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Machine parameters were finalized at Chamonix2011
 - Converged on 2011 values  for E (3.5 TeV) and β* in all IPs (1.5/3.0/10.0m).
 - Minor changes are still on the table...

Scope: 
 Agree on parameters for beam commissioning startup!

We will start with virgin settings for ramp and squeeze.
 - With beta-beat and bare orbit corrections incorporated.

Took this as an opportunity to improve turnaround
 - Reduce ramp and squeeze duration.
 - Reduce the time to bring beams in collision.

Improve various operation aspects to reduce risk of errors.
 - Minimize changes of references if possible (e.g. Xing at top energy);
 - Reduce un-necessary source of errors (e.g. squeeze stop points).
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Beam charge
(example for ions)

Time-functions for settings of
(1) ramp, 
(2) squeeze,
(3) collisions,
(4) pre-cycle (without beam).

Discrete (“actual”) settings for: 
(1) injection,
(2) prepare ramp,
(3) flat-top,
(4) adjust (end of squeeze),
(5) stable beams.

Magnet current [A]
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- Duration = 1400 s
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- Separation and crossing 
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- 3.5 TeV decay compensation



S. Redaelli, LHCBOC, 08-02-2011

Ramp in 2010

5

Momentum [GeV] vs. time [s]

- Nominal ramp rate of 10 A/s
- Duration = 1400 s
- Optics and tune constant
- Separation and crossing 
  kept constant in mm/mrad
- 3.5 TeV decay compensation

Chromaticity vs. time [s]

3.5TeV decay 
compensation (380 s)
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Beta* [m] vs. time [s]

- Settings generated for 2 m (1280s), then used the segment down to 3.5 m (1041s);
- Tunes changed over first 23 s (0.28, 0.31)→(0.31, 0.32);
- Two stop points for FB references and collimator movements;
- Used ALL available matched points from ABP (conservative).
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Beta* [m] vs. time [s]

- Settings generated for 2 m (1280s), then used the segment down to 3.5 m (1041s);
- Tunes changed over first 23 s (0.28, 0.31)→(0.31, 0.32);
- Two stop points for FB references and collimator movements;
- Used ALL available matched points from ABP (conservative).
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IP separation [mm] vs. time [s]

Duration: 108 s (p) and 180 s (ions), 
driven by orbit correctors in IPs

Lumi-scans feed-forwarded fill after 
fill → good convergence!

Lumi scan [mm] 
vs. time [s]
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Parameter Value at 450 GeV Value at top energy
Energy [ GeV ] 450 3500

Beta* IP1/5 [ m ] 11.0 1.5
Beta* IP8 [ m ] 10.0 3.0
Beta* IP2 [ m ] 10.0 10.0#

Parallel separation [ mm ] 2.0 0.72
Crossing angle IP1/5 [ mrad ] 0.14 0.12
Crossing angle IP2 [ mrad ] ± 0.14 ± 0.08

Crossing angle IP8[ mrad ] 0.14 0.25*

Ramp duration [ s ] 1400 → 1020
Squeeze duration [ s ] 1041 (3.5 m) → 474 (1.5 m)

Collision BP duration [ s ] 108 → 60

* Depending on beam emittance and spectrometer configuration, see W. Herr at Chamonix2011.
# Beta* below 2 m prepared for ion run (T. Risselada, E. Laface + ABP).
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Same optics as 2010 in all IPs
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Faster ramp functions
 - Gain 6.3 minutes (di/dtmax =10 A/s).
 - Needs beam validation.
  - Roll-back if problems.
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Same optics as 2010 in all IPs
Faster ramp functions
 - Gain 6.3 minutes (di/dtmax =10 A/s).
 - Needs beam validation.
  - Roll-back if problems.

Reduce parallel separation as √E
 - Optimize aperture.
 - Reduce time for collisions.
 - Linear variation as a function of time.
 - Requires time-reference in the feedback.

Reduce crossing angles (e.g., 140 μrad → 120 μrad)
Maintain 380 s at flat-top for decay compensation
FiDeL team working on tracking decay of Q and Q’
 - Work ongoing on “preventive” trims at injection plateau.

