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BS Remark

| had no time for a complete summary. | only mention a few critical topics.
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(=)= Program

KW 49 Mo. 30. Di. 1. Mi. 2. Do. 3. Fr. 4. Sa. 5. So. 6.

Ganztigig RC: Florian Loehl, PC: Kirsten Schnorr, BD-support: Simona Bettoni
Athos first priority

Laser neater stuaies |>et-up Set-up Aramis ATNOS BV | Aramis ATNOS bU | Aramis ATNOS bV | Aramis ATNOS bV
01:00 |3 (E. Ferrari) BD BD BD BD
02:00
03:00
04:00
05:00
06:00
07:00
07:00 07:00 07:00 07:00 07:00 07:00 07:00 07:00 07:00 07:00 07:00 07:00
08:00 |Set-up . Set-up L Aramis Athos Aramis Athos Athos Aramis Aramis Athos Aramis Athos
| (Hiller) lMlgrat... (Hiller) | Cristali... | (ajyra) (Maloja) | (Alvra) (Maloja) |(Maloja) |(Bernina) | (Bernina) |(Maloja) | (Bernina) |(Maloja)
oo B 77keV  [0.9-11 |77keV  [0.9-11 [0.9-1.1 |8keV30 |8kev30 |0.9-1.1 |8keV30 [0.9-1.1
10:00 lSystematlcaIIy inv... 30fs keV 30fs keV keV fs narrow |fs narrow |keV fs narrow |keV
|Cristalina installat narrow narrow bl b o
11:00 BW BW
12:00
13:00
14:00
15:00
15:00 15:00 15:00 15:00 15:00 15:00 15:00 15:00 15:00 15:00 15:00 15:00
16:00 | Set-up (Kittel) Set-up (Kittel) Aramis Athos BD |Aramis Athos BD | Aramis Athos BD |Aramis Athos BD |Aramis Athos BD
BD BD BD BD BD
17:00
18:00
19:00
20:00
21:00
22:00
23:00

. ISet-up ISet-up Aramis... |Athos BD |Aramis... |Athos BD |Aramis... |Athos BD |Aramis... IAthos BD | Aramis... |Athos BD
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—_— ] —

KW 49

Program

Mo. 30.

Di. 1.

Mi. 2.

RC: Florian Loehl, PC: Kirsten Schnorr, BD-support: Simona Bettoni
Athos first priority

Laser neater stuaies
3 (E. Ferrari)

07:00
Set-up

(Hiller) |Migrat...

l Systematically inv...

|Cristalina installat...

15:00
Set-up (Kittel)

Set-up

Set-up

07:00
Set-up
(Hiller)

15:00
Set-up (Kittel)

ISet-up

Cristali...

Set-up

07:00
Aramis
(Alvra)

machine
setup

Do. 3.

Aramis ATNOS bV | Aramis

BD BD
07:00 07:00 07:00 07:00
Athos Aramis Athos Athos
(Maloja) | (Alvra) (Maloja) | (Maloia)
0.9-11 0.9-11
keVv keVv
15:00 X 15:00 .
Athos BD machine |Athos BD machine

setup setup

Athos BD Athos BD

Sa. b.

ATNOS BU | Aramis ATNOS BU | Aramis
BD BD
07:00 07:00 07:00 07:00
Aramis Aramis Athos Aramis
(Bernina) | (Bernina) |(Maloia) | (Bernina)
8 keV 30 8 keV 30
fs narrow fs narrow
BW BW
15:00 15:00
Athos BD . Aramis
machine setup 5
Athos BD Aramis...

ATNOS bU

07:00
Athos
(Maloja)
0.9-11
keV

15:00
Athos BD

Athos BD
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(= Machine setup after MD week

We started with a machine performance significantly below our optimum settings.

