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Compact prebunchedFElschemes

Prof. Y.C. Huang, National Tsinghua University, Shengguangiu, YerChiehHuang, NIMVA 637 (2011)
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Multi-micro-bunch, concept

RF, 2856 MHz (bucket period ~350ps) 4 micro-bunches
oo o do s a1 multi-bunch (1 RF bucket)

g g A Number of filled RF buckets depends only
YR RN (LLoirto i on FH laser energy budget
"~ |'A Non-sequential RF bucket filling is possible

3.13 Hz (machine rep.rate)

<

4 micro-bunches

_\ F\?_E 2856 MHZ 4 multi-bunch (4 RF buckets)

o 8§43 '|A DAQ sees this micro-train as a single

T T T T —7 event (no trigger modification is required)

Cal e A Micro-bunch spacing can be changed
P v 0.1 -3 THz (variable) ¢+ v ¢ Y simultaneously in all buckets

2.8 GHz
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F Gun lasaystem technologies

Solidstate-based technology A Fiberbased technology

Yb-dopped fiber for example

. i ey ®

P Al e

courtesy Y. Honda (KEK)
A. Chong, W.H. Renninger, F. W. Wise, Opt.
Lett. 33 (2008) 2638:
Numerical simulations of Yb-doped fiber
lasers indicate that ~30 fs pulses are
possible for a realistic design with off-the-
shelf components. Experiments are
constrained by the available pump power,
but ~75 fs pulses are obtained. (just for
oscillator !!)



™\ / Oscillator(Yb-doped \ " SOA pulse ) 4 ™\ [ \
Feedpack fiber) piclf or Pre-pre Amp .
(electronics) for 1030nm (wavelength) 5 - 10MHz (Yb-dopedfiber) Stretcher(Gratings)
Synchronization k=t ~130mW (ave.power) == ~ o = 1030nm(wavelength) | 1030nm(wave|¢ngtr1))
between laser and 130MHz (rep.rate) 1300MH ~25nm (bandwidth) ~15nm (bandwidth):
- : Z, N : ~30ps (pulse duration)
RF 25nm (bandwidth) 4 | _ 2ps(pulse duration)
_J ~580fs (pulseduration) us pulse
7y - / \_ J
4 RF Sync. )
With laser clock
i Sync. Trigger (12.5H2 1
Sync. RFREF. (5.0MHz
o 2) Burst Amp Il 4 Burst Amp | ) Pre. Amp
Phase lock loo urst Amp :
- P J (Yb doped PCF rod) (Yb doped PCF rod) (Yb-doped PCF)
1030nm(wavelength) [+  1030nm(wavelength) [€=  1030nm(wavelength)
Synthesizer ~20.0ud/pulse ~1.0ud/pulse ~15nm (bandwidth)
Master (2860MHz 12.5Hz(rep.rate) 12.5Hz(rep.rate) ~30ps(pulse duration)
or 1300MHz)
For IUAC DLS
LaserK/Iic_roTB:nche_r B \| Compressor(Gratings) Tel 4;:3?3 O-BBO LTL+FF
. 1030nm(wavelength) | 1030nm(wavelength) ( Zzsescop I- th) (UV telescope)
| ~1.25ud/micro-pulse Ly ~1.25ud/pulse —_ 1r11mJ(/w§1ve eniq ) >l 255nm (wavelength)
| 12.5Hz(rep.rate) I 12.5Hz(rep.rate) 1'2 5‘; mlcroptu S€, ~0.1uJd/micro-pulse
| 115pUises@5.0MHz, | ~20nm (bandwidth) a0 szérse(g)'f:aoahz 12.5Hz (rep.rate)
1- 12 p_uls_es_ @_sz_ _ )] ~350fs (pulse duration) 1- 16 pulses @THz ~350fs (pulse duration)
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Yblasersystemdiagram
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- Timingsystem

width.

Highland Technology

T560 4channel compact digital delay and pulse generator.
Four TTievel delay outputs, individually programmable for delay and pulse

10 picosecond delay and width resolution,
10 second range 20 nanosecond insertion delay, 16 MHz max trigger
RS232 serial interface standard; Ethernet optional.

Trigger "TO, -1V, 50 Ohm, =100ns, 3-12H=

Burst output, 50 Ohm

RizefFall time <2

“fariable amplitude 0.1-1% - Optional
M pukes =20 - 40 (Wariable)

“arable delay, ns

jwﬁns

100 - 200ns = 10 - 5 MHz (Variable)
Inzetion delay - not important

Crelayed Trigger Amp 1, TTL, delay from TO < 1ms
S00hm, ~dus, 3-12Hz

Delayed Trigger Amp 2, TTL, delay from TO < 1mg
S00hm, ~dus, 3-GHz

Delayed Trigger Fre. Amp (optional), TTL
delay from TO < 1me, S00hm, ~dus, EHz

YVatiahle delay, ns

h 20z .