Re-use beta corrections of 2010 from day 1.
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Commission squeeze in 1 step without stop points
 - Remove primary source of errors in 2010.
 - Improve time duration by factor 2.

Remove FideL implementation of the hysteresis 
 - Jump between “up” and “down” hysteresis branches identified.
    as source of losses and tune and orbit perturbations.

Local beta correction prepared by not trimmed in.
 - Start with cleaner measurements in the region below 3.5 m. 

Improve duration by reducing number of matched points
 - Diploma thesis by X. Buffat (EPFL) - seminar this Friday!
 - Improved generation algorithms by Marek S. (bug corrected).

Commissioning strategy proposal:
  (1) try a shorter beam process, with continuous beta measurements;
 (2) roll-back to previous settings with all matched points if needed.
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Squeeze duration:
2010 (2m)  1280 s
2011 (1.5m) 704 s
2011 (1.5m opt.) 474 s

β*1/5 = 11m

β*1/5 = 1.5 m

β*8 = 3.0 m

β*2 = 10.0 m

Optimized version 

T = 474 s

Simultaneous squeeze 
of IP1/5 and IP8.
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Using all available optics: 704 s

T = 704 s
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Errors during the squeeze
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Δβ/β = 1%

Δβ/β = 1%

Additional beta-beat error: 
2-3% in the region of β*>4m.

Not expected to be critical.

Within measurement errors.

Optimized 

Conservative

X. Buffat, EPFL.
More details in his 
seminar this Friday.
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Squeeze in IP8: LHCb case
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LHCb request: keep optimum lumi as we ramp-up 
number of bunches (they want larger β*’s at higher Itot).

Present baseline: 
 - Stop at 3 m. Keep this all the year.
 - Luminosity levelling with beam separation.
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Possible (fall-back if problems with levelling by offset):
 - Longer functions: Requires ~250s from 6m to 3m.
 - Commission all the way down;
 - Stop “earlier” as the num. of bunches increases;
 - No changes in IP1/5 and IP2.

Additional commissioning time per β* value: 
 - 1 safe pilot ramp&squ. to check new stop point; 
 - 1 fill with 1 nominal bunch for 4 TCT setup in IP8;
 - 1-2 fills for validation (loss maps);
Realistically: 2-4 shifts with no physics!
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(1) Optics below 1.5 m under preparation (ABP)
 - Squeeze below 1.5m addressed after aperture measurements;
 - improve dynamic beta-beat between 1.5 m and 1.1 m.

(2) Squeeze for ion operation: ALICE operating at 1-2 m 
 - Opics prepared by ABP (John, Emanuele, Olav)
 - Requires re-commissioning at the beginning of ion operation.

(3) TOTEM/ALFA: 90 m optics 
 - Minor issue found at ~30 m - solved by Helmut B.
 - Ready for tests without beam during hardware commissioning (IP5 only).
 - Then, final optics update for IP1/5 together.
 - Tune compensation with main lattice quadrupoles. To be tested. 

(4) Did not converge on “official” DB sequence for 2011 layout
 - Manual fixed for the moment (G. Müller), no updates during beam OP.

RQD function for 90m 
optics tune compensation
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Pre-cycle
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Standard pre-cycle
3100 s

Pre-cycle “COMBO”
2100 s

Two possible changes:
1) Reduce Imin of MB’s to 
100 A to allow access with 
machine at injection.
(W. Venturini, Cham2011)

2) Updated Imax with the  
parameters of the 2011 
HWC.
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2011 parameters for the LHC cycle were presented.
 Some changes are still under discussion but we must freeze the 

 startup configuration!

Proposal for Xing/sep. schemes outlined.
 Different “optima” possible for IP2 and IP8, but we should 

 minimized changes.

Time-reference for orbit FB are needed, otherwise 
some options to be reconsidered.
We presented improvements for ramp and squeeze.
 Optimization of cycle turnaround by reducing function length:

  Ramp 30 % faster; Squeeze ~65 % faster.
 Maintain 2010 setting configuration as fallback options!

Looking forward to start the beam commissioning!


