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Collapse process

Collapse process is defined by the target lumi in the range of 1-2.5e34

L-Nb Energy beta beta MO |[Emit |ppb |Crab |sep |crossing Q' |LHCb-1.5m/ ATS Factor /9, Optics
[10134] sep [cross [um] Alice 10m
[10734]
2.5-2200 7 0.7 0.7 450 2.3 23 |0 0 250 15 10.2/0.014 1 1M 700_thick, 700_thin
2.5-2200 7 06 1.2 |450 2.3 23 |0 0 250 15 10.2/0.014 0.83/0.42 1.50/1.21  |600_1200_thick,
600_1200_thin
2.5-2200 7 045 1.8 450 2.3 23 |0 0 250 15 10.2/0.014 1.1/0.28 2.36/1.47 |450_1800_thick,
450_1800_thin
2.3-22000r |7 05 2 450 2.3 23 |0 0 250 15 10.2/0.014 1/0.25 2.76/1.56 500 _2000_thin
2.0 - 1960
2.5-2748 or |7 11 11 450 2.3 23 |0 0 250 15 10.2/0.014 1 1M 1100_thick
1.8 -1960
2.5-2748 or |7 09 1.8 |450 2.3 23 |0 0 250 15 10.2/0.014 0.55/0.28 2.56/1.64 900 _1800_thick,
1.8 - 1960 900_1800_thin
25-2748 0or |7 0.7 2.8 450 2.3 23 |0 0 250 15 10.2/0.014 0.71/0.18 4.67/2.02 |700_2800_thick,
1.8 - 1960 700_2800_thin
7 1.0 (1.0 450 2.3 23 |0 0 250 15 10.2/0.014 1 11 1000_thick,1000_thin
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Tune scan on the bunch with max of long range

https://cds.cern.ch/record/2622595 /files/CERN-ACC-2018-0018.pdf



https://gitlab.cern.ch/iangelis/summer_optics/-/blob/master/collapse/opt_collapse_700_1500.madx
https://gitlab.cern.ch/iangelis/summer_optics/-/blob/master/collapse/opt_collapse_700_1500_thin.madx
https://gitlab.cern.ch/iangelis/summer_optics/-/blob/master/collapse/opt_flathv_600_1200_1500.madx
https://gitlab.cern.ch/iangelis/summer_optics/-/blob/master/collapse/opt_flathv_600_1200_1500_thin.madx
https://gitlab.cern.ch/iangelis/summer_optics/-/blob/master/collapse/opt_flathv_450_1800_1500.madx
https://gitlab.cern.ch/iangelis/summer_optics/-/blob/master/collapse/opt_flathv_450_1800_1500_thin.madx
https://gitlab.cern.ch/acc-models/acc-models-lhc/-/blob/hl16/strengths/flat/opt_flathv_500_2000_thin.madx
https://gitlab.cern.ch/iangelis/summer_optics/-/blob/master/collapse/opt_collapse_1100_1500.madx
https://gitlab.cern.ch/iangelis/summer_optics/-/blob/master/collapse/opt_collapse_flathv_900_1800_1500.madx
https://gitlab.cern.ch/iangelis/summer_optics/-/blob/master/collapse/opt_collapse_flathv_900_1800_1500_thin.madx
https://gitlab.cern.ch/iangelis/summer_optics/-/blob/master/collapse/opt_collapse_flathv_700_2800.madx
https://gitlab.cern.ch/iangelis/summer_optics/-/blob/master/collapse/opt_collapse_flathv_700_2800_thin.madx
https://gitlab.cern.ch/iangelis/summer_optics/-/blob/master/collapse/opt_collapse_1000_1500_triplet_match3.madx
https://gitlab.cern.ch/iangelis/summer_optics/-/blob/master/collapse/opt_collapse_1000_1500_triplet_match3_thin.madx
https://cds.cern.ch/record/2622595/files/CERN-ACC-2018-0018.pdf

