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The 15" KEKB ARC
I[P Chamber 15 February 2010
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The polarity of the last bend is designed so that SR fan from the bend may not directly
hit the central part of the IP chamber ( in the 0™ approximation).




IP Chamber The 15t KEKB ARC
15 February 2010

—— Cooling

Beam pipe with cooling channel

T.Kohriki (Nov.)2009



2. IP Chamber
Design features of the inner shape

WL: 70W
SRQ: fewW

WL: 57W

WL:85W

Electron WL: 68W WL .93 Positron
SRQ:~50W SRQ: ?W
SRB:100W SRB: 130W
Be
Ta
+ Stainless Ta
Steel

The 16" KEKB ARC
7-9 February 2011

* Minimize the creation and
the trap of HOM.

* The pipe for incoming beam
start from ID20 mm. Then ID
is gradually reduced to about 9
mm to mask SR.

* The central part is a ID20mm
straight pipe.

 The central part and the
branch for out going beam
constitute a bent pipe of
ID20mm.

 The inner surface of a pipe
for incoming beam has ridges
to prevent scattered light from
hitting the central part.

* All inner surface will be
coated by 10~100um thick Au.



The 16" KEKB ARC
2. IP Chamber 7-9 February 2011

Cut View

Electron




Thin wall around here cannot has a

2 . IP Chamb er ridge structure. However, scattered
. photons from this part enter the
Rl dge central pipe with a shallow angle

and give no serious effect.

The 16" KEKB ARC
7-9 February 2011
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A disk with a

diameter of 24mm. A disk with a

The position is the diameter of

nearest end of a 'T\ 24mm in front

photon production of the Be pipe.

region. This disk
should be free
from scattered
photons.

The narrowest aperture must be a ridge, of course.

Only single scattering is taken into account. Test machining is in progress.




2. IP Chamber %eFlfb};uIiny;)ﬁRC
Loss Factor (of HER beam)

loss factor
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310" ! ! I | With Ridge | Without Ridge
: —&— IPduct_w_sawtoath | length [mm]

—=— IPduct wio_sawtooth 3
10
9 510" Lo — |
. . . 4 2 87E+10 1.31E+10
I 5 1.67E+10 9.92E+09
10 i With Ridgé i
2107 s et e g_@‘? ----------------- I . 6 1.10E+10 8.28E+09
, , , , 8 7.38E+09 6.62E+09
1510" Lo .- AR— A— A— i 10 6.73E+09 5.78E+09
Power loss [W]
110" L& (current : 2.62 A, bunch spacing:4 ns)
I NN o O A B

; , With Ridge Without Ridge
» . length [mm]

510° ... WithoutRidge 7 777 D 1 :
) : | | 4 7.88E+02 3.60E+02
010 : i ' ' 5 4.58E+02 2.72E+02

2 4 6 8 10 12

6 3.03E+02 2 27E+02
bunch length [mm] 8 2 03E+02 1.82E+02

(Shibata) 10 1.85E+02 1.59E+02 7



2. IP Chamber The 16" KEKB ARC
Longitudinal Wake Potential (of HER beam) 1 ey 20

With Ridges No Ridges  Bunch length = 6 mm
— —
IPduct_w_sawtooth IPduct_w/o_sawtooth
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s [m] s [ml (Shibata)

With a ridge structure, a long oscillating wake appears. The effect of this wake is now under
study.
The estimation of the transverse impedance is also to be done.




The 16" KEKB ARC

2. IP Chamber 7-9 February 2011
Stress Analysis (Koike)
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Results of stress analysis of the IP chamber
* Even if the chamber is horizontally supported at one end , the maximum stress in the Be part
(157 MPa) is less than its yield strength (245 MPa). (It doesn’t break!)
* [f the chamber is supported at both ends, the central part bend down 0.44 mm, and the stress in
the Be tube is 39 MPa.
* [f the chamber is supported at the proper position of the Y-shaped part, the central part bend
down only 0.026 mm (above picture), and the stress of Be pipe becomes as small as 3.5 MPa.
Therefore, though IP chamber has a delicate built structure, it is not so weak as to require a help of a
special supporting tool in handling.




1. IP Chamber Central Part

Diaphragm to absorb
the change of the

length of Be pipes. \ Be double tube
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Mock-up model for cooling test

Belle I1 Focused Review
11 November 2011

« The central part of the
central part is a Be double
tube. The gap is a space for a
coolant.

