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Introduction:

* Limited modelling of optics in PyHEADTAIL.

* Amplitude detuning provided from detuning coefficients in order to recreate similar tune
footprints to MAD-X.

* May not be accurate when including other optics effects (i.e. linear coupling).

* Objective is to move towards a mini LHC lattice in PyHEADTAIL consisting of thin octupole kicks
(for amplitude detuning), skew quadrupoles (for coupling) and dispersion (for Q).

* Will compare tune footprints as a function of coupling for three cases
* Detuning model in PyHEADTAIL vs full lattice in MAD-X

* Single octupole kick in PyHEADTAIL vs single octupole kick in MAD-X
* Double octupole kick in PyHEADTAIL vs full lattice in MAD-X
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Theory reminder

* Detuning coefficients in PyHEADTAIL are calculated from action variables.

* Measuring these coefficients is done by setting few particles to a specific action, and compare
their tune shift to a reference particle.

* Linear coupling is introduced with a skew quadrupole.

= Powering calibration is done with MAD-X to make sure the same coupling is introduced in both
simulations.

= Tune shift from linear coupling is compensated with the help of a 2D minimisation function.

* For details, see backup slides.
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Detuning model vs Full MAD-X Lattice

*Setup

* MAD-X: LHC beam 1 optics, powering all
octupoles.

* PyHT: detuning model, provided with different
LOF and LOD currents (100A — 500A).

* Any additionnal perturbing effect is kept out of

Transverse tracking

Longitudinal tracking

the setup:

= No dispersion

= No wakefield Starting point

" Nodamper [BxBy] = [92.7,93.2]

= No chromaticity
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Detuning model vs Full MAD-X Lattice

°Comparing Footprints Tunes Footprint, 40 Amplitude, Octupole current = 500Amps
0.32080 1 PyHEADTAIL tunes
* Good overlapping = good agreement. | ) —— MAD-X Footprint
* Crossing of the outline - different a,,, ? 722000
0.32040
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PYHT dztulnmg MAD . | Relative error | °
mode sequence 032000,
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Oy -191488 -223434 0.142977345 | 031990
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Detuning model vs Full MAD-X Lattice

MAD — X and PyHEADTAIL Footprints with linear coupling, 40 Amplitude, Octupolesirength = — 500[m~3]
I I I

0-3210 PyHT |C™| = 0.001 |
. - PyHT|C™|=0.005
03208 - PYHT|C7|=0.009 * Overall good agreement between the codes.
\ —— MADX |C~| =0.001
: —— MADX |C~| =0.005 . . . . .
0.3206 N \Q . _ maDx |c-| =0.009 1 * A discrepancy is seen in at high coupling strengths.
] ' s » Detuning model starts collapsing against MAD.
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Detuning model vs Full MAD-X Lattice

MAD — X and PyHEADTAIL Footprints with linear coupling, 40 Amplitude, Octupolesirength = — 500[m~3] PyHEADTAIL detuning model and MAD Footprints with linear COUpIin‘g, 4o Ampl‘itude, OCtU‘p(JIecurrent = 500A
I I I
0.32107 - PyHT|C™|=0.001 | 0.3206 . < PyHT|C~|=0.006 |
«  PyHT |C~|=0.005 . —— MADX |C~| =0.006
0.3208 *  PyHT |C™|=0.009 | \
—— MADX |C~| =0.001 0.3205
\' —— MADX |C~| =0.005
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Detuning model vs Full MAD-X Lattice

1 6:ull sequence: normalized detuning coefficients with linear coupling 86:“” sequence: normalized detuning coefficients with linear coupling
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Direct terms don’t appear to vary that much. Main discrepancy comes from cross-terms. Plan to test in PTC.
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Single Octupole Kick: PyYHEADTAIL vs MAD-X

* Setup

[BxBy] = [121.56,218.58]
Octupole kick

* MAD-X: LHC beam 1 optics.
* Octupole element inserted at IP3 (in MAD-X).
* PyHT: octupole kick element inserted.

. Transverse tracking
Transverse tracking &

Longitudinal tracking

* |P3 position reproduced by giving the same beta
values in PyHT’s map.

