Beam-beam tune footprint viewer ~ -
X P C

X. Buffat, T. Pieloni, W. Herr, G. Arduini

= Make a footprint as
automatically as possible
based on data extracted from

the control system

= Usage . -
= \Working point optimisation ﬁ%
= Understanding of %

measurements/observations



Outline

= What is a tune footprint ?

Why do we care ?
= How to make one with the footprint viewer ?
= Future work



Beam-beam effects

= Amplitude detuning

= Emittance effect

= Orbit effect

= Dynamic aperture reduction
= Dynamic beta

= Coherent motion



BBy

@ Beam-beam footprint Y@y

= Depends on

Non linear force * Xing (value and plane !)
= Separation (value and plane !)

Intensity
Emittance
= Optics

amplitude detuning



Footprint

= Representation of amplitude
detuning in 2D

0.317
= Can be obtained via tracking o
and FFT 7 B
= Some relevant properties =
= Sensitive to resonances 0.307]

= Scales NON linearly with emittance 0306,

= Scales linearly with intensity 0.305

=  Shifts with initial tune 0275 0276 0277 0278 0.279 0.28  0.281
Qx




Footprint

= Representation of amplitude
detuning in 2D

0.31]
= Can be obtained via tracking o
and FFT 7 B
= Some relevant properties =
= Sensitive to resonances 0.307]

= Scales NON linearly with emittance 0306,

= Scales linearly with intensity
= Shifts with initial tune

WARNING : this is an approximation (ignoring resonances and dynamic beta)  ©

0.305 ' ' | | ‘
0275 0276 0277 0278 0279 028 0.281

Qx




X

= Bunches behave
differently

= Different resonance

= Different Landau
damping properties
= \WWe have no
measurement of

gated BBQ) =




©)

IP8

= Selected

bunches lose
more

= Selected
bunches go
unstable

Real example
orivate bunches

File Control Help
Eeam Machine | Track
B1 B2
Beam numkber 2
Beam energy 40000
Particle mass 0938272

Farticle charge 1.0

Bunch length 0.OF7

Fel. energy spread (1. 1E-4

Injection scheme  |50ns_13800_12
Bunch intensity 1.4E11

Morm. H emittance (2. 5E-&

Maorm. ¥ emittance [2.5E-&

Get Intensity from logging DE

Eeam number : 1
Slot numbers = [0;3364] :
995

Run simulation

1z2:08:08 - Tracking jok doanre

-beam wune TUOLPPITIL Ve WeT

T—

0 separation in [PE

w

(52, vie

B1b1730 [?1/05/12 12:08:30]

_________________ e —oum
]| HO in IPE
\

I'III |I
\ |
0.32 | |

Qy

0.315,

0.31

D in IP1,5 and 8

T T
0.3 0.305 0.31

Qx

Resonance lines Remove foolprint 8

=

!



0.65 mm // sep

0.0 mm // sep

Real example

separation scan

File Control Help
Eearmn Machine | Track
Select optic:

ADB0COSDAZ00L200_THIN
A110C110A200L200_THIN
A200C200A200L200_THIN
A350C330A350L350_THIN
AD35C035A1000L1000_THIN
A1100C1100A1000L1000_THIN
AD35C035A010L050_THIN
A150C1530A1000L300_THIN
A100C100A1000L300_THIN
Al100C100A100L300_THIN
AD60C060A300LI00_THIN

Collisions :

IP1 P2 IP3 IP8

Selected collision configuration :
State [onfoff] on

Half %¥ing [prad] |-145.0
Half Hzep [mim] 065

Eearmn number : 1
Slot numbers = [0;3564] :
995

Run simulation

17:32:10 - Name [R1RRO5_5) slrezdy exists

Beam-beam tune footprint viewer

S5

[, views R m| =88 |54

E1b995 [16/05/12 17:32:19]

Legend
0.3257— pig
— B1b995_
—— Blb995_
— B1b995_3
— B1b995 4| \
~ B1b9955|
— B1b995_6 \
0.324
0.315
g
0.314
0.305-

T
0.3035

0.31

&

Resonance lines

Remove footprint 9

!



X

= |nput

Application workflow

Injection scheme from LSA (AK D. Jacquet, G. Papotti)
thin lens optics from Online Model Definitions (AK G. Miiller)

Machine and beam parameters from user

= Run MAD-X simulation via JMAD (AK K. Fuchsberger)

- P
- A

ot footprint
low basic manipulation of the footprint.

