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1  Measurements

→ s2E seminar, June, 20, 2011:



1  Measurements
setup

off

450 MeV 690 MeV

LOLA

on creston crest

r56nom = 178.4 mm0.5 nC

carefull phasing (BAM) before measurements
in the following: each measurement with index (from -30 to 61)

but not each index with measurement!



-30(0deg)

30(7.5deg)

-20(1deg)

-10(?3deg) 0(?4deg) 10(5deg) 15(6deg)

20(7deg) 29(7.5deg)

-15(2deg) -12(3deg)

1  Measurements
current profiles



1  Measurements

30(7.5deg) 40(7.6deg)

50(7.9deg) 51(?) 52(8.0deg) 53

54 55

current profiles



-30(0deg)

30(7.5deg)

-20(1deg) -15(2deg) -12(3deg)

-10(?3deg) 0(?4deg) 10(5deg) 15(6deg)

20(7deg) 29(7.5deg)

LOLA screen, recalculated → constant scale (energy vs. length)
1  Measurements



52(8.0deg) 53

54 55 56 57

51(?)50(7.9deg)

40(7.6deg)30(7.5deg)

1  Measurements
LOLA screen, recalculated → constant scale (energy vs. length)



comparison measurement (rms), compr{chirp(nominal rf-setting)*(nominal r56)}

systematic error of rms-length without chirp; (inconsistent calibration)

no self effects2  Analysis - Compression Factor

r56nom = 178.4 mm 
C

number of measurement

( ) ( )m
rms

chirp no
rms σσ

r56nom = 178.4 mm
X = 1.1 

C

number of measurement

( ) ( )mX rms
chirp no

rms σσ



2  Analysis - Compression Factor

mess     time    time   time    A1       P1     A39    P39    Len_step  Ene_step
rf-set  T-calib data    MV       Deg    MV     Deg    um/pix    keV/pix

-30     17:37   18:23 18:32   163.80   0.00   18.2    0.00   11.44    15.15
-20     19:06   19:05 19:10   163.80   1.00   18.2   -1.00   12.45    15.2
-15     19:13   19:12 19:17   163.90   2.00   18.2   -2.00   11.97    15.19
-12     19:24   19:25 19:29   164.00   3.00   18.2   -3.00   10.8     15.11
-10   ? 19:37   19:25 19:38   164.10   4.00   18.2   -4.00   10.8     15.11

19:23h

LOLA time calibration: klystron history



2  Analysis - Compression Factor
LOLA time calibration: comparison with later measurement

rms = 5.63 psec
(1.7 mm)

rms = 6.75 psec
(2.0 mm)



wrong r56 ?

additional chirp (from initial condition)

no self effects2  Analysis - Compression Factor

r56 = 170.5 mm 
C

number of measurement

( ) ( )mX rms
chirp no

rms σσ

r56nom = 178.4 mm
off = 0.18 

C

number of measurement

( ) ( )mX rms
chirp no

rms σσ



3  LOLA Measurements

log-book:

index = 10

density profile density profile

slice energy slice energy

single measurement 20 measurements averaged

slope 1    slope 2 (z-flipped)

z

E

z/c

∆E/E



3  LOLA Measurements: close look

log-book:

index = 10
20 measurements averaged

density profile

slice energy (elim.)eliminate crosstalk
“time” to “energy”

steptime

const
f

_
= timefEnergy

nergyE

×+
=~

slope 1    slope 2 (z-flipped)

z

E



3  LOLA Measurements: close look

log-book:

index = 20

density profile

slice energy (elim.)

nergyE
~

20 measurements averaged

slope 1    slope 2 (z-flipped)

z

E



3  LOLA Measurements: close look

log-book:

index = 30

density profile

slice energy (elim.)

nergyE
~

19 measurements averaged

slope 1    slope 2 (z-flipped)

z

E

?