* The coolant is paraffin. The
flow of paraffin can absorb a
heat of ~270W for a
temperature rise of 10°C.
(Estimated heat load from the
beam is less than 100W.)

*In this design, it is permitted
to put a weld seam between
paraffin and vacuum.

* At first, the manifolds at the
end of a Be pipe is designed
to be made of stainless steel.
The material is changed to Ti
according to the result of
stress analysis.
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The 17 KEKB ARC
1. IP Chamber 20-22 February 2012

Design features

*Minimize creation and trap of HOM.
*The central part and the branch for out going beam constitute a bent pipeof ID20mm.

Direct SR
parallel to the beam

Direct SR from
the last bend

Beam stay clear | | l
@34 at the 0
center of-QCILE

*The pipe for incoming beam start from ID20 mm. Then ID is gradually reduced
to about 9 mm to stop direct SR. Now the taper is longer than before.
*The inner surface of a pipe for incoming beam has ridges to prevent scattered

light from hitting the central Be part. .



1. IP Chamber
Fabrication 1ssues

HIP
Manifold

Brazing

V\/eld‘h + *

ATi ‘ Be|

ID=20, t=0.6

Ta
WL: 210W (Ta)

r Weld
’\ Ta
Ta

WL: 140 W (Ta)

e

WL: 190 W (Ta) TS—t6%20

WL: 270 W (Ta)
SRQ: 7 W

SRB: 30 W
water cooled

SRQ: ~ 50 W Au plated
SRB: 100 W
water cooled paraffin cooled
Backward WL: 70 W (thick Au)
SRQ: few W
i T I
L | — |

The 17" KEKB ARC
20-22 February 2012

HIP = Hot Isostatic Pressing

*A test for Be-Ti
brazing and Ti-Ta
HIP is now
undergoing.

*Ti is adopted for
the manifold instead
of stainless steel to
reduce the stress
(the following
slides).

Thin (1~2 mm) Au coat
to reduce ohmic power
loss on Ti and Ta is an
option.
12



The 17" KEKB ARC

1. IP Chamber 20-22 February 2012
Stress analysis (Koike)
AN AN

NCDAL SCLUTICN SFP 15 2011 NCDAL SCLOTICN SEP 6 2011

STEP=1 12:54:49 STEP=1 22:50:17

SUB =1 PLOT NO. 1 SUB =1 PLOT NO. 1

Sy Outer shell of the central part mY e

s . ciiralp #-mall  Outer shell of the central part

SMK —. 1598109 Stainless steel manifold IR — 7435408 Ti manifold

Equivalent stress: 159 MPa Equivalent stress: 74 MPa

] N
.365E+08 .714E+08 .106E+09 L 141E+09 564313 .170E+08 .333E+08 .497E+08 .661E+08
L191E+08 .040E+08 .889E+08 L 124E+08 . 159E+09 LBTEE+07 L251E+08 LA15E+H02 .DT9E+08 LT43E+H08

Bp 2tar?psigi sUS 30deq l2atmtvac Bp 2tar?psiqji Ti 30deq 2atmtvac

. 166E+07

*Under the temperature difference of 30°C between the inner and the outer Be pipe
causes an equivalent stress of 159 MPa in a stainless steel manifold, which is about 80%
of the yield strength of stainless steel (206 MPa).

*Therefore Ti 1s adopted instead of stainless steel for the manifold. The equivalent stress
for Ti under the same condition 1s 74 MPa while the yield strength of Ti is 170 MPa.

13



The 17t KEKB ARC
1. IP Chamber 20-22 February 2012

Ridge shape (original idea)

Thin wall around here cannot has a ridge
structure. However, scattered photons from
this part enter the central pipe with a
shallow angle and give no serious effect.

—
/ A disk with a diameter of
24mm in front of the Be
. : \ pipe.

A{ disk with a This disk should be free
d1amete1" 9f 2'4mm. from scattered photons.
The position is the
nearest end of a The narrowest aperture must be a
photon production ridge, of course. Only single scattering is taken into account.
region.