Several critical things were changes during the previous MD week

* New position of laser heater chicane (to reduce beam energy spread)
* New position of X-band structures (to reduce beam emittance)

* Machine set to design optics (requirement for Athos?)
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w(-{}w» Photon pulse energies during the week

Photon pulse energy in Aramis (pJ)
Photon pulse energy in Athos (uJ)
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w({}w» Repetition rates during the week

Aramis (Hz)
Athos (Hz)

100

B0

; Dec s Dec 6 Dec7
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BS Selected activities during the week

*  Monday
* Aramis beam setup (S. Bettoni, N. Hiller, C. Kittel, F. Loehl)
e Qiao showed Florian & Simona how to do the two bunch setup. Eduard also wanted to
learn and participated.
e Tuesday
e Athos setup & tuning (S. Bettoni, E. Prat, E. Ferrari, F. Loehl)
* Wednesday
* Tuning of Athos line alighment to remove FEL double spot (E. Ferrari, E. Prat)
* Tuning, recovery from gas monitor failure
* Thursday, Friday
* Tuning, trying to recover decent Athos performance. Failed. (S. Bettoni, E. Prat, E.
Ferrari, F. Loehl)
* Tuning to recover narrow spectrum in Aramis (S. Bettoni, F. Loehl)
e Saturday
* Clean two bunch setup with a new procedure (S. Bettoni, F. Loehl)
* Recovered stable performance in Athos and Aramis (S. Bettoni, F. Loehl)



Current values (dark) and reference values (light)
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active reference file: _load previous file] | load nest file | description 555 U, 0.125% BW, 7.8 ke\/ - 160 u), 900 eV - 100 Hz, 10 He
20201202T114028_undulster_settings_reference.asc save reference
Beam aligned on both Aramis screens K taper table | current and referem:el current - reference

Horizontal Positions r Vertical Positions

5!

v

Undulator K | Phase Shifter | Undulator Xi¥ | Undulator angles | Undulator correctors | Earth field |

0.454
0.4
0.354
0.3
0.25-
0.2+
0.15

Horizontal beam position feedback (mm) restore

T T T T T T T T T T T T T T T T
SARMADZ SARUNO1 SARUNOZ SARUNDS SARUNO4 SARUNOS SARUNDS SARUNOT SARUNOS SARUNDS SARUNLIO SARUNI1 SARUN1Z SARUNL3 SARUN14 SARUNLS

0.25

Horizontal quad mover position (mm) restore

T T T T T T T T T T T T T T T T
SARMADZ SARUNOL SARUNOZ SARUNDZ SARUNO4 SARUNOS SARUNDG SARUNOT SARUNDS SARUNDS SARUNLO SARUNLL SARUNL2 SARUNL3 SARUN14 SARUNLS

-0.25

Horizontal beam position offsets sum (mm)

0.5

T T T T T T T T T T T T T T T T
SAAMAD2 SARUNOL SARUNOZ SARUNDZ SARUNO4 SARUNOS SARUNDE SARUNOT SARUNOS SARUNDS SARUNLO SARUNLL SARUNL2 SARUNL3 SARUN14 SARUNLS

0.4+
0.3
0.2
0.1

0.1

Horizontal tot m)

T T T T T T T T T T T T T T T =)
SARMADZ SARUNO1 SARUNOZ SARUNDS SARUNO4 SARUNOS SARUNDS SARUNOT SARUNOS SARUNDS SARUNLIO SARUNI1 SARUN12 SARUNL3 SARUN14 SARUNLS

BS Required hor. pointing correction in Aramis after BBA

ReferenceComparison.xml null

Need position offsets up to
500 um on BPMs to align FEL
beam on both apertures.
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GEMTI

| Plots | Hist ' Sens. comp.

Act. comp. ~ Settings Sens. " Exce ptions

BPM errors (green: x, blue: y)

0.2
0.16

0,12
0.084

0.04+

0_ ELpr e " et g

0,04

-0.084
-0.12+]
-0.16+

0.2

RAMIS_U_LINEASPEC.Y_SENSOR.Z_POS

Corrector currents (green: x, blue: y)
4.0

485.0 5060 50!’:0 5100 51%0 5260 52%0 SBBOAEBESO 54!!)0 54%0 55!]0 5ﬁ50 SBBO 56150 57!][) 57%0 5360 SBgO 59!)0 595.0

save current actustors

3.0+

2,04

2,04
-3.0
4,0+ \/
5.0 : : :

| I [ y I g [ )
480.0 500.0 510.0 520.0 530 ) EE ] 545.0 555 0
ARAMIS_U_LINE/SPEC.Y_ACTUATOR.Z_POS

2020/12/07 12:07:42 Actuators updated - 0.111 s since last update

I I | I
565.0 570.0 580.0 590.0 595.0

ARAMIS_U_LINE

Required horizontal corrector currents after BBA

ack_orbit ARAMIS_U_LINE.xm BEAHIDRBIT FB!ARAMIS U I.INE!