10
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HOWTO start

Beam-beam tune footprint viewer

C C M — I h CO p ur [ Track | | @ views. ) [B[ER) [m] = | Q) 0] wore | :"

El1 | B2
Beam number 1
Bearn energy 40000
Particle mass 0438272
Farticle charge 1.0
Bunch length 0077

Fel energy spread |1 1E-4
Injection scheme  |Mominal 25ns sc...
Bunch intensity 1.15E11

Morm. H emittance |2 5E-&
Morm. W emittance |2.5E-&

Beam control

Beam-beam
footprint viewer

[] Get Intensity from logging DB

Slot numbers = [0;3564] :

[o

Beam number: 1
|

| Run simulation | i Remove footprint

Resonance lines | |




File Contraol Help

@ 2 8 .,_ D Dec

( Beam | Whaghine | Track |

Beam numkber 1

— | [Beam energy 40000
Farticle mass 0938272
Farticle charge 1.0
Bunch length Q.0O77

Fel. energy spread (1. 1E-4 2
—— P ||Injection scheme  |Mominal 25ns sc.. ||| @

— > emrmsree——| ST UP parameters

. Intensity bbb B for both beams

can be loaded = Specifly the observed
from logging beam and bunch

\ bunch = (RFBucket-1)/10
[ | Get Intensity from logging DE

Beam number : 1 ‘
Slot numbers < [0;3564] : >

\ / 12

Run simulation




File Control

Select opt

ADBOCOROAZOOL200_THIN
Al10C110A200L200_THIN
A200C200A200L200_THIN
A350C350A350L350_THIN
AD55CO55A1000L1000_THIM
Al1100C1100A1000L1000_THIN
AD35C035A010L050_THIN
Al50C150A1000L300_THIN
Al00C100A1000L300_THIN
Al00C100A100L300_THIN
AD60CO60AI00OLI00_THIN

Collisions :

1P1 1p2 IP3 IP8

Selected collision configuration :

State [on/off] an

Half H¥ing [prad] |-1Z20.0
Half Wxing [prad] |=20.0
Half Hsep [mm] 0.0
Half W=ep [mim] 0.0
Spectr. Pal. (21 |10

Beam number: 1

Slot numbers € [0;3564] :

495 |

Run simulation

= Setup machine
parameters

= Optics (Thin lens required!)
= Xing
= separation

13
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Y HOWTO setup simulation ..

File Control Help

(Beam | Ma hé?;EE::E]::>___;
M of 5 gm

= Setup simulation
parameter
= Test particle
distribution for the
footpint
= Small intensity
scaling factor to
avoid deformation
IO — from resonance

(995 |§§ A

Run simulation




HOWTO run

File Control He

Beam-beam tune footprint viewer

Ip

l/Beam rMachine |/Tra|:k |

Bl [ B2
Bearm number 1
Beam energy 40000

Farticle mass

09328272

Farticle charge

1.0

0077

= Run simulation suchingn o077

Injection scheme

50ns_1380k_12..

Bunch intensity

1.4E11

Morm. H emittance |2 .5E-&

2.5E-%

= Wait for the footprint |«
to appear

= Multiple footprint can be
drawn on the same plot

o~ 1 mln per bunch | [] Get Intensity from logging DE

Eeam number:

— >~ 1 day for the whole |[*m=<"

3564 :

beam

[@vem @

| G More
-~

‘| B1b995 [16/05/12 11:31:38]

Qy

Legend 'ul I|
u.aza—i‘_ Bb3%3] | '

0.32-"
0.315
n.31—\
u.aus—"

0.3

0.295

T T =
0.29 0.295 0.3 0.305 0.31
0x

Run simulation

Resonance lines ‘ ‘ Remove footprint




HOWTO check resonances

File Control Help

fBeam rMachine |/Track |

| Bovens | (R m[ =]z [BE] ] more | 58
Bl | B2 : IR~

i B1b993 [16/05/12 11:31:38§]
Bearn number 1 Teer] '. '|
Eeam energy 40000 u.azs—ﬁ‘ I". |
Farticle rmass 0938272 7 | [
Particle charge 1.0 : \ \ ||
Bunch length Q.O77

Fel. energy spread|1. 1E-4

Injection scherne  |50ns_1380B_13... || - 0.327
Bunch intensity 1.4E11 i

- - Maorm. H emittance |2 %E-&
= Select visible RIS

A

'\\‘\

B \\
2.5E-6 0 8 16 24
thanten 1 9 17 25

. 2 10 |18 26 |

resonance lines 5 .
¥ o314 4 12 20 28
. 5 13 21 29
\\\\\ﬁ 14 22 30
_ 7 15 23 31

0.305{

[ ] Coupling

[] Get Intensity from logging DB

Beam number : 1
5lot numbers € [0;3504] :
[z95

T T T T
0.293 0.3 0.303 0.31

Ox

| Run simulation

Resonance lines

Remove footprint
11:31:38 - Tracking jok done




. L
= Scale, shift

|[Bvews | /ER) (] w3

More _| [e3( 8] |
B1b995 [16/05/12 11:31:38]
Leqend ) 1
Show manipulator control T | |
|
0.321 "

| Change tune ‘ 031 o3z |

/WARNING: these manipulations are
walid to a certain extend:
khiow whiat o are doing
No dynamic beta,

Discard the effect I
of resonance

0.315+

Qy

0.31

Eeam number: 1 0,205 - l".l

Slot numbers € [0;3364] : 029 0205 0.3 0305 031
955 | & Qx
‘ Run simulation | ; | Resonance lines ‘ |

Remove footprint
11:31:38 - Tracking jok done




Future work

= What can be done if found to be useful during
operation/MD

Import measurement of beam parameters from Logging
database

= Import machine parameters from LSA database
= Improve manipulation of footprints

= Have an online mode (based on online tune, intensity
and emittance measurement and simple scaling laws)

= Tune scan would enable us to find good/bad spots

18

= Any other proposal or feedback are welcome
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