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LHC Collimation
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Introduction: WP5 upgrade items

IR collimation: Completely new \
layouts and collimator designs:
IR1+IR5: incoming and outgoing.
Full remote alignment system

(FRAS) / Crystal-assisted collimation (Pb ions) \ L32+ YETS

4-8 bent crystals, 50 yrad bending
IP7 (betatron cleaning)

LS3

Beam
\ 27 cms B
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/ . . \ TCLA.7R3
L S Dispersion suppressor TCLABSRS
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collimation: Secondary _ TCSGEGR | ™
beams from ion physics | 7% T|CP3%4R3 Momentum Betatron TCSﬁ:DAg TTTTTTTTT Impedance reduction: low-impedance,
ssssssss , Cleaning cleaning . TCSGAIRT high robustness secondary collimators:
TTTTTTTTT TCP6L3 BAR7 CSG.B5R7
"ToLARSLS Tosanry| | Tcseperr coated MoGr and coated Gr
"Toines reseaoR | | TOSGERT Un-coated MoGr primary collimators. L 2 +L 3
TCLA.7L TCPB TCLA.B6R7
opoonT . D%GR ) i ]
%% TCLAA7R7 g S

Crucial upgrades took place in
LS2: LHC Run 3 operation

already profiting! LS2+LS3 WP5 devices to be installed:
See WP5@ 12th Annual Meeting LS2: 14 movable collimators
LS3: 20 collim. + 12 masks (IR
+ 10 collimators (IR7)
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Final WPS upgrade baseline

= No hollow electron lenses for Run 4

= Driven by lack of in-kind support from Russia;
= Even stronger effort on halo studies to understand limitations;
= Continue supporting the R&D program to prepare a later deployment, if needed.

 No TCLD collimators around IR7, following the de-scoping of 11T dipoles

« ECR under approval for 11T dipoles;
= Supported by the quench tests in 2022 indicating that the performance with protons is ok;
= Crystal collimation for Pb ion beams; new IR7 optics if further mitigation were needed.

= New baseline material for the low-impedance secondary collimator (TCSPM)

= Very successful deployment of Mo-coated MoGr in LS2, but expensive.

« For the second-phase upgrade, we now plan to use Cu-coated isostatic graphite
Showed better behaviour for very extreme injection failure scenarios — _see backup

= Tertiary collimators in Inermet180, like the previous generation collimators

= CuCD: 15-20x more robust, but enough margin in present baseline; production challenging;
« Needed for pushing non-baseline optics (162nd TCC). Gain of <6% considered not justified.
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https://indico.cern.ch/event/1180881

Recent WPS5 milestones and updates

= Completed the installation of crystal primary collimators (TCPCs)

= Last two of 4 units installed in IR7 during the YETS2022-23
= Hiccup with a TCPC that had to be replaced
= Full system deployed for operations and being commissioned with Pb ions

= Closed vacuum vessels of two “X” collimator prototypes: new two-in-one
tertiary (TCTPXH) and physics-debris (TCPLX) collimators

= Last validation tests ongoing, mounted in the collimation X-string
- Huge effort in preparing the procurement for LS3 collimator production
« See talk by Hector. Francois-Xavier around — feel free to ask him details if interested!

- New beam dynamics studies for the final WPS baseline
« Report to IPAC2023 on the effect from new materials.

« Support LHC operations through the setup of the new HL-LHC collimators

= Crystal collimation, quench tests, studies for halos and new IR7

« Excellent progress on the electron beam test stand for HEL hardware
= Beam gas curtain tests, assessment of hollow gun performance

Pt D &)
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IR collimation systems for LS3

NTCT6 | e direction IP:1 TCL§ TCL6
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= Tertiary collimators to protect
against incoming beam losses + TCTPVX TCTPHX L
physics debris collimators ' e

= Two-in-one design for H
collimators to fit the tight space
at the re-combination region
between TAXN and D2.