Huge corrector currents

required as a consequence
(up to 4.5 A @ 4.94 GeV)
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BS Required vert. pointing correction in Aramis after BBA

Current values (dark) and reference values (light)

active reference file:  load previous file I Ioad net file: | description |555 u), 0.125% BW, 7.8 ke - 150 uj, 900 eV - 100 Hz, 10 Hz |
20201202T114028_undulstor_settings_reference.asc save reference I
Beam aligned on both Aramis screens K taper | table I current and reference| current - reference |

| Horizontal Positions | Vertical Positions | Undulator K | Phase Shifter | Undulator XY | Undulator angles | Undulator correctors | Earth field |

i T e e o — .. | Need position offsets of

\__—__._——-—""____"‘-"""-_

= | |>250umonBPMstoalign

e FEL beam on both apertures.

0.

T T T T T T T T T T T T T T T T
SARMADZ SARUNOT  SARUNOZ SARUNDS SARUNO4 SARUNOS SARUNDB SARUNO7 SARUNOS SARUNDS® SARUNIO SARUNI1 SARUNL2 SARUNL3 SARUNI4 SARUNLS

Vertical quad mover position (mm) restore

Q.

0.154
0.05+
-0.05+
.15+

This had a large impact on FEL
pulse energy. Decided
[ e wep e e e saesieb | together with Alvra and
Bernina to only align beam
horizontally. Alignment in
o ORISR o N RoR SRR N oS e S S o o both planes is desired by the
beam lines.

0.1

0.3 — —

T T T T T T T T T T T T T T T T
SARMADZ SARUNOL SARUNOZ SARUNOS SARUNO4 SARUNOS SARUNOG SARUNOT SARUNDS SARUNDS SARUNIO SARUNI1 SARUNL2 SARUNLS SARUNI4 SARUNLS
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=

1wl

scan

projections log SATUN22 v
0.230 orbit x orbity
scan range (+-) 0.1251— 01251
pause after set (s) 10.00— 10.00—
read-back 0.200 0.050
read-back (tweak) 0.2@0% 0.050
initial values  0.18000 0.030
M
| TS
I
o snail size 10
. sensor read-back 38.371
o
~
o
=
o
[ea)
(]
~
o~
=
2
< start scan ‘
n
color scale maximum 53.97: —eoEl cElE
color scale minimum 29.05
orbit x orbity
max. 53.966 at 0160 0.050 set
-0.170 min. 29.050 at 0.260 0.150 set
-0.020 SATUN22-DBPMO70:X-REF-FB 0.380

2020/12/04 01:07:02 scan_step_count = 157 / 450, actuators at 0.080, -0.090, sensor readback: 32.524

Examples for alignment and beam sizes from 4.12.

Scans performed
by shift crew:
Faccetti, Haller,
Parsa
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Examples for alignment and beam sizes from 4.12.

- Scan2DUndulatorOrbit.xm| TOOL/SCAN 2D UNDULATOR ORBIT _AT/SATUN21/ - |0 X

| scan I projections I log \

SATUNZ21 v

0.026

SATUN21-DBPMO70:Y-REF-FB

-0.224
0.021

orbit x orbity
scan range (+-) | 0.1255 [ 0.1255
pause after set (s) | 10,00 [ ho.oo}H
read-back 0.146 -0.099
read-back (tweak) | 0.1465 [ -0.0995
initial values  0.14564 -0.099

snail size IOE

sensor read-back 42.654

start scan |

Scans performed
color scale maximum 49.58? =] .
color scale minimum 27.12 by Shlft CreWZ

orbit x orbity

max. 49.584 at 0.096 -0.061 set Faccettl, Ha”er,

min. 27.124 at 0108 -0.024 set

SATUN21-DBPMO70:X-REF-FB 0.271 Pa rsa
2020/12/04 02:03:40 scan_step_count = 239 / 450, actuators at 0.246, -0.011, sensor readback: 36.458
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=

