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(15 A week of records

Aramis

* First user experiment at 100 Hz

* Narrowest spectrum ever generated in SwissFEL
 FWHMBW <0.10 %

* Highest average photon flux ever generated in SwissFEL (up to 560 pJ @ 100 Hz)
e L-index=69d

Athos

* First FEL beam at 10 Hz, no difficulties with losses (during one day)
* Losses again after laser event on Thursday

* Pulse energy at 539 eV of 110 wJ, 10 Hz
* Thereis now a new Athos PSICO — expect more to come
* L-index=9.6a
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(F={J» L-index definition

accelerator

electrons

' super-insulation

H,O distributed such
that all x-rays are absorbed

L-index: Time needed for an x-ray free-electron
laser beam to heat up 1.0 kg of water
by 80 K (also: x-ray boiling-index).
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((HJ» Monday: the setup — S. Bettoni
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Simona setup the beam Monday morning and early afternoon (E,, = 7.52 keV)
—> pulse energy increase from 270 w to > 400
—> reduction of spectral width from 0.0185 % to 0.011 %
—> reduction of e-beam pulse duration (42 fs rms to 27 fs rms)
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(-I-{}» Pulse energy over the week
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PSICO running all week, mostly optimizing on pulse energy / spectral width
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«(-5j» PSICO was active with most parameters

PSICO.xml BEAM/PSICO_ARAMIS/MASTER/

PSICO Aramis
selected sensor

109.0

108.0- ’

107 5

107.0

1065

106.04

1055

1050 T T T T T T T T T T T T T T

21:55.24 21:56.04 21:56.44 21:57.24 21:58.04 21:58.44 21:59.24 22:00.24
11.7.2020 11.7.2020 11.7.2020 11.7.2020 11.7.2020 11.7.2020 11.7.2020 11.7.2020
restore auto ref. | restore reference I save reference I | Optimization is enabled
) timer new settings active (1/1) - trial 1
Actuator selection gain order delay (min) 9 ) Y
[[] GUN_LASER Gun Laser Settings 0 active 000 o settings || OFH| O o - SRS —
vl GUN Gun knobs 5 active -035 '), settings || 6| OF w check out what I did)
[ SOLENQIDS_SINSB Solenoids SINSE 0 active 0.0 ° o _settings 0f— O~ o
[¥] COMPRESSION Compression 2 active -0.62 :15 settings 81— O 100 Actuator settings
BEAM_TILT_BC1 Beam tilt BC1 5 active 013  settings 8—| 90— 10 }
[¥] BEAM_TILT_BC2 Beam tilt BC2 7 active 035 %, settings g—| 90— 100 global scale of step size 0.30
[¥] BEAM_TILT_ECOL Beam tilt ECOL 4 active 0 %, settings || 05| o o set min. and max. and clear error latches
[V]MATCHING_BC1 Matching BC1 5 active .04 %5 settings || o[ o o restore step size reference
[IMATCHING_BC2 Matching BC2 Oactive 000 " settings || O o o
V] MATCHING_UNDULATOR  Matching undulator 5 active 0.69 31; settings 2| 10—~ 1w
(| ORBIT_UNDULATORS X Orbit feedback offsets - horizontal 14 active 105 %, settings 1 O— 0 1 0 8 2 1 2
[¥] ORBIT_UNDULATORS Y COrbit feedback offsets - vertical 14 active 104 314 settings 1 0= 0 . . a . u .
UNDULATOR_K Undulator K-values 12 active -0.62 °, settings 1| 0 ¢ 108.357
UNDULATOR_K_TAPER Undulatar K-taper 2 active 040 ®, settings 00— 0= 0
UNDULATOR_PHI Undulstor phase shifters 12 active 07 3¢ settings || 15| o o reset qains
UNDULATOR_EARTH_FIE.. Undulator earth field correction 13 active 022 '), settings 0= 0= reset timer | ] enable timer
aln: 2.19 timer: 9892.75 .
2020/07/11 215758 Paused for 12 =. E Server update duration 0.010 s




