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Progress from the last MAC

1. IR magnet design

— Introducing iron Yoke for QC1Es and QC2PR
— Reducing the number of coils for cancelling the leak field
—  The coil 3D designs of QC1 and 2 and evaluation in the beam optics

— Redesigning compensation solenoid and iteration of the design against
optics
—  Research collaboration work for correctors and cancel coils with BNL

2. R&D

—  Completing QC1P R&D magnet and cold test
—  Vibration study and measurement

— Harmonic coil for field measurement

3. Cryogenics

—  Building the LHe-sub-cooler, overhaul of He compressors
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IR Magnets Overview
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S.C. Magnets in SuperKEKB IR

Design changes in the magnets: introducing iron yokes to the quadrupoles and magnetic
shields on the beam pipes
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Integral field gradient, (T/m)*m | Position from Magnet type Corrector Leak field cancel
Solenoid field, T IP, mm (Le]]

QC2RE
QC2RP
QC1RE
QC1RP
QC1LP
QC1LE
QC2LP
QC2LE
ESR
ESR-add
ESL

12.91 [34.9 T/m x 0.370m]
10.92 [27.17 x 0.4135]
24.99 [66.22x0.3774]
22.43 [66.52x0.3372]
22.91 [67.94x0.3372]
26.67 [70.68x0.3774]
10.96 [27.15 x 0.4135]

14.13 [20.2x0.700]
4.3 T (max. field)
03T
4.7 T (max. field)

2925
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-1925
-2700

Each beam
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Original design R 30,785 R 30.485
Need to be modified "> R 27.63
QC1P : -

of Jrecre QC1P (No iron yoke)

N4

Qc

SC correctors
a, b, a, b,

78.084

QC1P magnet design (QC1RP, QC1LP)
e Same design for QC1RP and QC1LP

e 2 layer coils [double pancake]

e SC correctors [design changed by the
discussion with BNL]

a, b, and a, inside of the magnet bore
— b, outside of the magnet collar
* Cryostat inner bore radius=18.0 mm
e Beam pipe (warm tube)
— inner radius=10.5 mm, outer radius=14.5 mm

2012/02/20 SuperKEKB MAC 2012

SC cancel correctors
b, b, bs, b,

SC cancel coils against the leak field from QC1P
* b, by, b,, b;from the inside
e 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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QC1R/LP Magnet Parameters

Coil inner radius, mm

Coil outer radius, mm

25.00
30.485

Turns in one pole

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?2 802.4 819.6
Magnetic field by Belle and comp. sol., T 2.5 2.5
Max. field in the coil without solenoid field, T 2.29 2.34
Max. field in the coil with solenoid field, T 4.07 4.08
Operating point with respect to B_ at 4.7 K 81.8% 83.5%
Magnet physical length, mm 416

Error field at r=1 cm (2D calculation) be= 1.60 x 10

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

b10= '2.28 X 10-6
b,,= 6.20 x 107
be= -1.13 x 10°
b10= '4.71 X 10’6

Magnetic field, T

QC1P operation point

ERFHMBT —2(QC1 RPHED L1011 08 kdat 11:1456 2011/06/410

Field, T @4 2K
—B— QC1LP-110810,T
—e— QUIRP-10810, T

—— Field, T@4.7K L
——+—— Field, T@4.7K(burnout rate=10%) | |

N

1

500 1000 1500 2000 2500 3000 3500
J, AMmm?
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3D Magnet Design of QC1R/LP

QC1LP and QC1RP have the same design.

