


Beam-Beam Long-Range compensation, experience in
2022 & outcome of WS
G. Sterbini on behalf of BBCW team

We thank HL-LHC and CERN management and the HL WP2/5/13 and MPP for the
guidance, and we aknowledge BE, EN and SY groups for the technical support.
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Compensation of the Beam-Beam Long-Ranges

Courtesy of P. Bélanger.

• The beam-beam long-range (BBLR) is an EM interaction
between the beams in the proximity of the IP: increases with the
bunch intensity and by reducing the normalized beam distance.

• BBLRs act as magnetic multipolar errors:
→ impact on lifetime, reduction of

∫
Ldt,

→ magnetic correctors (e.g., DC wires) can compensate them.
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HL-LHC wire demonstrators
→ 4 demonstrators installed in LHC since 2017 (see Run 2 MDs),

→ embedded in operational TCTs in IR1 (V-plane) and 5 (H-plane),

→ each TCT jaw has a 1 m long wire carrying up to 350 A.

Wire demonstrators configuration 2022 (L1, R1, L5, R5). From EDMS
1705791 and 2054712.
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Evian 2021 proposal

→ use the compensation in LHC production fills.

DA simulations of the wire impact in Run 3 [S. Kostoglou, Evian 2021]

→ opportunity to learn about integrating the compensation in the cycle
within the MPP/collimation boundaries (critical aspect of the scheme).
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Evian 2021 proposal

Add an additional beam process step at end of the β∗-levelling
(β∗=30 cm, θc/2 = 160 µrad, TCT at 8.5 σcoll):

→ minimize the validation overhead during the commissioning,

→ be transparent for the LHC cycle in case of wire unavailability,

→ secure the fill integrated luminosity before the compensation.
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Linear effect of the wires

The proposal was endorsed by MPP provided that the linear effects of the
wires were under control (orbit, Q, β-beating)

→ 5-th axis alignment of the TCTs (collimation team)

→ compensation of the quad-effect by Q4s trims (D. Jacquet,
LBOC 135).

and standard interlocks were implemented

→ connect the four power supplies to the WIC

→ use the PcInterlock to monitor the wires and Q4 trims.

→ protect the wire with a temperature interlocks

The compensation was validated in July-August 2023 with optics
measurements (BE-ABP/OP), loss maps (BE-ABP/OP), asynchronous
dumps (SY-ABT) and interlock tests (BE-OP, SY-EPC, TE-MPE).

→ ≈ 3 shifts exploiting synergies during the commissioning.
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Experience in 2022 operation

22 fills were tested with the wire compensation in the two beams (F8146
dumped on an earth fault on L1 wire in August, 28th). Courtesy of P.
Bélanger.
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As metric to quantify the wire compensation we use the beam proton
losses, dN

dt , normalized to the luminosity, L
→ the effective cross-section

σeff = − 1∑
IPs L

dN

dt
(1)

Ideal BBLR compensation → σeff ≈ 80 mbarn.
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2022 Results

→ clear compensation on σeff on B2. Courtesy of P. Bélanger.
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2022 Results

→ compensation not visible on on B1. Courtesy of P. Bélanger.
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MD results
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Dumps

In 2022 run, 6 dumps related to the BBLR:

1. FILL 8012 @ 6.8 TeV (p+, R1B2 PC fault/WIC)

2. FILL 8146 @ 6.8 TeV (p+, L1B1 earth fault → PC fault/WIC)

3. FILL 8320 @ 6.8 TeV (p+, BBLR ON@β∗=32 cm → PCInterlock)

4. FILL 8399 @ 6.8 TeV (p+, R1B2 earth fault → PC fault/WIC)

5. FILL 8405 @ 2.5 TeV (Pb, R1B2 earth fault → PC fault/WIC)

6. FILL 8407 @ 2.0 TeV (Pb, R1B2 earth fault → PC fault/WIC)
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L1B1 failed on August 20th, 2022.
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R1B2 failed on November 15th, 2022.
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Run4 Constraints &
Potentials
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From Run3 to HL1

Performance gain by extending the levelling reach/time:
→ w/ CC, BBCWs push

∫
Ldt by 1.8-3.4%

→ w/o CC, BBCWs push
∫
Ldt by 6.2-12.6%

1PRAB 24 074001, 2021
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• Focus on the first period of Run 4 (BBCW-leverage while
commissioning the CC) → potential to use BBCWs before the
end-of-levelling (further increase gain).

