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1 Measurements
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* Rothenburg, Jens
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* Compression studies and SASE with 3.9 module
* set up on crest phases by C Schmidt using his time of flight tool. Worked well.
* Tumned 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
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* Edwards, Schneidmiller, Wesch

Users
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1 Measurements
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carefull phasing (BAM) before measurements
in the following: each measurement with index (from -30 to 61)
but not each index with measurement!



1 Measurements
current profiles
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1 Measurements
current profiles
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1 Measurements
LOLA screen, recalculated — constant scale (energy vs. length)
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energy deviation / (eVolt) energy deviation / (eValt)

energy deviation / (eVolt)

1 Measurements

LOLA screen, recalculated — constant scale (energy vs. length)

oa| 30(7.5deg) | .. 40(7.6deq) |

energy deviation / (2Yolt)

-1 o 1 2

o 1 2 3 4 4
longitudinal coordinate (meter) ReinE longitudinal coordinate (meter) %107
x 10" Longitudinal phase space x 10" Longitudinal phase space x 107 Longitudinal phase space x 10" Longitudinal phase space
1F T ] 1F T T T T T T T ] 1 T T T . 1FT T T r .
50(7.9deqg)] 1 52(8.0deq) 53 |
- g {1 o8t 1 o&f - g E
= = 3 = 4
—§ 0.4+ 1 § 041 . =1 §
= = e
1= 02 10z 1= 1
IS 5 £
1= r 18 1= 1
£ & 2
1= 02 1= 1= - 8
5 5 g
16 0.4 18 1& 1
z
1 0.6 E g §
4 08 . _ 4
o ] o v o e o . " " N 2 -1 . . 3 L L ]
-4 -3 -2 -1 (i} 1 2 il 4 -4 3 4 2 3 4 2 3 4
longitudinal coordinate (meter) <107 longitudinal coordinate (meter) x 10t longitudinal coordinate (meter) x107* longitudinal coordinate (meter) x 107
x 10" Longitudinal phase space x 10" Longitudinal phase space x 10" Longitudinal phase space x 107 Longitudinal phase space
1T T T T T T T T — 1FT T T T T T T T = 1 T T T T T T T ™ 1T T T T T T T -
08 54 1 5 5 1 o8- 6 b 081 7
06 1 06F 5 b 061 5 1
04 1= 1= 0ar 1= 04r 1
3 3 =
02 1= 1= 021 4= 0:2r R
£ £ S
0 1= 1 of E of 1
3 = 8
02 1= - 1= 02+ 45, D2F E
= = =
g 5 3 o
04f 15 - 15 -0at 15 0.4} g
06 1 1 06 4 -0Bf R
1 1 -0.81 41 -08F 1
= L L L &3 =t — L . L L At " s n L L n L L -1k, " " L . " . L L
1 2 3 4 -4 -3 -2 -1 0 1 2 8 4 -4 -3 -2 -1 0 1 2 2 4 -4 -3 2 -1 o 1 2 3 4
longitudinal coordinate {meter) ¢ 10 longitudinal coordinate (meter) Sl longitudinal coordinate (meter) w107 longitudinal coordinate (meter) x 10t



2 Analysis - Compression Factor

no self effects

comparison measurement (rms), compr{chirp(nominal rf-setting)*(nominal r56)}
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2 Analysis - Compression Factor
LOLA time calibration: klystron history

Power Driwver TTFZ _DIAGDACAKLY . LOLASsCHOO

ness tinme time tinme Al P1 A39 P39 Len_step Ene_step
rf-set T-calib data W Deg W Deg um pi X keV/ pi x
-30 17: 37 18: 23 18: 32 163.80 0.00 18.2 0. 00 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



2 Analysis - Compression Factor

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

wrong r56 ?

no self effects
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3 LOLA Measurements

index = 10 slope 1 slope 2 (z-flipped)
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3 LOLA Measurements: close look

index = 10
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3 LOLA Measurements: close look
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3 LOLA Measurements: close look
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3 LOLA Measurements: close look

index = 40 slope 1 slope 2 (z-flipped)
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3 LOLA Measurements: close look
single measurement

blue green (z-flipped)
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4 Analysis — Reconstruction of Initial Distribution — TE Method
time-energy-method

