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1 Older Measurements
reconstruction of virtual inital distribution
→ TE-method and TT-method

spike

problem with T&E calibration

to some extend successful:
low & high compression



1 Older Measurements

middle compression is not understood:

later: simulated LOLA measurements



1 Older Measurements

LOLA picture not completely understood:

virtual initial distribution different from ASTRA

qualitative differences for ASTRA distribution



2 Measurements
March 8 and 9



2 Measurements - Setup

off

450 MeV 706.3 MeV

LOLA

on creston crest

r56nom = 178.4 mm0.42 nC

carefull phasing (BAM) before measurements



2 Measurements - Overview
time             index        P1    P2    P3   P4     A1       A2    A3       A4       index-2

8. March
192745  time calibration  --------- set LOLA amplitude -------------
194326  time calibration
195414  energy calibration
203551  time calibration
204047  energy calibration
204929  measurement  0+       0     0     0    -58    163.3    18    300.0    249.0    1       
210357  measurement  1+       0     0     0    -58    163.3    18    300.0    249.0    3   
211751  measurement  1- 0     0     0    -58    163.3    18    300.0    249.0    4   
212614  time calibration
212906  measurement  2- 1    -1     0    -58    163.3    18    300.0    249.0    6   
213336  time calibration
213542  measurement  2+       1    -1     0    -58    163.3    18    300.0    249.0    8   
214039  time calibration
214802  measurement  3+       2    -2     0    -58    163.4    18    300.0    249.0    10  
215100  measurement  3- 2    -2     0    -58    163.4    18    300.0    249.0    12  
215425  measurement  4- 3    -3     0    -58    163.5    18    300.0    249.0    14  
215653  measurement  4+       3    -3     0    -58    163.5    18    300.0    249.0    16  
220313  measurement  5+       4    -4     0    -58    163.7    18.1  300.0    249.0    18  
220513  measurement  5- 4    -4     0    -58    163.7    18.1  300.0    249.0    20  
220959  time calibration
221246  measurement  6- 5    -5     0    -58    163.8    18.1  300.0    249.0    22  
221729  measurement  6+       5    -5     0    -58    163.8    18.1  300.0    249.0    24  
222030  measurement  7+       6    -6     0    -58    164.2    18.1  300.0    249.0    26  
222219  measurement  7- 6    -6     0    -58    164.2    18.1  300.0    249.0    28  
222447  measurement  8- 7    -7     0    -58    164.5    18.2  300.0    249.0    30  
222624  measurement  8+       7    -7     0    -58    164.5    18.2  300.0    249.0    32  
222904  measurement  9+       7.5  -7.5   0    -58    164.7    18.2  300.0    249.0    34  
223058  measurement  9- 7.5  -7.5   0    -58    164.7    18.2  300.0    249.0    36  
223346  time calibration
223731  energy calibration

9. March  
002052  time calibration

002259  time calibration  --------- new LOLA amplitude -------------
002519  measurement 10        8.86  2.8   0     0     165.7    18.8  320.0    222.0    38  
002802  measurement 10        8.86  2.8   0     0     165.7    18.8  320.0    222.0    40  

003645  time calibration  --------- new LOLA amplitude -------------
003847  measurement 11        9.92  3.15  10    0     166.2    18.8  325.0    222.0    44  
004731  measurement 11        9.92  3.15  10    0     166.2    18.8  325.0    222.0    46