Start of levelling

Start of leveling is defined by pile-up e.g. 140

Bunch  Pile up [Energ beta beta M |emippb/Crab |sep |crossing ATS Factor [, /9, Q' LHCb - 1.5m |Optics
scheme y cross |[sep (O |t / Alice 10m
[10734]

hybrid (140 |7 0.58 |0.58 60 2.5 22190 |0 250 1 11 15 0.2/0.014 580_1500_thick,
580_1500_thin

hybrid (140 |7 0.42 |0.84 60 2522190 |0 250 0.59/1.19 1.51/1.25 15 0.2/0.014 420_840_thick, 420_840_thin

hybrid (140 |7 0.3 (1.2 60 2522190 |0 250 0.417/1.67 1.74/1.34 15 0.2/0.014 300_1200_thick,
300_1200_thin

8bde 140 |7 0.58 [0.58 60 2.5 22190 |0 250 1 11 5 0.2/0.014 580_thick, 580_thin

8bde 140 |7 0.42 10.84 60 2522190 |0 250 0.59/1.19 1.51/1.25 5 0.2/0.014 420_840_thick, 420_840_thin

8bde 140 |7 0.3 (1.2 60 2522190 |0 250 0.417/1.67 1.74/1.34 5 0.2/0.014 300_1200_thick,
300_1200_thin

Tune scan on the bunch with max of long range



https://gitlab.cern.ch/iangelis/summer_optics/-/blob/master/SoL/opt_levelling_580_1500.madx
https://gitlab.cern.ch/iangelis/summer_optics/-/blob/master/SoL/opt_levelling_580_1500_thin.madx
https://gitlab.cern.ch/iangelis/summer_optics/-/blob/master/SoL/opt_flathv_420_840_1500.madx
https://gitlab.cern.ch/iangelis/summer_optics/-/blob/master/SoL/opt_flathv_420_840_1500_thin.madx
https://gitlab.cern.ch/iangelis/summer_optics/-/blob/master/SoL/opt_flathv_300_1200_1500.madx
https://gitlab.cern.ch/iangelis/summer_optics/-/blob/master/SoL/opt_flathv_300_1200_1500_thin.madx
https://gitlab.cern.ch/iangelis/summer_optics/-/blob/master/SoL/opt_levelling_580_1500.madx
https://gitlab.cern.ch/iangelis/summer_optics/-/blob/master/SoL/opt_levelling_580_1500_thin.madx
https://gitlab.cern.ch/iangelis/summer_optics/-/blob/master/SoL/opt_flathv_420_840_1500.madx
https://gitlab.cern.ch/iangelis/summer_optics/-/blob/master/SoL/opt_flathv_420_840_1500_thin.madx
https://gitlab.cern.ch/iangelis/summer_optics/-/blob/master/SoL/opt_flathv_300_1200_1500.madx
https://gitlab.cern.ch/iangelis/summer_optics/-/blob/master/SoL/opt_flathv_300_1200_1500_thin.madx

First test scan with 0.5/2.0m flat optics mz I

0.010

Dispersion knobs are not optimal

Dx,Dy [m]

HL-LHC v1.6. Flat Optics. . Bunch 89 for this optics, causes, due to
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Collapse DA tune scans

HL-LHC v1.6. Round Optics. Collapse. Bunch 89 HL-LHC v1.6. Round Optics. Collapse. Bunch 89
Ny =2.3-10"ppb. By 1p =0.7m, B 1py =0.7m, ®/2; 5 = 250urad N, =2.3-10"ppb. B} ;o =1.0m, B; ;p = 1.0m, ®/2, 5 =250urad
@/28 o 170#7”0,61, s 23um7 Ql - 150’ I]\[O —450A @/28 = 170,urad, 6.: 23[///77/, Q’ = 150, IJl[O =450A
Dispersion = OFF Dispersion = OFF =~
F.Scheme: 8bde_1972b_1960_1178_1886_224bpi_12inj_800ns_bs200ns, Fﬁ;osgggrbe2-6-18862261-2713_800s_bs200ns8.0
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Collapse DA tune scans