= Other collimators in cell 5 and
cell 6 use the more-conventional
single-beam design
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IR collimation systems for LS3
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= Tertiary collimators to protect
against incoming beam losses +
physics debris collimators

= Two-in-one design for H
collimators to fit the tight space

at the re-combination region
between TAXN and D2.

= Other collimators in cell 5 and
cell 6 use the more-conventional
single-beam design
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Update on “X” collimator prototypes: the jaws — |

TCLPX
jaw
(thicker)

- Jaw prototypes are fully compliant (straightness
and UHV cleanliness confirmed);

- TCLPX and TCTPXH prototypes assembled and
vessel is leak tight;

- Final UHV test (RGA + total outgassing, including
bake-out) ongoing;

- New supports with integrated UAP assembled,
tested and technically compliant.

CE/RW
\

2 Courtesy F.X. Nuiry & D. Baillard
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LHC Colllmuhon

“X” collimator prototypes, open tanks — Ii

TCLPX extremity, top view
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Closed vessels & “X-collimation string” —

""""""
......

Installation of collimator on marble for flange
flatness measurements.

Collimators connected to the UHYV test
bench: preparation for bake out at 250 C.
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Closed vessels & “X-collimation string” —
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HL-LHC collimators’ prototypes installation on the surface

mock-up stand

05 September, 2023

https://hilumilhc.web.cern.ch/article/hl-lhc-collimators-prototypes-installation-surface-mock-stand
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Installation of collim:
flathess measureme

Collimator's prototypes together on the mock-up stand mock-up stand in building 927 (Image: Regis Seidenbinder)
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The WP5.2 achieved a new important milestone last August, with the closing of the two HL-LHC collimators’ prototypes vessels and their installation on the P

surface mock-up stand in building 927. This achievement has been possible thanks to the commitment of all WP5.2 team members, gathering CERN collaborators
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Collimators connected to the UHV test
bench: preparation for bake out at 250 C.
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Update on electron beam test stand

Resistive magnets (0.4T max)
H/V correctors
Modular installation

’ Solenoid with H/V correctors

Chromox, etc.)

Capability of testing: i : , N R
Electron Gun - -'__ __.'-._ ey o 1,
Collector —."_{{ ,fm HI =l i M I] R A Sowiis
Beam Diagnostics: BPM, | 14 J *.._ - e
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Crystal collimation hardware

LS2 YETS YETS EYETS EYETS

2019 2020 2021 2022 2023 2024 2025 2026
Q2 Q3 Q4 Q1 /' Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3/ Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2| Q3

Engineering specifications
Crystal procurements IHEP (12)
Delivery of 800!’12 on hold

Crysta

M. Di Castro,

rithout + with beam (analysis)
Fabrication of 4 units @ CERN and surface test for YETS'21 Iw Barberan

B Installation 2 CERN units YETS22-23

tests w

Installation 2 CERN units YETE2ME22

Fabrication | Installation O Test B Installation | Milestone 4 Output

Specifications [l

= |nstallations of 2 units in Q1-2023 proceeded as planned.

* However the B1-H units developed a mechanical issue during HW commissioning.
« Replaced with a drift chamber before starting operation, re-installed in TS1 (see back-up)
= Many thanks for the support from STI/CEM/VSC + planning team + OP

« Small delays on the preparation of spare units, now moved to Q4 2023

= Fully upgraded system (4 devices) operational and being used at the LHC
= Complete commissioning of new crystals with protons
= Successful usage for the special run “high-f*” for background reduction
« Being commissioned for ion beam operation.

S. Redaelli, 13th HL-LHC Collaboration Meeting, 26/09/2023
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Crystal collimation hardware

LS2

wo v

2019 2020 202 |

Ql Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1| Q2

Engineering

Installation 2 CEF

Speci

Installations of 2 units in Q

However the B1-H units deggg
Replaced with a drift cha T

‘ 2 >
|

Many thanks for the supp !
Small delays on the prepa s ‘\

Fully upgraded system (4 i oS
Complete commissioning (s
Successful usage for the SpEESEL St

Being commissioned for o Courtesy R. Seidenbinder
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Xray machine for crystal characterisation >

Facility in BE/CEM funded by WP5 &
PNPI enables detailed measurements of
mechanical properties of bent crystals:
Geometric properties and their stability vs
thermal cycles; the crystal miscut.