Mirror symmetry for
reducing the skew
quadrupole field in the
lead end.
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All magnet components, like end spacers and collars, have been designed.
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10 mm /=1000 A

Bz&Az,TatR

1000 A

B,B,TatR=10mm |

<EE Field profile of QC1R/LP

QC1LP and QC1RP have the same design.
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Multipole field at R=10 mm
Integral b, = 1.76 x 10~

Int. b, = 6.31 x 10

Int. by = 1.07 x 10°®

Peaks of B, = + 6 Gauss at 1000 A
(=+9.6 Gauss at 1600 A)

Peaks of B, = + 2.8 Gauss at 1000 A
(=+ 4.5 Gauss at 1600 A)



il QC1E with Iron Yoke
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SC cancel correctors

by, b, by, b, QC1E without

iron yoke
{OLD DESIGN)

SC correctors
a, by, ay, b,
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<=« QC1E magnetic field calculation in 2D
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QC1lE-TRON. v
QC1E magnet design (QC1RE, QC1LE) ; [ o]
o 2 Iayer COIIS [double pancake] o - w = 0.075193 + 0045258 R= 095355
* Magnet inner bore radius=33.0 mm I
e Beam pipe (warm tube) o B _ f
— Innerradius=17.0 mm, outer radius=21.0 mm E :
e Magnet current= 1655 A an |
—  Current density = 599.6 A/mm? (in the coils), 1770 A/mm? (in NbTi) I
e G,=75.94T/m 0 |
e Maximum field in the magnet=2.89 T _
e Ratio of field enhancement by iron is 1.338. ol

u] 500 1o00a 1500 2000

2012/02/20 SuperKEKB MAC 2012 QC1E current. A =
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QCTE with Yoke, T
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))<exe QC1E Operation Point
QC1E load line QC1RE
8 , f“f‘"jﬁ'f,"ﬁf‘? '1!90,1 LFE,T'%P!QO?“?GS,O-‘P“ G=66.22 T/m
e QOC1E with Yoke, T /op=1460.3 A
. —e— Field T@4 7K _ 5
7 s 5— Fiold T @42K Jp=1561.8 A/mm
\ 'lop/'lc@4.7K=67'3 %
6 Bk
\\ QC1LE
> Ny <" G=70.68 T/m
A QCI1LE e . lop=1558.5 A
% J4,=1666.9 A/mm?
3 } Joplc@a.k=71.8 %
2 QCIRE (Legr= 0.3774 m)
1 In case that the operating point
of 85 % w.r.t. the critical point is
0 — s e e L : acceptable, the quadrupole field
0 500 1000 1500 2000 2500 3000 300 n be increased by 18 %.
Je A mm?
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3D Magnet Design of QC1R/LE

QCI1LE and QC1RE have the same design.

Mirror symmetry for
reducing the skew
guadrupole field in the
lead end.
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Lead end

All magnet components, like end spacers and collars, have been designed.
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15t layer

Return end
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Field profile of QC1R/LE
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QC1, 2 Magnet Parameters

- Magnet current (A) Field gradient (T/m) | Effective length (m) Operating point
(%)

QC1RP 1575.6 66.52 0.3372

QC1LP No 1609.3 67.94 0.3372 84
QC2RP Yes 817.9 27.17 0.4135 41
QC2LP Yes 817.3 27.15 0.4135 41
QC1RE Yes 1460.3 66.22 0.3774 67
QCILE Yes 1558.5 70.68 0.3774 72
QC2RE Yes 1044.9 30.59 0.4221 55

QC2LE Yes 7241 22.07 0.6407 32
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<=<= Evaluation of magnetic field by optics cal.

Nonlinearity of QCI (Kn:KT)

g

Touschek Lifetime (sec)
- n w B o
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* One of the limiting factor of the
lifetime has been the nonlinear
compeonents Kn:K| (n>2) associated
with the main field of QCI{RL}R

* The magnitude of Kn:K| has to be

=}

Change the Orientation of QClI

lerfgle_1645_6.sad lerfglc_1645_10.sad
|||cI T 1 T "'I'-"F"‘_ T 1 Rk

z

reduced to /4 of the present values to

g S
£
o
"
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o

recover the lifetime. _ 50 mh W B .
= . : :

* They may come from the end field of g 350 sec 540 sec

the cross windings(?) between colls. 5 *

«But there is a nice trick proposed by % . By swapping the orientation of QCI, the lifetime has

Ohuchi san . S, recovered to 540 sec, keeping the magnitudes of the

’ R - nonlinearity Kn:K|!