Test fabrication of the ridge

14



The 17" KEKB ARC

1 . IP Chamber 20-22 February 2012
Consideration on ridge shape
0.5 mm ~ 6 mm
Ridge
- high impedance ? Low risk for multiply scattered
. photon to escape forward
~ 16 mm
/.\\__:/\H/\\ ow impedance 2 Risk for multiply scattered photon to
. ’ escape forward
sawtooth structure on L-side HER duct (only HER duct)
2107 T Against intuition, the loss factor of
'\ e lons . oo (moden ) the shape with a vertical face is
1510 lower. The shape of ridges will be
= \ \ changed to similar one shown in the
> = upper figure.
N 10"
o The contribution of the tip scattering
510° on the top of a ridge is experimentally
& studied by Z. Murakami and S.
: Tanaka. Its effect in SR shielding is
010° 2 4 6 3 10 12 not serious.

bunch length [mm] (K. Shibata) 15



IP Chamber

Are steep ridges permissible?
2 - Gentle ridge

AT - INIRERERENES
HENENN .

Steep ridge

loss factor
sawtooth typeAl & typeB1

10" ! ! !
ﬁ\ —S—|oss_z_sawtoothAl_a0.05mm [WiC]
——loss_z_sawtoothB1_a0.05mm [¥iC]
11
10 Y New
// .
100 \ “ — ridge
N

" \N\:\\
NN
\\
10’
0 2 4 6 8 10 12
bunch length [mm]

loss_z [VIC]

Impedance [ohm]

The 18t KEKB ARC
4-6 March 2013

— Imp_ReZ_sawtoothal_s1.0mm_a0.05mm
—— Imp_Im7_sawtoothA1_s1.0mm_a0 08mm | | 77777 hunch_s=1rmm
----- buneh_s=smm

2 sawtoothA1&B1_A0.05mm
1510 : 1.2

110% | | 1

510" LA N . J o8
1] 't_ D'
010" 406 5
=
510" Y 0.4
110% Lo I". e 0.2
-1.510° 0
0 210™ 410" 610" 810" 110"

f[Hz]

Since the height of the ridge is only
0.5 mm, structures of impedance due
to the sharpness of ridges appears in
higher frequencies than a 6mm bunch
spectrum.

Steep ridges are OK.

(K. Shibata, Y.H. Chin)
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IP Chamber

Tip scattering on a ridge

30 |

fE C02
100um Au plated |
™ 3
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Ta sample
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direct heam
Iz-position

Set up

CHESS (Cornell Univ.) G2 beam line

Photon energy : 9 keV

Slit : 2 mm (H) by 0.05 mm (V)

Detector angular resolution : 0.2 degree (FWHM)

The 18t KEKB ARC
4-6 March 2013

T. Ishibashi, et al

| | 5 | | 3
........................ C Vertical wall side |.....]
O Slope side 3
1 S——— VT S R ]
00001 L ER. cnmnralosrsaslncrsassss o _
1x10° [ WA ]
1x10° : _ B — ]

and air-scattered i e P
.. Iahate nE .Slg H.a+ ................... .................. ........................... .

1x10°™ | | ; |

0 0.5 1 5 2 2.5 3

In Plane Angle [degree]

Ratio of the scattered photon. The slope
of the taper inside the pipe is 1.23

ree.
degree .



| The 15t KEKB ARC

Pressure Estimation | 15 February 2010
_____
Length 1.14 1.12
Radius 0.01 0.015 0.03 m
Conductance (Cy) 1.08 X 10-3 8.29 X 10-3 2.96 X102 m3s-!
Photon load 1.84 X 1018 2.60 X 1018 3.03x 1018 Photons s°!
Gas load (Qy) 7.45%10°n  1.05%X102n  1.23X102n Pam3s’!

Simplified model for the incoming positron line n: Photo-desorption Coefficient

F, : Pressure at the pump (pumping speed = .5)
Z 0, Small conductance and limited
space for pumping result in a
high pressure around IP.
However according to the
background study using a
pressure bump in the present

1N-5 104 -1
_ 7=10" (after ~10°" photons m") KEKB, these pressures seem to
See slide 22— P, =1.0x10" [Pa], P, =6.8x10" [Pa] be acceptable.

P = X:A?C =1.017 [Pa] (S=0.03m’s™)

PH,:PO+l > QX+QA+QB+gA=PO+5.877 [Pa]

X=A,B,C ¥X CC B

18



2. Vacuum around IR
Rough estimation of pressure

Prp
\

positron PO

Example: Incoming positron line

Assumptions:
*The equation for a long tube gives good estimation
for a short tube
*At IP pressure is maximum
P, 1s determined by the total outgassing of the
cryostat beam pipe and the pumping speed there (50
1/s).
*The thermal outgassing rate is 1 X 107! Torrl//s/cm?
(1.33 X108 Pa m3/s/m?).

