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Introduction ELBE synchronization system overview
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timing between different radiation sources in
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scientific research (e.g. material science and
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® Essential for interactions of accelerator . .
generated beams with external systems, such * °
as probe lasers e ) .
® Transport the reference signal across the - ————— - ".‘:E R -’. 1 e
facility
* Lockall user systems to this reference with * Mode-locked pulse lasers (Fibre lasers) utilized * Timing difference between the pulses is detected
the lowest residual jitter, ensuring maximum as the optical master oscillator (OMO) by a balanced optical cross-correlator
stability ® The laser is locked to the RF master oscillator ® The output from the cross-correlator feeds a PID
* Goal: synchronization level < 100 1s Rms 5% of the pulse power in the fiber link is reflected controller which drives a fast piezo actuator to
by the reflecting mirror (RM) to enable compensate instabilities

measurement of the fiber's round-trip time

® The Optical-to-RF receiver Terminates the fiber link coming from the OMO.

H | g h ) POwer L asel (CI len t) * The receiver converts the optical signal into two RF signals, 78 MHz for fundamental
Opt| M| Zat| on lock and 2028 MHz for harmonic lock

® The phase noise jitter for the RF outputs was measured at 225.7 fs Rms for the 78 MHz
and 112.2 fs Rms for 2028 MHz (i.e. the noise level of the RF master oscillator)

._m Fiber IN MultiView * Phase Noise n Spectrum n -
{pm} Signal Frequency 2.027999887 GHz RBW 10 % Source Frequency 1.0 GHz SGL
Signal Level 4,49 dBm XCORR Factor 100 Source Level RF Off

Att 0 dB Meas Time ~171s Level Setting High Meas Phase Noise

1 Noise Spectrum 1Clrw PN Smth 1% Spur 6dB  2Clrw PN NN ol gVl1y! @®1Clrw AM Smth 1% Spur 6dB @2CInv AM

{4 j1iaDNE § G ) ) 190 Ry 1kHz | | | 10 klBpoy NGilOkHE ) | PTTTI0Hz T T TT100Hz [ T 1TT1kHz T 1 1T 10 kMgplot NGid@fkHz) | 1 11T

55 L0000 HZ | 297,40 dRc )] 90 dBe/MEmT— T TWOURZ | eI g

5 i 1 ILOPOO Hz | || -84.90 dBc/Hz]| -85 dBc/Hz t —t ———866-H# H-66- diBofid2

-70 2 f 00400 He 10 52 dicddda] 2 ' 10000 HZ | L7 18 dicfiie

| | 1 IEO00 kHz | 41018.92 dBc/kiz | aE || 1090 kHz | 1120.92 dBc/Hz

-80 dBc/M2 ’ — 1 OPO-HH 04+ dibogiaa | il = 10,0?;0 K7 || 17052 dBcSa

W 'IOQ\O OKH? 133,47 dBo/Hz) - f :Ti: - — 4o~ zppﬁ 3

-90 dBc/Hz ; +Ot76 r‘v‘l‘ﬁ{ =t — R84} | - 105 dBe Mz ‘ -ree o ANz 1 ‘_!MM;
-100 dBc/Hz 4 ‘ =110 dBc/H2

o - -100 d8c H ! \\.\ A | st rrl]
| W\,\ A | A Al - -115 dBc/Hz ; ‘ — -115 dBc
-110 dBc/Hz | | L) MW‘A\/_‘\JU \ 1 - -110 dBc A -120 dBc/Hz \ ’ A_'*L‘l_ﬂl 1_;\ -120 dBc -
-120 dBc/Hz ‘ : ) -120 dBc -§| ~125 dBc/Hz T ~ : —— ; — A -12S dBc -
| | \‘\)\ -130 dBc/MzHH——— e — WJ\.,L\ -130 dBc -
-130 dBc/Hz | ‘ y ¥ tasp T -135 dBc/Hz j ' w35 dp¢ -
-140 dBc/Hz 11 i Z140 déc 4| - 140 dBc/HzHH——— — -140 dBc -
1 ? H . -145 dBc/MzHH— ST - -145 dBc -

-150 dBc/MHz =150 dBc A : !

-150 dBc/Hz+ -150 dBc -

78 MHz out 2028 MHz out ﬁ‘ -"7’: . \ L : E 2 Integrated Measurements
(SMA) (SMA) || sl il

00 -59.90 dBc 81.94 m°/1.43 mrad 102,220 Hz 112,231 fs
1 2 2 1.000 Hz 1.000 MHz -59.76 dBc 83.26 m°/1.45 mrad 107.237 Hz 114.038 fs

New Optical Master Oscillator for ELBE

® The currently used OneFive-ORIGAMI laser in the optical master
osclillator contributes approximately 7 fs RMS jitter and exhibits f
reliability limitations Menhir 156 MHz Laser AD9510 Evaluation Board

®* The new Menhir-1550 (156 MHz) laser achieves < 2 fs timing jitter 1] (Frequency Divider)

® A pulse-picker system was developed utilizing an electro-optical
modulator (EOM) to modulate the laser pulses, reducing the repetition
rate to 78 MHz to align with the synchronization system requirements

® The original commercial 78 MHz RF driver of EOM introduced noise
® Driver signal solution utilized the RF output of the laser
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