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1 Older Measurements

1 Measurements

FLASH Logbook

(=1

shift summary
Tech. coord.
* Goerler, Max

Photon coordinator(s)
-

Goal

Achievements

— s2E seminar, June, 20, 2011:

Thursday 16. June 2011 Afternoon S

Run Coordinator(s) Operators Other Persons

* Kammering, Rammund * Jahn, Hans-Joachim * Edwards, Schneidmiller, Wesch
* Heuck, Kim
* Rothenburg, Jens
* Seebauer, Oliver
* Behrens, Christopher

Photon Operators LLRF coordinator Users

- * -

* Compression studies and SASE with 3.9 module

* set up on crest phases by C Schmidt using his time of flight tool. Worked well

* Tumed off BC3 and changed Acc4/5 to on crest for this condition

* Used LOLA to make compression measurements for Accl/Ac39 phase change measurements of 1:1 and 1:3
* Changed phases from no to full compression To first order looked like matched prediction quite well. Needs
analysis

Compression Studies
June 16, 18, 2011
Preliminary report
C Behrens, H Edwards,

E Schneidmiller, S Wesch,
C Schmidt

reconstruction of virtual inital distribution
- TE-method and TT-method

problem with T&E calibration
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1 Older Measurements

Longitudinal phase space x 107 Longitudinal phase space

middle compression is not understood: i 52(8.0deg) | 8.0deg
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1 Older Measurements

LOLA picture not completely understood:
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2 Measurements

March 8 and 9

FLASH Logbook Thursday 08. March 2012 Afternoon & »
shift summary
Tech. coord. Run Coordinator(s) Operators Other Persons
Hopf, Peter Kammering, Raimund Seebach, Michael H Edwards, M. Dohlus, M. Yan,
Prien, Thomas A. Langner, C. Schmidt, M. Vogt
Matzen, Oliver
Hannemann, Juergen
Petrosyan, Gevorg
Ackermann, Sven
Photon coordinator(s) Photon Operators LLRF expert SASE expert
Goal * Compression studies 2012 with Acc3.9 module
Achievements * During first half of shift set up on crest phases and turned off BC3. On crest phase of Acc45with BC3

on was not measured. Second half of shift L ola measurements from on crest to Accl phase 7.5, Acc39
phase -7.5. Final compression about 8 to 10. However at the end the transmission was 80% and the
Lola plots looked like they could have been cut at the low energy tail. In general the compression
appeared very linear compared to measurements of 06/2011. tomorrow we should try to restore the
compressed conditions and check transmission before going to other operating point.
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2 Measurements - Setup

0.42 nC
RF Gun

156,m = 178.4 mm
Bunch
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5 MeV

Bu off

on crest

50 MeV

on crest
Accelerating Structures

450 MeV

— GUN ACC1 —— ACC39 ACC2/3 ACC4/5 C6/7—
Lbsa Lsaa sAabba A anas o Masssbs & || aasaa =Y Aaa a _
sP |+ 3,930 |+ 163.3@| + 18.0[|+ 300.0[H|+ 249.0 + 0.0
D'Id TOY ©vVY TOVYe9T 9 veevwy v Qvvevewe A d AT wvww
3.930 161.7 MV 18.40 330.00 231.30 0.00
RB 3.92 HW 163.3 MY 18.0 MV 296.2 WV 249.4 MV 0.1 WY
Ay BA 222 oo || 2558 aa | 2sa aa || acaa aa || asa aa
“ (] . El| - - ’ (=
eras: 370.00M| +°0.00M| +0.00m| +6.00m| -"58.com +0.c0m
old .20 4.2 deg ~26.10 deg 20,02 deg ~1.80 deg 0.00 deg
RB -142.0 deg 7.26 deg -0.1 deg 0.9 deg -36.3 deg
cres 0.0 deg

17:46.13 8. Nar. 2

16:34.55 8. Mar, 116:39.47 8. Ma
—

47:11.37 8. Mar. 26:14.42 27. Fel

105.4 deg
0.0 deq | 0.0 deg | 0.0 deg ’ 0.0 deg |_ 0.0 deg
¢ 208:

carefull phasing (BAM) before measurements

33.51 22, Fe

706.3 MeV

LOLA

Tongfudnal prass space.

