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Stability diagrams

Landau octupoles provide necessary tune spread to stabilize coherent
modes from Impedence

To be stable coherent modes must lie inside the stability diagrams area
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Stability diagrams
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LHC 2012 Stability Diagrams
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* LR effects introduce non-linear detuning with amplitude - reducing or
increasing SD
 During squeeze LR becomes stronger



Hi-Lumi scenarios
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Hi-Lumi Stability Diagrams

Extend the LHC studies for Hi-Lumi d Different optics: ATS optics

A follow up of the previous studies presented at the HL-LHC WP2 Task
2.4 meeting

Now available optics files for different 8 *
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ATS optics
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ATS: optics impact on
footprint

Footprint comparisons: LHC and HL-LHC case
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ATS: optics Impact on stability
diagrams

HL-LHC vs LHC (I=2.2E11, € =2.5um)
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ATS optics: footprint

Full telescopic part for positive versus negative octupole polarities
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ATS optics: stability diagrams

HL-LHC case (only octupoles)
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ATS optics: effect sextupoles

ATS optics just sextupoles
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ATS optics: effect of non-linearities

By removing the tune spread due to the sextupoles: pure octupole effect
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Effects of different optics: footprints

» Negative LOF
Round optics
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Effects of different optics: footprints

» Negative LOF
Round optics
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Effects of different optics: footprints

» Negative LOF
Round optics
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Effects of different optics: footprints

» Negative LOF
Round optics
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Effects of different optics: footprints

» Negative LOF
Round optics
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Effects of different optics: footprints

» Negative LOF
Round optics

0.324 | — B=6m |
— B=1.8m
— B=40cm
0.322 — B=32cm |
— B=22cm
0.320 | — B=15cm||
>'I
© 0318}
0.316 |
0.314 |
0.312

0302 0304 0306 0308 0310 0312 0314 0316
Qx




Effects of different optics: footprints

» Negative LOF
Round optics
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Effects of different optics: footprints

» Positive LOF
Round optics
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Effects of different optics: footprints

» Positive LOF
Round optics
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Effects of different optics: footprints

» Positive LOF
Round optics
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Effects of different optics: footprints

» Positive LOF
Round optics

0.330 | — B=6mM ||

— B=1.8m
0.328 | — B=40cm (]
— B=32cm
0.326 | — PB=22cm|]
0.324 |
>'I
o
0.322}
0.320 |
0.318 |
0.316 |

0304 0306 0308 0310 0312 0314 0316 0318 0320
Qx




Effects of different optics: footprints

» Positive LOF
Round optics
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Effects of different optics: footprints

» Positive LOF
Round optics
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Effects of different optics: stability
diagrams

Negative LOF Positive LOF

le—-4 le—4
' T ' |
— B=10.0cm | — B=10.0cm I
|
— B=15.0cm — B=15.0cm
5FHf — B=22.0cm 5H — B=22.0cm
— B=32.0cm — B=32.0cm
— B=40.0cm — B=40.0cm
41l — p=180.0cm 4l — B=180.0cm
o — B=600.0cm o — B=600.0cm
s S
= =
1 1

1 1
-§00a 0003 0002 —0001 _ 0.000 0.001 ~fo0a 0003 -0002 0001 _ 0.000 0.001
Re(AQ) Re(AQ)

2cm SD start to increase due to the larger tu




Effects of different optics + beam
beam LR: footprints

» Negative LOF IP1 and IP5 only
crossing angle of 590 prad
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Effects of different optics + beam
beam LR: footprints

> Negative LOF IP1 and IP5 only crossing angle of 590 prad
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Effects of different optics + beam
beam LR: footprints

> Negative LOF IP1 and IP5 only crossing angle of 590 prad
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Effects of different optics + beam
beam LR: footprints

> Negative LOF IP1 and IP5 only crossing angle of 590 prad
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Effects of different optics + beam
beam LR: footprints

> Negative LOF IP1 and IP5 only crossing angle of 590 prad
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Effects of different optics + beam
beam LR: footprints

> Negative LOF IP1 and IP5 only crossing angle of 590 prad
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Effects of different optics + beam
beam LR: footprints

> Positive LOF IP1 and IP5 only crossing angle of 590 prad
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Effects of different optics + beam
beam LR: footprints

