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Team

Jörg Wenninger, Stefano Redaelli, Matteo Camillocci, Laurette Ponce / setup, hypercycle

Rogelio Tomas, Tobias Persson, Piotr Skowronski, Ewen Maclean, Yngve Levinsen, Simon White  
( Optics measurements and correction )

Sophie Cavalier, Pascal Hermes   /  optics systematics,  ALFA,  ALICE

Mirko Poger, Ghislain Roy, Alick Macpherson, Enrico Bravin   /  EICs

Short overview here     (detailed MD Note in preparation)

18/06, Mon. night before the MD, (partial) recommissioning 90 m

21/06, Thu. morning, de-squeeze to 500 m flat machine, measure + correct optics

23/06, Sat. morning, separation on, remeasure 500 m, first (successful) attempt to 1000 m

done with probe beams

at very end started with 2 nominal bunches, ok to 90 m



2012 : “high luminosity” 90 m + highest β*
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Before high-β MDs some remarks on 90 m
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Intermediate β = 90 m for elastic pp + diffractive physics
TOTEM+CMS,  ALFA/ATLAS

Higher luminosity :  going to ~ nominal intensity and more bunches, 
Theoretical maximum without crossing angle :  156 bunches,  spaced by 525 ns

Required  collimation + roman pot set-up
follwed by full MPS validation :  loss maps and asynchrocnous dump check
and finally one 90 m fill for physics



Just before the MD, (partial) recommissioning 90 m
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90 m optics
measurements
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Time and (b2) loss due to RF-HW fault,                    just possible to see that

the cloning of de-squeeze from 11m to 90 m for 4 TeV worked well including optics correction

Had to give up on 2nd fill with higher intensities re-adjusting collisions, collimators, RPs

Instead, first successful checkout of the sequence to 500 m with remaining beam + opt. meas. b1



90 m run 6-7/7/2012
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3 bunches 8e10, of which 2 colliding in IP1&5
Program : find collisions, align TCTs in IR1&5, align all RPs
data taking with RPs close to beam  - for elastic pp scattering

90m run 6-7/7/2012 
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fill 2813 : much of b2 colliding bunches lost after collapsing separation
octupoles were at 200A, damper on, 2x reduced gain

13.4 90 m runs 6-7/7/2012
See also ReadMe 90m 2012 07 06.txt, logbook.

The first of two 24hour 90 m run periods for physics. Here using 3 nominal bunches of 8e10
protons each, two of which collide head-on in IP1&5, and the third not colliding at all (in first fill
still colliding by mistake with offset of 11.2 m).
Program :
Find collisions
Align TCTs in IR1/5
Align all RPs
RP data taking with minimal retraction (mostly for elastic pp scattering).
Loss maps and asynchronous dump tests.
All done except for asynchronous dump tests.

90m run 6-7/7/2012 
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Figure 119: Beam 1, 2 intensities, energy and �

⇤ as a function of time during the first ⇠24h special
90 m run in physics time.

Three fills were necessary for this program. The first of these, fill 2813 was used to find and
adjust collisions. The separation bumps in IP1 and IP5 were collapsed simultaneously. Luminosity
signals from both IP1 and IP5 were indicating some collisions at a small percentage of what was
later seen with optimized collisions. After 2 min in this collisions, the lifetime of beam 2 started to
drop strongly. Within few minutes, a good fraction of the colliding bunches of beam 2 were lost.
Octupoles were on at 200 A (in last 50 ns physics 500 A) and damper on but gains about a factor 2 in
H and factor 4 lower in V. The remaining about 2e10 protons in the week bunches were kicked out at
14:02 using the ADT to just leave the remaining strong ”non-colliding” bunch to be able to measure
orbit and chromaticity.
beam1 Qx’ = +3.3, Qy’ = 3.7
beam2 Qx’ = +2.4, Qy’ = 1.9
Discussed what to improve for the next fill, following my proposal : increase octupoles from 200A
to 300A. Have Q’ +2 trims ready during moving in collisions in case of lifetime problems – was not
needed and the Q’ were left as set and measured here. Going first with IP1 and then after optimizing
IP1 with IP5 in collisions (Jörg’s prosal). These was done in the next fill 2814. Here beam2 had

139

Next fill :  octupoles 300 A, colliding first IP1, then IP5,  OK

RP
adjust

RP
adjust

+
90 m

elastic



11-13/7/2012  90m runs with many bunches
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90m run 11-13/07/2012
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Steps to develop the 2012 high-β optics
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Next trial on 30/01/2012. Using the tighter ktqx1 max = 17.130919 ; ktqx1 max/brho = 0.0007336743
limits to keep the Q1 trim below 600 . This is 11% lower than the 0.000815 used in the pre-
vious iteration (and used originally by A. Verdier). Increases a bit the �

max

at IP5. Saved as
run_q4_1_02_90m-1000m, keeping the previous as run_q4_1_02_90m-1000m_00. Set

˜/mad/totem/2012/lhc_totem_500.madx
ktqx1.l5 := ktqx1_max/brho ; ! special leave here ktqx1.l5 at the upper limit, 0.000734 at 7 TeV

Setting this value already works at the first matched point at 120 m, but resulting in KTQX2
going up at 150 m, then ok up to 400 m. Pushing the match in a less good direction which fails at
500 m. OK a bit beyond when going in small 10 m steps. Instead problems at 540 m when going
in 20 m steps. Reached 600 m for TOTEM using lhc totem 500.madx. OK up to 530 m for ALFA,
slightly poor fit at 540, 550 m again OK at 560 m.