3  LOLA Measurements: close look

log-book:

index = 40
single measurement 18 measurements averaged

slope 1    slope 2 (z-flipped)

nergyE
~

Energy

?
z

E



3  LOLA Measurements: close look
single measurement

blue green (z-flipped)
z

E



time-energy-method

off

450 MeV 690 MeV

LOLA

on creston crest

r56nom = 178.4 mm0.5 nC

slice energy (LOLA measurement): ( )23 sE

after BC2: ( ) ( ) ( )222322 sEsEsE rf−=

before BC2: ( ) ( ) ( )

( ) ( )










−−=

−=

nom,566nom,56
nom,2

22
221

222322

,,1 tr
E

sE
Dsss

sEsEsE rf

virtual initial distribution: ( ) ( )11211 sEEsE rf−=

( ) kssErf cos  5402 MeV=
( ) ( ) ( )33111 3cos cos ϕϕ +++= ksAksAsErf

with:

middle of bunch (50% of charge) is set to reference energy

4  Analysis – Reconstruction of Initial Distribution  – TE Method  



pure time-energy-method

index = -30

index = -20

index = 0

long. profile LOLA slice energy virtual initial
distribution-5MeV

index = -30, -20, -10, 0, 10, 20

possible source of error:
calibration factors, phase of rf after BC2

4  Analysis – Reconstruction of Initial Distribution  – TE Method  



modified time-energy-method

index

rms-ratio
rf & r56

compression

slice energy (LOLA measurement)

( ) →23
~~
sE

( ) ( )PkssErf += cos  5402 MeV

33

~
EAE ×=

22
~sTs ×=

index = {-30, -20, -10, 0, 10, 20}

modified energy, time and phase calibration:

A = 1.25
T = “rms-ratio”/”rf & r56” 

P/deg = {-0.15, -0.2, -0.1, -0.1,  -0.1, -0.1}

4  Analysis – Reconstruction of Initial Distribution  – TE Method  

?!



modified time-energy-method

index = -30

index = -20

index = 0

long. 
profile
modified

LOLA slice energy
modified

virtual initial
distribution-5MeV

index = -30, -20, -10, 0, 10, 20

4  Analysis – Reconstruction of Initial Distribution  – TE Method  



4  Analysis – Reconstruction of Initial Distribution  – TE Method  

“reconstructed” initial distribution

length/mlength/m

current/A(energy-5MeV)/eV



0 deg

4  Analysis – Reconstruction of Initial Distribution  – TE Method  

(energy-E0)/eV

length/m

forward calculation to LOLA

measured (slice), scaled in time and energy
calculated without self effects
calculated with self effects

…, original energy scale
…
…

…
…, shifted

?!A = 1.25



4  Analysis – Reconstruction of Initial Distribution  – TE Method  

(energy-E0)/eV

length/m

forward calculation to LOLA

measured (slice), scaled in time and energy
calculated without self effects
calculated with self effects

…, original energy scale
…
…

…, original energy scale
…, shifted

4 deg

A = 1.25



4  Analysis – Reconstruction of Initial Distribution  – TE Method  
forward calculation to LOLA

7 deg

(energy-E0)/eV

length/m

measured (slice), scaled in time and energy
calculated without self effects
calculated with self effects

…, original energy scale
…
…

…, original energy scale
…, shifted

A = 1.25



( )∫ ∫=
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E

dsdEEsQ r,,tot ψ

time-time-method

( )3311 ,,, ϕϕ AA=rvector with rf setting

definition of            :( )rxs2
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5  Analysis – Reconstruction of Initial Distribution  – TT Method  



time-time-method

( ) ( )( )rr ,1112
x

rf
xxx sEEDss ++= ( )

2

ref

ref
566

ref

ref
56 







 −+−=
E

EE
t

E

EE
rEDwith

ref

1 MeV 5

E
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mm1s

( )r,11
xx sEknown:

( )bsE r,2.0
1

2.0
1

( )asE r,2.0
1

2.0
1

2.0
1

2.0
1 , Es

reconstruction from time
measurements for two different

rf settings

5  Analysis – Reconstruction of Initial Distribution  – TT Method  



virtual initial distribution

pure time-energy-method pure time-time-method

modified time-energy-method

s1/m

(E1-5MeV)/eV

index = -30, -20, -10, 0, 10, 20 combinations for index = -30, -20, -10, 0, 10, 20

modified time-time-method
modified energy, time and phase calibration modified time calibration as for t-e-method