CaICUIatlon b%\ gﬁc@aecs 20111219 Solenoid:V10.5.1, QCS: 201 11219

Cryostat in the right side _— — JH . ‘ ﬁ_

Lead end
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>4

e All correctors and the leak field cancel coils will be manufactured
by BNL under the international research collaboration.

* QC1 and QC2 quadrupoles have SC correctors of a,, b, a, and b,,.

| =+ SCwire is wound in coil with the
direct winding method.

QC1P b, a1 JL
31 turns/pole
B,=0.045 T at 50A
I,,/l.= 68 % at 5.0 K

QC1P b,a1JL
8 turns/pole
B,=3398 T/m3 at 50A
l,,/l.= 68 % at 5.0 K

270°

el

360
2012/02/20 SuperKEKB MAC 2012 17



SC corrector design status RDDIIONEY

Corrector
Current
(A)
QC1RP 66.52 50 0.045 0.046 2.28 3398 0.657 0.632 14.0
QC1LP 67.94 50 0.045 0.046 2.28 3398 0.644 0.618 13.7
QC2RP 27.17 50 0.0792 0.0785 1.253 442.4 2.91 2.89 23.1
QC2LP 27.15 50 0.0792 0.0785 1.253 442.4 2.92 2.89 23.1
QCI1RE 66.22 50 0.067 0.130 1.770 1853.6 1.01 1.955 134
(0.69:0ptics
1.265:alignment)
QC1LE 70.68 50 0.067 0.130 1.770 1853.6 0.95 1.839 12.5
(0.69:0ptics
1.159:alignment)
QC2RE 34.90 50 0.0795 0.0783 1.137 327.6 2.28 2.24 16.3
QC2LE 20.20 50 0.0795 0.0783 1.137 327.6 3.94 3.88 28.1

2D calculations of SC correctors have been completed.

3D design of the corrector coils for QC1P has been completed, and the other coils
are evaluated under the condition that the coils have the same effective magnetic
length as the main quadrupole.
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Cancel Coils for QC1P Leak Field

BROOKHIUEN

NATIONAL LABORATORY

QC1P for the e+ beam line is non-iron magnet and the e- beam line is very close to QC1P. The leak
fields along the e- beam line by QC1P are calculated.

B, B,, B; and B, components of the leak fields are designed to be canceled with the SC cancel coils.

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

— B, component is used for focusing and defocusing the e- beam.

QC1RP leak field profile
along the e- beam line

B, T

2012/02/20
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) == bz Cancel Coil Configuration eaeoxunuey

Sextupole coil array

T

|
J ‘\QL/ |
|
%
f

N
AN

T

A

x{%/ |
| xu \J
|
)
|

2012/02/20 SuperKEKB MAC 2012 20



BROOKHIUEN

NATIONAL LABORATORY

@ij Canceling QC1P Leak Field
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 Magnetic design of compensation solenoids with iron components

— By introducing iron components on the beam lines, the solenoid profile was changed.

2 N S L . b.e"‘?'z'."s.'t

0 % —— /\ / \ ’__\\j/\ %
| \ \ |
. | | /
-2 : / :

_, | Without iron components j V ]

- (the model in the last meeting) - E

_ﬁl—--ﬁl-;)(:.'lI I I I—30(:)I I I I—2ClCII I I I—1 CICII I I I [0 ] I I I 1(:)(3I I I I 2(:.'ICII I I I 3(:.'lClI 4_00
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@E Compensation Solenoids (cont.)

e |nitial magnet configuration

— In order to cancel the residual solenoid field between QC2RP and QC2RE, we placed 1.5 T additional solenoids
behind QC2RE on each beam line.

e Optics calculation

- This configuration reduced the LER beam life time from 570 s to 400 s. By reducing the peak field of the solenoid
from 1.5 T to 0.2 T, the life time recovered to over 540 s. The optics calculation showed that the solenoid field bump
between QC2RP and QC2RE had a small impact on the life time.

e Improving the solenoid design
— Additional solenoid : Solenoid field = 0.3 T, length = 0.7 m inside of the QC2RE yoke.

