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Beam screen functions and features

Beam screen: First wall seen by the beams in cryogenic magnets.

Main beam screen functions:

O Ensure vacuum performance.
 Minimize, intercept and transfer the beam induced heat load to the cryogenics.

Sawtooth profile ==

Pumping slot

Cold bore of the

superconducting magnet

Pumping slot shield

Cooling tube

Beam screen tube
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Manufacturing steps (1)

Raw material:

* Austenitic stainless steel: 2 mm coiled
Strip.

* OFE copper: 150 pm coiled strip.

Colamination

Beam screen tube manufacturing (97 coils):

* Copper stainless steel colamination (1
mm stainless steel + 75 um copper).

* Sawtooth rolling.

* Pumping slot punching.

* Continuous forming; copper removal
and welding; cutting.

Beam screen sheet Beam screen tube production line
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Manufacturing steps (2)

Beam screen finishing: welding of

* Gold plated contact rings.

* Cooling tubes.

* Cooling tube support and fixed point.
* Contact rings.

Beam screen extremity after finishing

Finished beam screens shipped and stored in wooden crates,
individually packed in hermetically sealed polyethylene sleeves.

Spot laser weld of the cooling tube to the beam screen tube
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Conditioning at CERN

Cleaning (EDMS 2371237):

* Ultrasound cleaning in detergent bath.
* Tinal rinsing in demineralized water.

* Drying with alcohol then in air.

Cold leak/pressure test:

* Beam screens installed in a vacuum chamber.

* Cooling down to ~80K.

* Pressurisation of the cooling tubes at ~2.5
bars.

* Venting with N2.

Beam screens transported and stored in metallic
boxes with plastic foil protection.

Beam screen cold test Beam screen storage from cleaning
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Integration 1n the cold mass (1)

Done at CERN by a contractor following procedures:
1423318 & 1423322.

Cleaning of the magnet cold bore:

* Cleaning by circulation of detergent.
* Rinsing with demineralized water.

* Drying with filtered air.

* Closed with aluminium foil.

Downstream assembly (sliding point):

* Cutof cooling capillaries: cutting, dressing, boring.

* Bending.

* Bellows mounting and exit tube assembly.

*  Welding bellows and cooling tubes with exit tube.
Tooling with back gas protection.

Beam screen downstream assembly
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Integration 1n the cold mass (2)

Insertion in the cold mass:

*  Manually / 3 persons.

* Protection beam screen extremity
with aluminium foil.

Upstream assembly (fixed
point):

Mechanical assembly and
welding with gas protection

Lt et 4 = . P
__ o LS .
Beam screen insertion in a LHC dipole Upstream assembly completed
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Integration 1n the cold mass (3)

Leak detections (EDMS 35338):

* Beam line under vacuum.

* He pressure in the cooling tubes and in pockets
around welds.

* Venting with air.

Endoscopic inspections.

Beam vacuum sealed with aluminium flanges.

Endoscopy
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Production timescale

LHC Progress A‘
Dashboard

Arc and DS beam screens overview

Accelerator
Technology
Department

Series production spreaded from 2002 to 2007: 3200 !" I’ //"7
» Raw material: 2000 " (] 77
» P506: Dec. 2001 — Jan. 2004 o )4 /]
» Colamination: July 2002 — April 2004 2400 / /‘ /
» Cooling tubes: March 2003 — March 2004 | /
» Beam screen tubes @ 100 ” / 7
» Finishing See dashboard 5 i 1 V7
» Integration 1200 / j // ,/
/
o | / ]
o ] /
400 — /f/ ///
0 el
= Tubes produced — Coreens finshed = Coreens cold tesied = Crreens insialied
Updated 31 December 2007 Data providedby  N.Kos AT-VAC
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Venting:

RF ball test:

Plug-In module exchange (EDMS 13189406,
2087100).

Endoscopic inspections (EDMS 1244128).

Operation

LS1: N2.
From 1.S2: N2/0O2 mixture (EDMS
2049213).

Filtered air, 10 um, EDMS 12647064.

c@
L
N

14/06/2023 Cédric Garion | Workshop on Dust Charging and Beam-Dust Interaction in Particle Accelerators

11



Conclusion

LHC beam screens have been manufactured in industry, conditioned and integrated in the cold
masses at CERN.