5  Analysis – Reconstruction of Initial Distribution  – TT Method  



virtual initial distributions

modified time-energy-method modified time-time-method Astra (7 psec)

s/m

(E-5MeV)/eV before ACC1
virtual

before ACC1
virtual

current/A



5  Analysis – Reconstruction of Initial Distribution  – TT Method  
forward calculation to LOLA

7 deg

(energy-E0)/eV

length/m

measured (slice), scaled in time
calculated without self effects
calculated with self effects, shifted

from E_TT − wake(ACC1,AC39)

4 deg

0 deg



6  ASTRA

“bunch” length” and charge:

ACC1 amplitude and phase:

Z=2.6m (before ACC1) Z=13.8m (after ACC1)

cPz/eV

s/mav(cPz/eV) = 4.991E6 av(cPz/eV) = 146.778E6

(auto phasing)



6  ASTRA
virtual initial distribution

Z=2.6m (before ACC1)

cPz/eV

s/m

( ) ksPcsErf cosav∆= ( ) ( )ϕ+= ksAsErf cos
∆cPav/eV = 141.778E6 A/eV = 142.000E6 

ϕ/deg = -0.677

with fit parameters:( )ννν sEEE rf−=~
with

eV
~

νE eV
~

νE



6  ASTRA

( )ννν sEEE rf−=~
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with

reconstructed virtual initial distribution includes errors by deviation of nominal
rf (ACC1, ACC39) from real field

modified time-time-method
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tt wakeE −%

Astra + rf-error

Astra

tt wake rf-errorE − −%

6  ASTRA

MeV 17.0    0

MeV 95.1
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7 deg

(energy-E0)/eV

length/m

measured (slice), scaled in time
calculated without self effects
calculated with self effects, shifted

4 deg

0 deg

TT-method Astra
forward calculation to LOLA6  ASTRA



calculation with self effects:

7  Phase Space: LOLA ↔↔↔↔ TT Method ↔↔↔↔ ASTRA

MeV 2.0=EσMeV 1.0=Eσ

in the following: calculated results with additional energy spread of 0.1 MeV !

LOLA measurement:



-30(0deg)

0(?4deg)

20(7deg)

TT-method ASTRALOLA

7deg

4deg

0deg

7deg

4deg

0deg

7  Phase Space: LOLA ↔↔↔↔ TT Method ↔↔↔↔ ASTRA



52(8.0deg)

30(7.5deg)

51

8.0deg

7.9deg

7.5deg

TT-method ASTRALOLA

8.0deg

7.9deg

7.5deg

?

7  Phase Space: LOLA ↔↔↔↔ TT Method ↔↔↔↔ ASTRA



53

54

55

8.3

8.2

8.3deg

8.1deg

TT-method ASTRALOLA

8.2deg

8.1deg

8.2deg

8.28deg

7  Phase Space: LOLA ↔↔↔↔ TT Method ↔↔↔↔ ASTRA



8.4deg

TT-method ASTRA

8.3deg8.3deg

8.5deg

7  Phase Space: LOLA ↔↔↔↔ TT Method ↔↔↔↔ ASTRA



TT-method”+”

8  The Spike

tt -wakeE%

(E-5MeV)/eV

s/mm

virtual initial distribution

TT-method

7.5deg:

measured

TT-method

TT-method”+”



TT-method”+”

7.9deg 8.0deg 8.1deg 8.2deg

8  The Spike

8.3deg

7.5deg 7.6deg 7.7deg 7.8deg

measured, 7.5deg:



9  Current Distribution: LOLA ↔↔↔↔ TT Method ↔↔↔↔ ASTRA

LOLA

TT method    ASTRA
TT method “+”

LOLA
slope 1   slope2

s/mm

I/A
0deg 1deg 3deg 4deg

5deg 7deg 7.5deg 7.6deg



9  Current Distribution: LOLA ↔↔↔↔ TT Method ↔↔↔↔ ASTRA

TT method   8.34deg
ASTRA 8.26deg

TT method    ASTRA
TT method “+”

LOLA
slope 1   slope2

7.6deg 7.9deg

8.1deg 8.3deg



precise information of initial distribution is required

reconstruction with TT-method ok for weak effects

1d model of longitudinal effects (SC, CSR and some wakes)

reconstruction with TT-method is not so bad for strong effects

reconstruction with ET-method questionable; problems with energy scale!

middle compression is not understood

LOLA pictures not completely  understood

virtual initial distribution different from ASTRA

qualitative differences for ASTRA distribution

10  Summary


