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Summary on vacuum requirements and
design options

Y. Suetsugu, KEK

* Three talks were presented,;
(1) Vacuum requirements (L. Keller)

(2) A Basic Design of IR Vacuum system (Y. Suetsugu)
(3) IR Vacuum Systems First Thoughts (O. Malyshev)
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,'!5 Vacuum requirement_1

o Study of background from beam-gas scattering
Beam-Gas Bremsstrahlung Electrons Hitting Beyond the Final Doubl et

Cut: Outside 10 mm at entranceto 1% extraction line quad
Average Energy = 100 GeV
Originisinsde 200 m from theIP
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Vacuum requirement_2

Loss pts. of 150 random beam-gas brem. trajectories in the BDS using LP TURTLE
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+ 040cmV
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+ 0.78cmH
+ 045cmV
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Summary of Hits/bunch and Hits/160 bunches (TPC) — both beams, 10 nTorr

Vacuum requirement_3

Hits/bunch Hits/160 bunches (TPC)
GEANT3 TURTLE TURTLE TURTLE
Beam-gas brem | Beam-gas brem Beam-gas brem Coulomb
Hit (charged) (charged) (photons) (charged)
Location Hits Hits <E> Hits <E> Hits <E>
FD Prot. Coll. (13 m)
[x] >0.74 cm 0.22 0.17 235 0.056 ~50 0.009 250
ly] > 0.45 cm 35 27 GeV 9.0 GeV 1.4 GeV
Origin 0-800m from IP
Inside F.D. (10-3.5m
! OF1 tO(QDO) ) 0.014 0.006 | ~100 0 0
- 2.2 1.0 GeV
Origin 0-100m from IP
IP [ + 35
(R >r1egln(q)r;t(z =6 c;nr;) 0.04 0.02 ~100 0 0
- e 6.4 32 | Gev
Origin 0-200m from IP

GEANT3 simulations show that only hits in the IP region (z 3.5 m) cause problems
(L. Keller)

for the vertex detector
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,',’E Vacuum requirement_4

What are the vacuum specs between the QDQ’s ?
(where there is no room for pump installation)

1. We have seen that 1 nT out to 200 m is conservative, but near the IP, it
could be one to two orders of magnitude higher from a bremsstrahlung
standpoint. What about electro-production of hadrons?

2. Electro-production of hadrons in gas near the IP (£ 3.5 m)

O, ~ 2 mb => ~ 5x105/BX @ 10 nT

Lumonosity bkg.: gamma-gamma at L __, ~ 0.5/BX

Therefore the near-IR pressure requirement is not determined
by the beam-gas background rates

(L. Keller)
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,'!5 Vacuum requirement 5

Conclusions
160 bunches

"4

1. At 10 nTorr within the IP region there are 0.02-0.04 hits/'bunch (3-6 hits TPC) at an average
energy of about 100 GeV/hit ornginating inside 200 m from the 1P, Some of these cause
intolerable background in the vertex detector, so to reduce this background to less than 1% per
bunch crossing |the pressure specification inside 200 m from the 1P is 1 nTorr.

2. At 10 nTorr, on the FD protection collimator 13 m from the 1P, there are 0.21 charged hits (33
hits TPC) at an average charged energy of about 240 GeV/hit and 0.06 photon hits/bunch (9 hits
I'PC) at an average photon energy of about 50 GeV/hit onginating inside 800 m from the [P
['his leads tofa conservative pressure specitication of 10 nTorr in the BDS trom 200 to 800 m.

3. |From a particle background standpoint, within the 1P region between the QDO quadrupoles, the

pressure can be greater than 1 nTorr since luminosity backgrounds will be dominant in this
region.

ILC-NOTE-2007-016
(L. Keller)
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ilp Basic design_1
o

e Required pressures

—Forz<L*:1~10x107"Pa(=1~10nTorr)

— Up to 200 m from IP: <1x107 Pa (=1 nTorr)
(by L. Keller, 15/8/2007)

Focused here
SS part

Be part QDO cryostat . QF1 cryostat

: Voo cold bores, 2K ~ cold bores, 2K
u;:ut- o |:,| | incoming

.p/ 1 _M o ?? !T! E —

==t |'__nl_ll—| r_ll'_

0.2 |j :

L - h-ﬁ}""\-\. [ Y i I [ ik

-~ T =Am #7.3m } #49.3m #12.5m
’ ~4m . .

: * deleclor-specific  fixed part

L
part (Y. Suetsugu)
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ilr Basic design 2
o

e The first consideration by O. Malyshev (2007/8/16)

e However,

« Dangerous to the detector circuit.
« Mechanical strength?