Being finalised, will be used also for other
crystal project at CERN.
All WP5 crystal tested as part of the
acceptance.

‘ HHL_!HC J(T | ’ ‘iE?D/ Courtesy M. Di Castro, E. Matheson

W
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New HL-LHC crystal validation at the LHC

primary

circulating beam

: crystal
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= All the 4 new crystals are well in spec.

= Excellent quality, with miscut <2urad for 3
crystals an ~ 6 yrad for one.

= Goniometer controls working as expected
Courtesy M. D’Andrea
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High-B* run 2023

Crystal collimation used to suppress backgrounds in the Roman pots in ATLAS ALFA
and TOTEM during a recent high-f* run at 6.8 TeV

Special optics with 3km/6km, Roman pots operating down to 3 beam sigmas.
Low burn-off — long fills up to 9h-10h. Crystal used reliably over ~2 weeks
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Insertion in to the betatron

Crystal scheme — “adiabatic”

system

BV N A e
CRY 42}

TCP _____TCSG - ; TCSG

TCLA

Tested at the end of Run 3 and already
iIn 2022 with 2/4 new crystals.

(Ongoing) commissioning for Pb ion run

LHC Collimation
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Fresh news, as commissioning carried out over last weekend
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2023 commissioning just completed, validation ongoing. Last loss maps performed
until yesterday night. Crystals are part of the intensity ramp up.

Beam/Plane

Inefficiency Standard [Gy/charge]

Inefficiency Crystal [Gy/charge] Gain Factor

B1H
B1V
B2H
B2V

6.80E-13
8.00E-13
2.60E-13
3.50E-13

2.90E-14
6.60E-14
5.60E-14
9.10E-14

23.45
12.12
4.64
3.85

PRELIMINARY
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Very promising, although some
challenges found in commissioning.
Fill-to-fill stability over a long run to
be established.
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TCLD collimation in action for ALICE luminosity upgrade
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Operational news not covered today

« Several WPS studies cancelled in 2023 due to lack of high-intensity MDs
= Very important to maintain priority high until the end of Run 3
= Collimation quench tests of B1 — postponed; Impedance: only partially done.

= Detailed halo studies — postponed
« Only a few tests. Promising results: lower tail populations with the small-emittance LIU beams

= Lifetime analysis 2023: worsening with respect to 2023 in ADJUST.
= 6 dump while going in coll. (recently presented to the 167th ColUSM)

= New collimation optics IR7 (improved cleaning and impedance) — still scheduled!
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https://indico.cern.ch/event/1318073/contributions/5545667/attachments/2721743/4728673/20230922_Beam_Lifetime_2023_Sara_Morales.pdf

Conclusions

Reported the key WP5 activities in the last year

Worked on consolidating the updated baseline, focus in studies/beam measurements to
support mitigation strategies for the “missing” hardware

Important progress on the hardware preparation for the LS3 productions

Successful production of the “X” collimator prototype, so far conform for machine installation
Big effort on the preparation of the production contract (not reported here)

Support to the LHC Run 3 operation continued, profiting from the new HW

New collimators for low impedance and TCLD around ALICE fully operational
Performance is as expected — key asset to push the Run 3 performance with LIU beams

Very promising results from crystal collimation

Recent high-3* fully relied on this technique for low-background
Very encouraging results from ion beam tests — looking forward to seeing intensity ramp up

Various very important studies in MD delayed because of LHC availability
Important to keep the pressure high to preform them in 2024.
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More on production plans for LS3

= 20 x TCTP contract (+ TCTW) -
= 16 x TCDIL contract: 25 months
= Started on 11/04/2017
= Ended on 14/05/2019

