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analysis of multi-bunch 
data available in DAQmotivation

> data: user run with 400 bunches @ 28.01.15
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!
▪ orbit for 400 bunches 
▪ average over 92 pulses 



analysis of multi-bunch data available in DAQmotivation
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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

> data: user run with 400 bunches @ 28.01.15

multi bunch orbit spread



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

analysis of multi-bunch data available in DAQmotivation multi bunch orbit spread
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▪ Q1 ≠ Q2   

▪ beam loading effects 
▪ detuning of cavities 
▪ … 
▪ cavity misalignment 

!
> ki ≠ kj

motivation RF dynamics



!
▪ 8 cavities within one module 
▪ cryogenic string 

▪ thermal contraction 
▪ no direct measurement 

!
> beam based diagnostics 

> multi-bunch

motivation cavity alignment
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▪ 8 cavities within one module 
▪ cryogenic string 

▪ thermal contraction 
▪ no direct measurement 

!
> beam based diagnostics 

> multi-bunch 
> HOM

motivation cavity alignment
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basics dipole modes



x

↵

⇥

x

↵

⇥
x

↵

⇥

basics dipole modes

V

x

(t) / x · e� t
2⌧

sin(!t)

V

↵

(t) / ↵ · e� t
2⌧

cos(!t)

V⇥(t) / ⇥ · e� t
2⌧

cos(!t)



x

↵

⇥

x

↵

⇥

basics dipole modes

> ultra short pulses
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signal processingbasics

!
▪ charge threshold 

▪ electronic artifact 
▪ transient signal 
▪ signal saturation
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signal processingbasics

!
▪ charge threshold 

▪ electronic artifact 
▪ transient signal 
▪ signal saturation 

!
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0 1,000 2,000

0

8

16

index of sample

d
i
g
i
t
i
z
e
r

o
u
t
p
u
t

i
n

1
0

3 b
i
t
s

raw signal

0 1,000 2,000

≠1

0

1

index of sample

n
o
r
m

a
l
i
z
e
d

s
i
g
n
a
l

processed signal



data evaluation



data evaluation
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▪ vary beam trajectory 
▪ read BPM values 

▪ drift space 
!
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data evaluation
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▪ vary beam trajectory 
▪ read BPM values 

▪ drift space 
!
> beam position at cavity

≠2.5 ≠0.5 1.5

≠2

0

2

x in mm

y
in

m
m

cavity 2

≠2.5 ≠0.5 1.5

≠2

0

2

x in mm

y
in

m
m

cavity 2steerer limits lost charge

phase-jump 
of Cav. BPM



≠2.5 ≠0.5 1.5

≠2

0

2

x in mm

y
in

m
m

upstream

≠2.5 ≠0.5 1.5

≠2

0

2

x in mm

y
in

m
m

downstream

data evaluation power spectrum

P

out,x

=

!

2

4Q

ext


R

Q

�

0

x

2

x

2

0

q

2

exp

✓
�!

2

�

2

z

c

2

◆



≠2.5 ≠0.5 1.5

≠2

0

2

x in mm

y
in

m
m

upstream

≠2.5 ≠0.5 1.5

≠2

0

2

x in mm

y
in

m
m

downstream

data evaluation power spectrum

P

out,x

=

!

2

4Q

ext


R

Q

�

0

x

2

x

2

0

q

2

exp

✓
�!

2

�

2

z

c

2

◆



≠2.5 ≠0.5 1.5

≠2

0

2

x in mm

y
in

m
m

upstream

≠2.5 ≠0.5 1.5

≠2

0

2

x in mm

y
in

m
m

downstream

x̃ =x cos�+ y sin�
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2 + c

��



≠2.5

≠0.5

1.5

≠2

0

2

0

1

x in mm

y in mm

p
o
w

e
r

i
n

A
U

upstream

x0

y0

x0

y0

!
▪ assume <P(x’,y’)> = const. 
▪ sort P by (x,y) 

▪ fit 2D parabola 
!
> cavity x-y-center
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!
▪ assume <P(x,y)> = const. 
▪ sort P by (x’,y’) 

▪ fit 2D parabola 
!
> cavity x’-y’-center
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data evaluation signal amplitude
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data evaluation measurement results

≠0.4

≠0.2

0

0.2

0.4

0.6

x
i
n

m
m

horizontal o�set

≠100

≠50

0

x

Õ
i
n

µ
r
a
d

horizontal rotation

1 2 3 4 5 6 7 8

≠200

0

200

index of cavity

x
i
n

µ
m

residual

1 2 3 4 5 6 7 8

≠20

0

20

40

60

80

index of cavity

x

Õ
i
n

µ
r
a
d

residual



data evaluation measurement results
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data evaluation stretched wire system

https://labcit.ligo.caltech.edu/~BCBAct/PDF%20files/ITRP_Weise_TTF.pdf

!
▪ measurement till 2004 
▪ results within TDR limits

> not reproducible!



data evaluation stretched wire system
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!
▪ measurement till 2004 
▪ results within TDR limits

> not reproducible!
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 HOM (peak):"!
 cavities "x:  +/-"    0.25 mm"
" " y:  +/-" < 0.6   mm"
!
 overall module tilt ≈ 0.1 mrad"



data evaluation stretched wire system
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data evaluation correlation

≠2.5 ≠0.5 1.5

≠2

0

2

x in mm

y
in

m
m

cavity 2

≠2.5 ≠0.5 1.5

≠2

0

2

x in mm

y
in

m
m

cavity 2

!
▪ assume <P(x’,y’)> = const. 
▪ sort P by (x,y) 

▪ fit 2D parabola 
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data evaluation correlation
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data evaluation correlation
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data evaluation correlation
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data evaluation correlation
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conclusion
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▪ measurement & data evaluation 

scripts developed 
▪ experimental experience gained 

!
> data unreliable(?)
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 next steps: 
▪ HOM shifts in octobre 2016 
▪ focus on uncorrelated  

beam trajectories 
▪ get reliable data 

!

> realign GUN section(?)

!
▪ measurement & data evaluation 

scripts developed 
▪ experimental experience gained 

!
> data unreliable(?)
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 next steps: 
▪ HOM shift at octobre, 17th 
▪ focus on uncorrelated 

beam trajectories 
▪ get reliable data 

!

> move GUN section

!
▪ measurement & data evaluation

scripts developed 
▪ experimental experience gained

!
> data unreliable(?)

> thanks for your attention!