Activities at CERN have been done considering ultra-high vacuum requirements.

Best practices have been applied for the assembly, carried out in large series production
environment.
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Thanks for your attention
and
thanks to VSC colleagues for the different

materials presented.

CE/RW
L
N

14/06/2023

Cédric Garion | Workshop on Dust Charging and Beam-Dust Interaction in Particle Accelerators

13



eeeeeeeee



|

LINE H

NOT SHOWN

vumsnrzaal

Vi UPSTRER

i [ 21,5

' (195)

0l

l )

0

J

@ 14/06/2023

Cédric Garion | Workshop on Dust Charging and Beam-Dust Interaction in Particle Accelerators

(BL )
(165.5] | N
3 (213) . (78]
CRYOSTATS, M-LINES, N-LINE, X-LINE NODT SHOWN QUPOLE COLD MASS RSSEMELY '122 *05
‘ T RF-CONTACT STRIPS  ~ B
1240 T REFERENCE, PLRN "C°
REFERENCE PLAN L°; i
WTERCCHHECTIO
Vi VIRTAL PLAN
| |
B I_- -% I | 1
| | 3 SCREEN
H () g (73) BEAM SCREEN
e — N 12451 L
‘ ml
‘ T H (1351 s ]
L ﬂ"ﬂ» mni g el LINE W1 (48,5]
= = =i = = %113 | pe— _EE i S ) | S _E ¢ =Tta
;;?‘iﬁzii®= = k5 e R s S | e n %@&"g
i | | s '
2.3 (64)
LEJ 1641 24 d
LiESS ] ! -
[T | L7B) ] =
2 w08 gl
F‘ H 1| RF-CONTRCT STRIPS A
1 21 8 10 mnl
N
£  S— (10J12) (2] (335) | (46)
sl g&” =R = 3 ——— n” L (121) J
EEIR g | 3 E (=TT e (7 8)
EE RS 3 I T 1 [ 125.5) _
Ap@) [y 13351
u4 H T
i i - Igia | 551
B E il I
| 05+
= = - - - - - - - = - - ¥

15



Arc Beam Screen Manufacturing Steps

Process Unit Qty Treatment grouping Comment
OFE Cu - 8 tonnes (tbc) [Melt ? n/a )
OFE Cu raw material

Rolling Cu 150 um (tbc) coiled strip tbc |n/a

Raw material |P506 St. St. 30 tonnes Melt 3 n/a
ESR process ~1tonne Billet 97 n/a P506 St St raw material
Rolling St. St. 2 mm coiled strip 97 n/a
Colamination 1 mm coiled strip 97 10 coils in 10 batches |Cu thickness, surface resistance - coil start & end
Saw tooth rolling 1 mm coiled strip 97 10 coils in 10 batches |Saw tooth micrograph

Beam screen |Slot punching 1 mm coiled strip 97 10 coils in 10 batches

manufacturing |Tube forming & welding |Continuous tube from coil 97 1 coil Gurin

Cutting into BS tubes 15.5 m tube 2800 |45-50BSin 60crates |Magnetic permeability & surface resistance on BS of each coil
Beam screen finishing  |15.5 m tube 2800 |45-50BSin 60crates |Add cooling tubes, end rings and fittings.
Storage 15.5m BS 2800 |45-50BSin 60crates |Wooden crates
UHV Cleaning 15.5m BS 2800 |14 BSin 200 batches |Wooden crates to metallic 'caisse navette' with 28 BS

Beam screen 80K leak test 15.5m BS 2800 |7BSin400batches |28 BSin metallic'caisse navette'

conditioning & Short term storage 15.5m BS 2800 |28 BSin 100 batches |28 BS in metallic 'caisse navette'
installation Insertion in cryomagnet |15.5 m BS pair 2464 |2BSin 1232 MB BV sealed

Endoscopicinspection |15.5 m BS pair 2464 |2BSin 1232 MB BV sealed. Sector 8-1 endoscope in tunnel
External storage 15.5 m BS pair 2464 |2BSin 1232 MB BV sealed
Tunnel installation 15.5 m BS pair 2464 1232 MBin 8sectors |BV sealed until installation of PIM
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