HL-LHC v1.6. Flat Optics. Collapse. Bunch 89

HL-LHC v1.6. Flat Optics. Collapse. Bunch 89 N, =2.3-10ppb. By 1y = 0.9m, B2 p = 1.8m, ®/2, 5 = 250prad
N, =2.3-10"ppb. By 1p1 = 0.45m, By 1p = 1.8m, ®/2; 5 =250urad /2 = 170“”'1(1, e=2.3um, Q; —15.0, I o = 4504
/25 =170urad, e =2.3um, Q' =15.0, I;0 =450A Dispersion = OFF
Dispersion = OFF F.Scheme: 8b4de_1972b_1960_1178_1886_224bpi_12inj_800ns_bs200ns
F.Scheme: 8b4(3_1972b_1960_1178_1886_224bpi_12z'nj_800ns_bs200ns8 0 24 23 2 2 21 2 2 R T 8.0
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Collapse DA tune scans

HL-LHC v1.6. Flat Optics. Collapse. Bunch 89
N, =2.3-10"ppb. By 1 =0.Tm, By 1py =2.8m, ®/21 5 =250prad
/25 =170urad, e =2.3um, Q' =15.0, I;0 =450A
Dispersion = OFF

F.Scheme: 8b4e_1972b_1960_1178_1886_224bpi_12inj_800ns_bs200n58 0
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Start of Levelling

HL-LHC v1.6. Round Optics. Start of Levelling. Bunch 89
Ny =2.2-10"ppb. By 1p1 = 0.58m, B; 1p =0.58m, ®/2; 5 =250urad
/25 = 170urad, e =2.5um, Q' =5.0, Ijo =60A
Dispersion = OFF
F.Scheme: 8b4e 1972b 1960 1178_ 1886 224bp2 12m] 800ns b3200ns
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HL-LHC v1.6. Round Optics. Start of Levelling. Bunch 89
Ny =2.2-10"ppb. By 1p =0.58m, B 1p = 0.58m, ®/2 5 = 250urad
/23 =170urad, e =2.5um, Q' =5.0, Ijo =60A
Dispersion = ON
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HL-LHC v1.6. Flat Optics. Start of Levelling. Bunch 89
=2.2-10"ppb. By 1 =0.3m, By 1p =1.2m, ®/2, 5 = 250urad
/25 = 170urad, e =2.5um, Q' =
Dispersion = OFF
F.Scheme: 8b4e 1972b_1960_1178_1886_224bpi_12inj_800ns_ bs200n.s
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MO scans
Keeping Qy=60.32

Instead of scanning the diagonal

HL-LHC v1.6. Flat Optics. . Bunch 89
Ny =2.2-10"ppb. By 1py =0.5m, 7 1oy =2.0m, /2, 5 = 250urad
/23 =170prad, e =2.5um, Q' =5.0
Dispersion = OFF
F.Scheme: 8bde_1972b_1960_1178_1886_224bpi_12in;j_800ns_bs200ns
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HL-LHC v1.6. Flat Optics. . Bunch 89
Ny =2.2-10"ppb. By 1p1 = 0.5m, By 1p =2.0m, ®/2 5 =250prad
/25 = 170urad, e =2.5um, Q' =5.0
Dispersion = ON
F Scheme: Shde_1972b_1960_L178_1886_224bpi_12inj_800ns_bs200ns
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Conclusions and next steps:
e Optics for collapse and start of levelling
e Scans for collapse and SoL can be done without
dispersion
e Dispersion knobs not working correctly for all the optics
shown
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Amp'
detuing

Simulations and Measurements of Long Range Beam-Beam Effects in the LHC, Lyon, 1°* December 2015

Amplitude detuning from an octupole

H, = 2 Re [ [By(s) + iAd(5)] (x + iy)"]

Normal octupole — Hy = LKyl (x* —6x2y* + y*)

In action-angle coordinates (x,y = \/2J; [, cos ¢y )
Hy = 3Kyl (4J2(3 cos* ¢ — 24J,J, cos? g, cos® ¢, + 4J2[32 cos* ¢,))

Q = 248 = LKL (4B -24,50)
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