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Introduction
● Major detector upgrades to be done in LS2

● Many detectors will also be commissioning in (early) 2021
● Improved detector capabilities enables some major 

changes to their normal running conditions

● Outline of talk:
● Beam conditions desires for p-p running
● Beam conditions desires for Pb-Pb running
● Special run requests

Very first, very preliminary feedback
 – expect updates over LS2

Many thanks to the experiment LPC contacts for their input in preparing this talk
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Experiment Upgrades for Run-3

ALICE upgrades during LS2

● LHCb moves to
triggerless readout
(software-only trigger)

● Upgraded tracker for
higher pile-up handling

● New SMOG2 system
with higher target density

● No Gating Grid in the 
ALICE TPC and 
continuous readout by 
using GEMs

● Provides large increase
in rate capability

Major upgrades/consolidation in ATLAS/CMS, but small impact on requested running conditions
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p-p Runningp-p Running
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Beam Energy in Run-3
● Highest possible energy favored by ATLAS/CMS as it 

increases reach of their new physics search program
● Also worth going to 13.5 TeV if implies much shorter training

– Experiments would like to know target well in advance
● If needed, can increase energy in 2022, but not 2023
● Beam energy not critical for LHCb, but prefer same energy 

throughout Run-3 (at least 2022-23) for sample uniformity
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Luminosity and Pile-up
● ATLAS and CMS remain limited to a maximum pile-up 

level of about 60-65
● Expect to run leveled at 2x1034cm-2s-1 (triplet heating limit)
● As much luminosity as possible...

● Upgraded LHCb detector can handle 2x1033cm-2s-1

● Want to run at constant pile-up level – see next slide
● As much luminosity as possible...

● Upgraded ALICE detector can run at higher luminosity
● Expect to level at 1.3-1.4x1031cm-2s-1 (~1MHz interactions)
● Luminosity goal for Run-3 is ~200/pb of p-p data
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Leveling in LHCb
● Precision analysis requires very stable conditions if possible

● Pile-up should remain the same at all time (as in Run-2)

● Goal is to run with constant pile-up corresponding to 
2x1033cm-2s-1 for full ring through out all fills in Run-3 (2022/23)

● For 2021, the level will have to be lower for most of the year,
but this is acceptable as it is commissioning year for LHCb

● Less bunches in IP8 implies less luminosity for LHCb...

IP1/5 Luminosity

IP8 Luminosity

Optimal IP1/5
fill length

Optimal IP8
fill length

Dump before LHCb lumi drops
Will need some operational margin
wrt optimal IP1/5 fill length
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Crossing Angle and ß* Changes
● ATLAS and CMS expect to run with crossing angles and ß* that 

changes during Stable Beam period
● Affects acceptance of roman pots

– Particularly IP with horizontal crossing angle (CMS in round, ATLAS in flat beam)
– Implication of switching crossing plane on roman pots still to be understood

● Use of tele-squeeze for ß* changes preferred by CMS/PPS

● For ALICE and LHCb expect constant x-ing angle and ß*
● ß* in LHCb should be small enough for lumi target, but at same time also 

want luminous region above 37mm in z
● LHCb would like different external crossing plane (next slide)

● ALICE want stable leveling operation
– Transients during IP1/5 ß* leveling will not be problem in Run-3

● ALICE will possibly request smaller luminous region
● If p-p optics used for special HI runs, ALICE would want to run with small 

ß* to maintain good luminosity in those
– Currently seems more favored to use PbPb optics

● Experiments will need to study acceptance etc. once optics files 
are available



9

Crossing Angle in LHCb
● In Run-2, external half crossing angle in LHCb fixed at -250 µrad to 

ensure separation for both dipole polarities
● Results in -112 µrad and -388 µrad total half crossings

● Introduces systematic difference in acceptance, 
luminous region size and need for bunch blow-up in one polarity

● With improved detector and higher luminosity, expected to
become significant systematic uncertainty by end of Run-3

● LHCb would like to have same total crossing angle for both polarities
● Requires two external crossings to be validated – not realistic

● Instead request fixed external vertical crossing during Stable Beam
● Horizontal crossing flip sign on polarity switch, but constant value
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Filling Schemes
● BCMS filling scheme is strongly preferred by all 

● All experiments can handle mixed scheme with 
~20% of 8b4e trains mixed into BCMS trains, 
if needed for e-cloud mitigation

● Pile-up level should be the same for BCMS and 8b4e 
bunches (i.e. similar bunch intensity and emittance)

● ATLAS would like to see significant integrated luminosity 
gain (>5-10%, taking into account levelling losses) before 
switching to such a scheme as physics and computing 
performance is affected by pileup

● CMS requests to do test in 2021 if likely to be used in Run-3
● LHCb luminosity scales directly with number of bunches as 

they run at fixed pile-up
– Other experiments can partly compensate 

by leveling at higher pile-up



11

Pb-Pb RunningPb-Pb Running
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Heavy Ion Running
● All experiments prefer running PbPb at 5.5 TeV/NN

● If not possible, fallback to 5.02 TeV/NN
● Run-3 PbPb luminosity target for ALICE/ATLAS/CMS: ~6/nb

● Request for pPb run at 8.8 TeV (perhaps in 2023)
● ATLAS/CMS: ~600/pb, ~300/pb ALICE/LHCb