> Positive LOF IP1 and IP5 only crossing angle of 590 prad
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Effects of different optics + beam
beam LR: footprints

> Positive LOF IP1 and IP5 only crossing angle of 590 prad
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Effects of different optics + beam
beam LR: footprints

> Positive LOF IP1 and IP5 only crossing angle of 590 prad
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Effects of different optics + beam
beam LR: footprints

> Positive LOF IP1 and IP5 only crossing angle of 590 prad

0.328 —— :
— pB=6m
—— B=1.8m

0.326 — B=40cm |]
— B=32cm
— B=22cm

0.324 1

0322}

0.320 |

0.318}

0.316

0.304 0.306 0.308 0.310 0.312 0.314 0.316 0.318
Qx




Effects of different optics + beam
beam LR: footprints

> Positive LOF IP1 and IP5 only crossing angle of 590 prad
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Betatron Squeeze

Evolution of the betatron squeeze with LR beam beam
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HL-LHC vs LHC

Evolution of the betatron squeeze with LR beam beam

LR beam-beam in IP1 and IP5
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Betatron Squeeze

Evolution of the betatron squeeze with LR beam beam

LR beam-beam in IP1 and IP5 |1=2.2e11 ppb &£=2.5 ym
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HL-LHC vs LHC

Evolution of the betatron squeeze with LR beam beam

LR beam-beam in IP1 and IP5
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SD evolution during the B -squeeze

Octupoles only, single beam
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SD evolution during the B -squeeze

LR beam-beam added
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SD evolution during the B -squeeze

LR beam beam added
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SD evolution during the B -squeeze

LR beam beam added
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SD evolution during the B -squeeze

LR beam beam added
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SD evolution during the B -squeeze

LR beam beam added
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SD evolution during the B -squeeze

LR beam beam added
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SD evolution during the B -squeeze

LR beam beam added
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SD evolution during the B -squeeze

LR beam beam added
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SD evolution during the B -squeeze

LR beam beam added
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SD evolution during the B -squeeze

LR beam beam added
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Betatron squeeze for HL-LHC optics:
PACMAN bunches

Evolution of the betatron squeeze with LR beam beam for PACMAN bunches

Negative LOF Positive LOF
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Stability Diagrams for PACMAN bunches

Negative LOF Positive LOF
40222 : , : 402 .
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CMAN bunches: greater SD in case of negative polarity




Stability Diagrams for PACMAN bunches

Negative LOF Positive LOF
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CMAN bunches: greater SD in case of negative polarity | <




Stability Diagrams for PACMAN bunches
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CMAN bunches: greater SD in case of negative polarity
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Stability Diagrams for PACMAN bunches

Negative LOF Positive LOF
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CMAN bunches: greater SD in case of negative polarity




Stability Diagrams for PACMAN bunches
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Stability Diagrams for Baseline scenario

Baseline scenario negative LOF preferred
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Stability Diagrams for Ultimate scenario

Ultimate scenario negative LOF preferred/comparable to positive LOF
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Can we compensate the reduction
with stronger effect of Octupoles?

HP1&5 LRs + Octupoles

0.3210
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Q x

- TR We increase current in Octu

Landau Damping, Dynamic Aperture

. '-\
and Octupoles in LHC - 3 . 03 \ 03
= % - lSW /% Bp ds] " [87r / 24, ;15] Iy,

J. Gareyte, J.P. Koutchouk and F. Ruggiero




Can we compensate the reduction
with stronger effect of Octupoles?
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uce differences in Octupole spread to 104 we will need a factor
~> 8% more betas in arcs at 40 cm (sh '




Can we compensate the reduction
with weaker LRs?
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Can we compensate the reduction
with weaker LRs?