[ JON ) %/ PSSS.xml
12000 relative energy spread delta Ef E in permille (F¥WHM)
100004 yp p g
1.4+
8000
1.34
&000+
1.24
4000+
1.14
2000+
o 10—WWMW
-2000 T T T T T T T T T 0.9 T T T T T T T T T T T T T T
75000 7510.0 75200 75250 75300 75400 7550.0 19:50.50 19:51.50 19:52.50 19:53.50 19:54.50 19:535.50
photon energy (keV) 11.7.2620 11.7.2020 11.7.2020 11.7.2020 11.7.2620 11.7.2020
5000 average photon energy (eV)
7530.0
5000 7527.5-]
7525.04
4000+ 7522.5-]
?SZO'O_WMWW“M
3000+
7517.5-
2000+ 7515.0
7512.54
1000 7510.04
o 75075
7505.04
-1000 T T T T T T T T 75025 T T T T T T T T T T T T T T
75000 7510.0 75200 75250 75300 75400 7550.0 19:50.50 19:51.50 19:52.50 19:53.50 19:54.50 19:535.50
photon energy (keV) 11.7.2020 11.7.2020 11.7.2020 11.7.2020 11.7.2020 11.7.2020
set background | [¥] substract background E_ph from machine (eV) 7631.0 send to gas monitor 5 3 O 9 uJ
pulse energy | FWHM 1062 e¥ GMD / (delta E/E + d) 106.06 d 4.00

update duration 0.033 .




PAUL SCHERRER INSTITUT

(=J=» Machine stability

* Optimized beam-based feedback loops for current machine state
* Helped alot in improving the overall stability
* Some feedback now running with much faster rates

* Added option to feedback on position detector PBPS133 close to Bernina
experiment
* Used from Tuesday on to stabilize FEL pointing

* Added new feedback for the photon energy
* Thanks a lot to Didier for making new PVs available on such a short
time-scale

* Users adjusted the wavelength themselves to what they needed
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—_— ] —

New sensor option in FEL pointing feedback

Photon pointing adjustment:

Photon pointing feedback:

[l use gas menitor
v use Bernina PBPS133

slope offset feedback active monitor
(mm /und.) (mm) targets (mm) positions
x [0.0050H [ 00000 x[-00000H -o00s8mm [ SGIGRGHSEOBRCREnSBEaN , .o o
Y [-0 0005[:|, 0.0000;‘, Y | -0.0000 [:| 0.0078 mm copy active mon. to FB targets| measurement
is needed when
hor. vert, hor. vert. monitor is changed!
PSICO PSICO offset offset slope slope hor. vert,
hor. vert, contrib contrib.  contrib contrib.  temp temp. X-REF-FB Y-REF-FB

