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OE -Measurement program

Ecath=60MV/m (?additionally 45SMV/m as an option)
Gun phase: MMMG

Laser temporal profile: long Gaussian of ~11ps FWHM S h (@) rt (~2 pS) Ga uss | an
Bunch charge: 0.4 nC

BSA=BSAO (interpolated optimum for each bunch charge — based on the 2015 results) and
2*BSAO (? relaxed transverse space charge by a factor of 4). Please check the rms spot size at Nov-11
VC2: XYrms~BSA/4:

Meas \ charge> | 0.4 nC Krasilnikov
Laser temporal Long Gauss Chen

A 1.1 mm

B 2.2 mm

e.g., for measurement “0.4-A” - BSA=1.1lmm

6. CDS booster: SMW, phase scan for LPS tomography. The CDS phase for TDS measurements:
min projected energy spread at HEDA2(?)
7. Expected measurements (for each of 6 setups: 0.4-A and 0.4-B — to be saved in e.g.
...\measure\LongPhSp\2016\deltaE\longG\0.4-A\...):

a. Laser transverse distribution at VC2 (20+20frames)

b. Beam momentum scan in LEDA as a function of gun SP Phase > MMMG gun phase,
<Pz>, PZrms

c. Laser attenuator scan (LT-scan) for the MMMG phase with LOW.FCI (if it is too noisy —
use LOW.FC2, also LOW.ICT1/HIGH1.ICT1), adjust the LT for the goal charge,
measure the bunch charge .

d. Beam momentum in HEDAI as a function of the booster SP phase (very detailed — to be LO ng (~ 1 1 pS) Ga ussian
used for LPS reconstruction). Don’t forget to adjust the e-beam at the reference screen TEmmmm mmm———
HIGHI.Scr5 (centered and vertically focused). Booster phase MMMG (or min energy Thu Fri Sat Sun
spread at HEDA1?). Nov-17 Nov-18 Nov-19 Nov-20

e. Setup the e-beam trajectory; e.g. from 31.10.2016 05:18 (PITZ logbook)

f. E-beam projected emittance at EMSY1 vs. main solenoid current (use fastscan3), Imain*
for minimum XY -emittance.

g. Beam transport to the PST.Scrl, TDS measurements of the bunch temporal profile (Imain
to be tuned as well? Or use one delivering the best emittance).

h. Beam transport to HEDA2 (Imain to be tuned as well?), quad settings for the best HEDA
resolution — save magnet settings and beam images at screens in the HIGH section.
Check the TDS phase range at HIGH2.Scrl — not to be cut by the beam line aperture.

i. Beam momentum in HEDA?2 as a function of the booster SP phase—> booster phase for
the minimum projected momentum spread.

j- LPS measurements at HEDA2 with applied TDS:

i. TDS phase scan (calibration)
ii. TDS at zero phase — momentum measurements with OMA
iii. TDS off — momentum measurements with OMA
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Slice energy spread measurement

= Real slice energy spread
ired 1\ 2 DS \?
- TDS contribution operred \/ (c‘:?f“ ) + (5f ) + (5.5 )

= Beta function contribution

79.3"0.5=8.9 keV for TDS zero

500
5 450 y=4483x2 - 135.15x + 79.357
e 400 /’ R?=0.9824
@
/ e G
=™

<
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€a ’/ — Poly. (Series1)
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=3
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0 . . . . 1) Repeat this measurement with
0 2 0-2 03 04 current long gaussian laser
2 ) When optimize xrms on dipole2

Measurements with short Gaussian P P ’

taken on  20161113N turn off & degauss HEADZ, Use

with 100 pC, 0.75 mm screen (H2.scr2) after HEDAZ2 as

a ‘ref to min Xrms
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Measurements with long Gaussian on 17.11.2016A-N:

Photocathode laser: transverse Xrms=0.179mm
XYrms=0.1
distribution at VC2 (17.11.2016 20:58)  Yrms=0.194mm me=0.156mm
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Measurements with long Gaussian on 17.11.2016A-N:

> LEDA scan (17.11.2016 21:29) > LEDA projection at MMMG phase, -138 deg

Measured at: LEDA Imain = 455.7A

dp - 16307
St imgB¥g ) S020)
<p>,,,, = (6.4937 £ 0.0017)MeV/c at -138° ET:?E?, - ( 1 7 1 1 20 1 6 2 1 . 30)
Powor = 6 52 . . .
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Lt > LEDA projection at MMMG phase, '-1 38 deg
> LEDA scan (17.11.2016 23:11) (17.11.2016 23:30)

