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1. IR overview
(Status of IR design)

* Beam optics

— Touschek Lifetime: LER=410 sec, HER=511 sec

* LER/HER lifetimes are expected to be 577 sec/724 sec by improving the cancellation of
leak field by QC1E/P.

— Beam sizes of both beam lines are re-defined for designing the hardware.
* Beam pipe and some SC coils have been re-designed.
* Beam background noise is being studied with the new pipe design.

* IR magnet design

— All magnets and correctors are designed to be superconducting.

— lteration of design work of SC magnets is in progress by the requirement of the
beam optics.

* Cryostat and support design

— The QCS cryostats and supports in the 1%t version have been designed.
— The vibration analysis was performed for these designed cryostats and supports.



IR SC magnets, cryostat and Belle
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8 SC main gadrupoles (QC1RP, QC1RE, QC2RP, QC2RE, QC1LP, QC1LE, QC2LP, QC2LE)
2 SC compensation solenoids
52 SC correction coils
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IR maghnets

1RE . Qc,zRE — of

_ - QCIRP : :
QC2LE RO QC2RP IRON
Integral field gradient Position Magnet type Corrector Leak field cancel
(T/m)*m from IP coil
mm

QC2RE 12.91 2925 S.C. + Iron Yoke a, b, a, b,

QC2RP  10.92 [31.21T/mx0.350m] 1956 S.C. a, b, a, b, b, b, b, b,
QC1RE 26.22 [79.03x0.360] 1410 S.C. a, b, a,b, by b, bs, b,
QC1RP 22.43 [66.52x0.3372] 932 S.C. a, b, a,b, b, b, bs, b,
QC1LP 22.91 [67.94x0.3372] -932 S.C. a, b, a, b, by b, bs, b,
QC1LE 26.03 [82.75x0.360] -1410 S.C. a, b, a, b, b, b, b, b,
QcC2Lp 10.96 -1930 S.C. + Iron Yoke a, b, a,b,

QC2LE 14.13 -2700 S.C. + Iron Yoke a, b, a,b,




LER Op‘tlcs 13Jan 2011 K. Oide

Changes since the previous version:
¢ |P Solenoid/Quads Model V9 (A. Morita, M. Tawadg, ...)
® Larger aperture (a = 35 mm) at QC2, etc.

® Touschek lifetime to = 410 sec.

® Dependence of Tousheck on multipoles & aperture:

QC*EP* (teak from HER) QC2{RL}P Aperture @ QCI| Touschek Lifetime
Exit (mm) =9

% + * ¥ x 10 416
0 | = | £ | 0 | e | 10 | i

- | 0 | % | * | 0 | 10 | 1

0 0 R e 10 | 518
0 0 o] 0 | 0 | 10 | 520
0 0 | 0 | * | - | 10 | 540
0 0 e 13 | 571

| | | No Aperture limit | 737.8

¢ /ldata/SuperKEKB/Lattice/lerfqlc_1407.{sad,disp,dispg}
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Requirement on beam pipe from beam size
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2. IR SC magnets
Design of QC1P

R 30.785 —R 30,435

R35.5 R 27.88

QC1P

N4

SC correctors SC cancel correctors

a, b, a,b, 79.084 by b, by b,
QC1pP r;\agnet desig? (QCldeP, Q'gldL‘P)l desion ¢ SC cancel coils against the leak field from QC1P
. ame cross section and longitudinal design for . .
QC1RP and QC1LP b., b b4., b, from the |r.15|<ie
« 2 layer coils [double pancake] Cryosta‘F inner bore radius=18.0 mm
* Designed SC cable * Beam pipe(warm tube)
— Cablesize : 2.5 mm in height, and 0.93 mm in width — inner radius=10.5 mm, outer radius=14.5 mm

— SCstrand cable : ¢ 0.5 mm, 10 wires in the cable
* SCcorrectors inside of the magnet bore
a, b, a, b, from the inside, single layer coil
* Cryostat inner bore radius=18.0 mm
* Beam pipe (warm tube)
— inner radius=10.5 mm, outer radius=14.5 mm
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QC1RP, QC1LP Magnet Parameters

Coil inner radius, mm
Coil outer radius, mm

Turns in one pole

25.00
30.485
12 (1%t layer), 13 (2" layer)

Spec. of integral field, T 22.43 22.91
Field gradient, T/m 66.52 67.94
Effective magnetic length, m 0.3372

