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motivation

Energy stability over a 400us bunch-train with 4.5mA
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motivation

orbit variations
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> data: user run with 400 bunches @ 28.01.15
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motivation

relative orbit variations
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> data: user run with 400 bunches @ 28.01.15




analysis of multi-bunch data available in DAQ

several data sets recorded from DAQ since 2014
= problems with server
= problems with BPMs
= problems with pulse jitter

> only one data set available for investigation
= only 92 pulses recorded
= no HOM signals
= no GUN signals
= no TOROID signals
= NO energy server




analysis of multi-bunch data available in DAQ
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> data: user run with 400 bunches @ 28.01.15

= bunch-to-bunch jitter




analysis of multi-bunch data available in DAQ
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> data: user run with 400 bunches @ 28.01.15

= bunch-to-bunch jitter
= pulse-to-pulse jitter




analysis of multi-bunch data available in DAQ
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> data: user run with 400 bunches @ 28.01.15




analysis of multi-bunch data available in DAQ
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> data: user run with 400 bunches @ 28.01.15
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= bunch-to-bunch jitter
= pulse-to-pulse jitter

> stable over 102 pulses

= different intra-pulse
patterns clearly seen




AXin mm

Ayinmm

analysis of multi-bunch data available in DAQ
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> orbit variations > 1kHz

= No iron magnets

= no vibrations

= GUN

= RF modules

= non closed dispersion
= wakefields, resonances

..(?)

> difficulties
= unknown sources
= small number of BPMs

= insufficient model




analysis of multi-bunch data available in DAQ

> first approach:

= model independent
analysis of beam line
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analysis of multi-bunch data available in DAQ

> model independent analsysis (MIA)
= find correlations in data matrix
= no model needed
= no physical statements
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analysis of multi-bunch data available in DAQ

> singular value decomposition (SVD)
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analysis of multi-bunch data available in DAQ

> model independent analsysis (MIA)
= find correlations in data matrix
= ho model needed

= no physical statements
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data modeling
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analysis of multi-bunch data available in DAQ
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analysis of multi-bunch data available in DAQ
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analysis of multi-bunch data available in DAQ
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analysis of multi-bunch data available in DAQ

> first approach:

AXin mm

= model independent
analysis of beam line

> orbit variations > 1kHz

= no iron magnets

Ayinmm

= no vibrations
= GUN
= RF modules

= non closed dispersion

= wakefields, resonances
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RF dynamics

cavity 1 cavity 2

A = Q1 #FQ2 > E1#E2
- vector sum
- B = beam loading effects
% = detuning of cavities
= — ...
S : .
= = cavity misalignement
(%
3
S > Ak; # Ak
0000 NVOOGONOOO , Axi,j< 10_3 mmlbunch
> = many bunches required

time in s




data modeling

set up a theoretical model for ACC1:

= chamber model of cylinder-symmetric cavity

= analytical approximation ASTRA vs. chamber model

= insufficient for ACC1 - R
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data modeling

GUN  BPM1GUN BPM3GUN ACCH1 BPM9ACCH1
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free parameters:
= (x/y/kx/ky)acc
= Zi (x/y/kx/Ky)cavi
= (x/y/kx/ky)sEAM
> 2 ak =40




data modeling
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free parameters: model setup:
( = parameterized lin. transfer matrix: ASTRA tracking
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vertical phase space

horizontal phase space

X X X X X X X X

X X X X X

initial

X

tracking

A

transfer matrix

X

X X X X X X X X

X X X X X X X X X X X X X X X X

X X X X X X X X X X X X X X X X

30

20

10|

1
o o
i

peJw ul A

20

=30

—40t

X X X X X X X X

X X X X X X

X

initial

X

tracking

A

transfer matrix

X

X X X X X X

X X X X X X X X

X X X X X X X X X X X X X X X X

X X X X X X X X X X X X X X X X

30

20

10

1
o o
il

peJw ul X

=201

=30

—40+t

60

40

20

-40 -20

-60

40 60

20

-40 -20

-60

y in mm

X in mm




data modeling
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free parameters: model setup:
( = parameterized lin. transfer matrix: ASTRA tracking
)3 = misalignments: coordinate system switches
(
2




