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This meeting

Scope of this meeting is to present the latest experimental 

and simulation results at LHC with the present 

demonstrator of wire for Beam-Beam Long Range 

Compensation.

Present the predictions for the HL-LHC, together with first 

ideas for the wire hard-ware design and possible 

implementation. 

Building upon the existing collaboration between TRIUMF 

and CERN, look for a framework for future contributions 

from TRIUM to HL-LHC for BBLR wire compensation.
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This meeting
LHC

 Adriana Rossi : Motivations and present wire demonstrator 

 Guido Sterbini : MD results during LHC Run II and plans for Run III

 Axel Poyet : Modelling of MD results and effect of crossing angles 

HL-LHC

 Kyriacos Skoufaris : Simulations for HL-LHC configuration

 Dobrin Kaltchev : Correction of resonant driving terms with wires

 Yannis Papaphilippou : Scenarios and timeline for wire 
compensation at the HL-LHC

 Alessandro Bertarelli : Wire HW design for HL-LHC

 Oliver Kester: TRIUMF contribution to the BBLR Compensation 
Project for HL-LHC
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Outline

 Brief introduction to BBLR compensation with wire 

 Recall the demonstrator HW: wire in-jaw collimator

 Installation phases of the demonstrators in LHC

 Integration in the HL-LHC

 Summary and conclusions
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Long-Range Beam-Beam

 LRBB interactions limit accelerator performance 

 Perturb motion at large betatron amplitudes, where particles come 

close to opposing beam

 Produce beam blow-up and deterioration of beam lifetime

 Causes amplitude dependent detuning

 Limit closing crossing angle and therefore luminosity

Courtesy of 

G.Sterbini
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 Beam-beam (LR) kick 

(round Gaussian beam +

crossing in both planes)

with X/Y (beams separation)

 Can be approximated by 

an “infinite” wire

with X/Y (wire separation)

LRBB Wire compensation

≈1 

for large 

separation

Courtesy of

Y.Papaphilippou
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Recall of design of the demonstrator:

wire in-jaw collimator
 Requirements for BBLR compensation  coming from scaling 

lows [S.Fartoukh et al., Phys. Rev. ST Accel. Beams 18, 

121001 (2015)]

 High current ->  cooling

 Approaching the beam at few mm distance

 Specific  optics (initially βx/βy~0.5 and 2 on both sides of IP )

 Design: Wires embedded into operational TCTP type collimators :

 Joule heating can be cooled by the collimator jaw cooling 

system

 The wire can approach the beam while being protected 

 TCT at almost the right beta ratio

 Maintain TCTP collimator complete functionality! 
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Simulations and experiments explored wider range of 

parameters and configurations: see talks of G.Sterbini, 

A.Poyet, K.Skoufaris
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Wire-Embedded TCTW

Vacuum tank

Jaws

Actuation system

Tungsten inserts
(Inermet® IT180)

BPM button housing

Cooling pipes 
CuNi10

Glidcop Al-15 housing 
and back stiffener

11 April 2016 L. Gentini – CERN (EN-MME) LHC Collimation Working Group #203

BBLRC wire

Glidcop “T” support
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Jaw/wire movement

 In the plane of beam crossing the 

jaw position can be moved with a 

measured reproducible accuracy of  

5 µm and with < 200µrad tilt

 Possibility to move the wire in the 

transverse plane (collimator 5th 

axis) to align on orbit ~ 500µm from 

BPM dedicated measurements
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Thicker wire

Wire-Embedded TCTW

Cable dimensions (for 350A nominal current):
Transition 

30°

MgO

ø3.45mm

0.41mm

Cu

316L

ø2.48mm

0.3mm

Cu

316L

MgO

Total diameter outside 

the jaw: ø5mm

Total diameter inside 

the jaw: ø3.6mm

0.26mm

0.365mm

 Wire is brazed to a Glidcop “T shape” support

 Brazing maximizes wire cooling

 Tungsten block and “T” support connected in 

series with the housing via screws

 Increase of diameter where the wire is not in 

direct contact with the jaw (extremities)

 Also clamped to cooling pipes when it’s not in the 

jaw

Note gap between wire and 

tungsten (0.1÷0.2 mm)
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11 April 2016 L. Gentini – CERN (EN-MME) LHC Collimation Working Group #203
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Wire-in-jaw

