FEL Optimization through BBA with













-  PAL-XFEL

PAL 7 =2ta712124
POHANG ACCELERATOR LABORATORY

Experimental Hall-1 Undulator-1, Experimental Hall-2 Undulator-2, Klystron -
(Hard X-ray) BTL-1 Tunnel (Soft X-ray) BTL-2Tunnel  Gallery-2 Lrriore Assembly Room
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e Schematic of PAL-XFEL
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— 1.1 km long, consist of hard x-ray line (HX), soft x-ray line (SX)
— 2.5~15keV FEL in HX, 0.4 ~ 1.2 keV FEL in SX
— Injector, laser heater, 3 bunch compressors for each line, dog-leg in HX

— 43 S-band RF modules for GUN & ACC, 3 S-band RF modules for TDS,
a X-band RF module for the linearizer 5/20
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Undulator Section in PAL-XFEL (1)

Hard X-ray Line (HX)
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will be installed
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- Space without UND for self-seeding after 8" UND

- Planning to install 2 helical undulators

- 20 planar undulators
- 7 planar undulators

I

Soft X-ray Line (SX)



« Undulator Section in PAL-XFEL (2)

CBPM QUAD Phase Undulator
COR Shifter (UND)
(PS)

PAL 2 =215719934

POHANG ACCELERATOR LABORATORY

Device Controlled parameters
CBPM | H/V-offset (in PV), H/V-position (by mover)
QUAD Field, H/V-position (by mover)
COR H/V-kick
PS Gap
UND Gap, V-offset
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Sequence of FEL Optimization in UND Section

PAL 72 22157121324

& " POHANG ACCELERATOR LABORATORY
 Beam Based Alignment (BBA) in undulator section

e e-beam size () matching in undulator section

 Undulator K-tuning

 Mid-plane scanning

* Phase shifter optimization

* Undulator tapering
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- Beam Based Alignment (1)

* BBA measurement schematic (Henrik Loos, LCLS FAC, June 8, 2009)

Ab,  Ab Ab Ab Ab,

' Ag, * Ag, ? Ags

; :v:OEE::OUEEO ;

mo n m, m3 4
< CBPM Offsets Ab,, Quad Offsets Ag;

- Model beam position (m;) at CBPMs as function of initial launch at 1 CBPM (x,),
quad offsets (Ag;), CBPM offsets (Ab,) (m=[R, R, Ry|[x’Aq’Ab’]")

- Calculate response matrix for 4 energies (4 ~ 10 GeV for HX)

- Measure ~200 orbits and average for each energy

- Generate final response matrix, Ag,, Ab, and apply Ag; and Ab;,
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Beam Based Alignment (2)

PAL 7 =2ta712124

& [ POHANG ACCELERATOR LABORATORY
« HUI1 BBA (conducted once or twice for a month)

— ~5 iterations for under 10 um deviation, ~15 min. for an iteration

10/20



Beam Based Alignment (2)

HU1 BBA (conducted once or twice for a month)

— ~5 iterations for under 10 um deviation, ~15 min. for an iteration

PAL 2 =gna71a74
& [ POHANG ACCELERATOR LABORATORY
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Beam Based Alignment (2)

PAL 7 =2ta712124

& [ POHANG ACCELERATOR LABORATORY
« HUI1 BBA (conducted once or twice for a month)

— ~5 iterations for under 10 um deviation, ~15 min. for an iteration

BBA Scan Fit Result 24-Nov-2017 20:32:20
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Beam Based Alignment (2)

PAL 2 =215719934

& [ POHANG ACCELERATOR LABORATORY
« HUI1 BBA (conducted once or twice for a month)

— ~5 iterations for under 10 um deviation, ~15 min. for an iteration
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X Off (pm)

¥ Off (um)

XOfF (um)

Beam Based Alignment (2)

PAL 2 =gna71a74
& POHANG ACCELERATOR LABORATORY

« HUI1 BBA (conducted once or twice for a month)

— ~5 iterations for under 10 um deviation, ~15 min. for an iteration

BBA Scan Fit Result 24-Nov-2017 20:32:20 BBA Scan Fit Result 24-Nov-2017 20:46:39
= T

T T T T
BPM O = 00 [~ —— gpm ot
uad (I / 2 —— Quad Offset Fin
=K /i KN i ~ 300 4
A / 3 VA= B =t 200 2 T
100 AV EA R e 22 R —iF e 1 £ 100 e bk = = T\ =}
o l ‘f S N\ N =7 > P TS e A TR e N
b\ =V N/ g P = o e o B -
LA o J % -100 )

A

of |

}

\ n\
L

i
_1;
i
4

18
b
|
i

80 800 820 840 860 880 900 920 0 960 980 780 800 820 840 860 880 900 920 40 960 980
] 1 1 I i i
00 BPM Offset 00 BPM Offset Fit 1
Quad Offs Quad Offset i
300~ - 300~ -
200 4 200 4
56 {‘ T g 100 - — G
— 2L S LR - oy Y i, - e
: b ]| E 0 S e e e — = = S = 4
N - 7 5 PR == === =- 2
100 \L Sy / - >-100| s W -
T
200 I 7 200
300 (- =3 - 300 (- -
400 - -a00 -
& I L L L L I
780 800 520 840 980 780 300 520 840 860 880 900 920 940 960 980