1 0 1 2
ongitudinal coordinats (1), gt

Lengitudinal bunch profile

a1 0 1 2
ongtudinal coninate (1), ot

Fropcied snemy davaion

—— imsansigy spraact 13 +0.0x 107

f

0 o @0 4w 6w
<hargs por snergy daviation (nGr10°%)

enemy deviaion (107
e

Slios ensigy spread

i
IM ‘i»f)‘ ll

2 -1 0 1 2
I ngitudinal coordinata fg) gt

sioo anergy spread (107
aw

B



2 Measurements - Overview

rf settings (phases/deg, amplitudes/MV)

shift 1

tinme i ndex P1 P2 P3 P4 Al A2 A3 A4 i ndex- 2
8. March
192745 tinme calibration -------- set iLOLA anplitide -------------

194326 time calibration
195414 energy calibration
203551 tine calibration
204047 energy calibration

204929 neasurenent 0+ 0 0 0 -58 163. 3 18 300.0 249.0 1

210357 neasurenent 1+ 0 0 0 -58 163. 3 18 300.0 249.0 3

211751 neasurenment 1- 0 0 0 -58 163. 3 18 300.0 249.0 4

212614 time calibration

212906 neasurenment 2- 1 -1 0 -58 163. 3 18 300.0 249.0 6

213336 tine calibration

213542 neasurenent 2+ 1 -1 0 -58 163. 3 18 300.0 249.0 8

214039 tine calibration

214802 neasur enment 2 -2 0 -58 163. 4 18 300.0 249.0 10

215100 neasurenent 2 -2 0 -58 163. 4 18 300.0 249.0 12

215425 neasu 4- 3 -3 0 -58 163.5 18 300.0 249.0 14

2156 asurenent 4+ 3 -3 0 -58 163.5 18 300.0 249.0 16

nmeasur enent 5+ 4 -4 0 -58 163.7 18.1: 300.0 249.0 18

phase of LOLA 220513 neasurenment 5- 4 -4 0 -58 163.7 18.1% 300.0 249.0 20
measurement 220959 time calibration

221246 neasurenment 6- 5 -5 0 -58 163. 8 18.1% 300.0 249.0 22

221729 neasurenent 6+ 5 -5 0 -58 163. 8 18.1% 300.0 249.0 24

222030 neasurenent 7+ 6 -6 0 -58 164.2 18.1: 300.0 249.0 26

222219 neasurenment 7- 6 -6 0 -58 164.2 18.1: 300.0 249.0 28

222447 neasurenment 8- 7 -7 0 -58 164.5 18.2: 300.0 249.0 30

222624 neasurenent 8+ 7 -7 0 -58 164.5 18.21% 300.0 249.0 32

222904 neasurenent 9+ 7.5 i-7.5 0 -58 164.7 18.2% 300.0 249.0 34

223058 neasurenment 9- 7.5 i-7.5 0 -58 164.7 18.2: 300.0 249.0 36

223346 tinme calibration

223731 energy calibration

9. March

002052 tine calibration

002259 time calibration -------- new:LOLA anplitéde -------------

002519 neasurenent 10 8.86: 2.8 0 0 165.7 18.8: 320.0 222.0 38

002802 neasurenent 10 8.86i 2.8 0 0 165.7 18.8% 320.0 222.0 40

003645 time calibration -------- new:LOLA anplitéde -------------

003847 neasurenent 11 9.92i 3.1% 10 0 166. 2 18.8: 325.0 222.0 44

004731 neasurenent 11 9.92: 3.15 10 0 166. 2 18.8: 325.0 222.0 46




3 Measurements - Overview

shift 2 ...

time i ndex P1 P2 P3 P4 Al A2 A3 A4 i ndex- 2
9. March

155002 tinme calibration -------- set LOLA anmplitude ------k------

160553 energy calibration

160740 neasurenent 25 7.5:-7.5: 0 -58 164.7 18.2 { 300.0 253.0 48

174906 time calibration
175453 energy calibration

175632 neasurenent 26 0 0 0 -57.9i 163.3 18 300.0 253.0 50
180140 neasurenent 27 0 0 0 -57.9; 163.3 18 300.0 253.0 52
181758 neasurenent 28 7.5:i-7.5 0 -57.9; 164.7 18.2 ; 300.0 253.0 54
182336 tine calibration

182722 neasurenent 29 7.5i-7.5 0 -57.9; 164.7 18.2 i 300.0 253.0 56
183037 neasurenent 30 7.5:i-7.5 0 -57.9i 164.7 18.2 i 300.0 253.0 57
183849 tine calibration -------- new [OLA anplitufde ------f------

184046 neasurenent 31 7.5:i-7.5 0 -57.9; 164.7 18.2 ; 300.0 253.0 59
185030 tine calibration

185224 neasurenent 32 7.5i-7.5 0 -57.9; 164.7 18.2 i 300.0 253.0 61
190007 neasurenent 33 7.5i-7.5 0 -57.9i 164.7 18.2 i 300.0 253.0 63

