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Nominal scheme parameters (Design Report)Nominal scheme parameters (Design Report)
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Nominal scheme, lifetime parameters Nominal scheme, lifetime parameters (Design Report)(Design Report)
2 experiments

Since the LHC Design Report 
was published, it has become 

clear that we will have 3 
experiments (ALICE, ATLAS, 

CMS) taking data.

Since the LHC Design Report 
was published, it has become 

clear that we will have 3 
experiments (ALICE, ATLAS, 

CMS) taking data.
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Early scheme Parameters  (Design Report)Early scheme Parameters  (Design Report)

Only show parameters that are different from nominal schemeOnly show parameters that are different from nominal scheme

2 experiments
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Operational Parameter Space for Operational Parameter Space for PbPb IonsIons
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Optics for the Early and Nominal Ion SchemesOptics for the Early and Nominal Ion Schemes

Same Same geometricalgeometrical transverse beam size and emittancetransverse beam size and emittance
–– Optics, dynamic aperture, mechanical acceptance, etc. similar toOptics, dynamic aperture, mechanical acceptance, etc. similar to

protons.protons.
Injection and ramp done with Injection and ramp done with exactly the sameexactly the same optics, orbits, optics, orbits, 
corrections, etc. as for protonscorrections, etc. as for protons
–– Should shorten ion commissioning time considerably!Should shorten ion commissioning time considerably!

Colliding in ATLAS, CMS Colliding in ATLAS, CMS ⇒⇒ same squeeze as protonssame squeeze as protons
Leave IR8 in injection configurationLeave IR8 in injection configuration
Main difference is that IR2 is squeezed to Main difference is that IR2 is squeezed to 
–– May May -- or may not or may not -- be operationally convenient to commission be operationally convenient to commission 

the ion optics first with lowthe ion optics first with low--intensity protons.intensity protons.
Crossing angle at IP2 (1,5?) may be small (includes ALICE muon Crossing angle at IP2 (1,5?) may be small (includes ALICE muon 
spectrometer, details in Design Report)spectrometer, details in Design Report)
–– Aperture requirements somewhat relaxed Aperture requirements somewhat relaxed w.r.tw.r.t. protons. protons
–– Operational time for polarity reversalsOperational time for polarity reversals

* 2.,1.,0.5 mβ =
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Alignment of IR2 Quadrupole TripletsAlignment of IR2 Quadrupole Triplets

ProcedureProcedure
–– KK--modulation to find modulation to find 

quadrupole centres quadrupole centres 
w.r.tw.r.t. BPMs. BPMs

–– Alignment with special Alignment with special 
optics, triplet quads offoptics, triplet quads off

Only possible with Beam 2 Only possible with Beam 2 
–– Phase advance  Phase advance  

injection kicker to TDIinjection kicker to TDI
May not be necessary in May not be necessary in 
first year first year 
–– Can be done with Can be done with 

protonsprotons
–– Consider scheduling Consider scheduling 

together with other together with other IRsIRs??

/ mD/ mβ

New alignment optics for IR2 (+IR1, IR5)

A. Verdier
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Plan for Commissioning LHC Rings with Lead Ions (1) Plan for Commissioning LHC Rings with Lead Ions (1) 

Assume that protons can be collidedAssume that protons can be collided
–– Injection, ramp, squeeze (where applicable) are Injection, ramp, squeeze (where applicable) are 

set upset up
ReRe--commission injection and first turns with single ion commission injection and first turns with single ion 
““pilotpilot”” bunch (close to nominal intensity)bunch (close to nominal intensity)
–– Adjust BSTAdjust BST
–– Energy matching to different SPS cycle, each ringEnergy matching to different SPS cycle, each ring
–– Should go quickly (magnetic reproducibilityShould go quickly (magnetic reproducibility……))
–– Deal with any difference of geometric beam size from Deal with any difference of geometric beam size from 

protons (collimator settings, etc.)protons (collimator settings, etc.)
Set up RF and capture (Set up RF and capture (““few shiftsfew shifts””), instrumentation), instrumentation
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Plan for Commissioning LHC Rings with Lead Ions (2) Plan for Commissioning LHC Rings with Lead Ions (2) 