Magnet current, A 1575.58 1609.30
Current density of the cable (SC area), A/mm? 1685.0 1721.0
Current density of the cable (overall), A/mm? 802.4 819.6
Magnetic field by Belle and comp. sol., T 3.0 3.2
Max. field in the coil without solenoid field, T 2.28 2.28
Max. field in the coil with solenoid field, T 3.79 3.93
Operating point with respect to B, at 4.7 K 76% 79%
Magnet physical length, mm 416

Error field at r=1 cm (2D calculation) bg= 2.55 x 107

Error field at r=1 cm (3D calculation)

by= -2.04 x 10
b,,= 6.07 x 107
be= 1.96 x 10

b= 3.93 x 10

Magnetic field, T

Bf 1l 7 — (R0 RPAHIE I -1/l ) 101103 kdat

(hurnout rate=10%)| 1

Field, T@4 41
—+— Figld, T@4.7K

200

1000

1500 2000 2500 3000 3500

Current Density, A mm2



QC1RP, QC1LP SC corrector coils

| b | & | b | a

Coil inner radius, mm 23.4 21.3 22.0 22.7
Coil outer radius, mm 24.1 22.0 22.7 23.4
Turns on one pole 8 16 31 31
Design current, A 50 50 50 50
Magnetic field at R=1cm 3398 T/m3 2.284 T/m 0.045T 0.043T
Bias magnetic field by QC1R/LP and Solenoids, T 3.59 3.53 3.55 3.57
Operating point with respect to J. at 4.7 K <65 % <65 % <65 % <65 %
Capacity for magnetic alignment for QC1RP at R=1 cm NA +17.17 mrad +0.676 mm +0.646 mm
Capacity for magnetic alignment for QC1LP at R=1 cm NA +16.81 mrad +0.662 mm +0.633 mm
| B8 — SCHIE 3101011 04kt
SC B‘m;.gole coil (R&D coil) for QC1RP el
| \
e n-ocwosk T
A
I
C Corrector Coil Operation Points

Direct winding method

2011/02/08 SuperKEKB-MAC (2011)
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Design of QC1E

SC cancel correctors R 41 R 43 92 : QC].E
: |

b, b, by b, R22 R 25

= R 52.145 iy

SC correctors
a,b,a,b,

R 17
116.5 /R 33
SC cancel coils against the leak field from QC1E QC1E magnet design (QC1RE, QC1LE)
* by b, b,, by from the inside Same cross section and longitudinal design for QC1RE
* Cryostat inner bore radius=30.5 mm and QC1LE
« Beam pipe(warm tube) * 4 layer coils [double pancake]

* Cryostat inner bore radius=25.0 mm
* Beam pipe (warm tube)
— innerradius=17.0 mm, outer radius=21.0 mm
Gg -7903T/mat/p-1242 1A, 1,/1=72.7 %
G 82.75T/mat /,,=1300.6 A, 1,,/1.=75.8 %

— inner radius=22.0 mm, outer radius=26.0 mm
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Cancel coils for the leak field of QC1P/E and QC2RP

 The leak field profiles along the opposite lines are calculated.

 The leak magnetic fields of the main quadrupoles on the opposite beams are designed to be
canceled with the SC correctors of b;, b,, b, and b,.

* B, and B, components in the leak field are not canceled, and they are included in the optics
calculation.

— B, component is used for focusing and defocusing e-/e+ beams.

_].
|“$4
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24,86
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QC1RP leak field profile along the e- beam line
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QC1RE leak field profile along the e+ beam line
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Design of SC cancel coils

QC1RE leak field cancel sextupole coil

[ [ Hruq(( E— NN ) B Hl) \ N . J i \ COII parameters
LA AN EEr 7 JJ ] ] 77 T] ] .
r 110,103 e 305103 . N Turn/p0|e — 44
D025 SIurn(I:lCN !E1 1 [?1 ZC:LI:CIS .
g [~ = |] * Inner radius = 38.4 mm
0.0z - - .
_ : 1| °* Outerradius = 39.8 mm
= T 1| ¢ Coil current=53.0 A
= T 1] ¢ SCwire= ¢ 0.4mm
e O F § -  J.>85A@5T, 4.2K
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Leak field by SC cancel coils

In the 15" KEKB Accelerator Committee, the followings
were pointed:
. The cancel coils produce the leak fields in the quadrupole
bore.
. These leak fields should be studied carefully.

