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Key points to obtaining of ultra-high vacuum

* More than 90% of rest gas should be hydrogen

* Definition of total outgassing flow and gas flow per square

* Dry (without oil) pumping systems (turbo, forevacuum pumps)
* Combination of ion pumps with TSP, NEG, Cryo pumps

* Baking after assembling to remove water

* Beam lifetime due to losses on rest gas

* NEG coating for long beam pipes under room temperature

* Dynamics vacuum instability for high intensity beams

* Electron cloud instability — special treatment of the surface



NICA Accelerator Complex

: Booster (25 Tm) |
1(2-3) single-turn injection,
storage of (2 + 4)%10° ions,

,acceleration up to 100 MeV/u

electron cooling, acceleration;

up to 600 MeV/u

Stripping

Nuclotron (45 Tm)
injection of one bunch
of <2%10° ions,
acceleration up to
1-4.5 GeV/u max.
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Vacuum systems of particle accelerators

LU-20 Turbo pumps  Upgraded
+ cryopump
HILAC 11,5 10~ Turbo pumps Assembled
+ ion pumps
Nuclotron 251,5 10”7 Turbo pumps  Upgraded
+ ion pumps
Booster 211 10-° lon pumps + Production
getters Assembling
Collider 503 107 lon pumps + Design

getters Production
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Cold vacuum chamber

with cryosorber

1- outer shell, 2 — beam screen,
3 — cooling tube, 4,7 — pumping
slot shield, 5 — charcoal fiber,

6 — grid for charcoal fixing

electron shield

outer shell
T=1.9K

saw teeth

ID=50mm

beam screen
T=5 +20K
OD=49mm

cooling tube

N
slots

LHC vacuum chamber
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Length of chamber: 3.35 m
Aperture: 120 x 60mm?2
Wall thickness: 0.3mm
Rib thickness: 3.0 mm

SIS100 Dipole Chamber Design

Xacyum physical requirements on the magnet chamber
esign
- all dipole chambers represent 45% of the total cold surface in

the cryogenic arcs, ,
- the inner beam pipe wall will be used as expanded cold surface

of an efficient cryopump with practically infinite capacity for nearIP/
all condensable ‘gas species wall temperatures as low as possible

- static vacuum pressure inside the chamber 10-2 mbar, under

dynamic conditions < 10-" mbar
- due to the fast magnet ramping eddy currents heat up the chamber

wall to temperatures > 20K

Cryosorption Pumps

Quadrupol-  lon  Quadrupol- BPM
magnet  catcher magnet
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Vacuum scheme for booster cold arcs
presented in poster

Se e

et &

o o

o ==

TR LTI
Lurmen

Todain saonuiiatans

[k FHomeapfiaone -G {lmeae
AT Lt ST e G i

=Y Haroe cupmaig g Sy
v Boumuie © aexmpoHedmamserkn oo & Log= il
Wz Aovmits £ it OGN g Hy=Ters
&) Berinie £ el ruudodo fil Ly=25rwe
W Serimieat € FA0KTOONTZHUT i RUSods ) Hy=Toas
(g B © fipinin mpuliodo 4

4P Hamsow megrgpesuombang 20

o e oufeprrmsazempa s 2

licd Leitem i

7
FE AT
HexopumenaT cmm LT
Tenase (A
o

LuiImemes
Bz e

Sl aiwe
| . ¥ o M . . iyl
5 Bx|
=%

Tenvid G im

(AN IPHTYINHAZT

LnALR T

Fie wrwenen ABE7

Sav dypemon 4083

Hiad cawmogs /53

YIBEPXAERD

LOFALOBARD
Kooz £

Aoy amdenenus N7 /5T

Azt HH

Bymea AG

(ol AR

HRY 53
AT

5T




Prototype of vacuum stand (Vakuum Praha test)
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Simulation of dynamics vacuum and pressure distribution for Y booster
(all gauges at room temperature)

1) Red line — startup vacuum scheme (turbopumps only)
2) Blue line — normal vacuum scheme (ion pumps + TSP getters)
3) Green line - with additional TSP@LN between magnets
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Booster vacuum chambers of cold arcs (FRAKOTERM)
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TSP @ LN (BINP test)
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NEG pump @ LN (SAES test)