SARUND1-DBPMO70  0.0132 0.0066 0.0000 00000 -00105 00017 (00007 |0.000 | 00026 0.0083
SARUNO2-DBPMOTO  0.0264 0.0132 0.0000 00000 -00211 00034 |[0.000 |0.000— | 00053 0.0165
SARUNO3-DBPMO70 00628 -0.0118 00000 00000 -00181 00020 [0.000= |0.000- | 00447 -0.0089
SARUNO4-DBPMO70  0.0878 0.0887 0.0000 00000 -0.0151 0.0024 [0.0001= [0.000— | po728 0.0911
SARUNO5S-DBPMOT0  0.1052 0.0429 0.0000 0.0000 -0.0120 00018 [9.000 [0.000— | pope32 0.0448
SARUNDG-DBPMOTO 01320 0.0090 0.0000 00000 -00090 00014 [0.000/ 01229 0.0105
SARUNOT-DBFMOTO  0.0911 0.0431 0.0000 00000 -00060 00010 |[0.000/ 0.0850 0.0440
SARUNOB-DEPMO70  0.0225 0.0673 0.0000 00000 -00030 00005 (00007 0.0195 00678
SARUNOS-DBPMOTO 00353 0.0756 0.0000 00000 00000 -0.0000 [0.000/ |0.000— | 00353 0.0756
SARUNL0-DBPMO70 00467 0.0801 00000 00000 00030 -0.0005 (9.000=— |0.000-— | p0497 0.0796
SARUN11-DBPMO70  p.0372 0.0576 0.0000 00000 00060 -00010 [0.0001=+ |0.000— | 00433 0.0566
SARUN12-DBPMO70  p.0274 0.0374 0.0000 00000 00080 -0.0014 [0.000- [0.000- | p.0365 0.0360
SARUN13-DBPMO7O  -00538 0.0223 0.0000 00000 00120 -00019 [0.0001H [0.000-H | .po417 0.0204
SARUN14-DBPMO70  .01128 0.0584 0.0000 00000 00151 -0.0024 [0.000/— [0.000— | .0.0978 0.0560
SARUN15-DBPMO70 01307 0.0491 0.0000 00000 00181 -00029 (0000 -0.1127 0.0462
SARUN16-DBPMO7O0  -0.0654 0.0245 0.0000 00000 00090 -0.0014 [0.000 |0.000— | .00s63 0.0231
SARUNL7-DBPMO70  0.0000 0.0000 0.0000 00000 00000 00000 [0.000- [0.000- | 00000 0.0000
SARUN1B-DBPMO7C  0.0000 0.0000 0.0000 00000 00000 00000 [0.0001=+ [0.000 | popoD 0.0000
SARUN1S-DBPMOT0  0.0000 0.0000 0.0000 00000 0.0000 00000 |0.000/— 0.0000 0.0000
SARUNZO-DEPMO7C  0.0000 0.0000 0.0000 00000 00000 00000 |0.000/ 0.0000 0.0000

Photon positions from active monitor:

0.014

hor. photon position [rmm]
hor. photan position target [mim)
I vert. photon position [mm]
fp vert photon position fargef [mm]

10:09 10:11
13.7.2020 13.7.2020

10:13
13.7.2020

10:15
13.7.2020

T
10:19 10:20
13.7.2020 13.7.2020

Feedback now on a signal much
closer to the experiment.

Note:

Sign of response is inverted
with respect to gas monitor
signal. To be checked if this is
due to the mirrors or if they are
different.
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(J» Athos setup

* Activated many BPMs again that had been disabled in the Athos orbit feedbacks

 Performed orbit correction in the entire Athos line
* The orbit was terrible before this (it is still not perfect)
* Running feedbacks allow for a more reproducible state and for automatic tuning

- After these changes running Athos at 10 Hz beam rate was possible
— Losses were at around 10% of our allowed daily dose in the undulators, so in

principle also 100 Hz would have been possible (limited by laser)

* Losses were again high after laser event on Thursday
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(=)= New Athos PSICO — still in the setup

PSICO.xml

BEAM/PSICO_ATHOS/MASTER/

PSICO | log | HAL PSICO Athos
selected sensor
1300
100.04
B80.0+
60.0
40,04
200 1 J | | 1 I I I
17 h 18 h 19 h 20h 21 h 22 h 23 h 9 7. 1h 2h
8.7.2020 8.7.2020 8.7.2020 8.7.2020 8.7.2020 8.7.2020 8.7.2020 2020 9.7.2020 9.7.2020
restore auto ref. | Festore reference ] save reference ] Optimization is disabled J
. timer optimization inactive

Actuator selection gain order delay [min) Pt i
¥ BEAM_TILT_SY gear tilt switchyard 6 active 3117 35 settings || OF5| OF o =IO SR
[V MATCHING_UNDULATOR  Matching undulator 6 active 2372 %, settings || 2| 10 10 Check out what | did!