phase of LOLA

measurement

rf settings (phases/deg, amplitudes/MV)
shift 1



3 Measurements - Overview
time             index        P1    P2    P3   P4     A1       A2    A3       A4       index-2

9. March  
155002  time calibration  --------- set LOLA amplitude -------------
160553  energy calibration
160740  measurement 25        7.5  -7.5   0    -58    164.7    18.2  300.0    253.0    48  
174906  time calibration
175453  energy calibration
175632  measurement 26        0     0     0    -57.9  163.3    18    300.0    253.0    50  
180140  measurement 27        0     0     0    -57.9  163.3    18    300.0    253.0    52  
181758  measurement 28        7.5  -7.5   0    -57.9  164.7    18.2  300.0    253.0    54  
182336  time calibration
182722  measurement 29        7.5  -7.5   0    -57.9  164.7    18.2  300.0    253.0    56  
183037  measurement 30        7.5  -7.5   0    -57.9  164.7    18.2  300.0    253.0    57  
183849  time calibration  --------- new LOLA amplitude -------------
184046  measurement 31        7.5  -7.5   0    -57.9  164.7    18.2  300.0    253.0    59  
185030  time calibration
185224  measurement 32        7.5  -7.5   0    -57.9  164.7    18.2  300.0    253.0    61  
190007  measurement 33        7.5  -7.5   0    -57.9  164.7    18.2  300.0    253.0    63  
191934  time calibration
192158  time calibration
192443  measurement 34        10    1     0    -57.9  165.8    18    300.0    253.0    65  
192743  measurement 35        10    1     0    -57.9  165.8    18    300.0    253.0    67  
193515  measurement 36        12    7.2   0    -57.9  167.0    18.2  300.0    253.0    69  
193642  measurement 37        12    7.2   0    -57.9  167.0    18.2  300.0    253.0    71  
194451  measurement 38        7.5  -6.6   0    -57.9  164.7    18.1  300.0    253.0    73  
194845  measurement 39        7.5  -6.6   0    -57.9  164.7    18.1  300.0    253.0    75  
195058  measurement 40        5    -14    0    -57.9  163.8    18.6  300.0    253.0    77  
195227  measurement 41        5    -14    0    -57.9  163.8    18.6  300.0    253.0    79  
195552  measurement 42        2.5  -20.8  0    -57.9  163.5    19.3  300.0    253.0    81  
195953  measurement 43        2.5  -20.8  0    -57.9  163.5    19.3  300.0    253.0    83  
200208  measurement 44        0    -27.1  0    -57.9  163.3    20.2  300.0    253.0    85  
200334  measurement 45        0    -27.1  0    -57.9  163.3    20.2  300.0    253.0    87  
202259  measurement 46        0    -28.3  0    -57.9  163.3    20.5  300.0    253.0    89  
202436  measurement 47        0    -28.3  0    -57.9  163.3    20.5  300.0    253.0    91  
202750  measurement 48        12    5.6   0    -57.9  167.0    18.1  300.0    253.0    93  
202923  measurement 49        12    5.6   0    -57.9  167.0    18.1  300.0    253.0    95  
203501  measurement 50        12    5.1   0    -57.9  166.9    18.1  300.0    253.0    97  
203638  measurement 51        12    5.1   0    -57.9  166.9    18.1  300.0    253.0    99  
204833  time calibration
205229  energy calibration