• Crucial to define collimator configuration for BBCW strategy!
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Run 4 collimation settings (I)

The ideal BBWC setting requests a beam-BBCW distance in σn

“close” to the one between the two beams. Experimental results and
simulations show that we can still trade-off, i.e. increase the
beam-BBCW distance at the cost of a higher

∫
IW dl .

⇓

Two scenarios considered here (β∗=20 cm): tight and relaxed as trade-off
between impedance minimization and minimum beam-wire distance.
Retraction from the TCTs to be defined. Courtesy of B. Lindström.
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Run 4 collimation settings (II)

Several scenarios were presented to minimize the beam-BBCW distance

1. Keep TCTs at constant sigma settings from FT: to be
operational already in 2023

2. Use tighter TCT settings

3. Use tighter TCP/S/T settings throughout cycle

4. Close collimators (including TCP) during collisions as bunch
intensity drops

5. Keep TCPs at tight settings from FT and then close TCS/TCT
during levelling

6. (Put wire closer to beam than TCTs, option excluded)

Some flexibility with the cells 4/6 TCTs optimization
(leakage-to-experiments) but less margins (robustness on losses) due to
the missing copper diamond TCTs.
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Run 4 performance’s gain
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Run 4 performance’s gain
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Design Concept &
Challenges
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Design of the BBCW

Use a slim, light design with a thin, bare, metal wire, allowing to move as close
as necessary to the beam, while minimizing interactions with beam particles.
Courtesy of A. Bertarelli.
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Proof of Concept test

A low-cost short demonstrator (290 mm long) was built and tested to validate
the concept and perform online measurements. Courtesy of A. Bertarelli.
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Infrastructure/Integration constraints

Two options considered for the integration: UR and RR options. Presently
there are criticalities. Courtesy of A. Rossi.

LHC Chamonix Workshop 2023 BBLR Compensation in LHC and HL-LHC 25

https://indico.cern.ch/event/1168738/contributions/4952569/attachments/2514653/4323392/BBLR-integration-Uppsala2022.pdf


Infrastructure/Integration constraints

Two options considered for the integration: UR and RR options. Presently
there are criticalities. Courtesy of A. Rossi.

LHC Chamonix Workshop 2023 BBLR Compensation in LHC and HL-LHC 25

https://indico.cern.ch/event/1168738/contributions/4952569/attachments/2514653/4323392/BBLR-integration-Uppsala2022.pdf


Preliminary Impedance Studies

Impedance contributions are significant but no showstopper was identified,
reduced when matched load is applied at wire termination. A shielding
(e.g. foil, grid) between the wire and the beam would strongly reduce
impedance. Negligible EM thermal load. Courtesy of B. Salvant.
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Preliminary energy deposition studies

Up to 100 MGy per 4000 fb−1, negligible thermal load on the BBCW due to L.
Courtesy of M. Sabaté-Gilarte.
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Magnetic model of the wires

3D magnetic map available to simulate edge effect and non-idealities (brazing
errors, cabling effect). Courtesy of M. Marchetto.
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TRIUMF Contribution
& Next Steps Proposal
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TRIUMF contributions

Strong collaboration with TRIUMF on several directions of the studies.
Proposal of a full scale prototype and to target fall 2023 for the CFI
proposal. Courtesy of O. Kester.
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Outline

• BBCW demonstrators operational in 2022. Beneficial effects
observed.

• In the first period of Run4 there could be a substantial
leveraging of the BBCW compensation effect (CC
commissioning). This is compatible with tight collimation scenarios
(to be tested in 2023).

• A simple, low-cost, modular design was explored. No showstoppers
identified.

• The UR integration solution is compatible with off-the-shelf PCs
but cabling integration still outstanding.

• Preliminary studies on impedance and energy deposition show no
show-stopper. Both can be improved by adequate matching,
shielding. . .

• If endorsed by TCC, we will target the Review 2023 (budgets and
schedule as additional topic) and, depending on the results and
following decision, TRIUMF will apply for the CFI funds.
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Thank you for your attention.
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