 How about a system without in-situ baking?
— Is it possible?

(Y. Suetsugu)
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ilp Basic design_3

o Assumptions
— Pre-baking before assembling should be done.
— The chambers should be treated carefully after the
pre-baking to avoid any contamination.
— Water should be kept away as much as possible.

— Thermal gas desorption rate without baking:
o After 10 hours evacuation:
CO: 2 x107 Pa m3 /s/m?(~ 2 x10-1° Torr | /s/cm?)
H,: 2 x10-° Pa m3 /s/m? (~ 2 x10° Torr | /s/cm?)
« After 100 hours evaculation (after 4 days)
CO: 2 x108 Pa m3 /s/m? (~ 2 x10-* Torr | /s/cm?)
H,: 2 x107 Pa m3 /s/m? (~ 2 x10-1° Torr | /s/cm?)
« About 20 times larger than those after baking (O. Malyshev)
(Y. Suetsugu)
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Hu Basic design_4
i | - -

o Assumptions
— Distributed pumping to effectively evacuate these

conductance-limited beam pipes

— Use NEG strip : ST707 (SAES Getters), for ex.
ST 707/CTAM/30D Strip

Typical Sorption Curves
Pumping Speed [cm™3/s c¢cm™2) After some saturation

10000
- H,:1 I/s/cm?

~ , ~ 600 I/s/m
N - H2

T —

St707 NEG strip

co

1000 |

J C0:0.1/l/s/cm?

100 F 5 : —

\\\ I N
10 e I L .._...._l....J.lHJlI: R RN [ A
0.c0M 0.0010 0.0100 0.1000 1.00C0 10.0000

Sorbed Quantity (em™3 Torr/cm™2)

Activation : 450 C % 45 min

S ti : T= 26 C Pe 3E-6 T
szr.pi‘v;.OFnSPT.OOOst Rev.0 Jan g,”1994 ﬁ (Y- SU etSU g U)
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Basic design_5

o Assumptions
— QDO =Cryopump (at T = 2 K2))
— Pumping speed

A:Area

Peq: Equilibrium pressure
m: mass of gas molecule
T: Temperature

Cq: Sticking coefficient

1_ P, [T KT P, |T
S==VAC,<1-—= | —t=.—AC<1-—= |—
4 P\T, 27m P\T,
— Pgq <<P S 5? ) #,ﬂ
-Cy=01 L e e B a1
— As afirst approx. o wi A=, b i v
. SHZ — 36 m3/8/m2 §) & B Jrl,.-"'. 1 .'ff;"'?l";.i Tagea
=036 l/s/lcm? & wfw A e ==
— If r =10 mm, 5 wim a i wf" L
Sy, =0.22 m3/s/m £ »i* f mi i/ *’ff
=220 l/s/m il I A /41 e
T K] (Y. Suetsugu)
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ilp Basic design_6
o

e If no pump at cone region (z < L*)

— NEG pump just before QDO
Beam channel [~ Pump channel” NEG strip

EX. | / it Lumped pump

Pump -.” T may be OK

] Ceramics support
Be part y 241 ﬂDﬂ QF1 cryostat
[ h oad
b “;f’ 84 s cold bores, 2K
0 WS - incoming
5 F "'ﬂf
;’-i&

E‘? i f——
{ - I'_T |
' * i — - 'j b ‘mm|
| e gy mﬁ_
5 b i’ 220 I/s/m 2 A
Mfrm A 7=7.3m =49 3m =12 5m
] ~a4m | om
L* pm“'e“”' Specific | fixed part (Y. Suetsugu)

2007/09/17-21 IRENGO7 12



iIn Basic design_7
o

e Pressure distribution after 100 hours evacuation
o (Calculated by a Monte Carlo code

No pump at cone

2o o — Q =2x108 Pam? /s /m?
, ~+-F (neoming P for CO
R — | | -P@E<Ll¥>1x10°Pal
" Some pumping are
' *
5107 required at z < L* !
. — =

(Y. Suetsugu)

2007/09/17-21
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ilp Basic design_8
o

 For example, NEG pumps at the last 1 m of cone

EX.
NEG strip
e = =  m— i

gy
m it

,. . 220 I/s/m 4 $

e £ Am =7 3m £9.3m 712 5m

a detector-specific  fixed part (Y. Suetsugu)

2007/09/17-21 IRENGO7 14



ilp Basic design_9
JLF

e Pressure distribution after 100 hours evacuation

P<1x10°Pa!