shift 2 …



2 Measurements - Overview
time             index        P1    P2    P3   P4     A1       A2    A3       A4       index-2

205622  measurement 52        7.5  -6.6   0    -57.9  164.7    18.1  300.0    253.0    101    
205849  measurement 53        7.5  -6.6   0    -57.9  164.7    18.1  300.0    253.0    103    
210244  time calibration
210622  measurement 54        7.5  -6.6   0    -57.9  164.7    18.1  300.0    253.0    104    
211911  time calibration
212114  measurement 55        7.5  -6.6   0    -57.9  164.7    18.1  300.0    253.0    106          
212252  measurement 56        7.5  -6.6   0    -57.9  164.7    18.1  300.0    253.0    108          
213255  measurement 57        7.5  -6.6   0    -57.9  164.7    18.1  300.0    253.0    110          
213442  measurement 58        7.5  -6.6   0    -57.9  164.7    18.1  300.0    253.0    112          
214250  measurement 59        7.5  -6.6   0    -57.9  164.7    18.1  300.0    253.0    114          
214457  measurement 60        7.5  -6.6   0    -57.9  164.7    18.1  300.0    253.0    116          
220255  time calibration
220515  measurement 61        7.5  -6.6   0    -57.9  164.7    18.1  300.0    253.0    118          
220806  time calibration  --------- ??? new LOLA amplitude -------------
221209  time calibration  --------- ??? old LOLA amplitude -------------
221415  measurement 62        7.5  -6.6   0    -57.9  164.7    18.1  300.0    253.0    120          
222513  measurement 63        10    1     0    -57.9  165.8    18    300.0    253.0    122          
222928  measurement 64        10    1     0    -57.9  165.8    18    300.0    253.0    124          
223241  measurement 65        12    7.2   0    -57.9  166.9    18.2  300.0    253.0    126          
223412  measurement 66        12    7.2   0    -57.9  166.9    18.2  300.0    253.0    128          
223639  measurement 67        0    -27.1  0    -57.9  163.3    20.2  300.0    253.0    130          
223812  measurement 68        0    -27.1  0    -57.9  163.3    20.2  300.0    253.0    132          
224140  measurement 69        2.5  -20.8  0    -57.9  163.5    19.3  300.0    253.0    134          
224504  measurement 70        2.5  -20.8  0    -57.9  163.5    19.3  300.0    253.0    136          
224702  measurement 71        5    -14    0    -57.9  163.8    18.6  300.0    253.0    138          
224817  measurement 72        5    -14    0    -57.9  163.8    18.6  300.0    253.0    140 

… shift 2
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3 Optics

blue:   Elegant med_sharp

green: med_sharp, BC3 off, to SDUMP

blue:   Elegant med_sharp

green: ASTRA, med_sharp, BC3 off, to SDUMP

q = 0.42 nC, measurement 9 (±7.5deg)
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energy = 706.29 MeV

energy server; 21:03 

4 Calibration
shift 1: measurements with constant LOLA amplitude

calibration for measurement 1-9



5 Measurements (1-9)
same LOLA amplitude for all measurements

procedure:
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5 Measurements (1-9)
… procedure: calculate “charge”-coordinate

idea: 1d distribution in longitudinal phase space
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5 Measurements (1-9)
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5 Measurements (1-9)
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5 Measurements (1-9)
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5 Measurements (1-9)



m (measurement)

compression
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6 Compression
Ca=differential ,+ sign (10av)

Cb=differential, − sign (10av)

Cc=differential, ± av (2×10av)

Cd=rms ratio, lambda(2×10av)

calculation of compression factor:



m (measurement)

compression

Ca

Cb

Cc
Cd

6 Compression
Ca=differential ,+ sign (10av)

Cb=differential, − sign (10av)

Cc=differential, ± av (2×10av)

Cd=rms ratio, lambda(2×10av)

calculation of compression factor:



“virtual” before ACC1

ACC1, ACC39

1
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6 Compression
theoretical fit: only one free parameter! (depends on r56 and slope of initial distribution)
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6 Compression
theoretical fit: not too good for measurement 6, 7, …

m (measurement)
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7 Reconstruction

( ) ( ) ( ) ( )( ){ }xSxDxSxS mm rf,EE ++=

two point reconstruction (time-time method):

measurement m

measurement n ( ) ( ) ( ) ( )( ){ }xSxDxSxS nn rf,EE ++=

unknown “virtual” initial condition
( )xE

( )xS

reconstructed initial condition
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7 Reconstruction (2 point)
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measurements 2 and 6!
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7 Reconstruction (2 point)

wake extracted
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measurements 1 and 5!
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7 Reconstruction (2 point)
more combinations:

expected slope

(compression ratios)
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7 Reconstruction (2 point)
more combinations: uncertain results for measurements with high compression ratio

week results for measurements with small difference in rf-settings



7 Reconstruction
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7 Reconstruction (multi)
some combinations:
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8 Initial Distribution
virtual initial distribution used for rf-tweak simulation:

z/m

λ / (C/m)

z/m

∆E/eV measured reconstructed initial phase space

measured reconstructed density

wake extracted

wake extracted,

centered

∆E/eV

for rf-tweak simulation

z/m

z/m

z/m

manipulated 

“by hand”

smoothed



z/m
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energy

charge density

0.42 nC

λ / (C/m) 0.5 nC

z/m
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z/m

energy

charge density

λ / (C/m)

