionin SCQ:1.35 W @ 125 GeV ---> P<5W @ 500
‘ GeV
Peak Power loss: « E=1Joule /1 ms (with an interval time of 200 ms, or 5Hz)
dR ~ 10 mm, Lz =30 M. Cold mass (Beam-Pipe + Yoke + Coil) for energy deposition : ~ 8 kg

@ Temperature rise (AT) due to Energy Deposition, if no-cooling

« AT =(E/M)/c¢, (assuming Cu@ 5 K)

Power loss distribution (assumption): N
Cyl-V. at 1 = 0.045m, t = 0.01m. L = 0.3m, = (1J / 8kg) / ~0.1 J/kg/K = 1.3 K/ pulse (1 ms),
V =21 x0.045 x0.01 x 0.3 =0.9 x 103 m3 < (5J / 8kg) / ~0.1 J/kg/K < 6.5 K / sec,
M (Mass assuming Cu) = V xd (Cu) = 8 kg
Cgrl‘dUCticg“'cg%E"Qta%”gogea[“'F(’)i%e’f: Magnet sustainability in ~ 1 sec ( for detection and beam-off):
kglufis,goo \;V7m-.K e 1= DE0Am, = Eem, « MgB, Coil (Tc ~ 15 K, at 3 T) stay in superconductivity,
S/L =2nx0.04 x0.002/0.5=0.0016 [m] « NDbTi Coil (Tc ~ 8 K, at 3 T) require suff. beam absorber & cooling

dQ/dT =k x S/L=10% x 0.0016 =~ 1.6 W/K
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