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Overview

* TRIBs

- Summary/History up to now

* MHz Helicity Flipping at BESSY Il

— For XMCD experiments (e.g., PEEM)

* Summary and Conclusions
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TRIBs — Working point “on” resonance
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Application: A new electron bunch separation scheme

2" stable orbit with Transverse Resonance Island Buckets - TRIBs

Standard orbit

Common Verbundforschungsprojekt

2016-2019
PhD student: TRIBs
as separation scheme

2019-2022
PhD student:

- TRIBs and TopUp injection

Bundesministerium
fiir Bildung
und Forschung

L

- TRIE o achan g ohtesurces Stable 2™ closed orbit for bunch separation
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Aim: Multiple beam storage with island buckets
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Application: A new electron bunch separation sche

2" stable orbit with Transverse Resonance Island Buckets - TRIBs

3" order resonance
Island orbit closes
after 3 turns

Standard orbit
Island orbit

Two stable independent orbits
capable to store
two independent fill pattern
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Application: A new electron bunch separation scheme

2" stable orbit with Transverse Resonance Island Buckets - TRIBs

3" order resonance
Island orbit closes
after 3 turns

Standard orbit
Island orbit

Two stable independent orbits

capable to store
two independent fill pattern

-03 -02 -01 00 01 02 03
X position / mm
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HZB TRIBs Summary/History
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See BESSY VSR homepage
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HZB TRIBs Summary/History

2020

XMCD@TRIBs at BESSY I

P. Goslawski, TRIBs

MHz Helicity Flipping

COMMUNICATIONS
PHYSICS

ART'CLE M) Check for updates

OPEN
Flipping the helicity of X-rays from an undulator at
unprecedented speed

Karsten Holldack® ™ Christian Schissler-Langeheine, Paul Goslawski', Niko Pontius', Torsten Kachel!,
Felix Armborst® ', Markus Ries!, Andreas Schilicke!, Michael Scheer', Winfried Frenirup] & Johannes Bahrdt'™

X-ray circular dichroism (XMCD), one of the main tools to study magnetism, benefits
enarmously from the capability of a fast alterable helicity of circularly polarized X-ray pho-
tons. Here we present a method for boosting the alternating frequency between right- and
left-handed photons to the MHz regime, more than three orders of magnitude faster than
state-of-the-art technologies. The method is based on a twin elliptical undulator installed in
an electron storage ring being operated in a novel mode where the electron optics is tuned
close to a resonance with electrons captured in transverse resonance island buckets. Pro-
pagating through the twin undulator, electrons from different islands emit photons of the
same wavelength but of opposite helicity. These two helicity components can be alternated
as fast as 2 ns. In a proof-of-principle experiment at BESSY II, we demonstrate XMCD at the
Lo, absorption edges of Ni with an 800 ns helicity flip.

KW44, Calender Week 44, 26.10. - .11.2020
—> The next Two Orbit /| TRIBs User Week

A normal user week from Tuesday afternoon / evening on !

23/24"™ September 2020, ARD ST3 Meeting, online, Karlsruhe, Germany




XMCD @ TRIBs at BESSY Il: Fast helicity switching

_ _ . . Method: XMCD
* X-ray magnetic circular dichroism (XMCD) T

Station Energy Polarisation Beamline Contact

- is aimportant application at synchrotron facilities to study magnetic Range
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+ scattering chamber
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Fig. 2. Electron beam orbit bumps A (broken line) and B (dotted line) generated by five kicker magnets (top view). When orbit bump
A (B) is generated, left (right) circular light is emitted on axis and supplied to the beamline.

P. Goslawski, TRIBs curer wopwemuer zuev, ARD ST3 Meeting, online, Karlsruhe, Germany 9




TRIBs Experimental Applications: Fast helicity switching
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P. Goslawski, TRIBs
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XMCD @ TRIBs at BESSY II: Fast helicity sv
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K. Holldack,

XMCD @ TRIBs at BESSY Il: Fast helicity switching J. Bahrdt et al.
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XMCD @ TRIBs at BESSY Il: Fast helicity switching
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K. Holldack,

XMCD @ TRIBs at BESSY II: Fast helicity switching J. Bahrdt et al.
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As detector a fast Avalanche Photo Diode (APD) was used and the signal
from 1% and 2™ revolution have been sorted by a digital oscilloscope.
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XMCD @ TRIBs at BESSY II:

To demonstrate an usual XMCD measurement at
the selected settings, the mean values of the
signals from the 1st and 2nd gate-windows

from the previous figure are now displayed

during an energy scan

(combined undulator-monochromator ride with
magnetic field alternation).

1st turn
1st turn
2nd turn
2nd turn

I+ 1 +

The XMCD difference-over-sum signal clearly
shows that the helicity
Is reversed between the two turns.

Normalized Intensity
J /) m

Turn-By-Turn flip ~ 1.25 MHz of
the X-ray helicity from an undulator
at an electron storage ring

1.50 b 1st turn
0.75F 2nd turn _

TRIBs Experimental Applications:
Fast helicity switching
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Summary, Conclusions

MHz-fast Helicity Flipping of Undulator Radiation

* Proof of principle of a turn-by-turn flip (of 800 ns) of
the X-ray helicity from an electron storage ring,
which is the highest alternation frequency of 1.25 MHz
ever reported.

