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Energy 1.7 GeV
Circumference 240 m
Horizontal emittance 7 nm rad
Beam current 300 mA
* in user operation since 1998 RF frequency 500 MHz
 diverse user community max. RF voltage 2 MV
- offering short x-ray pulses and timing Bunch length 10 ps
‘ “single bunch” slicing (zero current)
5mA
low-a 2 ps
Mom. Comp. factor 7.5 x 107*
low-a 3.5 x107°
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OPERATION STATISTICS — SCHEDULE HZB Helmholtz
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Access - no beam | AS Accelerator Start-up (1] Commissioning/User |FB| Few Bunch Mod
user shift user shift

Low-alpha MB| Multi bunch MC ID/ beamline Commissioning [[f Machine Studies PTB,
user shift user shift

special PTB[SB Single bunch SC| set-up/ issioning
user shift

Two orbit user test |l beam scrubbing
user shift

Beamtime

Month

Week | 9
operation-mode Ms
Day 125|26|27(28

Shift 1(07:00 - 15:00)
Shift 2(15:00 - 23:00)
Shift 3(23:00 - 7:00)

Beamtime 2018/2 2019/1
Month March
Week

operation-mode
Day 1
shift 1(07:00 - 15:00)
shift 2 (15:00 - 23:00)
Shift 3 (23:00 - 7:00)

Beamtime 2019/1 2019/2

Month July August

Week 29 [ 30 [ 31 [ 32 [ 33 | 34 | 35
operation-mode SD SD sD SD SD SD SD

Day 1617|1819 22|23|24|2526 29|3031| 1| 2 5/ 67 89 12/13/14(1516 19|20{21|22/23 262’7282930.

Shift 1(07:00 - 15:00)
Shift 2(15:00 - 23:00)
Shift 3(23:00 - 7:00)

Beamtime

Month September
Week 35] 36 | 37 | 38
operation-mode MS
Day 13| 16/17/18/19

Shift 1(07:00 - 15:00),
Shift 2 (15:00 - 23:00)
Shift 3(23:00 - 7:00)
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OPERATION STATISTICS — DELIVERED BEAM

BESSY-Il Beamtime 2019
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= Machine Comm.
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OPERATION STATISTICS — DELIVERED BEAM HZB Helmholtz
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BESSY-Il Beamtime 2019

I « T7 event
* booster
current
issues
« UPS
failure +
power
outage
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® Multi Bunch PTB ®Low Alpha ® Single Bunch Bonus SR=0OFF m Machine Comm. ID/BL Comm. ® Outage
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OPERATION STATISTICS HZB Helmholtz
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2018 3578 h 28.3 h 415 h 99.2 % 111 % 70.2h 0.56 h
2019 3938 h 67.7 h 322 h 67 98.3 % 107 % 58.8h 1.0h
(... cw47)
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OPERATION STATISTICS —- BEAM LOSSES BY COMPONENT H/B......
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by occurrence by duration

Infrastructure 0 Pulsed Elements 1:36_

RFO

RF 0:00

Pulsed Elements 4_\
Infrastructure 0:00
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Va Power Supplies { Experiments Interlock 3:07
A

Experiments
Interlock 3

__Control System 0:42

Diagnostics 3:02_

Diagnostics 1

. ~_Control Syste - %
Personal Safety y V! Personal Safety Interlock 0:40 -
Interlock 2

Injector/ LINAC 1:40_/
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N
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Injector/ LINACS ———

transition: beam loss & components - outage & root cause .
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MACHINE COMMISSIONING / EVENT — T7 EVENT -CW 7 HZB Clkhdates
Zentrum Berlin

crictical event during user operation, triggered by
WLS refurbishment

Short-term recover of user operation (SB week)

beam-based localisation £ 0.2 m

breaking storage ring vacuum, improvising

preliminary risk mitigation strategy
operation at 250 mA until shutdown

turnaround time 36 h
BAM WLS not affected

solution implementated summer shutown
- 300 mA operation recovered

ver displacement / mm
R R S A
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MACHINE COMMISSIONING / EVENT — SHUTDOWN ACTIVITIES H/B. ..
Zentrum Berlin

storage ring — —-'"\
* U17 refurbishment =
« BAM WLS reinstallation
« PSF WLS bellow modification jg