191934 tine calibration
192158 tine calibration

192443 neasurenent 34 10 1 0 -57.9i 165.8 18 300.0 253.0 65
192743 neasurenent 35 10 1 0 -57.9; 165.8 18 300.0 253.0 67
193515 neasurenent 36 12 7.2 0 -57.9¢ 167.0 18.2 § 300.0 253.0 69
193642 neasurenent 37 12 7.2 0 -57.9; 167.0 18.2 ; 300.0 253.0 71
194451 neasurenent 38 7.5 :-6.6 0 -57.9; 164.7 18.1 : 300.0 253.0 73
194845 neasurenent 39 7.5i-6.6 0 -57.9i 164.7 18.1 i 300.0 253.0 75
195058 neasurenent 40 5 -14 0 -57.9; 163.8 18.6 ; 300.0 253.0 77
195227 neasurenent 41 5 -14 0 -57.9¢ 163.8 18.6  300.0 253.0 79
195552 neasurenent 42 2.5:-20.8;: 0 -57.9; 163.5 19.3 ; 300.0 253.0 81
195953 neasurenent 43 2.5:-20.8: 0 -57.9; 163.5 19.3 { 300.0 253.0 83
200208 neasurenent 44 0 -27.1: 0 -57.9i 163.3 20.2 i 300.0 253.0 85
200334 neasurenent 45 0 -27.1; 0 -57.9; 163.3 20.2 :{ 300.0 253.0 87
202259 neasurenent 46 0 -28.3; 0 -57.9¢ 163.3 20.5 % 300.0 253.0 89
202436 neasurenent 47 0 -28.3; 0 -57.9; 163.3 20.5: 300.0 253.0 91
202750 neasurenent 48 12 5.6 0 -57.9; 167.0 18.1 ; 300.0 253.0 93
202923 neasurenent 49 12 5.6 0 -57.9i 167.0 18.1 i 300.0 253.0 95
203501 neasurenent 50 12 5.1 0 -57.9; 166.9 18.1 ; 300.0 253.0 97
203638 neasurenent 51 12 5.1 0 -57.9¢ 166.9 18.1 i 300.0 253.0 99

204833 tine calibration
205229 energy calibration




2 Measurements - Overview

... shift 2

time i ndex P1 P2 P3 P4 Al A2 A3 A4 i ndex- 2
205622 neasurenment 52 7.5:i-6.6 0 -57.9: 164.7 18.1 i 300.0 253.0 101
205849 neasurenent 53 7.5:i-6.6 0 -57.9i 164.7 18.1 i 300.0 253.0 103
210244 time calibration

210622 neasurenent 54 7.5 :i-6.6 0 -57.9; 164.7 18.1 i 300.0 253.0 104
211911 tinme calibration

212114 neasurenent 55 7.5:i-6.6 0 -57.9; 164.7 18.1 ;i 300.0 253.0 106
212252 neasurenent 56 7.5:i-6.6 0 -57.9i 164.7 18.1 i 300.0 253.0 108
213255 neasurenment 57 7.5i-6.6 0 -57.9; 164.7 18.1 i 300.0 253.0 110
213442 neasurenent 58 7.5 :i-6.6 0 -57.9; 164.7 18.1 i 300.0 253.0 112
214250 neasurenment 59 7.5 :i-6.6 0 -57.9: 164.7 18.1 i 300.0 253.0 114
214457 neasurenment 60 7.5:i-6.6 0 -57.9; 164.7 18.1 i 300.0 253.0 116
220255 tinme calibration

220515 neasurenent 61 7.5i-6.6 0 -57.9; 164.7 18.1 i 300.0 253.0 118
220806 time calibration -------- ??? hew LOLA anplitude --f------- - - - -

221209 time calibration -------- ??? bld LOLA anplitude --i------ - - - -

221415 neasurenment 62 7.5:i-6.6 0 -57.9; 164.7 18.1 i 300.0 253.0 120
222513 neasurenent 63 10 1 0 -57.9i 165.8 18 300.0 253.0 122
222928 neasurenent 64 10 1 0 -57.9; 165.8 18 300.0 253.0 124
223241 neasurenent 65 12 7.2 0 -57.9; 166.9 18.2 ; 300.0 253.0 126
223412 neasurenent 66 12 7.2 0 -57.9: 166.9 18.2 i 300.0 253.0 128
223639 neasurenent 67 0 -27.1: 0 -57.9; 163.3 20.2 i 300.0 253.0 130
223812 neasurenent 68 0 -27.1: 0 -57.9i 163.3 20.2 i 300.0 253.0 132
224140 neasurenent 69 2.5i-20.8; 0 -57.9; 163.5 19.3 { 300.0 253.0 134
224504 neasurenent 70 2.5:-20.8; 0 -57.9; 163.5 19.3 { 300.0 253.0 136
224702 neasurenent 71 5 -14 0 -57.9: 163.8 18.6 i 300.0 253.0 138
224817 neasurenment 72 5 -14 0 -57.9; 163.8 18.6 ; 300.0 253.0 140
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3 Optics