CO
L e T ——— am‘?l......HZ... .
\ ——F [Pa] P —e—F[Pa] i
\ 7107 K i
4107 .‘\ek. | =P (outgaing) [Pa] | | L —e—F {oufgoing) [Pa] I
-_‘1—1 5107
3" \ ......... ] 5107
= \ T .
= ; o 410
o
210 T & -
310
1107 k 2107
vl — {mum..a-c -o® 1107 _
: et | R Bl |
0 2 4 & 8 10 o 2 e & 8 [ 10
2Am] 2 (Y. Suetsugu)
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iln Basic design_10
JLF

e Possible for GLD

TP
_.'ll-H—II Lk
-'.-I.-
‘-l|_'_'|' E
i
__.-'? 14} cumw
.__?- (RS RT]
i .aﬁ i L = EFCAL inner radius
=il 2oy ey sk ITATMST B LIS
VTK Innar radius 23m 4 Beri
£ - - L R lrm) Hf__!-__ﬁ.l__
IR Optimization el
H |
FCAL inner radius for TPC
background hits. BeamPipe ‘o
_ _ GHIMASK
Hole radius of extraction to g
: / Hole radius
decrease backscattering. : A e R
Radi fh i @VTX | 5.0gm E.L :ElnulrI:n JJ:m-npm
adius of beam pipe - oAt e | Mitmm phi
T (Y Suetsugu)
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e Basic design_11

N. Meyners | (Y. Suetsugu)

IRENGO7 17



/s Basic design_12
o

e Gas desorption by SR

* Problem as Malyshev-san said

e SR from beam halo (halo rate ~ 10-3)
« At extraction line, average photon energy = 7 MeV,
power = 60 mW, from 3.5 mto 6.5 m
e Photon density is about 2x101° photons/s/m
o If 110 photons/s/m and » = 0.1 are assumed,
* Qphoton = 4x10H Pa m3/s/m @ 293 K ~1x101% Pa m3/s/m
~1x10° Pa m3/s/m?

 Still below the thermal gas desorption.
» Similar order of gas desorption by e/e".

(Y. Suetsugu)
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iIn Basic design 13
JLF

* Qphoton = 1X102 Pam?3/s/m< for QDO (2 K)
H2, Qphoton = 1x10° Pam®/s/m?
8107 ——— —
7107 -J-i ......... :: z:‘;m el N 0 p rob | em

P [Pa]

(Y. Suetsugu)
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e Heating by HOM
— Loss factor, k, of a simple cone

1D15 o

Basic design_14

— ~4x10% V/C @o,= 0.3 mm e el
— g =3.2nC, 5400 bunch, ol ioh | [ II]
=
5Hz : |1 = 8.6x10~> A e
EHpr T
- P= kql X2 =220 W E 10" S
==
— Other components? | & T
+ SR croteh? Slope = -k =R =
k = 4x10%; ‘WC 1T T

Air cooling ? 1 10 100

o [mm]

Water cooling may be safe.

[ a [ e @ & ©

2007/09/17-21 |RENGO7

(Y. Suetsugu)
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iIn Basic design_15
JLF

e Layout of pumps

Option
5SS part
Be part / QDO cryostat QF1 cryostat
/_7 cold bores, 2K cold bores, 2K
Ebckasess. : = =
0.165mwn T, ) incoming
= = M
| [ e
: 0.2m "I%
a DK |
; Valve2 4 4 "
e _ Z=Am valve _ [ L7 3m | 2=9.3m z=12.5m
~A4m NEG strip ’—% Al
—1] Vacuum
T™P \@ I—I| Gauge \1@
lon N
D g —
L . @)
Legend:
" L:I Lk & Apertures typically =1cm in
o BPM, strip-line incoming beamline, and
flanges r—=1_2cm+0.08cm™Z(m)
[ . _ in the outgoing beamline
[ 1 kicker, strip-line
E valve
Be-S5S connection s permanent
g3 bellow
(Y. Suetsugu)
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ilp IR Vacuum 1
T

e Be cone vacuum chamber (half):

after 24 hrs
bakeout at 250°C and weeks of pumping:
* 1 (H,) =10 Torr-l/(s-cm?)
e n(CO) =101 Torr:l/(s-cm?)

 Q(H,) =2-107 Torr-l/s; Q(CO) =210 Torr-l/s
* S(H,) =200 I/s; S(CO) =20 Iis
* U(H,) =151ss; S(CO)=41/s

(O. Malyshev)
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H/u IR Vacuum 2

JLT
 Reachable pressure without a beam: Be cone

* P=Q/Sg Ser<U
* P(H,) >10° Torr; P(CO) > 5-10° Torr

— Lower desorption can be reached by longer
bakeout

— Larger pumping speed S, requires a pump
connected directly to a Be vessel

— In-build SIP in a magnetic field of a detector

o/ Present layout does not allow reaching the
required pressure without long bakeout at 250°C

and weeks of pumping by using conventional
technology even for thermal outgassing only, I.e.

with no beam.