The 17" KEKB ARC
20-22 February 2012

Thermal only

P, =2x10" Pa

P,=8x10"" Pa

Photon - desorption dominant
P, =2xnPa

P,=11xnPa

n : photo - desorption coefficient

The difference between P, and
Pyp 1s determined by the local
outgassing and the conductance
of the beam pipe. It doesn’t
depend on the pumping speed
outside the cryostat.

19



The 21" KEKB ARC
Issues relating to IR vacuum 13-15 June 2016

Vacuum system of IR

NEXTorr ,
D1000-10 Efgggm"
\ r_l_\__| / IP400
| / A— NEG strip Gate Valve
| . |
A . : ==1
] 1 1 > Jﬂ‘I_I_F
BL-640 NEG strip ] NEG strip
IP400
No vacuum
pumps in this »
region
| | | | I | | | | I | | | | |
7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 m

o NEXTorr
. | D1000-10
;: i/ ——— Zi i
=] e L R <] S
‘ {1

s + 7
CapaciTorr

D1000
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Issues relating to IR vacuum The 21" KEKB ARC

) ) ) 13-15 June 2016
Pressure distribution

SuperKEKB IR positron line 1000 A*hrs pressures

—_—H2
1.E-06 o
= co2
©
Q
£ e CH4
o 1.E-07
2
4
o
1.E-08 -
1.E-09
1.E-10 -
-1500 -1000 -500 0 500 1000 1500

Distance (cm)

Thanks to J. Carter (ANL), M. Ady, R. Kersevan, and P. Chiggiato (CERN)
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R&D

Fabrication 1ssue
e (Cleared

 Stress analysis
» For the temperature difference between the two tubes at the center.
* Changing support position of beam pipe
 Fabrication test
* Precise machining of Be pipes
* NC machining of ridges
* Be-Ti brazing
* Ti-Ta HIP
* EBW near by HIP
* Pulsed sputter coating of Cu inside 2 cm Al pipe and its uniformity check

* To be done (in preparation)
 Stress analysis
* Check the strength under dynamic force
 Fabrication test
* Au coating on Ti pipe
» Effect of EBW on the coating
» Simulation welding between inner and outer Ti pipe

Scientific issue

* Background simulation
* Understanding tip-scattering of photon on a ridge

The 21" KEKB ARC
13-15 June 2016

22



Workshop on the mechanical optimization of
the FCC-ee MDI

30 Jan -9 Feb, 2018, CERN
Ken-ichi Kanazawa

KEK Accelerator Laboratory
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Workshop on the mechanical
optimization of the FCC-ee MDI

IP chamber R&D 30 Jan - 9 Feb, 2018, CERN

* Related works performed for the design and production of
[P chamber

Cooling test of the central part using a dummy model

Mechanical analysis

Impedance estimation

Measurement of tip-scattering of photon on a ridge

Photon-induced desorption measurement of Au coat, Cu, and Ta

Estimation of SR background inside chamber

DC sputter coating test

HIP and welding test under various conditions

Ref.

K. Kanazawa, The 18" KEKB Accelerator Review Committee,
KEK, 4-6 March 2013,

K. Kanazawa, 7t Belle PAC, 10 -11 March 2013, KEK



Workshop on the mechanical
optimization of the FCC-ee MDI

On Synchrotron Radiation 30 Jan — 9 Feb, 2018, CERN

Au coat, 10~20 gm

. complex machining. The
© connection between the central c
¢20 part and the crotch part arises
Taper: to reduce the number of photons here.
entering into the central part * Instead, this part is slightly bent
+ downward (in the drawing) to
Ridges: to keep the direction of avoid the direct hit of SR from
scattered photons away from Be the last bend. At present,

simulation shows no serious
scattered photons from this part. o5



On Beam Induced Electro-magnetic Field
(OI’ HOM) Workshop on the mechanical

optimization of the FCC-ee MDI

¢ 20 ¢ 20 30 Jan — 9 Feb, 2018, CERN
HOM due to ’ S - L ‘ HOM due to
the crotch. the crotch.
(~300 W) (~300 W)
¢ 20 T~ ¢ 20

No trap of
HOM at the
central part.

oM d HOM due to
h ue t(()1 the taper and
the tgper an the ridges.
the ridges. ~50W

~100 W

26



Workshop on the mechanical
optimization of the FCC-ee MDI

Central part of IP chamber 30 Jan — 9 Feb, 2018, CERN

Ti Ti 3 = Ti Ti %
; "N = K H | B

____l___.!_..._..__— _____ _%—L_________! _.._=_____d____i =
| | ; | —— =
Be Be

*The central straight part

consists of double tube.