horizontal beta function

vertical beta function
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4 Calibration

shift 1: measurements with constant LOLA amplitude
calibration for measurement 1-9

time calibration energy calibration
80 T T T T T -0.0205 T T T T T T
time_calib_av = 36.3 fsec/pixel | ene_rel_calib_av = -2.215E-5 /pixel
°r % ene_calib_av  =-15.64 keV/pixel
60+ B -0.0215 -
50| B -0.022} 1 N
401 / E -0.0225 - 1 B
30¢ }/% 1 -0.023 .
20} 1 o025 energy = 706.29 MeV
1..10 “=" 19:27 ..0:20 (8.Mrz) energy server; 21:03
% 2 4 6 g 10 12 00, 1 2 3 4 5 6



5 Measurements (1-9)

same LOLA amplitude for all measurements

procedure: each measurement with both zero crossings of LOLA
— +sign, 1 screen shot
, 10 screen shots
—sign, 1 screen shot
, 10 screen shots

use 10-screen-shot measurements:
flip time axis for —sign measurement
calculate projection to “time” axis
calculate mean “energy” vs. time
center and average these dsitributions

x10°

/](S) 4_5,(10‘sho‘t) a\}eraged ‘den‘sity‘ ] 5(8) j::
4+ sign 1
**—sign

100

50

0

-50

0 I
-400 -300



5 Measurements (1-9)

... procedure: calculate “charge”-coordinate
idea: 1d distribution in longitudinal phase space

v N 1P =) "
X (S)_E_LA (3)0s - s*¥(x)

average densities of +sign and —sign measurement using the
“charge” coordinate

=5 () rs7() - AlS)=aoH)

EX) =" (x)+E7(x)

+sign (10av) —sign (10av)  *av (2x10av)




x 10°

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 Measurement
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6 Compression

calculation of compression factor: Ca=differential + sign (10av)

12

10

Cb=differential, — sign (10av)
Cc=differential, + av (2x10av)
Cd=rms ratio, lambda(2%10av)

| I I | I | I
compression

— (dza/ dX )1 .-'JIII
| Ca,m (1> v\ J{"_

(dz,/dX)_ Ca/

f

c, = 1dz,/dX), /e
B " (dzb/ dXx )m ’._f" .—;
/ ,.Cd
o o (dzg/dx), Iy
= em (dzc/dx )m ’.‘f“. _

c = (rms_lengtfiXZEd}), ,/ ~ Cb

"™ (rms_lengthXZEd}), /,./f
- r{;- =
&
e
- o -""‘-"”’47. o
e
| | | | .om (Imeasurelment)
1 2 3 4 5 6 7 8

9



6 Compression

calculation of compression factor: Ca=differential + sign (10av)
Cb=differential, — sign (10av)
Cc=differential, * av (2x10av)
Cd=rms ratio, lambda(2x10av)

35 T T T T T
compression {
g
4
Ca ,r’ Cd
/3’| Cc
3t Fas
T
,."J .
.'! 3
/7
P Cb
25~ f o
2_ —
A~
1.5F ._,/':’ -
S
‘,_.,J"
.-".—:‘_-—.':‘-‘-
T m (m remen
g b 1 l l l ( easy ement)

1 2 3 4 3 6 7



6 Compression

theoretical fit: [only one free parameter!] (depends on r56 and slope of initial distribution)

d d
eV (S,{I’f _paramete%*‘g bunch ACC1, ACC39
_ +n =_4ds ds
pm - pm,rf pb - g
nominal
35 T T T T T
compression '
Ca=differential ,+ sign (10av) ,
Cb=differential, — sign (10av) ‘ ’
3 Cc=differential, * av (2x10av) {;‘.’; _:'_
Cd=rms ratio, lambda(2x10av) f,_g:"'
,!’";'.
25 o -
P = Om? c =1tPfs 1
o = p,m =
2F 1+ Prss 1+ Pryr o & -
r-56 = r56,nominal
1.5 e -
1 o
F = —r56 . o -
56 e
1+ Pyl o | | .m (measml,lrement)

1 2 3 4 5 6 7



6 Compression

theoretical fit: not too good for measurement 6, 7, ...