Examples for alignment and beam sizes from 4.12.

scan projections log

0.107

SATUN20-DBPMO70:Y-REF-FB

-0.393

-0.097

scan range (+-)
pause after set (s)
read-back
read-back (tweak)

initial values

color scale maximum
color scale minimum

max. 47.608 at
min. 16.935 at

SATUN20-DBPMO70:X-REF-FB 0.403

2020/12/04 02:25:00 scan_step_count = 79 / 450, actuators at 0.228, -0.243, sensor readback: 16.935

SATUNZ20 v|
orbit x orbity
0.250 — 0.250
10.00 — 10.00 —
0.153 -0.143
0.183 -0.143
0.15288 -0.143
snail size 10—
sensor read-back 33.176
start scan ‘
47 61—
E manual scale
16.94 —
orbit x orbity
0.178 -0.168 set
0.228 -0.243 set

Scans performed
by shift crew:
Faccetti, Haller,
Parsa
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BS Examples for alignment and beam sizes from 4.12.

12 Indulatort [ OOL/S : JNDU : J

[ scan projections | log | SATUN19 v

0.129 orbit x orbity
scan range (+-) 0.250 0.2501
pause after set (s) 10.00 10.00
read-back 0.085 -0.096
read-back (tweak) v 0.085— ' -0.096%
initial values 0.03530 -0.121
i)
w
w
w B .
< snail size 10—
g sensor read-back 19.844
~
o
=
=,
[oa)
()]
o
—
=
=
< start scan
n
- 1 39 90 =i
color scale maximum 3,‘.,4':_ =] S b . .
color scale minimum 2.76— by Sh'ft crew:

orbit x orbity .
max. 39.991 at 0.085 -0.096 set Faccettll Ha”erl
-0.371 min. 2.764 at -0.090 0.029 set

Parsa

-0.215 SATUN1S-DBPMO70:X-REF-FB 0.285

2020/12/04 03:11:24 scan_step_count = 171 / 450, actuators at 0.210, -0.221, sensor readback: 6.618
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~ |

scan | projections log SATUN18
0.187 orbit x orbity
scan range (+-) 0.250 0.250
pause after set (s) 10.00 10.00
read-back 0.117 -0.063
read-back (tweak) 0.117 = -0.063
initial values 0.07700 -0.063
v}
w
b
< snail size 10—
. sensor read-back 14.640
2
o
=
o
o)
o
©
—
=
=
< start scan ‘
i
color scale maximum 27.841— | SR
color scale minimum 1.63
orbit x orbity
max. 27.841 at 0127 -0.063 set
-0.313 min. 1.633 at 0177 0.062 set
-0.173 SATUN18-DBPMO70:X-REF-FB 0.327

2020/12/04 03:36:41 No beam - waiting 9.9 s

BS Examples for alignment and beam sizes from 4.12.

Scans performed
by shift crew:
Faccetti, Haller,
Parsa
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=

Examples for alignment and beam sizes from 4.12.

scan

0.233

SATUN17-DBPMO70:Y-REF-FB

-0.267
-0.328

projections | log |

SATUN17 v |
orbit x orbit y
scan range (+-) 0.250 0.250
pause after set (s) 10.00 10.00
read-back -0.078 -0.017
read-back (tweak) -0.078(— -0.017 =
initial values -0.07756 -0.017
snail size 10—

sensor read-back 0.844

start scan

Scans performed
by shift crew:

31.37

color scale maximum
E manual scale

color scale minimum 0.45

Sl oy Faccetti, Haller,
max. 31.372 at -0.053 0.008 set
min. 0.451 at -0.178 0.108 set

Parsa

SATUN17-DBPMO70:X-REF-FB

2020/12/04 04:11:59 No beam at measurement location - waiting at least 90.0 s

0.172
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@({}w» Mover positions in Athos line, overall pointing

ReferenceComparison.xml BEAM/ATHOS UND_SETTINGS//

Current values (dark) and reference values (light)
active reference file:  load previous file | load nest file ] dascription test |
20201206T195022_undulator_settings_reference.asc ave reference| |

test K taper | table currentandreference| currenl-reference|

Horizontal Positions | Vertical Positions | Undulator K | Phase shifter | Undulator XY | Undulator angles | Undulator correctors | Earth field |
0'“'_ Horizontal beam position feedback (mm) The move rs Seem Va Stly
off in position. The line

appears to be not straight.