* particle counter
* new BPM . W \ ] e
- Shielded bellow | NPIEEES" Syl . e =ik mm—ir
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MACHINE COMMISSIONING / EVENT — SHUTDOWN ACTIVITIES H/B......
Zentrum Berlin

injector
 Microtron removal

 PETRA cavities in synchrotron
bunker

« Spare extraction septum in
synchrotron bunker

« (re-)moved diagnostics & steerers
to make room for cavity
installation

 longitudinal kicker cavity installed
* bunch by bunch feedback units
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current * lifetime / 300mA / h

MACHINE COMMISSIONING / EVENT - SHUTDOWN RECOVERY 2019

accumulated dose / 300 mA week equivalents
3 4 5 6

&% 297,64 mA msvu X .
andar eamsh -

ics Beamshutters locked

250 mA
280 mA
300 mA

50 100 150 200 250 300 350
accumulated dose / Ah
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4 straights vented

many elements
never seen beam

slower but
acceptable
recovery

cryo cooler event

neither beamline
commissioning nor
user beam time
reduced
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MACHINE COMMISSIONING / EVENT - LANDAU ISSUE HZB el It
Zentrum Berlin

 failure in 2015/2016 - leak in cavity body
» refurbishment:

» Y4 cavity bodies replaced
« HOM damping antennas modified
« HOM loads replaced
 reinstallation summer shutdown 2018
« ability to limit current reduction to handle T7 event& U17 issues
« Bremsstrahlungs levels still high - user beam line locked
« leak found in waveguides - sealed - user beam line unlocked

» repair planed in summer shutdown 2020
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MACHINE COMMISSIONING / EVENT — U17 REFURBISHMENT H/B......
Zentrum Berlin
| e

since end of 2018 minimum
gap limited to 10 mm

water cooling added to taper section
machine integration posponed to 2019

cryocooler failed after shutdown
—> loss of 4 days of beam scrubbing, i.e.
machine commissioning

16

BESSY Il status, Markus Ries et al., 27th ESLS, ALBA, Barcelona, November 28th, 2019



MACHINE COMMISSIONING / EVENT — U17 COMMISSIONING H/B......
Zentrum Berlin

injection efficiency as function of U17 gap

1.00

beam based alignment

et
A
——

TR

machine protection system ., - [

canting bump definition with

0.90

beamlines

—f—
—
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injector optimization started

single bunch injection efficiency

optimization -

* kicker lifetime 080

* SBin. ef -- ey
» Sextupoles R 5 10 I 15 2 2

Bremsstrahlung loss spot identified
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DEVELOPMENTS - SHORT GAP TEST OPERATION HZB Helivbiolts
Zentrum Berlin

test operation of 80ns pulse picking gap = 4 weeks in user operation

| * improved Touschek

. lifetime (20%)

‘ * less transient

b T &«  synchronous phase shift
7 (120ps - 60ps)

 less impedance heating
Z « more difficult pulse

- picking
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Intensity (Counts/ps)

DEVELOPMENTS - SUB PS BUNCH DIAGNOSTICS HZB Helmholtz
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Fast Streak Camera (HAMAMATSU) with

, _ * tvsxmode
Cavity voltage Upe =2 MV * improved toroidal mirror

Negative low o @ fsynoh =500 Hz * improved 125 MHz generation (OPTRONIS)
Bunch Current | = 0-2 BA

0.76 ps rms g

1200

1000

o =

097+0.03psrms %

3600600000006 4 P——
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DEVELOPMENTS - TRIBS XMCD EXPERIMENT HZB Helmholtz
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* 2 full days spent in July 2019 for a pioneering

experiment at UE56/2

XMCD detection used as probe to detect
turn-by-turn helicity reversal of circular X-rays

et A _ tricky combination of stable TRIBs settings

—i in machine and UE56/2 twin undulator

" at special setting

first two TRIBs orbits accepted by beamline

mono-
APPLE undulators chromator
UE56/2

500 um

K. Holldack, C. SchiiBler-Langeheine, P. experiment

Goslawski, N. Pontius, T. Kachel, F. Armborst,
M. Ries, A. Schalicke, M. Scheer, W. Frentrup
and J. Bahrdt