BBA Scan Fit Result 24-Nov-2017 21:03:46
T

~ \ s Hi’-‘i‘*i#

Y IE— ;I ET Tx s . =

y OFf (um)

20 - ! 1 =
30 / .
40 /

” I 1 I | L=

780 800 820 840 860 880 900 920 40 960 980

i 1 1
40 BPM Offset Fit
Quad Offset Fit

30 e -
20 /‘\

10 / e :—{r e

k| - L o e e ,4_42& -
— — e o Z - R T i o T3 - T T o

oI FEe s F Lo A HEF ]

10 I Al \ | <

| . \ 7

20 | | |

30 \ ot
W= L L L L 3

780 800 820 840 860 880 900 920 940 960 980

14 /20



Beam Based Alignment (2)

PAL 2 =215719934

X Off (pm)

¥ Off (um)

& POHANG ACCELERATOR LABORATORY

HU1 BBA (conducted once or twice for a month)

— ~5 iterations for under 10 um deviation, ~15 min. for an iteration

BBA Scan Fit Result 24-Nov-2017 20:32:20

BBA Scan Fit Result 24-Nov-2017 20:46:39
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Beam Based Alignment (2)

PAL 2 =215719934

X Off (pm)

XOfF (um)

¥ Off (um)

y OFf (um)

& POHANG ACCELERATOR LABORATORY

HU1 BBA (conducted once or twice for a month)

— ~5 iterations for under 10 um deviation, ~15 min. for an iteration

BBA Scan Fit Result 24-Nov-2017 20:32:20

BBA Scan Fit Result 24-Nov-2017 20:46:39
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X O (

¥ Off (um)

y OFf (um)

Beam Based Alignment (2)

PAL 2 =gna71a74
& [ POHANG ACCELERATOR LABORATORY

« HUI1 BBA (conducted once or twice for a month)

— ~5 iterations for under 10 um deviation, ~15 min. for an iteration

BBA Scan Fit Result 24-Nov-2017 20:32:20 BBA Scan Fit Result 24-Nov-2017 20:46:39
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Beam Based Alignment (3)

POHANG ACCELERATOR LABORATORY

PAL 7 =2ta712124
&

 FEL power reduction
— ~20% reduction by ~10 um(rms) orbit deviation from reference orbit

1.2
for 9.7 keV FEL
0.8 m
0.6 " .
0.4 ]
0.2 ]

FEL pulse energy (mJ)

-0.2
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07

CBPM x_rms (mm)
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M

e-beam Size Matching

 Measure twiss parameters

PAL
MFQ

TSI

POHANG ACCELERATOR LABORATORY

— Use 1 wire-scanner in HBTL and 4 wire-scanner in HX UND line
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Calculate the field of matching quads
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TSI

POHANG ACCELERATOR LABORATORY

» Schematic of Beamline (Optical Hutch) |

Undulator Hall z
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Undulator K-tuning

PAL 7 =2ta712124

& POHANG ACCELERATOR LABORATORY
 K-tuning
— Find UND gap for the target undulator K value

by measuring the photon flux of the undulator radiation
in the target energy (~7 keV, K= 1.87)

— Use Double Crystal Monochromator (DCM) in Optical Hutch (OH)
— Use uncompressed e-beams for less energy loss by the wakefield

le—9 HUL1:UN13-GAP
Gap = 9105mm | 1 |
Lo R e e aadibgiingiai
S R RS S S Sy R ——
- . . . . . . . .
3 ' ' ' ' ' ' ' '
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Q : I . 5 !
= 5 5 5 l
0.0 --teemeeeee et B B SRMMARARLIES
: ! : Lo
: : : 1
0.5 SRR
! - ! Lo
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Gap (mm) 21/20



Mid-plane Scanning

Mid-plane scanning (conducted with BBA)
— Find UND mid-plane by scanning vertical offset of each UND
— to use the maximum field region in UND

PAL 7 =2ta712124
&

POHANG ACCELERATOR LABORATORY

— Use uncompressed e-beams for less energy loss by wakefields

— If there is large difference (> 0.1 mm) of V-offset by this scanning,
K-tuning should be conducted again

Ipp (arb. unit)

le—9
Offset: = 0.034 mme...........1

................................................