(O. Malyshev)

2007/09/17-21 IRENGO7 23
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IR Vacuum 3

In presence of the beam

Photon, electron, ions, lost positron and
electron stimulated desorption

Be cone

Q=2X%2(n; I}), where

— n Is desorption yield, number of desorbed gas

molecules per impact photon or particle

— 11Ss an index assocliated with each kind of

Impact particle

— I'is a number of photon or particle hitting a

surface per second

2007/09/17-21 IRENGO7

(O. Malyshev)
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IR Vacuum_4

The ‘critical’ energy of photon near IR is g, ~ 0.5 MeV.
Photon flux I'=10° y/s (calculated by Dr. Takashi Maruyama)

« PSDyield at ¢, ~1 MeV is not well
studied (LEP data only, for Al and SS)

« Beam conditioning studied at DCI at ¢,
up to ~20 keV

 Initial desorption yield for Be at ¢, =
500 eV (Foerster et al, JVSTA
10(1992),p. 2077):

— n=410"Hy/y,n=1103CO/y, n =810*CO,y,n=2-10"*

— Coefficient due to photon energy = 100

FED widd (el eodesplaion)

1

-

PSD at
Be cone

I EERE: B

Lo S SR

)d

oo

a i
] Iﬁl L-1§ 10
ohan cribical mergy l:nrl'-’:l

CH,/y

110 110

— Total photon stimulated [desorption is less than thermal:

E

=0.1~-0.4

* Q(H, =1.2.10 Torr-I/s;
« Q(CO) =210 Torr:/s

2007/09/17-21 IRENGO7

(O. Malyshev)
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iIp IR Vacuum 5
1

The ‘peak’ energy of e*/e- near IR is g, ~ 1-2 MeV. ESD at
Flux of e+/e- 1=8.5-108 e*-/s (calculated by Dr. Takashi Maruyama)
Be cone

« ESD yield at ¢, ~1 MeV is not studied

e Initial desorption yield for Ti at E = 3 keV after
bakeout at 300°C for 24 hrs (M.-H. Achard, private
communication):

n=2~10

e Q(H,) =3:10-1° Torr-I/s;
« Q(CO) =510 Torr-l/s (O. Malyshev)
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ilp IR Vacuum 6
T
\Ee cone

Solution is the NEG coated vacuum chamber:

Even bakeout for 24 hrs at 160°C is very beneficial
Inductive heating of thin Be wall (tbd)

S(H,) = 0.5 l/(s-cm?), S(CO) =5 l/(s-cm?)
Does not pump C,H, and noble gases (O. Malyshev)
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ilp IR Vacuum 7
1

PSD
Between cone and QDO

The ‘critical’ energy of photon near IR is g, ~ 0.5 MeV.
Photon flux I'=~7-1010 y/(s-m) (calculated by Dr. Takashi Maruyama)

e Estimated pressure raise due to photon stimulated
desorption is much larger than thermal:

e e*/e- stimulated desorption may lead to an order of
magnitude larger pressure raise.

=> these tubes must be also NEG coated and
activated

(O. Malyshev)
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H/u IR Vacuum 8

Required vacuum: QDO cold bore

— 10° Torr at RT => 3.2:1013 molecules/m3
d=21-36 mm, L=3 m

Gas density with no beam is negligible at T=2 K

(except for He).

Gas density with a beam increase due do:

— Photon, electron, ions, Tost positron and electron

stimulated desorption inside the cold bore.
— Gas from the cone and connecting tube!

— Desorbed gas cryosorbed and accumulated on the

cryogenic walls

— Accumulated molecules will be desorbed by photon,

electron, ions, lost positron and electron.
— => (Gas density is growing with time

2007/09/17-21 IRENGO7

(O. Malyshev)
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iIp IR Vacuum 9

QDO cold bore

* EXxperiment was
performed with
photons with ¢, =
300 eV

10-10 . il | ' |
a 2 4 8 -] 10
Photonsim {x 1057} . imvestigation of synchrotron radiation-induced photodesarption

in cryosorbing quasiclosed geometry
W, ¥ Anmshis, 0. B, niyzhey, and ¥, M. Ceipos

Hudler buanar of Moo Pl Merosibial. Neom

L L. Mashensiey anrd W, O Tumsi

Fio. 1. Room-temperature RGA H, pressure measured at the center of the Seprcandaring S Colliie Loborauary, Eible, Those FILI7

4.2-K beam tube vs integrated photon flux with photons on and photons off.

