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OVERVIEW

THE METROLOGY LIGHT SOURCE

U125 undulator

i (3]

RF cavity, HOM damped
500 kV@ 500 MHz, h=80

Circumference

Revolution time
Injection Energy
Operational Energy

Beam Current

Momentum Compaction Factor

e Owned by Physikalisch-Technische Bundesanstalt (PTB)
Emittances at 630 MeV
* Operated and maintained by HZB

* First storage ring optimized for low alpha operation

(short bunch operation 0 coherent THz emission) Typical lifetimes in frequently

used operation modes
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48 m

160 ns = 1/6.25MHz
105 MeV

50 MeV to 630 MeV
1pA (1e-) - 200mA

-0.05 < a<0.05

120 nm*rad (standard user)
25 nm*rad (low emittance)
250 nm*rad (low alpha)

standard user 6h @ 150 mA, 350 h @ 10pA
low emittance 2h @ 150 mA
low alpha 10h @ 150 mA
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OVERVIEW

MLS OPERATION STATUS

in general: very reliable machine operation with few interruptions
interruptions mostly caused by: RF, Microtron
damaged HV connector slightly reduced injection rate
multiple power outages
outage of 1 (redundant) main cooler without effect on user operation
2-week shutdown in July

* improvements for steady-state microbunching setup

* integration of new laser

specially EUV reflectometry under very high demand at PTB
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OVERVIEW

POWER OUTAGES

* 3 power outages
1. buffered, but outage too long
* damage of 2 BPM electronics
2. scheduled outage for UPS maintenance
* again damage of BPM electronics

3. attack on power distribution system of neighboring city districts

* attack:

fire at overhead-to-underground transition of HV cables
* September9, 05:09 - September 11, 16:33

* meanwhile 50000 people without electricity

* letter of confession was published

attack aimed at indirectly warfare-related industry & research
—> under investigation
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OVERVIEW

SINGLE BUNCH OPERATION

* special user request: single bunch operation

* machine not optimized for single bunch

e vacuum conditions

* single bunch = single user

solution:

“inverse” single bunch

bunch-cleaning of h/2, h/3, h/5, h/7

deconvolution of detector response under test and fill pattern
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IMPROVEMENTS

TURN-BY-TURN ORBIT DATA |

¢ commissioning of Libera Spark BPM electronics started in 2024 éjij e '..:_: 3

* stable operation X

* improvement of readout speed: .':.""-,.

0.5 Hz = 10 Hz for slow acquisition + 6.25 MHz . . “w . .

E:ISD: W. .. e C..

* speed of beam-based alignment improved (~ 8 minutes / BPM) ., e

* speed test / reaction test of all main power supplies I
& 325 m‘...... %*

dt /s

* backwards-compatibility of orbit-feedback code

* rewiring of BPM polarity in shutdown
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IMPROVEMENTS

- MLS Operation Master Control Panel A - O X
MLS Operation Master Control Panel e 00 () ERED G

— Settings — and Status

act. Current:  124.465 mA

act. Lifetime: 8.426 h

AUTOMATIC ENERGY RAMP OPTIMIZATION

* ramped operation: injection at 105 MeV = 629 MeV Eekomy 0% o

Maximum Current:  180.0 mA active Ramp: None

Mode Injection Energy Ramp Optics Ramp

Optic Table Set: Standard User

* operation is based on “master” program relying on ramp tables M Carent: 100 WA i tontagger.  of

Auwx. Current (if Inj. timed out): 60.0 mA Iz iletn: disabled
U125 gap&state: 180.000 mm

* any unwanted setup change will be gone after next injection QRESSIEY Stor oo

) . Waiting for min. current
Force Injection Now! (-10mA)

* very steady operation with little necessity of expert knowledge during shift

o
’7 Active! Deactivate

* tune optimization needed at interval of 3-4 weeks

[ History — Graph SaweiMail Log & Emergency
2219:38 partial beam-loss at 182 MeV and 100.0 % cplg (134.8 mA -> 1291 ma, 4% loss)
22:21:08 next optics is "Standard User"

22:21:08 Ramping finished

22:21:08 Finished eRamp

222108 checking existence of Optics Ramp tables
22:21:08 switching Cptics tables o 'Standard User*
222108 ramp Qptics t Statt Optics (100 % cplg)
22:21:08 loading optics ramp tables

22:21:08 preparing to ramp Optics

222108 Approach O-Ramp (100% cplg)

22:21:20 Ramp Optics

22:21:20 ramp Optics t Target Optics (10 % cplg)
2z:21:44  switched OpCheck to "Standard User"
22:21:45 U125 returned and unlocked

222145 Wailing for min. current (-10mA)

222145 next optics is "Standard User'

22:21:45 activating Orbit Correction

22:21:45 activating MoiseFF

22:21:45 sequence finished

22:2545 switching off microtron

18C
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IMPROVEMENTS

BETA-BEAT CORRECTION FOR U125

* Atsmall gaps (wiggler mode), U125 introduces strong vertical focusing
leading to beta-beat

* So far only symmetric quadrupole-feedforward to maintain tunes

 Establish beta-beat correction using quads in front of U125 (simulation
with elegant WIGGLER element, then tune correction on real machine)

vertical beta beat with U125 at gap 34.5 mm (K=7.45)