* Footprints generated for different powering
values. Starting point

" OCtstrength = Normalisedstrength ’ OCtlength [Bxﬁy] = [927 932]
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Single Octupole Kick: PyHEAD

AlL vs MAD-X

Single Kick Footprint, 40 Amplitude, Octupole strength = —500[m ~ 3]
0.321501 PyYHEADTAIL tunes
* Good agreement in the behavior (especially — MAD-X Footprint
angle). 0.32100
= The MAD element seems to provide a stronger
spread. 0.32050
5‘0.32000_
PYHT octupole | MAD octupole* | Relative error
a, 451070 313558 0.438553633 0.319501
a, 455970 333868 0.365719368
0.31900
Ay -918317 -242863 2.7812141
Ay -897609 -241699 2.71374726 L 3;009 o A o
Qx
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Single Octupole Kick: PyHEADTAIL vs
MAD-X — linear coupling

* Introducting coupling:

.XKick Footprint with linear coupling, 40 Amplitude, Octupole current = 500Amps
I I I
PyHT |C~| =0.001 |

< PyHT |C~|=0.005
< PyHT |C~|=0.009
\K —— MADX |C~|=0.001 |
3

0.00004 \

* Coupling ~ rotate reference frame. 0.00003 — MADX|C-|=0.005

—— MADX |C~| =0.009

* |n the beam frame ~ rotate elements.

0.00002

* Possibly due to the following: increase coupling, 0.00001
beams sees:

» More of opposite polarity octupole (reverting)

Qy

0.00000

» Less oct. and more skew oct, then oct. again (spread
decreases then increases again).

—0.00001

—0.00002

—0.00003
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Single Octupole Kick: PyHEADTAIL vs
MAD-X — linear coupling

1 (ick element: normalized detuning coefficients with linear coupling 1 ik ele'ment: normalized detuning coefficients with linear coupling
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Double Octupole Kick vs Full MAD-X Lattice

* An LHC lattice ?

¢ Can we do an LHC simplified map? [BxBy] = [174.65,33.76] [BxBy] = [30.20,178.00]

* Octupole has the advantage of allowing to Octupole kick Octupole kick
include more effects (from dispertion...).

= Ultimately, goal is to move to a short series of
kicks and have it reproduce relevant properties.

= Need to keep a simple model.
» Start with a double kick map.

* Compare results to MAD-X with LHC lattice, Starting point

all octupoles powered. [BxBy] = [92.7,93.2]

» Not comparing element models, but the
overall effect.
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Double Octupole Kick vs Full MAD-X
_attice

* Two octupole families: LOF & LOD. = e

» One kick to represent each family.
* Octupole betas are set to be representative of
these families: B N |
= One octupole is at high B, and low f3,,. e i yuull\ i
il L Ul gl
= The other is at low S, and high £,,. T

= Powering scaled to the number of octs in LHC.

—— All Beta_y
~—— Octupoles Beta_y

Beta_y [m]

i llw 0 Mr Il

i ULl gl all gl

6 SObO 10600 15600 20600 25600
Position [m]
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Double Octupole Kick vs Full MAD-X
_attice

* Two octupole families: LOF & LOD.
» One kick to represent each family. ,.Visualisation of phase advance across consecutive LHC octupoles

I T
—— Horizontal plane phase advance
—— Vertical plane phase advance

* Octupole betas are set to be representative of
these families:

= One octupole is at high 8, and low B,,.
= The other is at low 8, and high ,,.
= Powering scaled to the number of octs in LHC.
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* Phase advance is set between the two
octupoles according to an average value:

HUx,octz = MHx,oct1 T AVY (phase_advance_x) . . . . . .
0 25 50 75 100 125 150
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Double Octupole Kick vs Full MAD-X
_attice

Tune Footprints, PyHT double kick vs MAD full sequence, 40 Amplitude
I I I I

PyHT kick_strength = 5.080[m‘3]‘

0.32100 —— MADX Oct_current =500 A |
* Overall good agreement between the codes.
0.32075 \&\x
0.32050 \\\ * The two kicks model gives a reasonable tune
\\\ spread.
80.32025 'y S

P \ * Detuning coefficients still need to be computed.
0.31975 %‘-\
0.31950 X\

0.3094 0.3096 0.3098 0.3100 0.3102 0.3104 0.3106 0.3108
Qx
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Double Octupole Kick vs Full MAD-X
_attice — linear coupling

Double kick Footprint with linear coupling, 40 Amplitude, Octupole current = 500Amps

0.32100
ey : * Double kick model seems to give a good
- - ' spread
032050 e as * Discrepancy region is still present at high
S e coupling. To be figured out.
0.32025 '
g
0.32000
0.31975 PyHT |C~| =0.001
PyHT |C~| = 0.005
PyHT |C~| = 0.009
031950} —— MADX |C~|=0.001 .
—— MADX |C~|=0.005
~— MADX |C~|=0.009
0.31925
0.30950 0.30975 0.31000 %31025 0.31050 0.31075 0.31100
X
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Double Octupole Kick vs Full MAD-X
_attice — linear coupling

PyHEADTAIL detuning model and MAD Footprints with linear couplin‘g, 40 Ampl‘itude, Octu‘polec rent = 500A PyHT vs MAD double kick footprints with linear coupling, 40 Amplitude, |octupole =500A
T T T
0.3206 . = 1
. PyHT |C~| =0.006 R I PyHT |C~| = 0.006
. —— MADX |C~| =0.006
) —— MADX |C~| =0.006
0.3205 N - 0.3208
. . . ° °
o .' °
0.3204 o ¢
N 0.3206
0.3203
3 & .
0.3204 °
0.3202 ¢
L] ’ .
. 0.3202
0.3201
0.3200
0.3200
B - e R GO 0.3098 0.3100 0.3102 0.3104 0.3106 0.3108
Qx Qx
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Possible future work




Next Steps

*Measuring chromaticity
* Q" and Q”. Some difficulties in PyHT.