The raw pressure difference “on™ minus “off” has been normalized to

1 10'* photons/m/s. The vertical dashed lines correspond to features dis- (O MaIyShEV)

cussed in the text.
2917 ) Vee. Sel, Technol, & 1245), Sep/Oct 1994
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IR Vacuum 10

e Cold bore with a
liner or a beam
screen (alike SS
or LHC)

L

QDO cold bore

7
e T ™ |

m"i

2007/09/17-21

Pressure (Tom)
T
I

e

ot
o

Pnotanadm (x 1021

Fig. 2, Room-temperatere RGA Hy and CO dynamic pressures measured at
the center of the liner configuration. Dynamic pressure is normalized o
13 10" photonsims,

(O. Malyshev)
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e Solution 1

and
e TiZrV coate

ftypes QDO cryostat
| cold bores, 2

IR Vacuum_ 11

Tubes are ' [
| QF1 cryostat  jncoming
TiZrV coatsd/ (g bores, 2K

M HH ] v AV 1!_!_! m

| == -

0.2m B [} - -
4 Tz:4m T2213n1 [j Tz:93n1 Tz:125n1

< = m >
Legend: m pump 0% bellows
O BPM, strip-line M valve

[ ] kicker, strip-line [ flanges (0. Malyshev)

2007/09/17-21

IRENGO7
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e Solution 2

ubes are

DO cryostat

IR Vacuum_12

Tdbes are

QF1 cryostat

iIncoming

0.2m

—am / ) Tz:4m

»

Pumps Conéected to the
tubes close to the cone

A

Legend: m pump
@ BPM, strip-line
[ ] Kkicker, strip-line

Beam screen with holes
0 avoid H, instability
W bellows
N valve
1l flanges

2007/09/17-21

IRENGO7

TiZrV coat
cold bores, 2K cold bores, 2K
wH M \/ [ M
HH LU I—_I - AN I H| HH
il A j'.lr. =
LI |_|:| T -
Tz:7.3m U Tz:9.3m Tz:12.5m

(O. Malyshev)
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Hu Summary
LT

e Basic concepts of the vacuum system around
P has been proposed.

e |tis a great step for the engineering design of
LC IR.

o At the same time, several important issues
were recognized.

2007/09/17-21 IRENGO7 34
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iIp Issues 1
JLF

 Pumping scheme at z < L* (Cone) depends on
the required pressure,

* No baking and no pump are OK
* No baking is OK, but some pumps are required

 NEG coating and baking are required.

e Other room temperature region needs pumps
(distributed or lumped pumps or NEG coating)
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ilr Issues 2
JLF

Comment
 Pumping system design also depends on;

« Days or weeks?
» Strategy of push-pull

» Capacity of NEG coating
 We need a typical operation pattern.
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iIp Issues 3
JLF

o Gas desorption by photons, e‘/e*, ions in QDO

— But, more quantitative study should be done.

— Also, how about for the case T=2 K?

* The situation should be quite different between the cases of
4.2 K and 2 K (Equivalent pressure is different by orders)

 Beam screen may

i : .
protect 2 K cold Ho 7’{ L] i
‘T Wt 107t [/ i }(

Bore c L 107 4

S o Ll

‘_;’ : 0} 10 T

S5 O B

S LT ?'; !f

1010 i
1 2 4 5 10
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ile Issues 4
aw T

e Heating by HOM
— Cone
« ~100 W?

— Cavity? at the front of QDO
* Heat load to cryostat?

— RF shielding of bellows?
— HOM absorber?
— Water cooing?

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu
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iIp Issues 5
JLF

e Electron Cloud Instability (e+ beam)?

 NEG coating also works as an effective pump
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H/u Issues 6
e | -

« Number and location of flanges and bellows

) LEAD-END (NON-IP) EEAM TUBE
— To be accessible CONNECTIONS

— Size of flange

— Sealing
» Helico flex?
— Number of bellows

Hilln™ £ JETs

1 (A. Marone)

EPFM engineering issues

- Alignment
« At both ends of kicker f;fm:":
— RF-shield? B
* Heating ::“.,.._ o
ittt

— How to connect?

(P. Burrows)
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ilr Summary 2
o

e These issues can be solved in the further
study, | am sure.

 The design of vacuum system should
proceed in corporation with those of magnet
(Cryo-module), FB kicker and BPM etc.

Thank you !
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