First Measurements of an Electro-Optical
Bunch Arrival-Time Monitor Prototype
with PCB-based Pickups for ELBE
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Abstract Measurements
A vacuum sealed prototype of an electro-optical bunch-arrival-time monitor has been commis-
sioned in 2023. It comprises of a pickup-structure and a low-r-voltage ultra-wideband traveling = THz-beamline of ELBE @HZDR
wave electro-optical modulator. The stainless-steel body of the pickup structure is partially = Repetition rate: 0.41 MHz CW-mode
produced by additive manufacturing and comprises four pickups as well as an integrated = 14 m of v-cables
combination network on a printed circuit board. This novel design aims to enable single-shot : :
bunch-arrival-time measurerflents for electron beams in FELs withgsingle-digit fs precisiongfor low * 110 GHz real-time oscilloscope (UXR1102A)
bunch charges down to 1 pC. The theoretical jitter charge product has been estimated by 1.0

simulation and modeling to be in the order of 9 fs pC. The new prototype is tailored for validation
experiments at the ELBE accelerator beamline.
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Pickup structure of the state-of-the-art BAM [4]. CO“C'USIO“S and OUtIOOk

= Successful proof-of-concept for = In-depth evaluation of the measurements
Slew rate at zero crossing (S;¢): PCB-based arrival-time measurement = Bunch charge & length, beam position
- - = Results promise fs precision downto 2 pC =« Measurements with new and old EOM
Cone_Shaped: SZC > 15.0 ps pC [5] Tapered planar sheet pickups on_a reduced = 1 pC with de.S.ired resolution pOSSible: O Desion of an improved prototype
Planar rPCB: Sy = 187.7pS o [O]
References
67-GHz PCB-BAM Prototype for ELBE 1] T. Lamb et al, in Proc. IPAC'19, pp 3835 - 3838. doi:10.18429/JACOW-IPAC2019-THPRBO18
2] H. Dinter et al., in Proc. FEL'15, pp. 478—482. doi:10.18429/JACoW-FEL2015-TUP049.
foediirough module 3] F.L&hletal., Phys. Rev. Lett., Vol.104, No.14, 2010. doi: 10.1103/PhysRevLett.104.144801
4] A. Angelovski et al., Phys. Rev. ST Accel. Beams 15, 2012. doi:10.1103/PhysRevSTAB.15.112803
dowel pin 5] A. Angelovski et al., IBIC’2013, pp. 778-781. paper WEPC40
6] B. E. J. Scheible et al., IPAC'23, pp. 4828-4831. doi:/JACoW-IPAC2023-THPL190 (pre-press)

N 67/-GHz
. connector
DN40 CF .

Acknowledgements

o A Work supported by the German Federal Ministry of Education and Research (BMBF) under
Model of theffeedthrough r_“OdU'? (left) & raw = contracts No. 05K19R0O1 and No. 05K22R02. We would like to thank Keysight for their generous
additive manufactured part without flange (right). - o 6 provide the UXR1102A oscilloscope for these measurements, as well as Dr. Thomas
Kirchner from Keysight, for his technical support. We would also like to thank the Helmholtz-
Printed Circuit Board (PCB): Zentrum Dresden Rossendorf (HZDR) for granting us beam time and all the staff involved in
= Substrate: 380 TMM® 10i installing the BAM or working in the control room during measurements. Finally, we would also like
_ to thank Neue Technologien GmbH & Co. KG (NTG) for the close cooperation during construction

of the prototype and the opportunity to carry out the final assembly on their premises.

= Stainless steel 1.4301

% Bundesministerium
—_— — flir Bildung
=NTG(G:EZ AVKEYSIGHT

Manufacturing model (in Inventor®) of the first = Feedthrough module (DN25 CF) w A

und Forschung
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