In the first design of the coil package, the b,, b; and b,
coils were designed for cancelling.

Dipole coill Sextupole coll Octupole coll
0.004 —— — N@:‘:’:ED'}F'W‘MWG 22'39'1‘6 QIDWDN‘M‘WG 0.004 —— —— ‘SumjaciﬂpLFES"LF’w‘m”‘E 10:30 ?7 Q‘EHEIH“U‘\E 0.004 . . ?umfPCWEPLFEDr‘LFw‘DWIB 17:535 fg zlmnﬂ‘ms
0.002 J/{ 0.002 ] 0.002
0 [ - M 0 W;:m:_v : 0 —‘Tﬁm
-0.002 9\\ / -0.002 \ I,'\7 : L. -0.002 /\7
-0.004 \ 0004 [ 0.0004 M- 0CSRPLFCS-LF-101 1 = 0.0004 - ‘il ~> surm-QCTRPL
= -0. \ . ! . - e ] -0.004 [ \VZe T T s
-0.006 \) b1 N -0.006 || 00002 | o . -0.006 [ hn'mz F Fam: = - +§§ _
s=—p2 N [ ’ & o S i = i 5 —
-0.008 ” ——b3 | -0.008 [| o | e Y I T e +ﬁ§ J 0008 | @ 0 '-_-f_a:.-r”_‘:f_" = +i§ ]
\ g; I -0.0002 —— g; .0.0002 = —
-0.01 k\@/ ——56 | -0.01 - — | ——b6 [ 00 -0.0004 |- b
-0.012 . R - : | 0.012 R S S ] -0.012 : - TR ]
0.4 0.6 0.8 1 1.2 14 0.4 0.6 0.8 1 1.2 14 04 06 0.8 1.2 14
Zposition,m Lo I Zposition,m
b,, b,, bs and by coils are selected for cancelling the quadrupole leak field.
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QCI1RE leak field profile and cancellation along LER beam line

Iwasaki

x103

Calculation by M.
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Parameters of cancel coils for QC1RE leak field
(2D cross section)

I I T N T

Coil inner radius, mm 34.2 35.6 37.0 38.4
Coil outer radius, mm 35.6 37.0 38.4 39.8
Turns /pole 21 10 28 8
Design current, A 12.17 12.17 30.42 52.35
Magnetic field @R=1.5 cm, Gauss 8.24 1.66 37.8 157.0
Bias magnetic field by Solenoids, T 0.5 0.5 0.5 0.5
Operating point with respect to J. at 4.7 K <50 % <50 % <50 % <50%

Cancelling QC1P and QC2RP leak fields for HER beam
« Coil design works are now in progress.
« For QC1P:

—  Sextupole coil design was completed.

— Integral octupole field is canceled, but local field is not canceled. — The coil should be re-
designed for cancelling the local field.

— Decapole and dodecapole coils are not designed at present. — These coils will be designed.

e For QC2RP:

— Integral sextupole and octupole fields are canceled, but local field is not canceled. — These
coils should be re-designed for cancelling the local field.
— Decapole and dodecapole coils are not designed at present. — These coils will be designed.



QC2
+ QC2RP

— Design concept of magnet as same as QC1RP. SC quadrupole without iron yoke.
— Magnetic designs of the quadrupole and the correctors were completed.

— Cancelling coils of QC2RP leak field: b,, b,, b and b,.

— In the optics calculation, the field profile and the leak field are included.

* QC2RE, QC2LP, QC2LE

— SC quadrupole with iron yoke.
— Leak fields on the opposite beam line are negligible.
* No cancelling coils.
— Correctors of a,, b;, a,and b, are assembled in the qudrupole bore.
— Calculation of quadrupoles are in progress.

3D calculation of quadrupoles with iron yoke
Mutual Influence between Belle and compensation solenoid fields and the iron yoke.