+3.183e—-1

0.0005 -

0.0003
>‘I
o
0.0002
—— 70cm halfsep=0.75mm
—— 40cm halfsep=0.75mm
0.0001 1| — 40cm halfsep=1mm

40cm halfsep=1.5mm
40cm halfsep=2mm

0.0001 0.0002 0.0003 0.0004 0.0005 0.0006 0.0007
Q x +3.103e-1

ctive (acts only on LRs close to IP)but still can help.
the variation with a '




Stability Diagrams for Full Squeeze

Full squeeze positive LOF preferred
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Crab crossing head-on: footprint

» Negative LOF
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Crab crossing head-on: footprint

> Positive LOF B *=15cm optics
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Crab crossing head-on: stability diagrams

B *=15cm optics

1 H-O [=2.2el1 ppb 2 H-01=2.2el1 ppb
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ngoing work, to study SD H-O collision for different ATS optics
es contribution)




Summary and Outlook

> At flat top (single beam) negative polarity preferred to positive for optic
with B8*=60cm

> ATS optics S *=15cm gives larger SD thanks to large S function in the arcs
» SD gets larger for 8*<40cm
» Sextupole non-linearities adds to positive polarity creating
asymmetry positive-negative LOF: can we reduce this
contribution?

> BB LR:
> Negative LOF reduces SD till S*>40cm

> Positive LOF increases SD at any 8%

> For Negative LOF larger S in the arcs compensates LR reduction
increasing SD for 8 *<40cm.
» Can we have larger betas in arcs to compensate reduction?

> Positive polarity of Octupoles reduces by 2 ¢ DA > presentation after Easter
on chromaticity and octupoles effect



Summary

HL-LHC V1.0 optics Positive LOF Negative LOF
Single beam p*=6m Smaller SD than Preferred
Negative
Baseline scenario Smaller SD than Preferred
~65 cm p* Negative
Ultimate scenario Smaller SD than Preferred

~40 cm B*

Negative

Reduction can be
solved with 89,
more betas in arc
(and/or larger sep)

Full squeeze
~15cm g*




Backup slide

—



Effects of different optics+beam
beam LR: stability diagrams

> Negative LOF » Positive LOF
le—-4
—_— B=11Im l l : — B=11|m | |
350 — B=2m :
— PB=40cm :
30 — B=33cm |
— B=15cm :
: 2.
o ! o
S 1 32.
= I £
: 1 1.
o.oms%

000000000000000000

For 2m B * the crossing angle was set to 80urad in the optics file
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Crab crossing head-on: footprint evolution in
function of beam intensity

» Negative LOF
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Crab crossing head-on: footprint evolution in
function of beam intensity

» Negative LOF
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Crab crossing head-on: footprint evolution in
function of beam intensity

» Negative LOF
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Crab crossing head-on: footprint evolution in
function of beam intensity

» Negative LOF
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Crab crossing head-on: footprint evolution in
function of beam intensity

» Negative LOF
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Crab crossing head-on: footprint evolution in
function of beam intensity

» Negative LOF
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Crab crossing head-on: footprint evolution in
function of beam intensity

» Negative LOF
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Crab crossing head-on: footprint evolution in
function of beam intensity

» Negative LOF
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Crab crossing head-on: footprint evolution in
function of beam intensity

» Negative LOF

0.322

— I|=1.4ell

0.320 -

0.318 |

0.316

o
(o4

0.314

0.312}

0.310 |

0'3%§298 0.300 0.302 0.304 0.306 0.308 0.310 0.312
Q x




Crab crossing head-on: footprint evolution in
function of beam intensity

» Negative LOF
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Crab crossing head-on: footprint evolution in
function of beam intensity

» Negative LOF
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Crab crossing head-on: footprint evolution in
function of beam intensity

» Negative LOF
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Crab crossing head-on: footprint evolution in
function of beam intensity

» Negative LOF
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Crab crossing head-on: footprint evolution in
function of beam intensity

» Negative LOF
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Crab crossing head-on: footprint evolution in
function of beam intensity

» Negative LOF
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Crab crossing head-on: footprint evolution in
function of beam intensity

» Negative LOF
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Crab crossing head-on: footprint evolution in
function of beam intensity

» Negative LOF
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Crab crossing head-on: footprint evolution in
function of beam intensity

» Negative LOF
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Crab crossing head-on: footprint evolution in
function of beam intensity

» Negative LOF
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Crab crossing head-on: footprint evolution in
function of beam intensity

» Negative LOF
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Crab crossing head-on: footprint evolution in
function of beam intensity

» Negative LOF
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Crab crossing head-on: footprint evolution in
function of beam intensity

» Negative LOF
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Crab crossing head-on: footprint evolution in
function of beam intensity