. m (measml,lrement)

35 T I I
compression
Ca=differential ,+ sign (10av)
Cb=differential, — sign (10av)
3 Cc=differential, + av (2x10av)
p, = 089m?* Cd=rms ratio, lambda(2x10av)
250
0
1+ p,r 1
- 071 Cp,m = pl 20 = ~
-141 21 1+ pmr56 1+ pm,rf
-212
(P )=| - 283|m*
- 354 I ‘,,.—f"'
- 425 o
- 496 __f;;]:-—»'”"’ | .
- 532 g 2 3 4

6 7



/ Reconstruction

two point reconstruction (time-time method):
measurementm S, (x)=S(x)+ D{&(x)+ €. .(S(X))}

measurement n S, (x) = S(x)+ D{S (x)+& rf,n(S(X))}

unknown “virtual” initial condition
N
&(x)

reconstructed initial condition
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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

5 6 centered

x 10°

\

x 10°

1 2 centered

x 10°

OF — =+ — =+ ——+——+

. v

t

250

x 10”7

1.8

150 — — - — — - — —

x 10°

x 10°

Wy

W

M,/K s,

0.423
0.421 .

Q/nC

1.6

1.4+

1.2+

0.8
0.6
0.4

0.2+

x10°



/ Reconstruction

multi point reconstruction (time-time method):

measurementm; S (x)= S(x)+ D{é’ (x)+& tm, (S(X))}

m

measurementm, S, (X) = S(X)+ D{5 (X)+ E tm, (S(X))}
E tm,

measurementm; S, (X) = S(X)+ D{8(X)+

/

NE)

unknown “virtual” initial condition

reconstructed initial condition:
|

rmd&, }=min - S(x)
£(x)=meade, }

S(x)

~
~)
& A
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7 Reconstruction (multi)
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8 Initial Distribution

ibution used for rf-tweak simulation
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8 Initial Distribution

comparison with old measurement

charge density

A/ (C/m) |
§10 ° -
610 °

4.10° -

240 ° -

0.42nC

z/m

-0.002 0

0.002

0.004

. energy
I

-1.10°

z/m

-2.10° 1 1 1
-0.004 -0.002 0

0.002

0.004

charge density

old (2011)
new (2012)

new (2012)

usted

old (2011)

| I
A /(C/m) 0.5nC

810° | .

610 - .

4107° F -

210° .

| | | | Z/m
-0.004 -0.002 0 0002 0.004
manipulated “by hand”; this part is uncertain
low sensitivity due to weak charge density
3.10° | . T T
JAY/Y energy T
N

2.10° E
slope adj
110° .
- \
0 pu—
-1.10° —

z/m

-2105 | | | | |
-0.004 -0.002 0 0.002 0.004

B



9 RF-Tweak Simulation

the following simulation consider SC, CSR and cavity wakes

14><10'7 2413 14“0,7
A/ (¢/m) measured A/ (c/m) reconstructed
12l densities | 12l \ density

1r ‘L"
0.8+
0.6
0.4+
0.2+

0

-5

x 10”7 567809 7X10_7
A/(C/m) measured | | o+ +54 good | A/(C/m) reconstructed
| densities . densit
°r ( 1 forhigher  f y
sl compression | |
ratio !

4 i 41

3r i 3l

2+ i 21

1t ] 1t

0 | L | Z/m 0 |

-5 -4 3 3 4 5 -5 4 3




9 RF-Tweak Simulation

the following simulation consider SC, CSR and cavity wakes
longitudinal phase space

the LOLA energy scale was not used for reconstruction!

1 LOLA measurement ¢ rf-tweak reconstruction
.5 \ \ \ \ \ \ \ \ \ .5 \ \ \ \ ' \ \ \
AE/eV Ag/eV E
or . of lest s = = - - .
0.5 . 0.5 i
At R At i
15/ . 15) i
2t . 2+ '
25} R 2.5
3 / R 3
/
35 . 35
4 4 4l
z/m
4 5 L L L L L L L L L 4 5
5 4 3 2 1 0 1 2 3 4 5 5



9 RF-Tweak Simulation

the following simulation consider SC, CSR and cavity wakes

longitudinal phase space

the LOLA energy scale was not used for reconstruction!

0.5

setting 1 (on crest)
T T . T T

measurement

rf-tweak

0.5

x 10°

setting 2 (ph

ase=+1 deg)

I NAE[eV

measurement
rf-tweak




9 RF-Tweak Simulation

the following simulation consider SC, CSR and cavity wakes

longitudinal phase space

the LOLA energy scale was not used for reconstruction!

x 10° setting 3 (phase=+2 deg)
T T T . T T T

| AE/eV '

measurement
rf-tweak

x 10° setting 4 (phase=+3 deg)
Ag/é\/ | | E | " measurement
I RS rf-tweak
‘ ‘ ‘ | | | ~ Az/m
5 4 2 1 o 1 2 3 4 s
x 10