0.5 nC r56nom =178.4 mm Off
RF Gun Bunch ’OOB%M'/
Compressor pressor

i i 3rd on crest

Laser harmonic Accelerating Structures LOLA
5 N/IeV 150 MeV 450 MeV 690 MeV
AN N J

inc:e energy (LOLA measurement): ES(SZ) middle of bunch (50% of charge) is set to reference energy

after BC2: E,(S,)= Ey(s,)Ey(s,)

before BC2: E,(s,)=E,(s,)-E,,(s,)

E
SL(SZ) - SZ - D{ EZ(SZ) _1’ r-56,nom’t566,nomj
| 2,nom
S virtual initial distribution:  Ey(s,) = E, JE.;,(s,)

with: E,,(s)=540MeV cosks
E.r1(s)= A coslks+4,)+ A, cos(3ks+ ;)



4 Analysis — Reconstruction of Initial Distribution — TE Method
pure time-energy-method
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4 Analysis — Reconstruction of Initial Distribution
modified time-energy-method

modified energy, time and phase calibration:

slice energy (LOLA measurement)
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4 Analysis — Reconstruction of Initial Distribution
modified time-energy-method
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4 Analysis — Reconstruction of Initial Distribution — TE Method

“reconstructed” initial distribution
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4 Analysis — Reconstruction of Initial Distribution
forward calculation to LOLA
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4 Analysis — Reconstruction of Initial Distribution — TE Method

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

measured (slice), scaled in time and energy
calculated without self effects
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5 Analysis — Reconstruction of Initial Distribution — TT Method
time-time-method

vector with rf setting I' = (A, @, A, P,

3 Ep
definition of S, (I ): Q. = jj(ﬂ S, E,r )JdsdE
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5 Analysis — Reconstruction of Initial Distribution — TT Method
time-time-method

2
X X x X - E-E E-E
SZ(r):S_I_ +D(E1 + E (Sl,l’)) with D(E):r56E—f€f+t566 E—ref
ref ref

known: E; (Slx, r)

0.2 0.2
E%2(sP2,r, )
0.2 0.2
/E1 (% T )
E-5Mev] i | 1|
00015 E .. k v 3
0.001 1
sa0 ! .
; D — 02 02
S_]_ 1E1
s.q0 * :
reconstruction from time
-0001 measurements for two different
1 | 5,/mm rf settings
=0.005 =-0.004 -113.003 =-0.002 =0.001 0 0.001 0.005 0.003 0.004

)



5 Analysis — Reconstruction of Initial Distribution

virtual initial distribution

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

pure time-energy-method

1-10°

(E,-5MeV)/eV

5-10

-0.005

modified time-energy-method
modified energy, time and phase calibration
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— TT Method

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

pure time-time-method
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virtual initial distributions

modified time-energy-method
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5 Analysis — Reconstruction of Initial Distribution — TT Method
forward calculation to LOLA
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X m. Lonulitudinal ?hasa s;?ace i 1 T
] | 0 (energy-EO)/eV
5 0 deg »
i 2 7 . R
i = -1 measured (slice), scaled in time
Bl .
— s g - calculated without self effects
————t calculated with self effects, shifted
b from E_TT - wake(ACC1,AC39)
2 -4 W\
\\
Y & : -5 : ! : ¢ T ‘
e N R length/m
longitudinal coordinate (meter) X 10 -6
-6 -4 2 0 2 4 6
s x1o® Longitudinal phase space 2
I 25+
iy + 4 deg !
I 15} 5
) g A L o}
10| e % il
ST | “
&
'% 051
g ot =2
15}
518 2
25+
T TN I B )
longitudinal coordinate (meter) x10° 4_3 -2 -1 0 1 2 3
- b L ] x10° Longitudinal phase space 4
. b ]
A |
: 7 deg -
| st g 1 2
]? 1k
et s w.g o 0
3t -al-
4t
s
-1 05 0 05 1 _
longitudinal coordinate (meter) 1ot 130 3 06 04 02 0 02 04 06 08