rate
MO
357MHz

10MHz RF sync  clock

Sync. Trig

9

3-12Hz
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Timing system performance

3 Hz, machine rep. rate 4 us triggers

X Lt upport

X util upport

P Trigger = Display Measure & Math | = An

P1:freq(C1)
Iy
C3 Timebase -800 ps| Trigger B8
200 psfdiv Normal 200 mv.
100kS  50.0 M

500 mVidiv 500 midiv, 500 mvrdiv

5Vofst 925 mV ofst

500 mVidv 500 mvidiv
5voist 925 my
I Trigger = Dis ure | & Math \ A Utilities

e e e
|

10MHz pulse picking signal,
T560 output

Timebase-200.0 ns|
500 mvidiv 50.0 nsidiv Mormal 550 mV/
1.00kS 200

500 mvidiv 500 mvidiv
375V -925 mvV'
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Fiber oscillator

A Common custom
baseplate.

A BPFinstead of gratings.

A Reduced optical path
length.

A Simplified design.
A Linear stage with lock.

TR A Small mirror on PZT for
feedback.

17 March 2021 AFAD 2021 11



cillator performance

~ 135mW, 0.2% rms stability :

[ File 1 Vertical | +* Timebase I Trigger & Display # Cursors | || Measure & Math |~ Analysis | X Utilites =@ Support

[Opios “~ight TSam

i .
P1:freq(C1) P2:max(C1) P3:min(C1) a—
129.29 MHz 377 mv. 37 mv
v v v .
Timebsse 00 ns % Agilent  03:15:01 10, 20, 2017
100 mVidiv 10.0 ns/div Auto 350 mV

000y 400340058l Window Window :129. 2889 IHz -92.29 dBm Brightness
&9 Hardcopy saved to: \SB DiskiLeCroy12.png 2/6/2018 1:20:59 AM [ _,83.- 00 dBm #4t1:10 dB ‘ 5

Log fiuto Man
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Language—>

Screen Save
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Osclillatormperformance

Agilent E5052B Signal Source Analyzer.

pFPhaze Moise 10.00dB) Ref 10.00dBC/Hz Syste
10.00 P Cartier 129.993280 MHz | -5:5259 dEmw WELEIT]
' =1: 1 kHz |-119.513% dBc/Hz
®i o Start 100 Hz Print
Stop 1| MHz
Center 500.05 kHz
. Ng.ﬂ?gg 2229 knz Abart Printing
analysis Range x: Band Marker
Analysis Range Y: Band Marker a
Tty Nodse: —76.4386 dEc / 000,50 kHz Printer Setup ...
RMS Modse: 213,101 prad
12,2098 mdeg Invert Image
RMS Iitter: 260,907 fsec
Residual FM: 100,328 Hz

Misc Setup
“ % FBis off (EELE

Instrument Setup

Service Menu

Product
Information

Helg

l‘ Return

F Y
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2001-01-01 01:12
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¢ SOA pulse picker

| File = ¥ Vertical =+ Timebase I Trigger [ Display = # Cursors || Measure | & Math | |~ Analysis N Utilities

© Support

Picked pulses

Residual
transmission

1] Oscillator
i output

|

2asure P1:freq(C1) P2:max(C2) P3:min(C2)

lue 129.79 MHz 56.7 mV 0.0 mv

atus F v

] 4 i
50.0 mVidiv 20.0 mVidiv 500 mVi/div 50.0 nsidiv Normal 550 mV/
-155.0 mV -20.0 mV ofst. -925 mV ofst 1.00kS 200GS/s Edge Positive

ELEDYNE LECROY 9/18/2018 11:21:43 AM

| File 1 Vertical =+ Timebase I Trigger = [= Display # Cursors Il Measure & Math | |- Analysis A Utilities | @ Support

!

2asure P1:freq(Cl1) P2:max(C2) P3:min(C2)

lue 129.90 MHz 23.3mv 0.0 mv

atus kS Vi v

i e’y Ch 2021 DX
50.0 mVidiv 20.0 mVidiv 500 mV/div .0 nsidiv Normal 550 mV
-155.0 mV -20.0 mV ofst. -925 mV ofst 1.00kS 2.00GS/s Edge Positive

Y EIWRIE | Er DAy A



Oscillator, Pulse picker, Pre. Amp




Prepre Amplifier
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' Prepre Amplifier

Case 1: No ASE filters after PPAmp

=

Case 2: 2 ASE filters after PPAmp

AFAD 2021 17



Prepre Amplifier output
/Thor DET10A2 ND20 filter (no ASE filters)

Ci File | T vertical |+ Timebase | P Trigger | = Dispiay

Pumping:
400mA

G File | T vertical |+ Timebase | I Trigger | = Dispiay | # Cu | B weasure | @ wath | k= anay X utiities | @ Support

Timebase -2.23 ps|
CiFie | 3 Verical |+ Timebase | I Trigger | @ Display & Matn | 1 Ana X Utilties | @ Support