8 Initial Distribution
comparison with old measurement

old (2011)

new (2012)

old (2011)

new (2012)

slope adjusted

manipulated “by hand”; this part is uncertain

low sensitivity due to weak charge density 



9 RF-Tweak Simulation
the following simulation consider SC, CSR and cavity wakes
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9 RF-Tweak Simulation
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LOLA measurement
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the following simulation consider SC, CSR and cavity wakes

the LOLA energy scale was not used for reconstruction!
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9 RF-Tweak Simulation

longitudinal phase space

the following simulation consider SC, CSR and cavity wakes

the LOLA energy scale was not used for reconstruction!



9 RF-Tweak Simulation

longitudinal phase space

the following simulation consider SC, CSR and cavity wakes

the LOLA energy scale was not used for reconstruction!
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10 Wakes from Database
new wake-files from database (in Astra format)

after reconstruction point:

needed for rf-tweak

used for reconstruction and rf-tweak 

→ cancels out

wake for gaussian bunch

with q = 1 nC, σ = 170 µm
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wake of cavities

in ACC2 .. ACC7

wakefile1
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1+2

wakefile1+2+3+4

1+2+3

mean = -1.1 MeV

std = 0.38 MeV

underestimated wake



10 Wakes from Database

for measurements 1..9 the longitudinal phase space figure does not change too much

∆E/MeV ∆E/MeV
m=1 m=4 m=9

wakes from database

cavity wakes

but for the standard compression scenario: 

∆E/MeV

∆z/mm



10 Wakes from Database

450 MeV 700 MeV

LOLA

on creston crest

nominal0.5 nC nominal

but for the standard compression scenario: 

with old wakes (cavity)

with wakes from database

1 2 3 4 5

1 2 5

longitudinal density

∆z/mm

I/A

30A → ≈1.1kA



longitudinal phase space

1 2 3 4 5

with old wakes (cavity)

with wakes from database

underestimated wake

∆z/mm

∆z/mm

E/MeV

E/MeV



11 LOLA Mystery
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f.i. measurements 61&62

zero-crossing #1 zero-crossing #2, flipped

15.4 fsec per pixel

really the same Lola settings?

time             index        P1    P2    P3   P4     A1       A2    A3       A4

220515  measurement 61        7.5  -6.6   0    -57.9  164.7    18.1  300.0    253.0  
220806  time calibration  --------- ??? new LOLA amplitude -------------
221209  time calibration  --------- ??? old LOLA amplitude -------------
221415  measurement 62        7.5  -6.6   0    -57.9  164.7    18.1  300.0    253.0    

rf settings (phases/deg, amplitudes/MV)

perhaps not, but there is more …



57&58 time             index        P1    P2    P3   P4     A1       A2    A3       A4       index-2
213255  measurement 57        7.5  -6.6   0    -57.9  164.7    18.1  300.0    253.0    110          
213442  measurement 58        7.5  -6.6   0    -57.9  164.7    18.1  300.0    253.0    112          
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no calibration between measurements !!!