6 ASTRA

ACC1 amp”tude and phase: Mod Efield{2)=26.12231, Mod Phase(2)= 0.0 (auto phasing)
Mod Efield(3)=40.068675, Mod Phase(3)= 0.0

505-10°

5-10

49510°

Z=2.6m (before ACC1)

cP,/eV
1
av(cP,/eV) = 4.991E6 - gm
-00 -0.005 0 0.005
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6 ASTRA

virtual initial distribution

Z=2.6m (before ACC1)
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6 ASTRA

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

4.10° modified time-time-method
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6 ASTRA

1510° -
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o

measured (slice), scaled in time
calculated without self effects
6 ASTRA forward calculation to LOLA  calculated with self effects, shifted
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7 Phase Space: LOLA o TT Method ~ ASTRA

LOLA measurement:

L S T T S — T N Tt L s |
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An: Longitudinal phase space Longitudinal bunch profile
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in the following: calculated results with additional energy spread of 0.1 MeV !
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7 Phase Space: LOLA o TT Method ~ ASTRA
LOLA TT-method ASTRA
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7 Phase Space: LOLA o TT Method
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7 Phase Space: LOLA o TT Method ~ ASTRA
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7 Phase Space: LOLA o TT Method ~ ASTRA
TT-method ASTRA

X 10’ Longitudinal phase space % 107 Longitudinal phase space
1 - - - - - - — 1 v =
.0 8.3deg ] 0ol 8.3deg ]
| ]
08 ‘ 1 06 ' E
o k) ' 1 = 04 b ]
= 02 i 8 = 02 i 1
s ] 5 |
® O E g E 0 I 4
2 E i
= -0.2 4 = el | 2
= 1= Il
© 2 |
5 04 E 5 04 .‘ 1
.06 1 06 —'\: b 4
0.8 1 08 ':J 1
| T P T, a, i
-4 -3 =2 =1 o 1 2 3 4 -4 -3 -2 -1 u} 1 2 3 4
longitudinal coordinate (meter) x 107 longitudinal coordinate (meter) x 107
x 107 Longitudinal phase space x 107 Longitudinal phase space
1 p il i R
08 { E 0.8 | Rk
8.4deqg | I\
06 :[V i ] 06 | \ .
£ 04 i 1 £ 04 | 1
> It = |
= (i Ii . = (1) .
5 : g |
s O ' | ® 0 | 1
£ | & i
5 02 1 = 02 f ]
g ! g \'
5 -0.4 _\ N 1 £ 04 ) 4
| ]
06 " 1 06 | 1
08 I 1 08 ! |
i 1,
Ak, o,y ] | P | .
-4 -3 =2 il 0 1 2 3 4 -4 -3 =2 -1 0 1 2 =l 4
longitudinal coordinate (meter) x 107 longitudinal coordinate (meter) x 10
x 10" Longitudinal phase space x 107 Longitudinal phase space
1F l E 1 p
08r { 4 08 4
|
06f (| E 06 E
i I L 8.5deg
= 04r f G E = 04 ‘%-— =
s | = f
= 02¢ . =0z ! 1
= | = H
5 of [ 1 % 0 f |
i =
= f < {
S 02 1 = 0 § 4
& DAL _—'—\ 1 s 04 . 1
08} || : 06 1
o8} |f : 08 1
AL, L " .E " " - " T =0, " N N L " " "
-4 -3 -2 -1 0 1 2 3 4 -4 -3 -2 -1 a 1 2 3

longitudinal coordinate (meter) o 10-4 longitudinal coordinate (meter)




8 The Spike
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9 Current Distribution: LOLA

o TT Method - ASTRA
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9 Current Distribution: LOLA
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10 Summary

precise information of initial distribution is required

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

middle compression is not understood

LOLA pictures not completely understood

virtual initial distribution different from ASTRA

gualitative differences for ASTRA distribution