Calculation by M. Tawada

QC2LP
[=1170A
1. Noiron yoke
G=26.3T/m
2. With iron yoke
G=36.0 T/m

Leak field along e- beam line<1 Gauss

10/Hov2010 12:32:25

Surface contours: B
1.743927E+04
1.600000E+D4
1.400000E+0
1.Z00000E+D4
1.000000E+D4
8.000000E-+03

6.000000E+03

4.000000E+03
X coord 30306848 12.200023 113711612 105413994 9. 71163765 B.EEIBTSH
¥ coord 0.0 0.0 .0 1. 0.0 0.0

2 D00000E-07 Z coord?B0. TOEE2 -269. 72604 24974326 -220. TE04E -0 TEIT 189, 704

— Component: BY, from bufter: Line, Iniegral = -100047.02369085
9.754617E+ 2

B'=3600 Gauss /1 cm=36 T/m
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e Compensation solenoids are designed to contain dCl, QC2RP, correctors and cancel coils in the solenoid bores.
e Solenoids are divided into small coils to produce the field profiles to make the Vertical Emittance within the
optics requirement.
— HER=4.0pm, LER=2.0 pm
e Electro-magnetic forces (Fz)
— ESR=39.6 kN, QC2RE =-12.9 kN - Total=26.7 kN
— ESL=-21.3 kN, QC2LP=13.6 kN - Total =—7.7 kN

2011/02/08 SuperKEKB-MAC (2011) 19



Solenoid field profile and magnet parameters

Front coil of ESL

41

Front coil of ESR

i)
i

L

B, =35T

&)

A =0
B =.204762
C  =.409524
Current 411.7 A 382.2 A
SC cable 1.63mm (W)x 0.67mm(H)
Curatio=1.0
Current density 754.0 A/mm? 700.0 A/mm?2
(SC area)
=4.095
N Current density 377.0 A/mm? 350.0 A/mm?
(in the cable)
B =.204"
IS =.4pn9: Maximum field 3.50T 434 T
in the coil
Operating point 68 % 75 %
with respect to J.
at4.7 K



3. Cryostat and support mechanism

 The problem that need to be overcome:vibration of cryostat and
support

* The front positions of SuperKEKB QCS cryostats are almost same as
the KEKB cryostats
— Front positions from IP and lengths of cryostats
« KEKB:QCSR= 765mm [1850mm], QCSL= 580mm [1720mm]

e Super KEKB:QCSR= 633.5mm [2884mm], QCSL= 627mm [2534mm]
— EMF

« KEKB:QCSR= 2.8 kN ., QCSL=22 kN

e Super KEKB:QCSR= 26.7 kN, QCSL=7.7 kN

Understanding the mechanical characteristics of KEKB-QCS cryostat
and support mechanism

— Vibration measurement of the KEKB QCS cryostats and supports

— Mechanical analysis by ANSYS

e Comparison of calculation and measurement of KEKB QCS cryostats and supports
* Vibration study of SuperKEKB QCS cryostats and supports

2011/02/08 SuperKEKB-MAC (2011) 21
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Mechanical analysis of KEKB cryostat and support
QCS-R(FEM model)

- r & X(>1Hz ]
N £ el
8 o3° 2 e |
¢ ol AN
g 025 | % X>50Hz |-
= C + 50H
] F & V>50Hz
.—é 02 ¢
¥ 015 [
o L
-3 r . Fy [
s 010 .
o r ] " ] 1
% 005 ¢ a & it n "
& o E 5 B 8

QCSR  QCSL |QCIR  QCIL SupR Sup_L

Calculation
1.Loads by H. Yamaoka

- Self-weight
-QC1RE:1370kg
-QC2RP: 1250kg
- Box: 500kg

2. Materials
Cryostat: SUS
Coil: Cu
Supp.-rod: Ti-alloy
QCS table: SS400

Measured integrated amplitude of vibration
QCS-R: 0.11 um (>1Hz), 0.085 um (>10Hz)

QCS-L : 0.11 pm (>1Hz), 0.055 um (>10Hz)
Measurement

by M. Masuzawa

Fig. 6 The integrated amplitude of the IR magnet for different frequency ranges.

2011/02/08
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Calculation model of SuperKEKB cryostats

FEM model
3150 20337 12608 2771 1204 2720
; = - %
= I} %0 Lol glE = = i1
I i b N o] IR Ty ™ =1
| oo | : - = =
o L [ ]
_ D o wy _______ i
= = ! -'!--=---'-==~1-_:4‘-i — —
=~
LL i J
o = = = =

W Coil:260kg]  [Coil:280kg W

Left-side Right-side
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P.S.D.(m’/Hz)

Integrated amplitude(m)