10 Wakes from Database

new wake-files from database (in Astra format)

wkfileO='03may2012} GUN_BCz.dat':

wkfilel='03may2012)
wkfile2='03may2012}
wkfile3='03may2012)
wkfiled4='03may2012}

underestimated wake

-10

-15

used for reconstruction and rf-tweak
% before BC2 — cancels out

BCE_ECB.dat‘: % after BCZ, before BC3
BC3_ECOL.dat';
ECOL.dat';

ECOL_LOLA.dat':;

% after BC3, before ECOL
% ECOL

% after ECOL,

after reconstruction point:

needed for rf-tweak
before LOLA

wake for gaussian bunch
x 10° withg=1nC, 0 =170 um
AEfeV | | | |

wakefilel

wake of cavities
in ACCZ .. ACC7

wakefilel1+2+3+4
mean =-1.1 MeV
stq = 0.3‘8 MeV

Az/m

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

x 10



10 Wakes from Database

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

phi=0.0 deg phi=3.0 deg phi=7.5 deg

but for the standard compression scenario:

)



10 Wakes from Database

but for the standard compression scenario:

0.5 nC nominal nominal
RF Gun Bunch Bunch
Compressor Compressor

- on crest

Acc

lerating Structures

5 MeV 11 50 Me%’ 250 MeV 4 700 MeV

longitudinal density 30A - =1.1kA

30 200 1500
ya |1 - 2 | 5
20 1000 1 ) -
100 . with old wakes (cavity)
10 500 ]
50 1
3 0% 5 Az/mm 050 s
x 10° x 10° % 10°
30 200 1500
20 1o 1000
100 with wakes from database
10 500
50
0 0

0
2 0 2 5 0 5 5 0 51015
x 10° x 107 x 10°



on crest on crest
Laser harmonic Accelerating Structures LOLA
1 F s 3 4 5
longitudinal phase space
15)(1!]3 15:(103 455><103 455st E;mems
“[E]MeV ' ' ' '
1.48 1 148 3 4 .92 5
1.48 1.48 45 45 6.9 with old wakes (cavity)
1.44 144 6.88
1.42 142 445 4. 45 6.86
-2 0 2 -5 0 5 -5 0 5 0 5 10 15 0 5 10 15
% 10° % 10° x 10° x 10° x 10°
156 156 4 585 4 .55 £.94
148 148 1 6.92 .
with wakes from database
146 146 1 45 1 45 6.9
144 144 6.88
142 142 445 4.45 6.86 Az/mm
=2 0 2 -5 0 5 -5 0 5 S5 0 5 10 18 5 0 5 10 15
x10° x 107 x 107 % 10° % 10°
dE vs. s at LOLA exit
4 T T T T
E/MeV
%
2_ —
. of .
underestimated wake
_2_ -

-4 1 | | | AZ/mm Il
-01 -0.05 0 005 01 0.5 02



11 LOLA Mystery

f.i. measurements 61&62

zero-crossing #1

100 100

200 200
300 300
400 400
500 500
600 600
700 700
800 800

900 900

1000 1000

200

400 600 800 1000 1200

15.4 fsec per pixel

really the same Lola settings?

zero-crossing #2, flipped

200

400 600 800 1000 1200

rf settings (phases/deg, amplitudes/MV)

tine i ndex P1 P2 P3 P4 Al A2 A3 A
220515 neasurenent 61 7.5 -6.6 0 -57.9 164.7 18.1 300.0 253.0
220806 tine calibration --------- ??? new LOLA anplitude -------------

221209 tine calibration --------- ??? old LOLA anplitude -------------

221415 neasurenent 62 7.5 -6.6 0 -57.9 164.7 18.1 300.0 253.0

perhaps not, but there is more ...



rf settings (phases/deg, amplitudes/MV)
tine i ndex P1 P2 P3 P4 Al A2 A3 A4 i ndex- 2
213255 neasurenent 57 7.5 -6.6 0 -57.9 164.7 18.1 300.0 253.0 110
213442 neasurenent 58 7.5 -6.6 0 -57.9 164.7 18.1 300.0 253. 0 112

no calibration between measurements !!!

100 100
200 200
300 300
400 400
500 500
600 600
700 700
800 800
900 900
1000 1000
200 400 600 800 1000 1200 . 200 400 600 800 1000 1200
. 15.4 fsec per pixel
x 10
7 0
-100 - 1
6 L -
200 R
5r 1 -300 -
-400 1
4 . 4
-500 R
3r ] -600 R
-700 R
2 . 4
-800 R
ir 1 900} ]
0 | ey | | -1000 - | | | | | ]
0 200 400 600 800 1000 1200 0 1 2 3 4 5 6

x 10°




and measuerements 1..9



tinme i ndex P1 P2 P3 P4 Al A2 A3 Al i ndex- 2
210357 neasurenent 1+ 0 0 0 -58 163. 3 18 300. 0 249.0 3
— 211751 neasurenent 1- 0 0 0 -58 163. 3 18 300. 0 249.0 4

100 100
200 200
300 300
400 400
500 500
600 600
700 700
800 800
900 900
1000 1000
200 400 600 800 1000 1200 . 200 400 600 800 1000 1200
. 36.3 fsec per pixel
x 10

25 0

100} ]

2 m ] 2001 1

h i I
w‘\‘\“‘ i il -300 i
it ‘

150 \ \“ “w 4 -400 ————— h

{ 500 ]

1t | ‘\ | -600 i

“ -700 i

o5l “ | -800 - .