*Including dispersion for Q”’
* Calibrate dispersion against Q" at octupoles in PyHT with MADX.

* Increase number of octupoles to see if it improves agreement. How many are needed? What if
84 kicks were used, exactly replicating LHC lattice?
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Conclusion

* Octupole kick element does doesn’t provide as much spread as its MAD counterpart.

* Two octupole kicks compensate each other’s defaults.
» Possibility to use (and create a complex) LHC representative map ?

* Linear coupling can be correctly implemented with all setups that have been simulated.
» Allows for study on an important mechanism.

» BUT: discrepancy from the detuning model is found with the two octupole kicks. To be figured out.

* For now: double kick map ~ same as detuning model, but:
> Brings possibility for optics considerations ©
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Backup
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PyHEADTAIL's detuning model

* Detuning is applied at the end of each turn.

* Transverse amplitude of a particle dictates
the detuning:

AQx
AQ,

Qg

Axlx + Axy]y

Gy
Ayylx + ay)y

a/xy —

* Jx,Jy are the action variables.

* Ay, Ay and ay,, are the detuning coefficients:

7000 IF.[A] ID [ A]
26706521 _ 7856-2%
pO[GeV/c]( 550 550 /)’
7000 I, [A] ID.[A]
9789-2¢t 2 _ 277203 2%
pO[GeV/c]( 550 550 /)’
7000 I [A] ID [ A]
— 1022612 93331-2
polGeV/(] ( 550 i 550
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Measuring detuning coefficients

Simulation setup :

* What about quantification of the agreement ? AQy = AxJx + axy]y
AQy = ayylx + ayly

* From the equations shown previously,

* For an action variable of 1 and only in one

plane, one gets: a, =AQ,, u = (x,y). AQu,i — Qu,i _ Qu,o
* Set 3 particles:
= Particle O0: no offsets. ( 1 (1+a.x?)
= Particle 1: ], =1077, ], =0. Jx = 5( 3 x"z + 20, xx" + Bx'?)
= Particle 2: , =0,], =107". 3 e +xa y?)
* Many possible phase space locations possible y= 32 B yy2 +2ayyy" + Byy™)
’ \ y

easier to make it forx’ = y' = 0.
= Actions set to 1077 to get a reasonable offset.
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Linear coupling in PyHEADTAIL

* Introducting coupling: Q,=0.31,0,=0.32
®
—_——— —_ /.
* Linear coupling is introduced with a skew —_ 4 Qx—0.31 /
quadrupole and calibrated against MAD-X. ™M --e-- Q,—0.32 .
/.’
* Equivalent values are found that provide the - ’_.,——0"
same |C™| (coupling strength) in each case. qc) 0 '“"‘==t::::::’
* A 2D minimization function is needed to find . _ . "\‘
correct initial tunes. o N
\C %
—4 \\
[

0.000 0.002 0.004 0.006 0.008 0.010
IC™|
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Tunes Footprint with linear coupling, 40 Amplitude, Octupole current = 500Amps

0.32125 . * PyHT |C7|=0.003
AR : - PyHT |C™|=0.005
- PYHT |C™| =0.007
0.32100 —— MADX |C~|=0.003
COUp“ng ) °. —— MADX |C~|=0.005
o MADX |C~|=0.007
optimizer
Effect on footprints without optimizer
0.32050
>
o
0.32025
0.32000
0.31975

0.3092  0.3094  0.3096  0.3098  0.3100 0.3102 0.3104  0.3106
Qx
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Linear coupling with PyHEADTAIL's
detuning model

MAD — X and PyHEADTAIL Footprints with linear coupling, 40 Amplitude, Octupolesirength = — 500[m~3] PYHEADTAIL detuning model and MAD Footprints with linear couplin‘g, 40 Ampl‘itude, Octl,:polec rrent = 500A
I I
. < PyHT|C~|=0.005 0.3206 . < PyHT|C~|=0.006 |
—— MADX |C~|=0.005 . —— MADX |C~|=0.006
0.3206 ’ o
0.3205 N
\ é
0.3204 T
0.3204 °
0.3203
>
&
>
o
0.3202 K 0.3202
. ‘ s
0.3201
0.3200
0.3200
0.3198 o2 oB® s s e s s
Qx
03&9% 03\’00 03\’01 03‘\’0'* 03@6