and measuerements 1..9



1+&1-
time             index        P1    P2    P3   P4     A1       A2    A3       A4       index-2
210357  measurement  1+       0     0     0    -58    163.3    18    300.0    249.0    3   
211751  measurement  1- 0     0     0    -58    163.3    18    300.0    249.0    4   
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2+&2-
time             index        P1    P2    P3   P4     A1       A2    A3       A4       index-2
212906  measurement  2- 1    -1     0    -58    163.3    18    300.0    249.0    6   
213336  time calibration
213542  measurement  2+       1    -1     0    -58    163.3    18    300.0    249.0    8   
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3+&3-
time             index        P1    P2    P3   P4     A1       A2    A3       A4       index-2
214802  measurement  3+       2    -2     0    -58    163.4    18    300.0    249.0    10  
215100  measurement  3- 2    -2     0    -58    163.4    18    300.0    249.0    12  
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4+&4-
time             index        P1    P2    P3   P4     A1       A2    A3       A4       index-2
215425  measurement  4- 3    -3     0    -58    163.5    18    300.0    249.0    14  
215653  measurement  4+       3    -3     0    -58    163.5    18    300.0    249.0    16  
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5+&5-
time             index        P1    P2    P3   P4     A1       A2    A3       A4       index-2
220313  measurement  5+       4    -4     0    -58    163.7    18.1  300.0    249.0    18  
220513  measurement  5- 4    -4     0    -58    163.7    18.1  300.0    249.0    20  
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6+&6-
time             index        P1    P2    P3   P4     A1       A2    A3       A4       index-2
221246  measurement  6- 5    -5     0    -58    163.8    18.1  300.0    249.0    22  
221729  measurement  6+       5    -5     0    -58    163.8    18.1  300.0    249.0    24  
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7+&7-
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8+&8-
time             index        P1    P2    P3   P4     A1       A2    A3       A4       index-2
222447  measurement  8- 7    -7     0    -58    164.5    18.2  300.0    249.0    30  
222624  measurement  8+       7    -7     0    -58    164.5    18.2  300.0    249.0    32  
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9+&9-
time             index        P1    P2    P3   P4     A1       A2    A3       A4       index-2
222904  measurement  9+       7.5  -7.5   0    -58    164.7    18.2  300.0    249.0    34  
223058  measurement  9- 7.5  -7.5   0    -58    164.7    18.2  300.0    249.0    36  
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11 LOLA Mystery
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focusing does not change with sign of streak

uncorrelated hor/vert/long should produce the same picture

is there correlation ???

Lola imaging matrix for 15.4 fsec/pixel: 

“smearing” on “energy” axis?: 



new measurements close to measurements from 2011; BC3 off!
slightly lower charge; no spike at head (as in 2011);
analysis for measurements (1-9) with same calibration;

tt-reconstruction (only projected distributions): averaging of multiple
measurements and LOLA phases, but no smoothing; consistent results
for week compression; two- and multi-point reconstruction
→ cannot be distinguished: initial chirp or different r56 of BC2

2012 distribution is slightly shorter
qualitative agreement of longitudinal phase space (for week compr.)

12 Summary

-5 -4 -3 -2 -1 0 1 2 3 4 5

x 10
-3

-4.5

-4

-3.5

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5
x 10

6 2  4  1  3

-5 -4 -3 -2 -1 0 1 2 3 4 5

x 10
-3

-4.5

-4

-3.5

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5
x 10

6

reconstr.

+ rf-tweak

measurement

-5 -4 -3 -2 -1 0 1 2 3 4 5

x 10
-3

0

0.2

0.4

0.6

0.8

1

1.2

1.4
x 10

-7 2  4  1  3

-5 -4 -3 -2 -1 0 1 2 3 4 5

x 10
-3

0

0.2

0.4

0.6

0.8

1

1.2

1.4
x 10

-7



12 Summary
wakes from database: cavities contribute only to a fraction of the
total wake; wrong slope in old energy measurement in comparison to
rf-tweak reconstruction is (probably) caused by two effects:
(i) LOLA crosstalk; (ii) missing impedance

LOLA mysteries: needs more work

(i)

(ii)
cavity

wakes

data base wakes

long. phase space

LOLA simulated

-8 -6 -4 -2 0 2 4 6 8

x 10
-4

-15

-10

-5

0
x 10

5

wake of cavities in ACC2 .. ACC7
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gaussian bunch, σ = 170 µm
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