CiFie | 3 Vertical |+ Timeba re | & Main | 1= Analy X | @ support

P1:max(C1)
403 my

P1:max(C1)
90.0mv
v

Timebase -2.23 ps|
500 ns/div Normal 910 mv
4

500 ng/div [Normal 910 mV,
a Positive

Positive 20kS

20kS

716/2020 4:55:45 AM 716/2020 4:54:19 AM

Pumping:
7/00mA

500 ns/div Normal 910 mV,
4Gsfs [Edge  Positive

iprepreamp_det10a2_nd20_700mA_png 7H16/2020 4:52:46 AM

500 ns/div Normal 910 mv,
4Gsfs [Edge Positive

7/16/2020 455318 AM




ASE filters
r PPAmp

T Pulse

PPAMPASE

PAmp DC ASE ~ 8mV
(PPAmMp input blocked)

) File | T Vertical |+ Timebase | P Trigger | Display | # | B measure | @ math |l an | X utities | @ support

PLimax(C1)

Timebase -2.23 ps|
500 ns/div Normal 910 mv
4 Positive,

20kS
7H6/2020 4:57:35 AM

ASE filters aftdPPAMp>>
I DC ASE reduction = 1.95x
d ASE reduction = 2.45x

PPAmp DC + Pulsed ASE ~ 46mV
(Pulse Picker input blocked)

| B measure | @ math | 1 anaysis | X Utiities | @ Support

Timebase -2.23 ps Trigger  CIED)
500 ns/div Normal 910 mv
s Positive,

7H6/2020 4.5

ile fertical | =+ Timebase rigger y easure at b Anal X Utilitie: ‘Suppo!
Fie | § vertical Timeb: [Sn1 M & Maih | 2 Anal X utilt © support

| 20mV/div

0 ns/di [Normal 910 mv,
4Gsfs [Edge  Positive

700mA_ASE_ASE _filters.png 7/16/2020 5:4029 AM




Oscillator, Pulse picker, Pre. Amp
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/ Pre. Amp output (pulsed seeding)

¢

Y
TELEDYNE LECROY
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* Pre. Amp output (pulsed seeding)

60uJ for 20x7.8 pulses = 384nJ/pulse

& File | 1 vertical |HTJrneba.se | I' Trigger | = Display | & CUursors | El Measure | = Math |E Analysis | X Utilities | © Support

| DCED | o]
200 mVfdiv
-620 mv ofst

TELEDYNE LECROY 61972019 2-43:17 AM
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Pre. Amp output (pulsed seeding)

|S€d ASE ﬁl File | I Verfical | ++ Timebase | [ Trigger | & Display | # Cursors | El Measure |E Math |E Analysis |X Utilities |'B Support

m SOA
be killed
ducing
gain

1 ocso || [oE] Trigner [EES

20.0 mvidiv X ) ormal P 1.500
-62.0 mV ofst .0 mV offse -1 _ 5| [Edge Positive
0.0 mv
18.4 mV

TELEDYNE LECROY 6/19/2019 2:43:56 AM
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Main Amplifiers
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i = Timebase | | Trigger | [ Display # Cursors Measwre @ Math | 1= Analysis | X Usiibes | 0 Support 17 File i = Timebase | | Trigger [ Display # Cursors | [ Measwre i Math |/

________________________ ieslhed OO N DU NN Seeding
et —300NJ/pulse

6x130MHz pulses

40x every 10MHz

PD signal Pump trigger Al oaodi~n g vidbhe

Main trigger

I I File T verical | = Timebase [ Trigger (=1 Display  # Cursors | [ Measwe & Math | 1= analysis | % Usimes | 0 Support

i *= Timebase [ Trigger (=1 Display  # Cursors | [ Measure @ Math | 1= Analysis | % Usimes | O Support I File T Vedical | = Timebase [ Trigger = .splay & Cursors | [] Meas

T (10MHz) ________________________
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Faurth Harmonic Generation (FHG)
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- FHG spectrum
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PD signal before and after FHG

4" Harmonic Fundamental harmonic after compressor

~ 30 ud / pulse @ 255nm, ~ 2% rms stablllty (1 min), ~ 3% rms stability (1 hour)

CW and pulsed ASE is completely removed



- FHG energy improvements

A Higher E / pulse

I Prepre Amplifier tuning (reduction oY bfiber length)

I Better tuning of the whole laser (polarization map should be
checked

\j I Better FHG tuning
A Higher E and shorter pulses

I Better tuning of the stretcher/compressor (geometry +
focusing)
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Laser pulse splitter
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* 16x Laser pulse splittebinchel)
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Summary

Yb-doppedfiber laser shows better stability and handling
than Ti:Sdaser.

In terms of laser pulse duration at the Cs2Te cathode,
they bothcan achieveomparable values of 15200 fs.

However, the total number of bunches / machine cycle is
much higher foryblaser (MHzep.rate).

Final system tuning ongoing.

Completion and @eam tests of therblaser is expected
In the spring oR021.
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