data modeling

X

X0 == AX - lcav/ 2tan(p) S
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data modeling
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free parameters: model setup:
( = parameterized lin. transfer matrix: ASTRA tracking
)3 = misalignments: coordinate system switches
( = multi-bunch-interaction: RF-data
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data modeling

probe amplitudes
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data modeling
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free parameters: model setup:
( = parameterized lin. transfer matrix: ASTRA tracking
)3 = misalignments: coordinate system switches
( = multi-bunch-interaction: RF-data
5 > SVD-based fitting procedure for ax




data modeling

influence of on horizontal orbit
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data modeling
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data modeling
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decreased:
= std(Ax): 30um -> 3um
« std(Ay): S57um -> 21ym

required parameters:
= Akxacc1= -1,15 mrad
= Akyacc1= -1,3 mrad

> remaining features
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data modeling

horizontal vertical
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o
‘_é = wakefields(?)
%= ||- measured - measured = coupler kicks(?)
= by model — by model
|
probe amplitudes forward amplitudes
21 - - - - - -
g 12
2 205t ' 115
= I
£ 20 11
5
'-C.EG 195 10.5
O.) 10_

—
©

800 900 1000 1100 800 900 1000 1100




further investigations parasitical measurements

cavity 1 cavity 2

ESNNE N
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> collect more data points

- vector sum
S -~ = user run with nsuncu > 100
N
§ « different set of gradients
< - = read more DAQ channels
.5 > GUN
IS > TOROID
—
O

> energy server
0000 NVOOGONOOO

= find correlations
> HOM-BPM (?)

time in ys > impact on SASE




further investigations

improve data modeling

cavity 2

5000000

> improve model

= coupler kicks

= long range wakefields
= energy variation

= ACC39

cavity 1
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further investigations invasive measurements

cavity 1 cavity 2

> more significant data

- vector sum
........................... 5 - detuning CaVities S 10%

> increase and vary Ak(t)

gradient in MeV/m
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further investigations

measurment by C. Schmidt @ 18.11.14

Hist: FLASH.RF/LLRF.CONTROLLER /M2.ACC23 /VFORW /svn/FLASH/diag/BPM/BPM_win.xm|l TTF2.DIAG/BPM/1TCOL/

caibrated, works better with low charg
FLASH1 0.421
BPM1 TCOL x= unavailable

FLASH2
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18.11.2014 18.11.2014 18.11.2014
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C1.M2.ACC23/VFORW.AMPL.SAMPLE £
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forward power
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MPL.SAMPLE K% Y
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8.5 -2.5 S nan

: 5:05 25 LB
4:55 5:05 5:15 5:25 5:35 5:45
18.11.2014 18.11.2014 18.11.2014 18.11.2014 18.11.2014 18.11.2014 18.11.2014 18.11.2014 18.11.2014

time
= reduced detuning - less forward power
= vector sum constant

= impact on vertical orbit
= no impact on horizontal orbit / energy

> H.Schlarb: ,,cavity misalignment in ACC2/3* (?)




further investigations invasive measurements

cavity 1 cavity 2
\- J L

> more significant data

- mean forward power

= detuning cavities > 10%

> increase and vary Ak(t)

= manipulate forward power

> isolate coupler-kicks

forward power in MeV/m

time in s




further investigations invasive measurements

cavity 1 cavity 2

\m) Lm
A [ ] [ ] ]
> more significant data
- vector sum
S | . - detuning cavities > 10%
NN IO :
~ ; . i
§ . ........................... > jncrease and vary Ak(t)
P "y - manipu'ate forward power
% G, > jsolate coupler-kicks
}'; = dispersion measurement
—
O > isolate energy
0000 0OOGNOOO
> thanks for your attention!
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