Vibration analysis of SuperKEKB cryostats

1E-10 1E-10 _
1E-11 1E-11 Input mode is same
1E-12 1E-12
B3 E13 as KEKB cryostat.
1E-14 . 1E-14
1E-15 £ 1E-15
1E-16 N 1E-16
1E-17 NE 1E-17
1E-18 - ~ 0O 1E-18
1E-19 at Cryo-top 9N 1E19 at Cryo-top
1E-20 at Cryo-Mid. 0 420 at Cryo-Mid.
1E-21 at Supp-Top 1E-21 at Supp-Top
1E-22 at Supp-Back 1E-22 at Supp-Back
1E-23 at Input 1E-23 at Input
1E-24 1E-24 T
1E_25 il Ll i 1E_25 N ! SR | L L R | e |
0.1 1 10 100 0.1 1 10 100
Frequency(Hz) Freauencv(Hz)
1E-§ 10000 E 1E-5¢ 510000
g
1E-6 3 1E6p : 41000
g 2 5
1E-7 g & 1E7 {100 &
] - o]
at Cryo-top 5 o at Cryo-top S
1E-8 at Cryo-Mid. £ © ,esl at Cryo-Mid. 10 2
at Supp-Top 8’ at Supp-Top
at Supp-Back ] at Supp-Back
1E-9 at Input = g9l at Input 1
1E-10 L L ol (), ey NN ey
0.1 1 10 100 e 1 10 100"
Frequency(Hz) Frequency(Hz)
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Summary of vibration analysis

s SuperKEKB QCS KEKB QCS

Left Right Right
> 1Hz > 10Hz > 1Hz > 10Hz > 1Hz > 10Hz
Hori. transverse 87 80 107 100 119 112
Hori. axial 37 9 37 8 40 11
Vertical 87 28 90 33 151 120

3160 26337 1 &E 2 1204 2720

375
3724
488
634
700
1
z

— 1)
200

1360
10318

e

B ] oo

IL

IL

a |-t
—
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i
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Static mechanical analysis

KEKB QCS-R cryostat SuperKEKB QCS-L/R cryostats
I\N%“l S

f vl VY e e g e

AT I O] TS

e

A\ VA OO EEN00

0.8 mm: Lifting the c
axial force of 30 kN.
This axial force corresponds to the EMF
acting on the compensation solenoid.

: "0085854
0.06439
0042827
0.021463 4
]
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IR magnhet construction schedule

FY2010 (H2)

FY2011 (H3)

FY2012 (H4)

FY2013 (Ho)

FY2014 (H6)
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|
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Power supplies for Q03 P5 for collector magnets P for main magnets

Gool donn, field measurement
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Field measurement foom temp.
e
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Istall, system check, cool down

Field measurements
on beam lines




Summary

 Beam optics (Touschek Lifetime)

— The leak field by QC1P/E and the field performance of B, cancelling coil are improved.
* LER/HER lifetimes are expected to be 577 / 724 sec, respectively.
* Optics calculation will be performed soon.

 SC magnet design

— The magnetic designs of QC1E/P and QC2RP [no iron yoke] are almost completed.

* Need to complete the designs of cancelling coils for the leak fields and correctors.

— The magnetic designs of QC2LP and QC2R/LE [with iron yoke] are ongoingly pushed
through.

e Influence of the iron yokes on the field profile along the beam line.

* Cryostat and support mechanism design

— Mechanical analysis of KEKB and SuperKEKB cryostats and supports have been
performed.
e Vibration of the cryostats is able to be reduced within an acceptable value.
e The calculation model will be brushed up by comparing the measured data of the KEKB cryostat.
— Vibration study will be performed by using the KEKB QCS cryostat.

e High vibration damping material for the support component. [MnCuNiFe Alloy]
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QC1RP R&D

Development of small cross section SC Rutherford cable

1,123

ssssss

Keystone angle needs
to be 2.6 degree
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1,087 0.967 9
SuperKEKB
KEKB QCS HighCurrent ﬁ:ﬂgéﬁggs

0CS R&D magnet \  QCS R&D magnet /
(6 layer magnet)

Cable Performance (/. @5T, 4.2K)
before cabling:320A

after cabling (A=1.5 deg.):297A
after cabling (B=2.0 deg.):307A

after cabling (C=2.6 deg.): 305A SC cable for
QC1,2 : possible

for production

Average =303A (94.7%)

Cross section of cable C (2.6 deg.)
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QCI1RP R&D magnet
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* QC1RP R&D magnet components: completed.
* Production of small cross section SC cable: completed.
e Coil winding machine and cable tensioning device: being tuned for winding coil
* Production of SC coils will start from April.
* Cold test is scheduled at June.
— The R&D magnet will contain the corrector coils in the magnet bore.
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