HU1:UN13-0-OFFSET

—0.20-0.15-0.10-0.05 0.00 0.05 O.
Offset (mm)

10 0.15 0.20
22720



Phase Shifter Optimization (1)

PAL 2 =215719934

™| PORANG ACCELSATORABORATOR
* PS scanning with undulator radiation

— Use ~ 7 keV radiation of 2 UNDs (K = 1.87)

— PS scanning between 2 UND. Others are opened (gap = 40 mm)

— Use uncompressed e-beams for less energy loss by wakefields

DCM
UND PS
C s3] - i Photo
i diode
PS scanning

PS scanning with FEL
— PS scanning during measure the FEL power
— e-beam and all UND gap setting for FEL generation
— Useful for searching optimum PS gap 1in the tapering condition
(FEL power is increased 2~3 times after PS optimization)

UND PS oy
C I e QBPM

PS scanning
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» Phase Shifter Optimization (2)

POHANG ACCELERATOR LABORATORY

PAL 2 =215719934
&

e PS scanning with undulator radiation (~ 7 keV)
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Iorpy (@rb. units) Ioepw (@rb. units) Iopy (@rb. units) Ioepw (@rb. units)

Ioepn (@rb. units)

PAL 7 =2ta712124

Ioepw (@rb. units) Tgepy (arb. units) Ioepw (@rb. units)

Tgepy (arb. units)

POHANG ACCELERATOR LABORATORY
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Phase Shifter Optimization (3)
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e PS scanning with FEL (9.7 keV, 1 mJ)
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Beam energy

Undulator Tapering
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* Quadratic tapering

POHANG ACCELERATOR LABORATORY

PAL 7 =2ta712124
&

— Linear energy loss applied to UNDs before starting of FEL lasing
(~ 11" UND for 9.7 keV FEL generation)

— Quadratic energy loss applied to others

— Calculated energy loss (by simulations) applied for tapering,

but the applied energy loss can be controlled by
HLA (High-Level Application)

— FEL power maximized by PS scanning after tapering

 Applied energy loss & K for 9.7

0 5 10 15
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20
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keV FEL generation
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FEL Optimization

PAL 2 =215719934

& [ POHANG ACCELERATOR LABORATORY
 FEL pulse energy

— ~1.0mJ for 7~ 10 keV FEL
— ~0.7mJ for 10 ~ 15 keV FEL

(((-c+d)/2/68.6-b/1055).8.541).*180+4.9-0.002*g ()

[ #* (((-c+d)/2/68.6-b/1055).78.541).7180+4.9-0.002%g i U? Mo i i " * i "
E-lOSS Scannlné (((-c+d)/2/68.6-b/1096).%10.521).*145+42.03-0.00070037*¢
x= A exp((x _)gégigzl) +D 06 y=A exp((x- B)Efczf2)+D
B = 0.53824 +0.0027114 A ‘ 0.014189
C =0.091672 +0.0029956 9.7 keV 05| B =0.86031 +0.001604 14.5 keV
eor = oo0sse L 7T €=0.065548 £0.0017363
Irms fit error = 0.0573 E D = -0.0082168 +0.0046694
= 04 */NDF =0.00059
. ga rms fit error = 0.0231
o
2 03+
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I 7
g 02}
1o
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1 - ]
T ikt |
‘ i 0
iy
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FEL Optimization

PAL 2 =215719934

180+4.9-0.002*g ()

(((-c+d)/2/68.6-b/1055).¥8.541).*

& [ POHANG ACCELERATOR LABORATORY
 FEL pulse energy

— ~1.0mJ for 7~ 10 keV FEL
— ~0.7mJ for 10 ~ 15 keV FEL
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FEL Optimization

PAL 2 =215719934

180+4.9-0.002*g ()

(((-c+d)/2/68.6-b/1055).¥8.541).*

& [ POHANG ACCELERATOR LABORATORY
 FEL pulse energy

— ~1.0mJ for 7~ 10 keV FEL
— ~0.7mJ for 10 ~ 15 keV FEL
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FEL Optimization

PAL 2 =215719934

180+4.9-0.002*g ()

(((-c+d)/2/68.6-b/1055).¥8.541).*

& [ POHANG ACCELERATOR LABORATORY
 FEL pulse energy

— ~1.0mJ for 7~ 10 keV FEL
— ~0.7mJ for 10 ~ 15 keV FEL
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180+4.9-0.002*g ()

(((-c+d)/2/68.6-b/1055).¥8.541).*

FEL Optimization
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 FEL pulse energy
— ~ 1.0 mJ for 7~ 10 keV FEL

FEL pulse energy (nJ)

— ~0.7mJ for 10 ~ 15 keV FEL

1200
1100
1000
900
800
700
600
500
400
300
200
100
0

—-07keV
145 keV

beginning of 1" UND

0

10

20

30

40

self-seeding

region

50

60

70
z (m)

80

90

100

110

PAL 2 =gna71a74
& | POHANG ACCELERATOR LABORATORY

120

130

140

33/20



Summary

PAL 7 =2ta712124

& [ POHANG ACCELERATOR LABORATORY
 BBA for UND region

— ~20% FEL power reduction by ~10 um(rms) orbit deviation from ref.
 E-beam size (f) matching
 K-tuning
— Define the reference UND gap for K = 1.87
 Mid-plane scanning
— to use the maximum field region in UND, conducted with BBA
* PS optimization
— PS scanning with 2UND radiation = confirm & define the PS spec.
— PS scanning with FEL (e-beam and UND setting for FEL generation)
Tapering
— Quadratic tapering applied by HLA
— ~1.0 mJ for 7~ 10 keV FEL, ~ 0.7 mJ for 10 ~ 15 keV FEL
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