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LESS project for Q5 magnets with Cryosorbers

Simulated electron distribution in LHC magnets
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Laser treatment of beam screens
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Laser-treated chamber for LHC validation

3.113 m test chambers were installed in the LHC in a LSS
(Vacsec.C5R6.B) in 11/2023

Goal: verify that the activity seen by the surrounding BLMs is compatible
with LHC operation

The test is a prerequisite for the treatment of Q5 beam-screens for
HL-LHC to mitigate e-cloud

The chamber is treated in a similar configuration as for a quadrupole
magnet with top and bottom areas untreated

untreated
reference
chamber
(baked
earlier)

LHC-VC-EC-0003, https://edms.cern.ch/document/2914342/1.0
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Considerations for BS surface resistance

* 0-50 um deep and wide trenches formed
* Microstructure covered with adherent nanoparticles

* 75 um Cu OFE layer on stainless steel

- Limit trench depth to 25 um to not risk
influence of underlying steel especially after
a possible second laser passage
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Surface Resistance of Cu LESS — QPR study
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Surface Resistance of Cu LESS — QPR study
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Surface Resistance of Cu LESS — CHCDR study

closed Hakki-Coleman dielectric resonator (CHCDR)

Trench depth 25-30 um
perpendicular L longitudinal |l

S Figure 1: Photograph of the sapphire loaded Figure 2: Induced azimuthal surface current
(a) (b) CHCDR. density distribution on the sample surface for
the TEgy;; mode. The red circle indicates the

FIG. 1. Optical micrographs of the center of the laser-engineered surface structured copper discs. (a) Radial LESS-I structure and (b) edge of the dielectric puck.

Azimuthal LESS-II structure.
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Surface Resistance of Cu LESS — CHCDR study
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Compromises for laser process optimisation

Longitudinal grooves with depth < 20 um

-2 8, = 1.4 - 1.5, fewer particles at the surface,
- lower increment of surface resistance

-> particle diameter < 1 um, no particulate detachment

Treatment of only 22% of the full circumference in the
corners of the BS

- minimisation of particulate risks
- less influence on beam impedance

estimated treatment time: 3-4 weeks per Q5 magnet

EH’
WD = 83mm
Detector = SE2

CERN

-LHC PROJECT \\_/
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Q5 magnets with Cryosorbers —optimised LESS
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Surface resistance of processed beam screens

Aim:

« Test performance of final laser
processing strategy
« Confirm orientational dependence

of resistance
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(b) 360° longline (c) 360° spiral
longitudinal |l perpendicular L

Patrick Krkoti¢ et al., arXiv:2502.01392v1, https://doi.org/10.48550/arXiv.2502.01392 04.03.2025
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Surface resistance of processed beam screens

VNA

Coaxial Cables

(a) shielded pair assembly pieces (b) end cap assembly (c) view on probes

25 T T 9 T :
. @4 x 20° longli .5 H-@—4 x 20° longli
FIG. 4: Assembly of the LHC beam screen for measuremer sl ma i | B e gy
W 360° spiral 7.5 H-W-360° spiral L/\V
2}
71
Measurement procedure 175} /\/ 65f
15} sz}
. oL
Five measurements at RT g 125f X 4 PN X 4
4 1 4 4
35F
Five measurements at RT | L o i
osf o o g — "
. - - 0.25F 15F
Cool-down - (1m liquid helium) § L o L I 1t
H Am— i — 9% 05F
o @ : 4 ® —

Five measurements at4.2 K
Natural warm-up — (measurements)

FIG. 10: Measurement results presented as relative change of BS surface resistance for the laser
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Surface resistance of processed beam screens

Increment of surface resistance compared to Cu OFE

TABLE I: Summary of the surface resistance increase factor for the laser-treated areas, relative to

pure copper, averaged across all resonances. The error is defined as the maximum deviation from

the average to the highest or lowest value.

4 x 20° longline 360° longline 360° spiral

LESS +0.16 +0.14 +0.19
. . ) . - . RS RT 1'29—0.16 1'5570.09 2‘8570.26
FIG. 6: CST version of the reconstructed LHC beam screen with the 4 x 20° longline treatmer ’
Orange areas represent pure copper, brown areas refer to the laser treated copper and the grey R%ESZSK 1. 41+8 %g 3.1 1+8gg 798+(1)22
area represents the welding line of stainless steel. Insets indicate the magnetic fields for the even L : _ i
mode (down right) and odd mode (up left) mode configuration.
Trench depth 15-20 pm 50-60 pm 50-60 pm
Orientation longitudinal I longitudinal Il perpendicular L

ST/ Patrick Krkoti¢ et al., arXiv:2502.01392v1, https://doi.org/10.48550/arXiv.2502.01392 04.03.2025
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Longitudinal Beam Impedance
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FIG. 13: CST wakefield simulation model for the LHC beam screen with 4 x 20° longline laser

treatment configuration. The inset shows the cross-sectional mesh view.
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Longitudinal Beam Impedance

Q5 LESS treatment parameters
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Fig. 10 Comparison of real part of the longitudinal beam impedance: FIG. 14: Comparison of the real part of the longitudinal beam impedance: ratio between the 4 x

ratio between selective laser treated LHC beam screen and standard

20° longline laser-treated LHC beam screen and the standard LHC beam screen.
LHC beam screen including error bands.
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Conclusions

« Laser processing leads to increment of Cu surface resistance with clear anisotropy
caused by the formed trenches

« Longitudinal trench alignment with current direction is preferred

« Selecting a partial treatment for LESS of the Q5 magnets in the important zones for
E’cloud mitigation in quadrupole magnets (4 corners) leads to an increment of the
longitudinal beam impedance of < 3 % on a length of 5 m beam screen to be
treated

» Does the Impedance Working Group rate the LESS treatment positive for a
potential ECR to come for the Q5 magnet treatment ?
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