Qx
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Linear coupling with PyHEADTAILs
detuning model

MAD — X and PyHEADTAIL Footprints with linear coupling, 40 Amplitude, Octupolesreng
I

0.3206

0.3205

0.3204

Qy

0.3203

0.3202

0.3201

0.3200

28.08.17

th = —500[m~3]

< PyHT |C™| =0.007

—— MADX |C~| =0.007

0 3\’00

Q »%

[\ »%

Qx

[\ 3‘\’03

03‘\’0& 03@6
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PyHEADTAIL detuning model and MAD Footprints with linear coupling, 40 Amplitude, Octupole.
T T T

Qy

0.3204

0.3203

0.3202

0.3201

0.3200

A

< PyHT|C~|=0.008
—— MADX |C~|=0.008

rrent = 500A




Linear coupling with a double kick

PyHT vs MAD double kick footprints with line

0.3210

0.3208

0.3206

50.3204

0.3202

0.3200

0.3198

28.08.17

T
T

ar coupling, Y4o Amplitudg, loctupole = 500A
PyHT |C~| = 0.005

—— MADX |C~| =0.005

°
v @ *°
°
I..
° ¢ ° Fi
® L]
‘e
o o
wide |
o :,% o o
Ry el
o ® e
° . s °
0.3098 0.3100 0.3102 0.3104 0.3106
Qx

0.3208

PyHT vs MAD double kick footprints with linear coupling, 40 Amplitude, loctupole = 500A
T T T

PyHT |C~| = 0.006
—— MADX |C~| =0.006

0.3206

y

o
0.3204

0.3202

0.3200

0.3098
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Linear coupling with a double kick

PyHT vs MAD double kick footprints with linear coupling, 40 Amplitude, loctupole = 500A
T T T T

PyHT vs MAD double kick footprints with linear coupling, 40 Amplitude, lyctupole = 500A 0.3207
‘ ‘ | : «  PyHT|C™|=0.008
. e PyHT |C~|=0.007
03208 YHT|C”| — MADX |C~| = 0.008
—— MADX |C~| =0.007 X
0.3206 . .
’ 0.3205 o > ¢

0.3206 . . .
i . 0.3204 N o SRR M L
° '. °° e [® © .:. ,l' s’ -" ‘.’b”

> -' . o | Je b *el " s DN ".-.‘o’*
& 0.3204 . AN . e eg Y

0.3203 7%
0.3202
0.3202
0.3201
0.3200
0.3200{
03100 03101 03102 03103 03104 03105 0.3106 0.3107
03100 03101 03102 03103 03104  0.3105 Qx

Qx
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Very good agreement is back for |C-| = 0,009, strange
beharior for |C-| =0,01.

Tunes Footprint with linear coupling, 40 Amplitude, Octupole current = 500Amps

Tunes Footprint with linear coupling, 40 Amplitude, Octupole current = 500Amps
ol - PyHT |C™| =0.000 osat0] . . PYHT|C-| =0.000
* PYHT|C7[=0.005 «  PyHT |C™| =0.005
- PyHT |C™|=0.009 . -
YHT IC71 03208 : - PYHT |C7|=0.010
0.3206 MADX |C~|=0.000 MADX |C7|=0
— MADX|C™|=0.005 MADX |C~|=0.005
MADX |C~|=0.009 0:3200 MADX |C~| = 0.01
0.3204
0.3204 0,009
0.3202
> >
& &'0.3202
0.3200
0.3200
0.3198
0.3198
0.3196 03196
0.3194 ¢ 0.3194
: : : : : : : : 0.3094  0.3096  0.3098  0.3100  0.3102  0.3104  0.3106  0.3108
0.3094  0.3096 03098  0.3100  0.3102  0.3104  0.3106  0.3108 ox

Qx
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Very good agreement is back for |C-| = 0,009, strange
behavior for |C-| =0,01.

Tunes Footprint with linear coupling, 40 Amplitude, Octupole current = 500Amps

0.3205 Tunes Footprint with linear coupling, 40 Amplitpde, Octupole current = 500Amps
PyHT |C~| =0.009 0.3207
yHT |C™| PyHT |C™| =0.01
— MADX |C™|=0.009 _
: .l | —— MADX |C™|=0.01
0.3206
0.3204
0.3205 IC-l = 0,009
0.3203
0.3204
g &
0.3202 0.3203
0.3202
0.3201
0.3201
0.3200 0.3200
0.3100 0.3101 03102 0.3103 0.3104 0.3105 03100 03101 03102 03103 03104 03105 03106  0.3107
Qx Qx
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