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LHCb Upgrade II – operation at high 

luminosity

 Modifications to allow the experiment to collect 

50 fb-1 every year if able to work at

 Major ingredients :

 adapting the beam optics, operation scenarios

 increasing the protections for both LHC machine 

elements and detectors experimental cavern to the 

new environment
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LHCb - Luminosity upgrade summary
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Status of the studies

 Accelerator Note CERN-ACC-
NOTE-2018-0038 released 
 Overview of design studies and 

possible operational scenarios

 Outline of issues to allow 
operations at high luminosity and 
possible mitigation solutions 

 Full costing not yet completed 
 In the coming months a more 

detailed costing will be discussed 
with the CERN groups involved

 Need to enter into details:
 Update of energy deposition effects

 Integration studies

 Experimental areas aspects
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Peak luminosity
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• Minimum β* is constrained by optics 

flexibility.

• Maximum crossing angle limited by orbit 

corrector strength

• For a given β*:

• Aperture constrains maximum 

crossing angle.

• Beam-beam effects (i.e. beam 

lifetime) constrains minimum 

crossing angle.

Protons per bunch 𝑁𝑏 2.2 1011

Number of Bunches 𝑘𝑏 2572(2374)

R.M.S. bunch length 𝜎𝑠 7.61(9.0) cm

+/- Polarity By<0 / By>0

𝜃× = 𝜃external ± 𝜃spectrometer cos 𝛼plane
𝜃external, 𝛽*  at constant luminosity

Optics limitations
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1 1034 cm-2s-1

2 1034 cm-2s-1

baseline

R. De Maria – Annecy workshop

B. Di Girolamo, I. Efthymiopoulos - 8th HL-LHC Collaboration Meeting – October 16, 2018 5



TCDDM needed for D1 protection 

Present aperture bottleneck for B2H and B1V.

Aperture in the triplet is not symmetric (H=57.8 mm, 

V=48 mm) and cannot be rotated easily.

Aperture limitations in collision

β* [m] H1 [µrad] H2 [µrad] V3 [µrad] V1,4 [µrad]

1 -165 -220 ±115 ±220

1.5 -225 -275 ±165 ±235

2 -265 -310 ±205 ±270

3 -310 -310 ±250 ±310

1 with present TCDDM
2 without present TCDDM
3 crossing plane can be rotated 

during the ramp (difficult to setup)
4 if beam screen is rotated, 

introducing strong limitations 

during the ramp

Maximum half external crossing angle as function of β* 

H crossing V crossing H crossing V crossing

• Solutions possible with some aperture margin for β*//. 

• Beam screen rotation not needed so far in V-crossing 

• Rotating the beam screens would introduce issues at injection

R. De Maria – Annecy workshop
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14.6 σ



Can parameters be found to make the dream real? Yes
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Unavoidable impact on ATLAS and CMS is limited to 2-3% (best estimation)



Can parameters be found to make the dream real? Yes
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Unavoidable impact on ATLAS 

and CMS is limited to 2-3% 

(best estimation)



Other beam dynamic aspects

 More studies needed for beam-beam effects
 First look at dynamic aperture is ok provided the crossing 

angle is kept above 200 mrad

 For the option with x-sing plane rotation during 
ramp more studies would be required 
 It would need verification and operational experience in 

HL-LHC conditions  

 More understanding on b* optimizations in IP1 and 
IP8 to be gained
 Constraints from the HL-LHC baseline optics and the 

telescopic squeeze that links IP1 and IP8
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Modifications RB86
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Modifications RB84
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Wall to be reinforced

Services to 

be 

rearranged: 

easier than 

on the 

RB86 side



Energy deposition aspects

 Implementation of protections that haven’t been considered before
 A TAS-like based on filling with tungsten bars the MBXWS magnets or 

normal TAS

 Possibly a longer TAN than currently planned to be installed during LS2 for 
Upgrade I

 Prolongation of the shielding to Q1 interconnect (a reinforcement as in HL-
LHC)

 TCL collimators for Q5 protection

 Better definition of the TCDDM mask in front of the D1 magnet

 Magnets ageing or robustness
 Inner Triplets should be ok up to 300 fb-1

 Exchanged magnets from IR1 and IR5 could be considered as spares

 There is a need of more investigations on the D1 magnets
 If new magnets have to be built this would have a cost impact

 The ageing and servicing of the “instrumented” MBXWS have to be 
assessed
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Energy Deposition Studies
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Other aspects not yet studied

 Possible impact in cryogenics to be still evaluated
 Protection of the remaining(?) electronics and 

installations

 Higher heat load on the system and impact on higher 
heat on QRL

 Impact in ventilation system, R2E for proximity 
electronics and services, increasing wall thickness 
and density on one side

 Vacuum equipment displacement from hot and 
constrained regions around the inner triplets to be 
evaluated
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Cost evaluation

 Absorbers TAS and TAN: quite some amount of 
tungsten

 Two collimators (all included, cables, controls)

 Cryogenics

 Civil engineering and additional shielding

 Experimental area aspects

 Ventilation

 D1 magnets rebuild?

First guess 10-30 MCHF with still high uncertainty

(20 MCHF would be the cost of new D1 magnets)
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Next steps

 A more refined costing is being prepared to reduce 
uncertainty
 Preliminary figure soon with higher precision 

 It might need few more months or end of LS2

 Integration studies need to be done.
 On the right side IP8 is complicated by beam 2 injection 

elements

 Space for TAN, TCL, other possible absorbers is very limited

 If LHCb is given green light to TDR, a similar level of 
documentation and refinement will be done on the 
accelerator side
 Need of setting up a small project
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Summary

 Scenarios for operating LHCb after Upgrade II at high
luminosity have been worked out that match the expectations
from the experiment
 Impact to IP1/IP5 performance within acceptable levels

 First study on required modifications in the IP8 region for
machine components, experimental cavern and
infrastructure completed and published.

 A rough cost estimate on major cost drivers completed

 No major showstoppers, but lot of work is required to finalize
and validate the proposed solutions

Thanks LHCb for the challenge!!! – it would be a fun project to 
work on if good physics is to be found!
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