[¥] ORBIT_UNDULATORS X Crbit feedback offsets - harizontal 7 active 1243 f5y _settings |[ 15[ 0~ o
[¥] ORBIT_UNDULATORS_Y  Orhit feedback offsets - vertical 7 active 513 Iy settings || 15[ o] o Actuator settings
[¥] UNDULATOR_K Undulator K-values 5 active 557 %; settings 1| OFq © :

B CunpuLaTOR K_TAPER Undulator k-taper 0 active 000 ° settings || 0| o= o global scale of step size 1.00
[¥] UNDULATOR_CHIC_DELAY Undulator CHIC delay 5 active 479 ';‘g settings O O © set min, 2nd max. and clear error Iatches
[¥] UNDULATOR_CHIC_OFFS.. Undulztor CHIC offset 5 active 788 '3, settings || O[O0k o restore step size reference

B [JUNDULATOR EARTH_FIE.. Undulstor earth field correction 0active 000 °o settings || o[ oF] o

©68.86a.u.
Nah
reset gains
reset timer | [ ] enable timer
ain: 74.90 timer: 68821 )
2020/07/13 10:38:40 optimization inactive g " Server update duration 0.087 s
—

Brought up pulse energy from 58 pJ to 110 w on Wednesday / Thursday
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= Difficulties 1 — Instabilities in gas monitor
position reading

— SARFE10-PBPG050:SLOW-X$max
0.2 —*— SARFE10-PBPG050:SLOW-X$mean

. —— SARFE10-PBPG0O50:SLOW-X$min
0.15 FLL
o P

— SARFE10-PBPG050:SLOW-Y$max
a4 —* SARFE10-PBPG050:SLOW-Y$mean
‘” — SARFE10-PBPG050:SLOW-Y$min
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0.1

0.05

-0.05

-0.1

]

e Sudden strong noise on gas monitor position signals

e Brief investigation on Tuesday indicates that this is dues to stray-radiation from the slits
- Reason to implement PBPS133 position sensor instead into the feedback
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(HJ= Difficulties 2 — Reboot of DRPS MPS soft-I0C

600
500 which writes to the timing
system 10C.
400
300 = Timing system
200 ¢ dropped a pulse
100 * —> All RF stations went to
standby
0 ) & ®
09:30 10:00 10:30 11:00 — Restart of the stations

Jul 8, 2020 took a while
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()= Difficulties 3 — SINDIo1 deflector set on beam

The deflector SINDIO1 was set on beam multiple times on Wednesday afternoon

* Drop in pulse energy
e Beam losses in Aramis & Athos

This turned out to be an unintended action during software tests.
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(= Difficulties 4 — Jump in gun laser

Lasing completely lost Thursday morning

500

s00 | Photon pulse energy ()
300
200

100

0

06:00 07:00 08:00 09:00 10:00 11:00 12:00 13:00 14:00
Jul 9, 2020

* Recovered by itself around 9:05. Happened again around 10:00.
* Ataround 12:30, Simona found that lasing can be mostly recovered by adjusting the solenoid.

9
9
9

Alexandre changed centering of laser beam in capillary. Very sensitive.
Could not recover lasing with previous settings, but after this the laser remained stable

It would be nice to have a permanent optimization (I successfully tested a PSICO long
time ago, would be nice if we were allowed to use it)
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(= Difficulties 5 — losses in Athos
BLMs not setup properly

» After the gun laser event, we could not recover the beam in Athos with low losses

* During the investigration, | realized that most BLMs in Athos do not measure the beam
losses properly. The DRPS detectors were much more sensitive than the BLMs.

« Started Friday afternoon to setup BLMs together with Gian-Luca. Has to be continued this
week.

Goals
e Sensitive and well functioning BLMs for loss tuning in Athos
e Add option in PSICO Athos to minimize losses in Athos line (similar to what exists in Aramis)
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(HJ= Difficulties 6 — Jump undulator orbit feedback
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Observed drops in pulse energy
These were correlated with large orbit jumps in the undulator line
The feedback applied some very large corrections which caused the jump — the position offsets were
then regulated away by the feedback
- Network problems? Maybe this caused a large latency at some times?
- Temporarily fixed by not allowing the feedback to do large corrections.



LT—‘ Overall a great week!
Questions?
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Many thanks to Simona for her help last week!

Simona’s goal for this week:
alzare I’asticella