0.2
01549
0.1
0.05-

T T T T T T T T T T T T T T
SATUNO3 SATUNDS SATUNOT SATUNOS SATUNIL SATUN13 SATUNLS SATUNLT SATUN1S SATUNZL

3 Horizontal quad mever position (mm) restore |

T o T x T T ' T s T L) T 2 T " T il
SATUNO3 SATUNOS SATUNOT SATUNOS SATUN1L SATUN13 SATUNLS SATUNL? SATUN1S SATUN2L

Horizontal beam position offsets sum (mm)

T T T T T T T T T T T T T T
SATUNDZ SATUNOS SATUNO? SATUNOS SATUNL1L SATUN13 SATUNLS SATUNLT SATUNLS SATUN2L

3 Herizontal total (mm)

T X T Y T ' T v T T T r T y T r T T T
SATUNO3 SATUNOS SATUNOT SATUNDS SATUNIL SATUN13 SATUNLS SATUNLT SATUN1S SATUN2L

|
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@({}w» Mover positions in Athos line, overall pointing

BEAM/ATHOS_UND_SETTINGS//

ReferenceComparison.xml

Current values (dark) and reference values (light)
active reference file:  load previous file | load net file I description test |
20201206T195022_undulator_settings_reference.asc ave reference ]
test K taper | table current and ref | current - reference |
Horizontal Positions ical Positions | Undulator K | Phase Shifter | Undulator X/¥ | Undulator angles | Undulator correctors | Earth field |
e o e e .o | | The movers seem vastly
ff . . . .
off in position. The line
...................................................... .
appears to be not straight.
0.1 T T i T . T & T g T ! T ' T L T T
SATUND3 SATUNDS SATUNDT SATUNDS SATUM1L SATUNI3 SATUNLS SATUN1Z SATUN1S SATUNZL
'0'0_ Vertical quad mover position (mm)
-0.14
0,15
«0.24
0,254
-0,34
-0.354
4 . r . T . T : . - ; . . . . - . . . r
SATUNOS SATUNOS SATUNO? SATUNOS SATUN11 SATUN13 SATUNLS SATUN1? SATUN1S SATUN2L
0.0 T =
1 Vertical beam position offsets (mm)
0.02
0,02+
0,06
0.1
.14 T T T T T T T T T T T T T T T T T T T
SATUNO3 SATUNDS SATUNOT SATUNOS SATUM1L SATUN1Z SATUNLS SATUNL? SATUNLS SATUNZL
00 Vertical total (mm)
o4
-0.05
0.1
0154
0,24
0.25 T T T T T T T T T T
SATUNO3 SATUNDS SATUNDT SATUNOS SATUNLL SATUNI3 SATUNLS SATUNLT SATUN1G SATUNZL
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BS] Observed limitation in aperture (E. Ferrari)
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BS A few things that were setup last week

e 2D orbit scans in Athos (‘snail scans’)
 Feedbacks are automatically stopped if bunch charge is out of range
* Feedbacks corrections limited due to jumps
e Server to ‘push button’ for two bunch steps
 Two feedbacks for two bunch steps
* Laser heater: active
 BC1: not yet active, LLRF step generation crashes when using it
* Two bunch setup (Simona, Florian): established a new procedure to setup the
second bunch
e Currently, the available step size does not allow full control
* Established method to deal with limited step sizes
e Orbit overview in Athos
* PSICO Athos: extended parameter configuration
* Orbit feedbacks Athos: extended feedbacks by additional BPMs & correctors
 BPM scaling factor calibrations in Athos (Boris)
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B