TRIBs for

1) BESSY II
2) BESSY I

3) ... others?

 Demonstrated a stable operation of a light source in TRIBs setting

combined with state-of-the-art helical undulator technology and
successful fast magnetism experiments behind a beamline.

* The method if improved opens new magnetism experiments towards tiny

magnetic moments, microscopy and MHz dynamics

* We believe that ultra-low emittance light sources with tailored IDs might

be suited to improve and use our method in the future

Fore more details see:

K.Holldack, C. Schissler-Langeheine, P.Goslawski, N.Pontius,
T.Kachel, F.Armborst, M.Ries, A.Schélicke, M.Scheer, W.Frentrup, J.Bahrdt

Flipping the helicity of X-rays from an undulator at unprecedented speed, Comm.Phys. 3, 61 (2020),
https://www.nature.com/articles/s42005-020-0331-5.pdf or https://doi.org/10.1038/s42005-020-0331-5
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Colleagues & Users contributing to TRIBs
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K. Holldack,

XMCD @ TRIBs at BESSY II: Fast helicity switching J. Bahrdt et al.
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XMCD effect was detected in Permalloy sample (Ni_ Fe_ ) at the Ni L -edge
magnetized along the beam direction using an electromagnet.

Shifts/Helicity have been changed between a & b
Distance between the two spots 3.7 mm.
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K. Holldack,

XMCD @ TRIBs at BESSY Il: Beamline J. Bahrdt et al

UES6/2-PGM-2

top view

. . plane grating
side view 400/1200 chopper sample
£/ mm
= S
T :f— r
u, v, o
undulator wall toroidal plane cylindrical exit conical
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distance between elements [mm]
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1 | | 1 | I I I 1
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distance to source point [mm]

Supplementary Figure 5 | Beamline optical layout of the UE56-2 PGM monochromator?. Mirror M+ performs a
horizontal image of the source point in the high beta section onto the sample at a slight magnification of M = 1.049.
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Application: “Increase Revolution Time®

2" stable orbit with Transverse Resonance Island Buckets - TRIBs BEPB

3" order resonance
Island orbit closes
after 3 turns

Standard orbit
Island orbit

Increasing revolution time, decreasing revolution frequency

* By the factor = order of resonance
Decreasing repetition rate at small storage rings for TOF exp.

Proof-of-principle User Experiment at the MLS
(see T. Arion et. al., Rev. Sci. Instrum. 89, 103114 (2018))

23/24™ September 2020, ARD ST3 Meeting, online, Karlsruhe, Germany
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Braunschwelg und Berlin

“Streak camera with prtue
to select photons of one island

23



First successful user exp

Current manipulation, sub-revolution frequency

* How to populate only one island?
* Non linearity of stripline kicker

 Kick (or pause) every 3" turn:
2.083 MHz instead of 6.25 MHz

Streak camera with aperture
to select photons of one lsland

s nnnnnnn

Q
pause-pause-kick
]
<
a) islandsequallypopulated, kick every turn . T A N T A A A A A
b, ¢) only single island populated, pause-pause-kick 0 500 1000 1500 2000

kick every 3" turn

Slgnal measured at ID beamline with channeltron
% |RuniStop,) Trig |Direct ~| AcqMode [Sample ~| 3000mv |- L |

X:I_ded-anfnrr\.rmmmm]

B &) Es 0 (o]
NRZ - ||Amplitude - || ZRan | | 34

3 () B3 B (] [ [Runistopay) Trig [pirect +| AcqMode [sample ~| 3000mv @i [£][]
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NRZ ~||Amplitude ~|| XX || 3%

P. Goslawski, TRIBs

23/24" September 2020, ARD ST3 Meeting, online, Karlsruhe, Germany

time / ns

First successful user experiment

ARTOF spectrum at photon energy of 44 eV
of Au(111) single crystal sample

Reduced revolution frequnecy of 6.25 MHz to
2.083 MHz (revolution time 160 ns to 480 ns)

Two successful user runs of 10 h each in decay mode

Vertical and horizontal position shows good long term
stability of island orbit

Paper in preparation

MLS access perfect for development and first tests

24



TRIBs at BESSY II: Separation at beam lines

Separation — Orbit Displacement and Angle for 2™ Island Orbit
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Separation: > 100 at horizontal source size of ¢ ~ 300 mm and divergence of maximal ¢ ' ~ 0.3 m rad
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TRIBs at BESSY II: Optical Functions & Emittance
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TRIBs and TopUp Injection at BESSY I

Injection into BESSY II's TRIBs optics: Injection distortion
e Comparison between Feb 2018 (one drive) and Nov 2019 (three drives)
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Horizontal sources size Vertical source size Horizontal sources size Vertical source size
increases by 16-20% decreases by 2-3 % decreases by < 1% increases by ~ 1 %
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Coupling — vertical position

All spots In x-plane

TRIBs 2018 TRIBs 2020
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