» Negative LOF
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Crab crossing head-on: footprint evolution in
function of beam intensity

» Negative LOF
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Crab crossing head-on: footprint evolution in
function of beam intensity

» Negative LOF
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Crab crossing head-on: footprint evolution in
function of beam intensity

» Negative LOF
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Crab crossing head-on: footprint evolution in
function of beam intensity

» Negative LOF
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Crab crossing head-on: footprint evolution in
function of beam intensity

» Negative LOF
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Crab crossing head-on: footprint evolution in
function of beam intensity

» Negative LOF
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Crab crossing head-on: footprint evolution in
function of beam intensity

» Negative LOF
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Crab crossing head-on: footprint evolution in
function of beam intensity

» Negative LOF
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Crab crossing head-on: footprint evolution in
function of beam intensity

» Negative LOF
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Crab crossing head-on: footprint evolution in
function of beam intensity

» Negative LOF
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Crab crossing head-on: footprint
evolution in function of beam intensity

> Positive LOF
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Crab crossing head-on: footprint
evolution in function of beam intensity

> Positive LOF
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Crab crossing head-on: footprint
evolution in function of beam intensity

> Positive LOF

0.324 - — 1=2.0ell |-

0.322}
0.320 |
0.318}
>'I
© 0.316}
0.314 }

0.312}

0.310 -

0. 3%8

.298 0.300 0.302 0.304 0.306 0.308 0.310 0.312 0.314
Qx




Crab crossing head-on: footprint
evolution in function of beam intensity

> Positive LOF
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Crab crossing head-on: footprint
evolution in function of beam intensity
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Crab crossing head-on: footprint
evolution in function of beam intensity
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Crab crossing head-on: footprint
evolution in function of beam intensity
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Crab crossing head-on: footprint
evolution in function of beam intensity
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Crab crossing head-on: footprint
evolution in function of beam intensity

> Positive LOF

0.324 - — I=1.4ell |4

0.322}
0.320 |
0.318}
>'I
© 0.316}
0.314 }

0.312}

0.310 -

0. 3%8

.298 0.300 0.302 0.304 0.306 0.308 0.310 0.312 0.314
Qx




Crab crossing head-on: footprint
evolution in function of beam intensity
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Crab crossing head-on: footprint
evolution in function of beam intensity
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Crab crossing head-on: footprint
evolution in function of beam intensity
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Crab crossing head-on: footprint
evolution in function of beam intensity
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Crab crossing head-on: footprint
evolution in function of beam intensity
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Crab crossing head-on: footprint
evolution in function of beam intensity
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Crab crossing head-on: footprint
evolution in function of beam intensity
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Crab crossing head-on: footprint
evolution in function of beam intensity
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Crab crossing head-on: footprint
evolution in function of beam intensity
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Crab crossing head-on: footprint
evolution in function of beam intensity
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Crab crossing head-on: footprint
evolution in function of beam intensity
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Crab crossing head-on: footprint
evolution in function of beam intensity
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Crab crossing head-on: footprint
evolution in function of beam intensity
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Crab crossing head-on: footprint
evolution in function of beam intensity
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Crab crossing head-on: footprint
evolution in function of beam intensity
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Crab crossing head-on: footprint
evolution in function of beam intensity
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Crab crossing head-on: footprint
evolution in function of beam intensity
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Crab crossing head-on: footprint
evolution in function of beam intensity
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Crab crossing head-on: footprint
evolution in function of beam intensity
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Crab crossing head-on: footprint
evolution in function of beam intensity
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Crab crossing head-on: footprint
evolution in function of beam intensity
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Crab crossing head-on: footprint
evolution in function of beam intensity
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Crab crossing head-on: footprint
evolution in function of beam intensity

0.324 | | | | | I | — |I=o.01ei1|-

0.322} 4

0.320 - i

0.318 i
>

|
© 0.316}

> Positive LOF

0.314 -

0.312}

0.310 -

0. 3%8

.298 0.300 0.302 0.304 0.306 0.308 0.310 0.312 0.314
Qx




Crab crossing head-on: footprint
evolution in function of beam intensity
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Crab crossing head-on: footprint
evolution in function of beam intensity
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Crab crossing head-on: stability diagrams
In function of the beam intensity
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