ZO1 1 0Fs1 TRIE Tl e
1.5

. [ |

==, T
S=—add,. T

o | \ /)
. oe | \ I f 1/ -
5 \ |/ \

—a —-= o = -
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E BB & - ! “\.\l"\_

Additional solens S

2012/02/20 == 23




Super

ESR

) ==== Compensation Solenoids (cont.)
‘a H | Agjditional solé‘enoid and iron yoke |
= f‘K N f =/ :ﬂ

ESL (

=

. —— —— . Becompvii,riS
.| Solenoid field profile @ 0.615T ]

O: J/fx\\_____zz:fr___
=L ]
Tt 0.301T 1
25 Length of solenoid

3 =0.7m E

3L - 1 P R I R R R N B R R M
2 1 ) 1 2 3 4

Z (ip=0), m

. In order to force the integrated solenoid field to zero from IP, the additional SC solenoids are designed inside of
the QC2RE iron yoke on both beam lines.

* 3D magnetic field model is now under construction, again.

2012/02/20
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e ESLand ESR: ON
— nght side

Superconducting solenoid:3.70x 10* N
e Ironin the front helium vessel:1.41 x 103 N
e Ironin the rear helium vessel : —9.86 x 103 N
e Vacuum vessel (room temp.): —2.86 x 10* N

— Left side

e Superconducting solenoid : —4.79 x 10* N
e Ironin the front helium vessel :8.08 x 103 N
e Vacuum vessel (room temp.) : 1.27 x 10* N

e ESLand ESR: OFF
— Right side

¢ ronin the front helium vessel : —9.60 x 103 N

* Ironin the rear helium vessel : —1.67 x 10* N
e Vacuum vessel (room temp.) : —4.29 x 10* N

— Left side

* lronin the front helium vessel :8.47 x 10* N
e Vacuum vessel (room temp.) :1.42 x 10* N

|

2012/02/20 SuperKEKB MAC
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o) Jrin R&D magnet status

- =
O

Construction of QC1P R&D magnet

Construction of QC1RP R&D magnet started at the end of August inside the
laboratory of KEK and KEK personnel.

_Ew— w—

15t pole-inner layer coil

1 1%t pole-outer layer coil

iiii
\\\\\\\
nnnnnn
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4 correctors were constructed in 2010.

The corrector package has a function of

magnet bobbin for the QC1P R&D .
magnet.

2012/02/20 SuperKEKB MAC 2012
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Collaring
four coils
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I(:EICB QC1P R&D magnet
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@Q Magnet R&D schedule

e The QC1P R&D magnet has been tested at 4 K with the vertical
cryostat in January.

— Excitation results:

e QC1P R&D magnet: no quench up to the nominal current (1510A and G=75.58 T/m).
e Correctors (b;, a;, a,, b,), cancel coils (b,, b,, b;): no quench to the nominal current of 50 A.

— Field measurements:
* There was some troubles in the harmonic coil.
* Now the coil is repaired, and the cold test is scheduled from the 22th February.

e The proto-type of QC1E will be constructed in March and April
2012 and tested in May 2012.

e The proto-type of QC1P will be constructed in August 2012 with
the company personnel after bidding the IR magnet-cryostat
construction.

2012/02/20 SuperKEKB MAC 2012 29
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sl JIERE Field measurement

e Harmonic coil

— The harmonic coils were constructed and calibrated in-house.