Measured at: LEDA }E:‘Zj:;g;ﬁ.
Stats: Img(Bkg): 50(20)
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http://pitzlb.ifh.de:8080/PITZelog/data/2016/46/17.11_a/2016-11-17T21:30:41-00.ps

Measurements with long Gaussian on 17.11.2016A-N:

> Attenuator scan @Low.FC1, 6.5 MW gun > Charge (LOW.FC1) at MMMG phase,
power, BSA 0.75 mm (17.11.2016 22:00) (17.11.2016 22:04)

saved infafe’ifh dagroup/pitzidoscs/measure/ChargePhaseScan/201 6201811 1?NAttS-:an21 50.tuet 30
350
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——— s s = > Charge (LOW.FC1) at MMMG phase,

Laser transmission = 12.00 %, BSA = 0.86 mm, Imain = 456.0 A.

Laser transmission, % ] (1 7 1 1 201 6 23_42) 110
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0.45 g
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g 0.25 w Q= 10165 4/-287pC.
o 0.2
15
0.15 —+—Qmeas(LOW.FC1) S 3
01 -#-Qsimul | ?D
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0 02 0.4 Qbunch (()IIGC) 0.8 1 zmmmem using Low.FC1; calibration corrected by 1/1.
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Measurements with long Gaussian on 17.11.2016A-N:

> HEDA1 scan (18.11.2016 00:28) > LEDA projection at MMMG phase, -138 deg
Measured at: HEDA1 £50 (whole screen) e ey (1 8.11.2016 00:31 )

Stats: Img(Bkg): 10{5)

<P>ax = (22.7050 = 0.0014)MeV/c at -164° E ‘|Plils1925=x,

SP-Pforw = 5.0
RMS Power = 3.08MW
Pon = (12.62 + 0.11)keV/c at -162° Rsflaction = 48%%
I = : +0.
Phase: —164° pl‘mﬂn (22.702 £ 0.003)MeV/c
22.72¢ BOD
: Statistics (Img): 100 Prms = (17.8 + 1.4)keV/ic
| Statistics (Bkg): 20
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OMA_2016_11_18_t00_28_42_SCANure/LongPhSp/201 &Momentum/201 61117M RE015 w21

NB: HEDA1 problems are due to a temperature problem
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http://pitzlb.ifh.de:8080/PITZelog/data/2016/46/17.11_n/2016-11-18T00:28:45-00.ps
http://pitzlb.ifh.de:8080/PITZelog/data/2016/46/17.11_n/2016-11-18T00:31:02-00.ps

Measurements with long Gaussian on 17.11.2016N:

> restored steering from 31.10.2016

> in= = .
(18.11.2016 00:37) Imain=370A, Ibuck=30.66A, compensated

=» same as on 13.11.2016
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Measurements with long Gaussian on 17.11.2016N:

>

TDS calib,

TDS SP=0.6MV, PST.Scr1 f200

(18.11.2016 01:02)
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) Resolution ~ 0.52 ps
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I'l Resolution ~ 0.49 ps
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> longitudinal profile
(18.11.2016 01:02)
’ Figure 333
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http://pitzlb.ifh.de:8080/PITZelog/data/2016/46/17.11_n/2016-11-18T01:02:31-00.ps

Measurements with long Gaussian on 17.11.2016N:

> Quad settings > Steerers
(18.11.2016 01:40) (18.11.2016 01:45)
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http://pitzlb.ifh.de:8080/PITZelog/data/2016/46/17.11_n/2016-11-18T01:40:54-00.ps

Measurements with long Gaussian on 17.11.2016N:

beam at H1.Scr1 f200
z=5.277m

1p12g

(18.11.2016 01 40)
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http://pitzlb.ifh.de:8080/PITZelog/data/2016/46/17.11_n/2016-11-18T01:52:46-00.ps

Measurements with long Gaussian on 17.11.2016N:

beam at Disp3.Scr1 200, booster at MMMG phase beam at Disp3.Scr1 f200, booster at smalest dE
1p4g phase = -162.4 deg
(18.11.2016 02:44) (18.11.2016 02:48)
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http://pitzlb.ifh.de:8080/PITZelog/data/2016/46/17.11_n/2016-11-18T02:48:00-00.ps

Measurements with long Gaussian on 17.11.2016N:

> TDS calib, > longitudinal profile
TDS SP=0.05MV, (18.11.2016 03:58)

(18.11.2016 03:58) ; Figure 333
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> Pz-distributions
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http://pitzlb.ifh.de:8080/PITZelog/data/2016/46/17.11_n/2016-11-18T03:58:26-00.ps
http://pitzlb.ifh.de:8080/PITZelog/data/2016/46/17.11_n/2016-11-18T03:58:24-00.ps
http://pitzlb.ifh.de:8080/PITZelog/data/2016/46/17.11_n/2016-11-18T04:00:02-00.ps
http://pitzlb.ifh.de:8080/PITZelog/data/2016/46/17.11_n/2016-11-18T04:00:55-00.ps

Measurements with long Gaussian on 17.11.2016N:

LPS, TDS SP=0.05MV, LPS (18.11.2016 04:04)

. (18.11.2016%91:04) 9 Figure 1
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Slice energy spread was measured with
bunch charge of 112.6094 pC

solenoid current of 369.6939 &

K ekl e 225 Gy 25 2
hooster phase -162.4

gun phase -138 momentum (et o)

Qqun pover 65082 MW

TDS setpoint 0.05 kY

BS54 setpoint 0.66 mm and readback 0.74265 mm

number of analysis slices 33

and the center slice (humber 14) measured slice energy spread was 74495

ket
(0]

file /doocs/measure/LongPhSp/2016/deltaE/shortG/2016/20161117N/sliceEspread_0403.mat
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http://pitzlb.ifh.de:8080/PITZelog/data/2016/46/17.11_n/2016-11-18T04:04:38-00.ps
http://pitzlb.ifh.de:8080/PITZelog/data/2016/46/17.11_n/2016-11-18T04:04:40-00.ps
http://pitzlb.ifh.de:8080/PITZelog/data/2016/46/17.11_n/2016-11-18T04:04:58-00.ps

Measurements with long Gaussian on 17.11.2016N:

> TDS calib, > longitudinal profile
TDS SP=0.1MV, (18.11.2016 03:01)

(18.11.2016 03:01) : i
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> Pz-distributions
w/ TDS (18.11.2016 03:07) w/o TDS (18.11.2016 03:08)
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Measurements with long Gaussian on 17.11.2016N:

> LPS, TDS SP=0.1MV,

(18.11.2016 03:13)

Figure 2

File Edit View Insert Tools Deskiop Window Help

EEEEIE

WRYDEL-

|08 | eD

X Dadd|sb

> LPS (18.11.2016 03:13)

' Figure 1
Eile  Edit View Insert Tools Deskiop Window Help

WA DEL- Q0B D

o 22.135

momentum (MeV/

22.15
22.145

22.14

213}
S e 1
212}t -

22.115

2t f|d

22.105

22.1 : : : : : ;
0 5 10 15 20 25 30 35
slice number

)

time {ps) (not adjusted properly..

Slice energy spread was measured with

bunch charge of 112.332 pC

solenoid current of 369.6939 A

booster power 3.0745 MW

booster phase -162.4

gun phase -138

gun power 6.5106 MW

TDS setpoint 0.1 MV

BSA setpoint 0.86 mm and readback 0.74265 mm
number of analysis slices 33

and the center slice (number 14) measured slice energy spread was 8.7432

keV/c
oK

22.06 22.08 22.1 22,12 22.14 22.16 22.18 22.2 2222 22.24
momentum (MeV/c)

file
/doocs/measure/LongPhSp/2016/deltaE/shortG/2016/20161117N/sliceEspread_0310_MMS.mat

M. Krasilnikov “Measurements with long Gaussian laser pulse” SE-meeting, Zeuthen, 01.12.2016


http://pitzlb.ifh.de:8080/PITZelog/data/2016/46/17.11_n/2016-11-18T03:13:32-00.ps

Measurements with long Gaussian on 17.11.2016N:

> TDS calib, > longitudinal profile
TDS SP=0.15MV, (18.11.2016 03:25)

(18.11.2016 03:25) - Figure 333
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Measurements with long Gaussian on 17.11.2016N:

LPS, TDS SP=0.15MV, LPS (18.11.2016 03:32)
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Measurements with long Gaussian on 17.11.2016N:

> TDS calib, > longitudinal profile
TDS SP=0.20MV, (18.11.2016 03:35)

(18.11.2016 03:35) . Figure 333
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Measurements with long Gaussian on 17.11.2016N:

LPS, TDS SP=0.20MV, LPS (18.11.2016 03:32)
(18.11.2016 03:39)
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Measurements with long Gaussian on 17.11.2016N:

> TDS calib,
TDS SP=0.25MV,

> longitudinal profile
(18.11.2016 03:48)
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Measurements with long Gaussian on 17.11.2016N:

LPS, TDS SP=0.25MV, LPS (18.11.2016 03:52)
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Slice energy spread with long Gaussian laser

> Slice energy spread measurement
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+ASTRA simulations

Measurements SP(TDS)=0.25
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http://pitzlb.ifh.de:8080/PITZelog/data/2016/46/17.11_n/2016-11-18T03:52:57-00.ps
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Conclusions (preliminary)

> Original measurements program with long Gaussian cathode laser
pulses (0.4nC x BSA=1.1-2.2mm) was not realized due to the short time

> But measurements with 100pC and BSA=0.75mm (eff) was done (for
more consistency to measurements with short Gaussian pulses)

> Still resolution on the slice energy spread seems to be the main limiting
factor:

= Beam transverse size in the HEDAZ2 dipole (beat function)

d(SE) eV)
dSP(TDS) ~ MV

= TDS induced energy spread (estimated

> Measured longitudinal phase space (LPS) shows modulation even with
long Gaussian cathode laser pulses:

= MBI (also in LEDA)?
= Space charge effect while transport, e.g. quad (over)focusing?

= Measurement artifact??
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Short Gaussian pulses measurement program

SE - measurements program

Ecath=60MV/m (?additionally 45SMV/m as an option)

Gun phase: MMMG

Laser temporal profile: short Gaussian of ~2 ps FWHM

Bunch charge: 0.2 nC and 0.1 nC

BSA=BSAO (interpolated optimum for each bunch charge — based on the 2015 results) and
2*BSAO0 (? relaxed transverse space charge by a factor of 4). Please check the rms spot size at
VC2: XYrms~BSA/4:

M.

Meas \ charge> [0.2nC [ 0.1nC
Laser temporal Short Gauss

A 0.85mm | 0.75 mm
B 17mm | 1.5mm

e.g., for measurement “0.1-A” - BSA=0.75mm, for “0.2-B” — BSA=1.7 mm
6. CDS booster: 3MW, phase scan for LPS tomography. The CDS phase for TDS measurements:
min projected energy spread at HEDA2(?)
7. Expected measurements (for each of 6 setups: 0.2-A ... 0.1-B — to be saved in e.g.
...\measure\LongPhSp\2016\deltaE\shortG\0.2-A\...):
a. Laser transverse distribution at VC2 (20+20frames)
b. Beam momentum scan in LEDA as a function of gun SP Phase > MMMG gun phase,
<Pz>, PZrms
c. Laser attenuator scan (LT-scan) for the MMMG phase with LOW.FC1 (if it is too noisy —
use LOW.FC2, also LOW.ICT1/HIGH1.ICT1), adjust the LT for the goal charge,
measure the bunch charge
d. Beam momentum in HEDA1 as a function of the booster SP phase (very detailed — to be
used for LPS reconstruction). Don’t forget to adjust the e-beam at the reference screen
HIGH]1.Scr5 (centered and vertically focused). Booster phase MMMG (or min energy
spread at HEDA17?).
e. Setup the e-beam trajectory; e.g. from 31.10.2016 05:18 (PITZ logbook)
E-beam size at HIGH1.Scrl vs. main solenoid current (use fastscan3)
Beam projected emittance measurements at EMSY 1: main solenoid current: focus at
HIGHI1.Scrl and +1% of this value (?, rounding the Imain) over the focus.
h. Beam transport to the PST.Scrl, TDS measurements of the bunch temporal profile (Imain
to be tuned as well? Or use one delivering the best emittance).
i. Beam transport to HEDA2 (Imain to be tuned as well?), quad settings for the best HEDA
resolution — save magnet settings and beam images at screens in the HIGH section.
Check the TDS phase range at HIGH2.Scrl — not to be cut by the beam line aperture.
j. Beam momentum in HEDA?2 as a function of the booster SP phase—> booster phase for
the minimum projected momentum spread.
k. LPS measurements at HEDA2 with applied TDS:
i. TDS phase scan (calibration)
ii. TDS at zero phase — momentum measurements with OMA
iii. TDS off — momentum measurements with OMA
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