Heater: Alumina +
Ta wire

Type K
thermocpuple
welded on a disk

Copper from an
electric wire

Getter: ZAO alloy
(Zr VTi Al)

OHFC (blank Cu
gasket)




Status of booster vacuum systems

Name ________Status | Chamber manufacturer | Pumping systems *

SC magnets Assembling FRAKOTERM, Poland lon pump + TSP
Pick-up stations Production FMB, Germany

1) Injection septum Production Cryosystems, Moscow lon pump, TSP, NEG, CT
2) RF-stations Under test at JINR BINP, Novosibirsk lon pump + TSP
Pumping post MILLAB, Moscow

3) Extraction system + Production BINP, Novosibirsk lon pump + TSP
Channel to Nuclotron

4) Electron cooling Assembled at JINR BINP, Novosibirsk lon pump, TSP, NEG
system

* TSP — titanium sublimation pump, LN — temperature of liquid nitrogen
CT — cryogenic trap, NEG — non-evaporated getter 14



Configuration of the Collider for Heavy lon mode
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NEG coating technology

Cylindrical magnetron deposition for vacuum chambers

Ceramic Q= HV
Commonly used planar feedthrough\ o+
magnetron deposition |__l_ DC and pulsed DC
1 power supply
B HiPIMS
i Kr |N Vacuum
pump Kr injection . ﬁ o
mjection
. - Target: Ti, Zr, HE, V

twisted and alloy wires

Tubular
sample ™

Solenoid __|.
B=240G

Permanent - Magnet

pulsed DC
= power supply

Test pieces

Ceramic———




Temperature (°C)

ASTeC activation procedure

First procedure of the NEG coating is well-known as CERN activation procedure.
New procedure is named as ASTeC activation procedure (Accelerator Science and

Technology Centre, STFC Daresbury Laboratory, Warrington, Cheshire, UK)

300

250

200 -

150 H

100 -

50 -

Degas SIP,
RGA and IG
- _BEIEout tem Etﬂ_‘lI.EE_ - NEG activation temperature
'l" 700-250°C 1‘ y—lmaer\
] \
[ ] { |
] ]
(] ]
] i
] i
I | o
N \ 150+/-5°C
! [
! [
! [
! [
] \
(] 80+/-5°C 1
[} |
|
\
\
20°C ———NEG coated sample I‘ 200C
=== Uncoated vacuum chamber i — k_
-10 10 20 30 40 50 60 70
Time (hrs)

O.B. Malyshev, K.J. Middleman, J.S. Colligon and R. Valizadeh. J. Vac. Sci. Technol. A 27 (2009), p. 321.



Laser technology for surface treatment
to decreasing of secondary electron yield (SEY)

Crawler centralising wheels.

LHC Magnets Revolving mirror

O\

Piezo pusher

Laser focusing mechanism

N

Crawler driven wheels

cailE DEgRE—

Tension spring connection

Laser fibre termination

Kl Laser optics housing

\ (moves axially)

Cable Guide / Drive Mechanism.

Mole Assembly

Piezo pusher pad
The mirror optics housing Axial cam /

Crawler Assembly

moves axially as the mirror
rotates to maintain laser
focus on the flat sections of
beam pipe.

Cable support /

Mirror housing (rotates) Gear drive Electric motor

Mirror housing bearings

18



SEY of Cu as a function of incident electron energy
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Nd:YVO4 Laser

 Max Average Power =10 W at AL =532 nm

e Pulse length =12 ns at Repetition Rate = 30 kHz
e Argon or air atmosphere

* Beam Raster scanned in both horizontal and vertical direction 19




Simulation of pressure distribution (1/4 of collider)
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Multi Purpose Detector
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Status of collider vacuum systems

mm Chamber manufacturer Pumping systems *

SC magnets Production FRAKOTERM, Poland lon pump + TSP
Injection channels Production SigmaPhi, France lon pump, TSP, NEG
RF-stations Production BINP, Novosibirsk lon pump + TSP
Electron cooling Production BINP, Novosibirsk lon pump, TSP, NEG
system

Stochastic cooling Design FZJ, Juelich, Germany lon pump, TSP
MPD Design Kompozit, Korolev lon pump, TSP, NEG

SDB IRE RAS, Fryazino

* TSP — titanium sublimation pump, LN — temperature of liquid nitrogen
CT —cryogenic trap, NEG — non-evaporated getter 22
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