OK when going in 10 m steps,

2012-01-30 13:12:03
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Figure 72: b1/b2 correctors ratios. Tighter ktqx1 limit.

Note that the main quadrupole strength kqx is always a very smooth function of �

⇤. Try to
parametrize and replace by a smoothed function. kqx scales like 1/

p
(�

⇤
), see Fig. 63

˜/mad/lhc/job_fields_currents.madx for ˜/mad/totem/2012/run_q4_1_02_90m-1000m/hbu_500.str at 7 TeV

* NAME AMPERE IMAX PERCENT KN FIELD KMAX
"MQT.13L5.B1" 253.018631 550.000000 46.003388 0.002423 56.584167 123.000000
"MQT.12L5.B1" 239.365024 550.000000 43.520914 0.002293 53.530724 123.000000
"MQTLI.11L5.B1" 416.177955 550.000000 75.668719 0.004051 94.585899 125.000000
"MQML.10L5.B1" 4631.518706 5390.000000 85.927991 0.007360 171.855982 200.000000
"MQMC.9L5.B1" 4411.037472 5390.000000 81.837430 0.007010 163.674860 200.000000
"MQM.9L5.B1" 4411.037472 5390.000000 81.837430 0.007010 163.674860 200.000000
"MQML.8L5.B1" 3000.471849 5390.000000 55.667381 0.004768 111.334763 200.000000
"MQM.B7L5.B1" 292.234737 5390.000000 5.421795 0.000464 10.843590 200.000000
"MQM.A7L5.B1" 292.234737 5390.000000 5.421795 0.000464 10.843590 200.000000
"MQML.6L5.B1" 2935.280510 4312.000000 68.072368 0.004665 108.915789 160.000000
"MQML.5L5.B1" 3736.595968 4312.000000 86.655751 0.005938 138.649201 160.000000
"MQY.4L5.B1" 131.934281 3610.000000 3.654689 0.000250 5.847503 160.000000
"MQXA.3L5" 4577.187194 7180.000000 63.749125 0.005597 130.685707 205.000000
"MQXB.B2L5" 7164.598921 11960.000000 59.904673 0.005259 122.804580 205.000000
"MQXB.A2L5" 7164.598921 11960.000000 59.904673 0.005259 122.804580 205.000000
"MQXA.1L5" 3985.975052 7180.000000 55.514973 0.004874 113.805694 205.000000
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ratio limits,  30 Nov. 2011

plotting the ratio b1/b2 ratios - at the end of a matching campaign



ratio limits early march 2012
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Now
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Q8, Q7 ratios at the limit
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Example for the remaining “fluctuations”, RQ4R
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High-β MD1
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High-β MD1 21/6/2012  Fill 2751
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flat machine, measure + correct orbits, tune, coupling, chromaticity
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High-β MD2
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High-β MD2 23/6/2012  Fills 2769, 2770
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• separation on,      de-squeeze to 90 m and 500 m without stops

• completion of 500 m measurements of the corrected optics

• successful attempt to continue to 1000 m  +  optics measurements  (uncorrected)

• at very end started with 2 nominal bunches, ok to 90 m     (lost by OFB on in collapse sep. bump)



Orbit and Tune in de-squeeze, MD2
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500 m
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11 m

shown  :  tune adjust at stops already done,  here remaining feedback trim to keep tune constant, with visible small tune

excursion between match points,   -- these were also incorporated,  so that tunes should now be flat (could run without feedback)



500 m before and after correction
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500 m optics well measured and corrected
available as backup in case of unforeseen problems at 1 km



1000 m optics, uncorrected
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1000 m optics looks good, β-beating similar to 500 m
should be corrected and re-measured before spending time on finding collisions,
collimation, roman pot adjust



Summary
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• Very good start for high-β this year

• 90 m back ok, this year commissioned for the first time with full MPS for 
many bunches and physics with stable beam   (can get unstable with 8e10 
colliding few σ off in both IP1&5)

• de-squeeze to 500 m and even 1000 m work

Next steps at high-β

Going for 1000 m  (500 m as backup)

• finding collisions,  non-trivial at high-β (corrector and aperture limits) 
requires ~ nominal intensities

• minimum emittance  (~ 1 μm , w/o scraping ?)

• roman pots very close to beam
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Reserve



Calender  - discussed to day in LPC
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preferred schedule for the 1 km runs

• matched to availability of key people

• allows for time to react in case of surprises at 1 km

• possibility of follow up in machine studies (separation bumps, emittance, scraping, 
collimation + RP closest approach to core ..)

using the current schedule V2.0, from 4/7/2012
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Aperture
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