U125 undulator

e —— Wi P
QPDO1 source point-—47 s g I ! ! i(
imaging system R : @ o R

Quads (de-) excited for/w . 1
beta-beat correction

o |} A\
-..'..'
A =

beamlines / "o

—— uncorrected Results for vertical
—s— corrected H . 245 A
a1 beam size at QPDO1:
g
(Different variations = 2401
0-+4+- -] =]
of beta-beat ¢
E correction in COIOF, % 235 A
o o . N
% ori g' na l tLl ne- E —e— existing tune feedforward
o = i —8— optimized for each gap, no tune corr.
feedfO rwa rd | n E 230 —&— optimized for each gap, with tune corr.
5] = —e— optimized for each gap, restricted to few quads, no tune corr.
b laCk) 2 —8— optimized for each gap, restricted to few quads, with tune corr.
E 225 - —&— scaled from smallest gap, no tune corr.
= —&— scaled from smallest gap, with tune corr.
g —&— scaled from smallest gap, restricted to few quads, no tune corr.
—8— scaled from smallest gap, restricted to few quads, with tune corr.
2720 o~ same as grey, tested again with same quad settings
T T T T T T T T T T T T T T
0 10 20 30 40 50 40 60 80 100 120 140 160 180
s/im Ul25 gap / mm
. Helmhol
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STEADY-STATE MICROBUNCHING

PREPARING PHASE Il OF THE SSMB POP EXPERIMENT

* Phasel experiments concluded in 2024

Quasi-isochronous
storage ring optics

Electro-optjcal Lens Filter
switch

Focusing lens Q

Detector

* Goal of phase Il: Show persistent microbunching
over 1000 revolutions with synchrotron oscillations
in microbuckets

Laser-e" interaction Dichroic mirror

Stored e bunch

* New laser for turn-by turn modulation is installed in

. . Narrow band- AL/2
MLS bunker, first experiments planned November N pass filter
| \\ - _‘ ‘
2025 Pulsed laser,  Modulator and radiator ’@ Photodiode detect
Ay, = 1064 nm resonant with laser  Microbunching on following revolutions OtodiSmmtielecior

Amplifier __
Control Laser Head in X Pump ijer e
Software Shielding Box P

g

Monolithic fiber Amplifier R — _ Phase |l laser Phase Il laser

b SpteniBah Wavelength 1064 nm 1064 nm
Pulse length 5ns FWHM 0.5 ns FWHM
Peak power ~20 MW ~20 kW
Repetition rate 1.25Hz 6.25 MHz

X. Deng et al., Nature 590, 576-579 (2021).
A. Kruschinski et al., Communications Physics 7, 160 (2024)

Frequency Stabilization Controller

Helmholtz
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STEADY-STATE MICROBUNCHING Ia = gt ||
25 O  vertical beam radius
2 ——Fit (M§ =1.28)
COMMISSIONING AND INTEGRATION OF POP Il LASER N
Tust
* Commissioning in laser lab at MLS: test laser performance and frequency-locking |
of seed laser, design and test telescope g
* Lasersetup in the bunker: Install PoP Il laser in parallel to existing PoP | laser, b1
facilitating operation of both systems 2 (m)
existing [PM]
setup: PoP | laser : A
I AW | '
I v 4 :
,,,,, | £ s — |Pockels| :
ST i i)

to undulator

PM laser power meter
PD photodiode

new
setup: PoP | laser H II
Bl l 3 ¢ n_y 1
L VAR (O
_____ I [PM] £ £ Pockels
| o o cell
: 8 2 |(Pca
to undulator f=1600 mm
N\
blue = remotely controlled v |:
polarizing beam splitter cube f=-300 mm
A “horizontal X I| N
] - vertical ;
— — aperture
"""" M2 plate POP Il laser
— shutter

Metrology Light Source Status & Upgrade 10

H LB ?;:I‘E’:Eﬁréertin




UPGRADES

HARMONIC CAVITY

* 1.5 GHz Cavity delivered —oP e —|—‘_ it
* waveguide installed - ' o <,
* LLRF system (Dimtel) delivered ) ,
* installation: L =
e short shutdown in January 2027 W — = ..
L4 A
| |;|' [l
/T E‘“‘ﬁ'ifl ) : : ||'IM | -7
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UPGRADES

U125 undulator

MLS+ ST,
— ‘ , ._ ﬁiﬁ}!

* study for machine “MLS2” completed
* 800 MeV, green-field
* full-energy injector linac

RF cavity, HOM damped
500 kV@ 500 MHz, h=80

* keeping an upgraded MLS alive is preferred, instead
* instead focus on

* keeping high availability and reliability

installation of 24 undulator and replacement of U125

injection: non-linear kicker instead of 4-kicker bump

magnet renovation

extend building to house additional beamlines

e status of MLS+

* agreement between PTB and HZB expected to be reached in Nov 2025
* 2-year phase for CDR development

* 3-year phase for TDR development

Helmholtz
Zentrum Berlin
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SUMMARY

* operation very stable

* greatimprovement: new BPM electronics!

e SSMB
* successful completion of phase |
e 2-year project, phase ll: increased repetition rate
* energy modulation possible with reduced peak power

* next week: joint measurements with colleagues from Tsinghua University

° MLS+

* work on design reports will startin 2026
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