 3 mm wire/jaw surface distance ~ 3 

beam sigmas

 Wire-beam distance should be 

minimized to achieve best 

compensation performance

 New solution for HL-LHC (see talk of 

A. Bertarelli)



Tests with spare collimator jaw

10

Max. temperature 

at IW=350 A: 161 oC

Courtesy of F. Carra

Top view

≈1 m

A. Rossi, Joint LARP CM28/HiLumi Collaboration Meeting, Napa Valley – 24-26 April 2017
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Measurements of wire 

temp. and voltage drop 

with and without cooling



Vertical centering with 3 pilot LHC 

bunches and orbit vertical bump (steps 

of 0.5mm)

Pressure (VPG.935.B4.R5) below threshold

Checking jaw temperature 

and movement with wire 

current ON

Tests at the LHC (G. Sterbini et al.)
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TCL
TCTPH

TCTPV

TAN

D2

TCL

TCTPH
TCTPV

D2

TAN

EYETS 2016-17 – replacement of 

TCTPH.4R5.B2 and TCL.4L5.B2

3D integration view: 4L5 top and 4R5 bottom. 

TCTPH.4R5.B2

TCL.4L5.B2 TCTPH.4R5.B2

B1

B2

IP5

BBCWE.4L5.B2

BBCWI.4L5.B2

BBCWE.4R5.B2

BBCWI.4R5.B2

TCL.4L5.B2
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TCL
TCTPH

TCTPV

TAN

D2

YETS 2017-18 – replacement of TCTPV.4R1.B2 

and installation of new TCLVW.A5L1.B2

3D integration view: 4R1

TCLVW.A5L1.B2 TCTPV.4R1.B2

B1

B2

IP1

BBCWT.5L1.B2

BBCWB.5L1.B2

BBCWB.4R1.B2

BBCWT.4R1.B2
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3D integration view: 5L1

TCLVW.A5L1.B2

Q4

Q5



Compensation (TCT ops opening) provides a reduction of B2 

(3 trains) losses by ~20%.

Almost full compensation, even at reduced crossing angle, for 1 

regular bunch whereas head-on bunch not degraded.

IPAC19, G. Sterbini, contributed talk WEYYPLM3

A. Poyet

A. Poyet
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3 bunches, 5-6sigma distance

3 trains, TCT operational settings



LS2 intervention before Run III
Moving of two wire collimators for BBLR compensation 

from B2 to B1 on IR1 and IR5
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Before LS2      After LS2 

 Clear potential to improve also B1 as shown for B2 during MDs 

 Gain in operational experience with wires during operation in Run III and prove 

potential for HL-LHC (wires used operationally)
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INTEGRATION of the BBLRW AT HL-LHC IP1/5

extraction from 3-D Model: ST0990131_01

Half-cell 5R1/5R5

Half-cell 5L1/5L5
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94.25 M  

238.1 M  

94.25 M  

Q6 Q5 Q4 D2 D1 

Q1 

Q2A 

Q2B 

Q3 

CP 

HL_LHC machine 

UL13 UL17 

UA13 

UA17 

UR15 

Q1 Q2B 
CP 

D1 Q3 Q2A D2 Q4 Q5 Q6 

53.69 M  

79.75 M  

US17 

LEFT RIGHT IP1 P2 P8 

PM17 

bblr 

≈190 M  ≈190 M  

bblr 

SPACE RESERVED  
FOR BBLR RACKS 

72 m 

RACKS IN IP1(=IP5) ZONE (S.Maridor)

SPACE RESERVED  
FOR BBLR RACKS 

72 m 

6
0
 m

 

100 m bblr 

10 m 

Estimation of cables length ≈ 242 m 

Ip1  



Future for HL-LHC
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Summary and conclusions  
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 Wires have been identified as possible BBLR compensation as 

early as in the late 1990s

 The first proof of concept was actually implemented in the SPS

 Wire-in-jaw collimators are being successfully used to test 

compensation at LHC and simulation work have been able to 

reproduce experimental results (see future talks)

 Results extrapolated to HL-LHC show the possibility of improving 

standard operations with larger dynamic aperture, more 

comfortable working point in the tune space, and enhanced 

performance. Without Carb Cavities, part of the luminosity lost 

could be recovered. 



Thank you for your attention
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Wire current and temperature with cooling
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A. Rossi, Joint LARP CM28/HiLumi Collaboration Meeting, Napa Valley – 24-26 April 2017
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 With cooling, the wire temperature as simulations: stable a few minutes after the current 

jump. Hottest spot at 120°C @ 350A

 Without cooling, tests at 100/200/300A: Tw <200-300°C for Uw < 2-3V

 Interlock set at 2.7V (note that U(350A)=2.5V)
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A. Rossi BE/BI – 6th HL-LHC Collaboration Meeting     – 14-16 November 2016

T(C)

Voltage across wire U(V)

Wire current and temperature without cooling
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