Position jitter reduction after one night of PSICO common

path optimization

StabilityMonOrbitDisplayRMS.xml TOOL/STABILITY_MON//

o Horizontal beam position (mm) rms fluctuation over 100 shots

0,014+

30,0 100.0 150.0 200.0 250.0 300.0 350.0 400.0 500.0

z-position (m)

o Vertical beam position {mm) rms fluctuation over 100 shots
0,01
0.008
0.006
0.004
0,002

a |

0.0 50,0 100.0 150.0 200.0 250.0 300.0 350.0 400.0 450.0 500.0 550.0 600.0

z-position (m)
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w({}w» Aramis bandwidth optimization

14000 relative energy spread delta £ £ E In permille (FwHM)
35
120004 3,25
3.0
10000
2,754
8000 25
5000 22
2.0
4000+ 175
20004 157
125
o
1.0
2000 - - : 0.75 : - - - T - - - T T
7775.0 7785.0 7745.0 7805.0 7815.0 7825.0 22h 5,12, 2h 5h Bh 10h
photon energy (keV) 4122020 2020  512.2020 5.13.2020 5122020 5.12.2020
12000 avarage photon energy (ev)
7820.0
10000
7820.0+
8000
7810.04
6000~
7800.0 |
4000
7790.0
2000~
o 7780.0+
2000 : - - : - 7770.0 : - - - - - - - T
7775.0 7765.0 7795.0 7805.0 7815.0 76825.0 22h 512, 2h 5h Bh 10h
photon energy (kev) 4.12.2020 2020 5122020 5.12.2020 5122020 5122020
set background | lsub background E_ph from machine (ev) 7827.1 [v] send to gas monitor 46 0 6 uJ
I E_ph offset (ev) 0.00 .
pulse energy FWHM 11.58 eV GMD / (defta EfE + d) 80.42 d 4.00— update duration.040 s
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BS Selected difficulties

* Frequent jumps and instabilities
* Charge jumps lead to feedbacks drive the machine crazy
* High losses in Aramis & Athos beam dumps had the same effect
 Had to change beam optics to mitigate this
e Gas monitor in Athos failed. Needed tunnel access (electricians, vacuum)
* Lost lasing in Athos after it. Found after hours of debugging that critical
parameters were missing in snapshot files.
* Lost S30CBO5 after restart (IOC failure)
 Had to bridge S30CBO05 in MPS and virtual RF to be able to continue
e Athos line not well aligned
* Not all undulator contributing
* Losses
* Double spots on FEL beam
 Beam not matched in Athos
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BS Highlights

* Good beam in Aramis at the end of the week (up to 550 uJ, 27 fs, narrow BW)
* Upto250ul @ 900 eV in Athos for a short time
e Usable beam up to 170 uJ @ 50 Hz last night

[=]0]

SATFE10-PSCR0O66

........

Athos FEL beam on Sunday morning

Automatic
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BS Run coordination not maintainable like this

| worked > 100 h last week, sometimes day & night
Without the great support of Simona | would not have managed at all

We need to address critical points on the machine side to make the run
coordination maintainable. As it is now, | will not be able to continue doing it.

Current RC pool:
* Simona

e Thomas

* Nicole

* Christoph

* Didier

* Florian
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(15 Some proposals, needs separate discussions

Machine settings should be changed only if this is really required and gives a
proven and measured benefit
* One indicator should be the lasing performance at max. performance
and not a change in FEL signal at lower power
e Other critical indicators
* Losses
e Stability
* Compatibility with existing systems
* Ease of use for Operations

Machine development weeks should focus more on improving FEL performance
* |In addition: fewer beam dynamics studies that can have a negative
impact on the performance?
e Additional recovery days in MD weeks after BD studies?
* Fridays used for recovery and weekends for optimization?
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BS Proposal of Simona for Athos setup today

» Dispersion check and optimization in the switchyard (possible that we
changed it when optimizing for Aramis)
* Check the effect of sending back undulator area positions. To be evaluated the
risk
* Match in front of SATUN
* No touches upstream the switchyard and not tweaking of the RF steps
for the moment. We leave this for the second step of the optimization
* Stop the Athos optimization on Monday at 19 at the latest, because |
would like to monitor the two PSICO together for some time, and go to
bed at a decent time tomorrow. In alternative we stop to optimize at 18, |
check for a couple of hours, and if you want, continue to optimize, and
after activate both PSICO