ReRe--commission rampcommission ramp
–– Should also go quickly (magnetic reproducibility again)Should also go quickly (magnetic reproducibility again)
–– Deal with any difference of geometric beam size from protons Deal with any difference of geometric beam size from protons 

(collimator settings, etc.)(collimator settings, etc.)
Commission squeeze of IP2 (if applicable) Commission squeeze of IP2 (if applicable) 
–– Including crossing angle with ALICE spectrometer bump Including crossing angle with ALICE spectrometer bump 
–– (Alignment of IR2 triplet quadrupoles?)(Alignment of IR2 triplet quadrupoles?)
–– Could take a few days (see experience with IP1 and IP5)Could take a few days (see experience with IP1 and IP5)

Collide Collide PbPb--PbPb
–– ReRe--optimise collimation (how?), measurements, etc.optimise collimation (how?), measurements, etc.

Need to review time requirements with proton experience.Need to review time requirements with proton experience.
Provide > 4 weeks of physics with Early Scheme for ALICE, ATLAS,Provide > 4 weeks of physics with Early Scheme for ALICE, ATLAS,

CMS.CMS.
DonDon’’t forget MD time (t forget MD time (→→ Nominal SchemeNominal Scheme) with ) with PbPb ions ions 
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Optical Parameters at the Optical Parameters at the IPsIPs (Nominal)(Nominal)

= IPopticsTable@"CollisionIons", "LHCB1"D

]//NumberForm=

IP1 IP2 IP5 IP8 IP1.L1
βxêm 0.55 0.5 0.55 10. 0.55
βyêm 0.55 0.5 0.55 10. 0.55

xcêmm 1.1× 10−9 −3.59× 10−9 0.5 −3.18× 10−9 1.1× 10−9

ycêmm −0.5 5.77× 10−9 2.08× 10−9 −0.5 −0.5
pxcêμrad −2.95× 10−6 2.63× 10−6 142. −210. −2.95× 10−6

pycêμrad 143. −10. −7.9× 10−6 −1.81× 10−7 143.

= IPopticsTable@"CollisionIons", "LHCB2"D

]//NumberForm=

IP1 IP2 IP5 IP8 IP1.L1
βxêm 0.55 0.5 0.55 10. 0.55
βyêm 0.55 0.5 0.55 10. 0.55

xcêmm 4.11× 10−9 3.94× 10−9 0.5 −2.43× 10−8 4.11× 10−9

ycêmm −0.5 −6.01× 10−9 −2.72× 10−9 0.5 −0.5
pxcêμrad −2.79× 10−6 5.5× 10−6 −142. 210. −2.79× 10−6

pycêμrad −142. 10. −0.0000107 −2.69× 10−6 −142.
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Optical Parameters at the Optical Parameters at the IPsIPs (Early)(Early)

IPopticsTable@"EarlyCollisionIons", "LHCB1"D

/NumberForm=

IP1 IP2 IP5 IP8 IP1.L1
βxêm 2. 1. 2. 10. 2.
βyêm 2. 1. 2. 10. 2.

xcêmm −1.11× 10−9 2.29× 10−9 0.322 1.78× 10−9 3.08× 10−9

ycêmm −0.322 2.78× 10−9 3.61× 10−10 −2. −0.322
pxcêμrad 2.37× 10−6 −1.83× 10−6 92. −170. 1.86× 10−6

pycêμrad 92. −2.13× 10−6 −1.98× 10−6 8.67× 10−7 92.

IPopticsTable@"EarlyCollisionIons", "LHCB2"D

/NumberForm=

IP1 IP2 IP5 IP8 IP1.L1
βxêm 2. 1. 2. 10. 2.
βyêm 2. 1. 2. 10. 2.

xcêmm 3.94× 10−9 3.09× 10−9 0.322 −8.36× 10−9 3.94× 10−9

ycêmm −0.322 −4.5× 10−9 −5.35× 10−9 2. −0.322
pxcêμrad −1.74× 10−6 1.11× 10−8 −92. 170. −1.74× 10−6

pycêμrad −92. −3.55× 10−7 −1.07× 10−6 −1.13× 10−6 −92.
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Beams crossing inside LHC aperture, Nominal, IR1Beams crossing inside LHC aperture, Nominal, IR1