[J 900 - i

“L
0 I I I Lq I -1000 I | I | ]
0 600 800 1000 1200 0 0.005 0.01 0.015 0.02 0.025




time i ndex P1 P2 P3 P4 Al A2 A3 A4 i ndex- 2
212906 neasurenent 2- 1 -1 0 -58 163. 3 18 300.0 249.0 6

+ - 213336 tinme calibration
213542 neasurenent 2+ 1 -1 0 -58 163. 3 18 300.0 249.0 8

100 100
200 200
300 300
400 400
500 500
600 600
700 700
800 800
900 900
1000 1000
200 400 600 800 1000 1200 . 200 400 600 800 1000 1200
_ 36.3 fsec per pixel
x 10
25 : 0
“ h ) -100 - 1
) I “ ‘\‘ i
2t “ ! i 1 -200 - .
\
{
| “‘ -300 1
Itk _ i
15F “\ 1 -400 f—— — S ]
i e
l =
500[ = .
‘\ ==
W ! ] -600 1
J -700 - ]
l
osk | -800 - .
-900 - .
0 | | | | | | -1000 ¢ | | | | il

0 200 400 600 800 1000 1200 0 0.005 0.01 0.015 0.02 0.025




time i ndex P1 P2 P3 P4 Al A2 A3 A i ndex- 2
214802 neasurenent 3+ 2 -2 0 -58 163. 4 18 300. 0 249.0 10
— 215100 neasurenent 3- 2 -2 0 -58 163. 4 18 300. 0 249.0 12

100 100
200 200
300 300
400 400
500 500
600 600
700 700
800 800
900 900
1000 1000
200 400 600 800 1000 1200 . 200 400 600 800 1000 1200
. 36.3 fsec per pixel
x 10
3 0
-100 - E
257 i -200 - R
-300 - R
2r 1 e
-400F = = R
150 i -500 - R
-600 R
1r 1 -700} 1
-800 - R
05F E
} -900 g
0 | | | | W | -1000 - | | | | ]

0 200 400 600 800 1000 1200 0 0.005 0.01 0.015 0.02 0.025




tinme i ndex P1 P2 P3 P4 Al A2 A3 A4 i ndex- 2
215425 neasurenent 4- 3 -3 0 -58 163. 5 18 300. 0 249.0 14
— 215653 neasurenent 4+ 3 -3 0 -58 163. 5 18 300. 0 249.0 16

100 100
200 200
300 300
400 400
500 500
600 600
700 700
800 800
900 900
1000 1000
200 400 600 800 1000 1200 . 200 400 600 800 1000 1200
_ 36.3 fsec per pixel
x 10
35 0
100k i
3 L -
200} 1
2.5+ g -300 - i
-400 — i
2 | il
-500 1
1.5 I b _600 L -
700} 1
1 | il
800} 1
0.5¢ 1 900} ]
0 | | -1000 - | | | | ]

0 200 600 1000 1200 0 0.005 0.01 0.015 0.02 0.025




time i ndex P1 P2 P3 P4 Al A2 A3 Ad i ndex- 2
- 220313 neasurenent 5+ 4 -4 0 -58 163. 7 18.1 300.0 249.0 18
220513 neasurenment 5- 4 -4 0 -58 163. 7 18.1 300.0 249.0 20

100 100
200 200
300 300
400 400
500 500
600 600
700 700
800 800
900 900
1000 1000
200 400 600 800 1000 1200 . 200 400 600 800 1000 1200
. 36.3 fsec per pixel
x 10
4 0
-100 - -
35F 1
-200 - B
3 . 4
-300 - B
257 1 -400 - 3?;;35—}*'} |
ol | -500 gff, - i
-600 B
1.5 1
700 - 1
1 . 4
-800 - B
0.5 1 -900 - B
/ J w 1000
0 | 1 | 1k | | - C | | | | | | ]