— Tangential coil + analog bucking(dipole and quadrupole coils) + digital bucking
(two dipole and two quadrupole coils)
— Integral coil (L=600 mm) + Mapping coil (L= 40 mm)

* Design coil radius =9.5 mm

* Tangential winding coil = 100 turns

W

il
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Field measurement (cont.)

e 7 coils in the harmonic coil were calibrated by standard dipole,

guadrupole and sextupole

— Parameters of the integral harmonic coil are listed.

Radius
(measured),

mm

Phase
(design),
degree

Phase
(measured),
degree

Opening
angle
(design),
degree

Opening
angle
(measured),
degree

Length Radius
(design), (design),
mm mm
Tangential 585.59 9.5
coil
~ Dy coil 596.521 9.5555
. Dy coil 596.521 9.5555
D, coil 596.521 9.5555
Q,coil 596.521 9.5555
Q,coil 596.521 9.5555
Q,coil 596.521 9.5555

Analog bucking ratio
D,=395, Q,=108:

9.587

9.577
9.574
9.604
9.574
9.576
9.567

0.0

0.0
-35.0
+35.0

0.0
-25.0
+25.0

0.0

-0.190
-35.371
+34.688

-0.496
-25.538
+24.562

18.695

180.0
180.0
180.0
90.0
90.0
90.0

18.789

Resolution of 10~ with respect to the quadrupole field of QC1P for measuring

the multipole field components
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)= \/ibration study and measurement

* |n the last review meeting, we reported the cryostat design of
SuperKEKB and the vibration study for the cryostats.
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Left Right Right
> 1Hz > 10Hz > 1Hz > 10Hz > 1Hz > 10Hz
Hori. Transverse, nm 87 80 107 100 119 112
Hori. axial, nm 37 9 37 8 40 11

Vertical, nm 87 28 90 33 151 120




@72 Vibration study and measurement

* |n order to reduce amplitude of vibration, we plan to apply high
vibration damping material to the support component.
— Material : MnCuNiFe Alloy.

e The vibration studies with the material have been performed for
the KEKB cryostat.

— The calculation is confirmed with the measurement on the KEKB cryostat.

e

Vibration amplitude
=44 % reduction

Vibration amplitude
=17 % reduction

Welding the pieces of AUl Inserting the plates ¢

the surface of the support structure support and stages. Bolts are dumping material.
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@i Vibration study and measurement

e The vibration studies with the dumping material will be
performed in March with the KEKB QCS cryostat in the right side.
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@ij Construction schedule of IR magnets

Construction of the cryogenic system

Design and construction of cryostat supports
Construction of power supplies (Cabling power lines)

in the vertical cryostats

0—:

Gooling performance test of cryogenics {two system)
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Commissioning SuperkEKE, and evaluating back ground noise to Belle ‘—
Installing magnet-cryostats on the beam line, Interlock test of the system, @E
Field measurement on the beam ling — |
Construction of IR magnets and cryostats <0 )
QCS and corrector excitation tests and field measurements as the acceptance test \.\—// .
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Q;‘_Ef, IR magnet-cryogenic system commissioning

[ :
Cold Box | 1, d cryogenic ? % Cold Blox |
% system in the left “%
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Summary
Magnet and IR design

— Basic magnet designs of SC-QCs and SC-correctors have been completed.
— Calculation of 3D Solenoid field is on going.
 Now improving the calculation model after one calculation for beam optics.
SC correctors and leak field cancel coils

— All correctors and leak field cancel coils will be manufactured by BNL
under the international research collaboration.

— The construction schedule by BNL completely matches with SuperKEKB IR
construction.
R&D magnets
— Construction of the QC1P R&D magnet was completed and cold tested.

— The magnetic field measurements of the magnet will be carried out from
22th February.

— The constructions of QC1P and QC1E prototypes are scheduled in this year.

Completion of the IR superconducting magnet construction is
scheduled in the early of 2015.
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