Flipping helicity of X-rays from an undulator

at unprecedented speed, submitted, under
review. gate 1 gate2‘ time
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DEVELOPMENTS — 2 WEEK OPERATION SCHEDULE H/B......
N BN B
operation schedule Normal week 120 h beam time

Zentrum Berlin

Mon. Thu. Wed. Thu. Fri. Sat.

MC -> BLC
- MB MB MB MB MB
MC BLC
MB
MC MB MB MB MB
MB
MC
MC MB MB MB MB MB

motivation:

increase available user/commissioning time and reliability by minimizing transient
machine states

—> successful
—> take it one step further?
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DEVELOPMENTS - 2 WEEK OPERATION SCHEDULE

operation schedule Week 1 125 h beam time
Mon. Thu. Wed. Thu. Fri.

MC ->BLC
 MB MB MB MB MB
mMC BLC
MC MB MB MB MB MB
MB
MC MB MB MB MB MB MB
| |
operation schedule Week 2 163 h beam time
Mon. Thu. Wed. Thu. Fri. Sat. Sun.
MB MB MB MB MB MB MB
MB
MB MB MB MB MB MB
MC
MB MB MB MB MB MB
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20% more user time

more commissioning
weeks

1t test week
revealed no
significant trouble

Only very few
facilities do a two
week rhythm - Is it
worth trying?
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DEVELOPMENTS - TOPUP OPTIMIZATION
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7 years ot TopUp

1.

96% weekly avg. eff.
250 mA /300 mA

EMIL optics

2. MPW removal
3. CPMU17 installation
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SUMMARY / HIGHLIGHTS HZB Helmholtz
Zentrum Berlin

« good operational performance and reliability in 2019
« 300 mA user operation recovered

* RF spring event handled with short turn around time of 36h
« U17 implemented and in full beamline commissioning / user operation

» shielded bellow acceptable for user operation & studies so far
« landau cavity refurbishment, workaround in operation

 TRIBs XMCD experiment

26
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OUTLOOK

shielded bellow — single bunch user operation capability & studies
landau cavity repair
particle counter removal

integration of radiation protection dosimetry data to control system

suppression of collective effects in booster synchrotron
further U17-integration optimization loops

push development for TRIBs user operation
Booster refurbishment & upgrade
BESSY VSR studies
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HEB....
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.. the wheels start to spin
.. fueled by the appointment of our new “photon science” director Jan LUning

storage ring based light source

soft & tender x-rays Q LEAPS &t
DLSR approach following directions of SOLEIL / SLS / ELETTRA...
target emittance in the order of ~ 200 pm rad PTB

electron energy ~ (2.0 ... 2.5) GeV

green field approach is mvestlgated (C = 350m) as well as in-facility (C = 240m) ﬂ%lmesmmism
~ 2030 fiir Bildung

Braunschweig und Berlin

und Forschung

CDR-Phase started — CDR expected 2022

Science Case will be worked out during the next year

- Workshops with Science Expert Groups

Investigation of short-pulses, need for time-resolved experiment under way
Possible site for BESSY Il facility in Berlin-Adlershof has been reserved
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COUPLED BUNCH INSTABILITY IN BOOSTER SYNCHROTRON
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OPERATION STATISTICS — DELIVERED BEAM — PRECOMPENSATION H/B......
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OPERATION STATISTICS — DELIVERED BEAM — PRECOMPENSATION H/B......

Zentrum Berlin

2018 3578 h 28.3 h 415 h 99.2 % 111 % 70.2h 0.56h
2019 3846 h 103.3 h 310 h 67 97.3 % 105 % 57.4h 15h
(... cw46)
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