Paraffin runs between them.
*Outer Be: 0.4 mm thick
eInner Be: 0.6 mm thick
*Gap: | mm

*The connection between
double tubes is done by Ti-Ti

= EBW.

EBWITI-Ti)
E 3] e
- Inner tubes® Duter tubelcBL T2 2 L5125 3ffd
HRETEHa LR -TELEOREL.,
EBWERIBC~ Uy LCREM Db ERE0ERH.
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BEAST Il installation

Workshop on the mechanical optimization of the FCC-ee MDI
30 Jan -9 Feb, 2018, CERN

P chamber: Design teature

HIP = Hot Isostatic

Ti-Ta Ti-T
. s Ra-T1i
Ta-Ta EBW pra ]r -
*";l J 4 Ta-Tog EBW

material Te / Ti
To

Beam space design with
minimum trap of HOM at the
central part.
ID of the beam passage <
QCS beam pipe (HOM
propagates away.)
HOM is trapped at a merging
'E volume of two passages.

e f=0 Only taper parts are exposed to
RES & . ..
L7 L6 s (4 P Ha s " direct synchrotron radiation
! " P l ...................... from the last bend.
i L Taper: to reduce the number
1; H“"L._.w_._‘ M-'_.::;j" 1 1
333 e e T T
j:ﬁﬁ?&m&:wﬁ?ﬂm Y N L g of photons entering into the
B e TSIREEEtzereeies e e v — S T e CONlT al part
Ft%‘{:%ff}?{ Mj“"_“"_w TGDEHR&L‘EQE N g ) _'QgerjR]dga ‘W%L—‘-{ Pﬂslh—ﬂﬂ Rldges: tO keep the dlreCtlon
T Hwéﬁi—«% ------ s L‘““*M—MH}‘@& .......... of scattered photons away
} e T— from Be
1 H2 H3 230 3
Held e} i}
Hockword Forward
~10 pm (~10 pm) ~10 pm / —_—
coating Cu ploted Ay ploted Cu plated
cooling Woter cooled Faroffin cooled Water caoolad
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Workshop on the mechanical
On Heat load

optimization of the FCC-ee MDI
30 Jan -9 Feb, 2018, CERN

The coolant is paraffin. The flow of

paraffin can absorb a heat of ~270W
for a temperature rise of 10°C.
e~ L

/

WL: 70 W (bulk Au)
SRQ: few W

WL: 190 W (Ta)
SRQ: ~ 50 W
SRB: 100 W

: SR WL: 140 W (Ta)
Heat: 400 W. ' \ |

Water cooling, ID 4 mm, L = 600 cm‘k v=2m/s

AT of water ~ 4°C

\
\

Heat transfer coefficient to water: 1.1‘:><104 W/m?/ °C
AT ~ 5 °C (between water and pipe)

\

.--="777 WL:270 W (Ta)
SRQ: ? W
b The Ta crotch part will be coated SRB: 130 W
with Au or Cu (1~2 um) to reduce
the wall loss.

T. Kohriki
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Workshop on the mechanical
optimization of the FCC-ee MDI

. 30 Jan -9 Feb, 2018, CERN
[P chamber (Ta part manufacturing) R

Metal Technology Co., Ltd

End flange 30



Workshop on the mechanical
Phase 2 hardware optimization of the FCC-ee MDI

30 Jan -9 Feb, 2018, CERN
P chamber

*The central straight part consists of
double tube. Paraffin runs between
them.

*Outer Be: 0.4 mm thick

*Inner Be: 0.6 mm thick

*Gap: 1 mm

The IP chamber for Phase 2

is completed. The [P chamber
for Phase 3 is needed before
September 2017 when the
assembly of VXD starts.
Therefore, without feedback
from Phase 2 experiences, the
next chamber for Phase 3 must
be fabricated.

31
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