● Will need p-p reference data at 5.5 and 8.8 TeV
● ALICE: 3/pb (1 week) in first year of PbPb (2021)
● ATLAS: 60/pb per 1/nb of PbPb, in each year of PbPb

● LHCb will fully participate in heavy ion programme
● Recorded peripheral collisions in 2018 at up to 1027cm-2s-1

● With upgraded detector can reconstruct more central events
and deal with even higher luminosity

● Also plans to do SMOG inject in heavy ion runs for
fixed target program
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PbPb Luminosity Sharing
● Potential conflict between LHCb PbPb luminosity

request and other experiments
● With 75ns bunch spacing, easy to distribute luminosity:

● With 50ns spacing (slip-stacking), LHCb by default gets 
nothing while others gain a lot – need to redistribute

● A luminosity sharing policy will need to be developed
● Is running with mixture of 50ns and 75ns trains an option?

LHCb got ~200/μb in 2018
in 2 weeks of 75ns running

~65% gain for ATLAS/CMS/ALICE
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Run-3/4 Heavy Ion Proposal?
● For HL-LHC Physics Yellow report and as input to

European Strategy update, Heavy Ion community
made proposal for Run-3/4 ion runs:

Note this is not a request endorsed by all experiments
Expect it to evolve before Run-3
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Special RunsSpecial Runs
A first look at possible requests
None have been “granted” yet
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2018
to come 2018

to come

?

?

High ß* Elastic Run
● If 14 TeV is achieved, will want to do another high ß* run for 

TOTEM and ATLAS/ALFA for cross-section/ρ meas.
● Exact ß* to be determined, but at least 3 km (TOTEM request)

– Possibly lower ßx* to increase luminosity
● ATLAS would like run in 2021 to minimize radiation damage

● Given success of crystal collimation in 2018, 
should aim to use that also in Run-3

● Will need to optimize background (distribution) in all RPs

● Another diffractive physics run (ß*~90m) under consideration
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Low Pile-up Runs
● Expect experiments will want some periods with (very) low pile-

up data in early 2021 for detector commissioning
● Likely to overlap with ramp-up of accelerator
● Will also need several isolated bunches during early running

● Possible CMS request low pile-up physics run in 2021
● At µ=3 for W/Z mass and cross sections
● Not foreseen to run ATLAS and CMS at low µ simultaneously

● LHCf requests special low pile-up p-p run at 14 TeV
● Increased γ, n and π0 statistics and new “rare” trigger
● Possible combined data taking with ATLAS/ALFA (TBC)
● Constraints:

– µ=0.01 and 40 bunches separated by >2µs
– Vertical beam crossing in downward polarity in IP1
– 2 fills of 6-20 hours depending on rate capability
– Installation in TAN after cool-down and removal after run,

i.e. ideally run scheduled right after TS  (TS1 in 2021?)
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Oxygen-Oxygen Running
● Interest from Heavy Ion community for measurements 

with light ions
● Better study emergence of collective

phenomena and possible parton
energy loss in small systems

● Better defined than in pPb collisions

● A pilot run with O-O collisions
seems most realistic for Run-3

● O used as carrier gas in Pb source
● Likely early 2022 at the earliest

(need time to switch between O and Pb)
● Goal would be ~200/µb in few days of running
● Preferable to use PbPb optics to have equal ß* in

ALICE/ATLAS/CMS
● Otherwise ALICE requests lower ß* for p-p running
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Proton-Oxygen Running
● Strong interest in cosmic ray community in p-O measurements 

at LHC energy to improve modeling of high energy air-
showers

● Wish is to achieve 5% precision
in modeling number of muons
and shower maximum

● Requires measurements from
all LHC experiments including
LHCf to cover full rapidity range

● Need O(100 million) minbias
events – about 2 fills with similar
conditions as LHCf p-p run
(L~5x1027 cm-2s-1, 40 bunches)

● Combine with O-O pilot run?

● LHCb and LHCf have expressed strongest interest in pO,
while ALICE/ATLAS/CMS more interested in O-O

● PbPb running still their main priority
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Proton-Helium at 450 GeV
● Fixed target in LHCb with He, H2 and D2 to reproduce one 

cosmic ray source of antimatter in AMS-02 etc.
● LHCb did p-He run at 6.5 TeV (√sNN=110 GeV)
● Interest in low energy (450 GeV) p-He run to gain 

acceptance for forward production and cover relevant 
range for AMS-02 anti-protons (10<√sNN<120 GeV)

● To take physics data, VELO must be closed
● Requires Stable Beam and proton-proton collisions
● Unclear if it is possible to close new VELO at injection energy
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SummarySummary
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Summary
● First early requests and constraints for Run-3 presented

● Requests and constraints from ATLAS/CMS largely 
unchanged from Run-2 for regular running

● Maximum energy and luminosity (up to pile-up of ~60)
● Optics changes should consider impact on forward detectors

● Major upgrades for LHCb and ALICE enable them to run 
at significantly higher luminosity

● LHCb request leveling at 2x1033cm-2s-1 (constant µ)
● Request to consider vertical external crossing in LHCb

● Already multiple special runs under consideration
● More likely to come during LS2/Run-3
● Prioritization and possible schedule to be done during LS2

in consultation with experiments, LHCC, accelerator etc.
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