= 20 x TCSPM/TCPPM/TCLD
contract: 26 months

= Started on 1/02/2018
= Ended on 30/03/2020

= Coming CERN need:
=36 x TCLPX/TCTPXH/TCTPXV/
TCTPM/T CSPM TCSPM %m)l\?H&&T%?va
=~2.5 years contract —

TCTPXV

Courtesy F.X. Nuiry
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First ramp with ion trains and crystal collimation
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Proton quench test in 2022
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Proton quench test in 2022 M/
Ramp 1: Ramp 2: Ramp 3:
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Status of Cu coating on Gr

= Small pre-production:
= Dimensional tolerances Two blocks parallelism
= UHV compatibility

= Optimized the copper-coating deposition

= Electrical conductivity > 30MS/m

= Procurement for the series

production ongoing (10+2 TCSPM):
= DAl launched

=60 blocks+60 taperings expected by the
end of the year

= Planning for the coating and for the
validation at CERN updated

= Procedures and flowchart ongoing

1) Reception of Blocks,
Taperings & Plates

(S): C. Accettura, (R): C. Accettura

}

2) Visual Inspection

Procedures:
(S): C. Accettura, (R): C. Accettura, L. Hannemann
Duration: 1 day

Taperings ‘ Blocks ‘_—> r
3) Metrology 3) Metrology
(S): C. m:(m: A FROCEte: .
Cherif (S): C. Accettura, (R): A. Cherif
Duration 15 taperings/ day Duration: 4 blocks/ day $
| 1 27

?E/RW Courtesy Q. Demassieux, 178th TCC (June 2023)
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https://indico.cern.ch/event/1293141/#11-aob-re-installation-of-hori

Crystal collimation hardware — issue and re-furbishment

TCPC was open in B867 clean room. The
following observations were made:

. The linear stage was stuck in its motion, with visible damage on the linear
bearings on the tank side

. Crimped cable separated from the stage, with visible strands torn apart

. Removal of the bearing cage showed that one of the rollers broke out of the
cage and jammed into the rails, causing local scrapping of the rail

Based on theses observation, most likely
failure scenario was :

. Assembly procedure caused a local defect in the bearing cage

. The defect trickled an accelerated fatigue of the bearing cage until a roller broke
out

. The roller jammed the linear guiding system, freezing the motion of the stage

. The motor continued pushing and caused extreme compression of the cable,
forcing the strands apart

. On following pull, individual cable strands slipped out of the crimping and
separated the stage from the motor assembly

C

\E?W Courtesy Q. Demassieux, 178th TCC (June 2023)

Nl
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Crystal collimation hardware — issue and re-furbishment

Adjust (setup of collisions)
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Crystal collimation hardware — issue and re-furbishment
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Performance of the Run 3 system
Machlne conflguratlon 2023 B* = BOcm

collimator | n [o] T i s===——_ .. —— e
TCP3 15 E_:wm.: : Beamwonzamal' ===c=== z; === | | — e
TCSG3 18 0.100 H— " €old Ll ] i | ------ 18
TCLA3 | 20 === T o] L
TCP7 5 S==—= NS
TCSG7 | 6.5 | 1 =
0.001 =2 T+ EELE: 107 =
TCLA7 | 10| =~ | = ==—=— =
TCDQ | 73| & L NN N 0 D 4 E
TCSP | 7.3 e = "
TCL4 17 . = .
bviell Bl B e R R R I | :
TCT15 8.5 i L1 1o | """ ; 1
TCT2 37 § | _ 000t I —
TCT8 ]-5 6 SR 50100 l l 110(1)001 i 1156001 : l 1200001 o 25600 E
s [m] B .
Performance of Run 3 assessed in detail in simulations '
Layouts updated with the “as-built” lattice |

s [m]

= Good performance with the new designs/materials

Dispersion suppressor losses without TCLD, gain from new primary
collimator material estimated at 20-25% level (A. Weats, ColUSM 137).

‘Htm’i’

Courtesy: F. Van
Der Veken BE/ABP
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