0 200 400 600 800 1000 1200 0 0.002 0.004 0.006 0.008 0.01 0.012 0.014




time i ndex P1 P2 P3 P4 Al A2 A3 A4 i ndex- 2
221246 neasurenment 6- 5 -5 0 -58 163. 8 18.1 300.0 249.0 22
— 221729 neasurenent 6+ 5 -5 0 -58 163. 8 18.1 300.0 249.0 24

100 100
200 200
300 300
400 400
500 500
600 600
700 700
800 800
900 900
1000 1000
200 400 600 800 1000 1200 f . | 200 400 600 800 1000 1200
o 36.3 fsec per p|xe0
451 g -100 - 4
4t | 4 -200 - -
3.5+ g -300 - i
3t 1 -400 - .
25 ] -500 - = |
5l ] 600 = o 1
1.5 i -700 B
1L 1 -800 - -
05l i -900 - -
0 ‘ ‘ a ‘ ‘ -1000 - ‘ ‘ ‘ ‘ ‘ ‘ b
0 200 400 600 800 1000 1200 0 1 2 3 4 5 6 7

x 10°




100 100
200 200
300 300
400 400
500 500
600 600
700 700
800 800
900 900
1000 1000
200 400 600 800 1000 1200 . 200 400 600 800 1000 1200
. 36.3 fsec per pixel
x 10
8 0
100 i
7 . 4
200+ i
6 . 4
300+ i
5 1 400} T e 1
al i 500 - g
_————
=
-600 = i
3+ B - e
-700 E;f“; = 1
2 . 4
-800 - i
1t 1 -900 - i
0 | | | | -1000 - | | | | | ]
0 200 400 1000 1200 0 1 2 3 4 5 6




tinme i ndex P1 P2 P3 P4 Al A2 A3 Al i ndex- 2
222447 neasurenent 8- 7 =7 0 -58 164.5 18.2 300.0 249.0 30
— 222624 neasurenent 8+ 7 =7 0 -58 164.5 18.2 300.0 249.0 32

100 100
200 200
300 300
400 400
500 500
600 600
700 700
800 800
900 900
1000 1000
200 400 600 800 1000 1200 . 200 400 600 800 1000 1200
36.3 fsec per pixel
0.014 0
-100 - B
0.012 - b
-200 - B
0.01 1 3001 i
T Te—
oor 2 |
0.008 |- B
5001 ‘2 R
—%&;\
0.006 - b -600 |- — — i
F00F = 1
0.004 - B =
-800 - B
0.002} | 1 900l |
\
0 | | | L HL | | -1000 | | | | | il
0 200 400 800 1000 1200 0 1 2 3 4 5 6

x 10°




time i ndex P1 P2 P3 P4 Al A2 A3 A i ndex- 2
222904 neasurenent 9+ 7.5 -7.5 0 -58 164.7 18.2 300.0 249.0 34
— 223058 neasurenent 9- 7.5 -7.5 0 -58 164. 7 18.2 300.0 249.0 36

100 100
200 200
300 300
400 400
500 500
600 600
700 700
800 800
900 900
1000 1000
200 400 600 800 1000 1200 . 200 400 600 800 1000 1200
36.3 fsec per pixel
0.025 0
-100 - R
0.02+ 4 -200 - B
-300 B
0.015- 1 -400 |
-500 B
0.01+ , -600 = ,
-700 B
0.005| 1 -800 - ]
-900 R
0 ‘ ‘ ‘ ‘ ‘ -1000 - ‘ ‘ ‘ ‘ ‘ B
0 200 400 600 800 1000 1200 0 1 2 3 4 5 6

x 10°




11 LOLA Mystery

Lola imaging matrix for 15.4 fsec/pixel: I I (desired effect )
Oo0oO0DO0OD ——
- ” ......... S lpo1000 : ( ¥ B)
energy” axis
(1 0000 IJJ 1 12686 -~0332 -~0636 0081|0872
‘T(-Vy,Ene) =
00-1000

focusing does not change with sign of streak
uncorrelated hor/vert/long should produce the same picture
is there correlation ???

“smearing” on “energy” axis?:

X, X

<

<

(STRNO)]




12 Summary

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

gualitative agreement of longitudinal phase space (for week compr.)

measurement [ reconstr. [
N + rf-tweak

4, 4.
777777777777777777777777777777



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; (i) missing impedance

gaussian bunch, =170 um
wake of cavities in ACC2 .. ACC7
wake after BC2 )

1 3 2 4 0 1 2 3 4

N0t vr=1,2 4 foae pat pat

cavity

«/long. phase space wakes (||)

1

QLo simulated data base wakes
-0l -005 0 005 0l

00000

LOLA mysteries: needs more work

. _0 crossmg #1 mO_crossmg #2 P | .8 'f% 0-crossing #1 0-crossing #2
. i
/A
Jf I;‘-
250 / 1
1.5F ‘ ‘t