IRcrossingPlot3D@"CollisionIons", "IR1", 2, 0.25D

CollisionIons, IR1
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Beams crossing, Nominal, IR1, closer view (2Beams crossing, Nominal, IR1, closer view (2σσ beam)beam)

IRcrossingPlot3D@"CollisionIons", "IR1", 2, 0.015D

CollisionIons, IR1
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Beams crossing inside LHC aperture, Nominal, IR2Beams crossing inside LHC aperture, Nominal, IR2

IRcrossingPlot3D@"CollisionsIons", "IR2", 2, 0.25D

CollisionsIons, IR2
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Beams crossing, Beams crossing, Nominal+EARLYNominal+EARLY, IR2 (2, IR2 (2σσ beam)beam)
IRcrossingPlot3D@"CollisionIons", "IR2", 2, 0.02D

CollisionIons, IR2
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Beams crossing, Injection, IR2 (2Beams crossing, Injection, IR2 (2σσ beam)beam)

IRcrossingPlot3D@"InjectionIons", "IR2", 2, 0.03, ViewPoint −> 8−3.308, −0.644, 0.312<D

InjectionIons, IR2

3250
3300

3350
3400

3450sêm

-0.0200.02

xêm

-0.02

0

0.02

yêm



J.M. Jowett, ABP-LII meeting 20/3/2006 17

Beams crossing inside LHC aperture, Nominal, IR5Beams crossing inside LHC aperture, Nominal, IR5

IRcrossingPlot3D@"CollisionIons", "IR5", 2, 0.25D

CollisionIons, IR5
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Beams crossing, Nominal, IR5, closer view (2Beams crossing, Nominal, IR5, closer view (2σσ beam)beam)

IRcrossingPlot3D@"CollisionIons", "IR5", 2, 0.02, ViewPoint −> 8−1.233, −2.695, 2.165<D

CollisionIons, IR5
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Beams crossing inside LHC aperture, Nominal, IR8Beams crossing inside LHC aperture, Nominal, IR8

IRcrossingPlot3D@"CollisionIons", "IR8", 2, 0.2D

CollisionIons, IR8
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Beams crossing, Nominal, IR8, closer view (2Beams crossing, Nominal, IR8, closer view (2σσ beam)beam)
IRcrossingPlot3D@"CollisionIons", "IR8", 2, 0.01, ViewPoint −> 8−0.999, 0.046, 0.011<D

CollisionIons, IR8
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Minimum Minimum PrePre--requisites for switching from requisites for switching from pp--pp to to PbPb--PbPb

PbPb--ion injection should be readyion injection should be ready
–– Nominally in Spring 2008Nominally in Spring 2008

Injection, ramp and collisions work with protonsInjection, ramp and collisions work with protons
–– Squeeze is not strictly necessarySqueeze is not strictly necessary
–– E.g. conditions of the Pilot Run E.g. conditions of the Pilot Run ……
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Beam energy (TeV) 6.0, 6.5 or 
7.0 

6.0, 6.5 or 
7.0 

6.0, 6.5 or 
7.0 

Number of bunches (per 
beam) 

43 43 156 

β* in IP 1, 2, 5, 8 (m) 18,10,18,10 2,10,2,10 2,10,2,10 

Crossing Angle (µR) 0 0 0 

Transverse emittance (µm) 3.75 3.75 3.75 

Bunch spacing (µs) 2.025 2.025 0.525 

Bunch Intensity 1 1010 4 1010 4 1010 

Luminosity in IP 1 & 5 (cm-2 

s-1) 
~ 3 1028 ~ 5 1030 ~ 2 1031

Luminosity in IP 2 (cm-2 s-1) ~ 6 1028 ~ 1 1030 ~ 4 1030

Optical Conditions in Proton Pilot RunOptical Conditions in Proton Pilot Run

Initial Pilot Run conditions 
with Early Ion beam would 
give Pb-Pb luminosity of:

24 -2 -1(few) 10  cm sL = ×

ALICE will be 
taking head-on 
collisions. 

Minimum 
change to LHC 
configuration.
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