Implementation of a Diagnhostic Pulse for

Beam Optics Stability Measurements at FLASH

>

Introduction

High-gain free-electron laser FLASH at DESY [1-3]

Implementation @ FLASH

and presented in [4]

Planned to be deployed during beamtime in the
second half of 2015

FLASH

> Ultra-short X-ray SASE pulses with a duration
less than 30 fs FWHH
> Electron beam can be tuned to energies
between 350 MeV and 1.25 GeV (which
corresponds to a photon wavelength of roughly
45 nm and 4 nm) Soft X
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> FLASH is a user facility - long-term stability is 5MeV 150 MeV 450 MeV 1250 MeV N9
crucial for all connected user experiments Beam Dum
> FLASH1, FLASH2 and sFLASH demand high P
beam optics stability FEL Experiments
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> Proposal of a simple procedure to monitor the 315m
beam optics routinely and minimally invasive
> Goal: Additional tool for the operators to judge Figure 1. Schematic overview of FLASH with its two beamlines FLASH1 and FLASH2. The beam direction
the overall machine stability is from left to right. The schematic is not to scale.
> First test measurements have been conducted

Method

Introduction

> Extract beam optics stability information by
measuring kicker magnet induced betatron
oscillations periodically via all available
downstream BPMs

> An online tool analyzes the data. This way a
long-term history of beam optics stability can be
compiled

Aim of the method

> Reveal the cause of beam optics errors, which
lead to symptoms like the loss of SASE signal or
a trigger of the machine protection system

Prerequisites

> In order to be able to calculate beam optics
related physical quantities from the BPM data it
IS necessary to induce the oscillations at two
different positions along the linac. The distance
in phase advance should be close to 11/2

> This way R-matrix elements can be calculated

Zero-crossing method

> Another way to obtain the betatron phase
advance is to fit the positions of the
zero-crossings of the betatron oscillations.
This method allows the fast evaluation of the
data in steps of

Implementation Schemes

Two possible schemes

Software (Backend)

Server / client approach

Measurement results

Software (Operation)

Server / client approach

> Fast kicker scheme > Rich DOOCS [5] middle layer server > Records long-term history of data and > Easy to use jDDD [6] panel
> Single bunch kickers > Control / Measure extracted quantities > One button measurement (Steerer Scheme)
> Can run in background > Results / History > Save data for N pre-defined machine > Long-term history relies on operator
(minimally invasive) > Settings regions compliance
> Steerer scheme > Idea: Part of shift documentation
> Slow steerer magnets > Control of background operation
> Disturbs user operation (Fast Kicker Scheme)
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FLASH ( ) [ Diagnostic Pulse Server ]
> Dark current kicker at the beginning of the linac - H N —— 1
> Sinusoidal, resonant @ 1 MHz Settings Control Results RS __DiagPulso.an
> Only usable in single bunch mode - J \ J \ J Diagnotic Pulse S
> Only y'plane e N\ - o r ~\ Mode mn Orbit Reference Mode [ ] Steerer Auto Select
° MOde * Measure * Energy Energy: 685 MeV Define Sections | Steerer Pair Hor.
> Slow steerer scheme * SteererAutoSelect * ResetMachine * Orbit o H1[HsDBCZ v
> For every wavelength setting select ¢ OrbitReferenceMode ) | ” e ReferenceOrbit e z [HDBCZ ||
two suitable steerer pairs - | > (. ] e PhaseAdvance X_Secl e Detta i 92.38 deg
> Full trajectory fit possible [ ] k Progress J e PhaseAdvance Y Secl 6. o 2o sio a0 sdo odo 700 o obo tom Stesrer Pair Vert
> Measurement takes ~5 sec [4] J Buserilil O Syl . .. tonp 222 s e
e SteererH2 e SteererV2 600
i J  PhaseAdvance X Secl0 00 v2|V10DBC2 |[¥/
I ® 0. 160 260 360 460 560 660 ?(!Il] 860 960 1000 Delta Psi: 90.08 de
Scheme Planes Extractable quantities i : 1 PhéseAdvance—Y—sec 10 :
° SeCtlon_I_ZEnd * TW’SS ReSUItS Measure | Reset Machinel l 0% ‘
DC-Kicker y Yy e Section 2 zEnd ) ’ T ————————
Steerer X,y Vi, Ar, Bi, @, Bmag * ...
e Section |10 zEnd : :
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Table 1: Two possible implementation schemes 'gu J P
for the diagnostic pulse at FLASH. See
[4] for details on the extractable Figure 2:  Structure of the DOOCS middle layer server.
quantities.
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> Simulation of the method using virtual FLASH > Actual implementation at FLASH planned for the
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