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X-ray Gas Monitors (XGM) setup

XGMDh HAMPh HAMPv XGMDv
Upstream Downstream
X-ray beam
Developed at DESY : '
in the group of Kai Tiedtke S8 XGM@XTD10
Users

Single-shot non-invasive pulse energy measurement
and average non-invasive beam position monitoring
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XGM equations

Number of ions created per pulse in the XGMD: N number of photons per pulse

ph
Oph total photoionization cross section
z length of Faraday cup (27.8 cm)
* * * XGMD
N. .. — Nph Gph(hw) ZXGMD * Patom Patorn target gas pressure
ton k=T k Boltzmann constant
T temperature

lon current measured by Faraday cup of the XGMD:

lion = Nion * Ty * Qph(hw) * Npunches * Ryep * €

Jpn ion mean charge

Ty transmission of Ni mesh in front of the Faraday cup (80%)
Nouises number of pulses per train

Reep train repetition rate (10 Hz)

e elementary charge

I B U European XFEL Courtesy from A. Sorokin and K. Tiedtke
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Cross sections

Theophilos Maltezopoulos, X-ray Photon Diagnostics

FLASH:
14 eV -310 eV

SASE3:
250 eV - 3 keV

SASE1 / SASE2:
3 - 24 keV

Rel. uncettainty: 3% to 5%
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Locations of XGMs in the tunnels

104

XGM in XTD1

SASE1

XTD 2
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XGM installation

I Gas supply (N, Kr, Ne, and Xe)
0 Differential pumping up- and downstream (vacuum group)

I Vacuum and gas controls under Karabo (photon system control)

m XGM measurement, controls, and data acquisition in DOOCS (accelerator system control)
@ DOOCS to Karabo bridge

@ Data acquisition in Karabo

I B W European XFEL
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24/7 operation

Number of bunches

2700 bunches
0 bunches

Repetition rate

4.5 MHz
100 kHz

SASE1 photon energy

24 keV
6 keV

« Simultaneous operation SASE1, SASE2, and SASE3
* Fresh bunch ...

+ Alternating trains pattern ...

I B W European XFEL
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No lasing

XGM has no “official” 24/7 support !!!

Pulse energy

Full saturation

V

SASE search|with HAMP signal

™M XGM raw

[E—
HAMP hori 1748

Muhiplier vohtage:

070V

SP: 1100V set new SP
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DOOCS

- jddd 19.40/18.7.50 T46.2 wpT4diag@xfeluserl.desy.de XFELMainTaskbarxml
File View Help
| 1 |

-
Operations s
European

XFEL

Global Controls Exp. Gain Studies Global Controls
Expert Panel Undulator Quad Alignment Expert Panel
Ph t d Overview SLAC Undulator Taper GUI
OLo) lag AMFC Control Undulator Bumps
Air Coil Controls SASE1 Dosimetry

PhaseShifter Control SASE Machine Dosimetry

PBLMs Screens XGMD
PBLM Overview Overview XGMD Overview
FEL Imager SASE Viewer

XGM autocorrelation
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Procedures  Feedbacks Autor don

- | KFEL_xgmd_mainxml /#/
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109Mb/1820Mb

MCP History via DOOCS

SASE1/XTD2 SASE1/XTD2

Integrational Signals

PhotonFlux ADAM PT100 ADAM DIG

Beam Paosition K6514 Left K6514 Right

XGM.2643.T9
XTD2

K6514 Horizontal
Gasmix

RVC300

Watchdog Pulse Resolved Signals
SASE Viewer Intensity & Position X2Timer
SPDevDMA 1 SPDev DMA 2
HAMP-h Preprocessing
ETP

Alarm Autocorrelation HAMP-h aver HAMP-v aver

SASE tuning for operators

HAMP operator Intensity operator

ADAM Mean

K6514 Top K6514 Bottom

K6514 Vertical

HV Control

SRG

Intensity statistics

Position statistics
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Fresh bunch operation with old SASE viewers
SASE1 / XTD2 XGM SASE3 / XTD10 XGM

B FEL_xgmd_sase_vieweraml| XFELFEL/XGMPHOTONFLUX/XGM.3130.TLO/ =N ==

GM.3130.T10 H

Long Term SASE Inte... [uJ] Short Term SASE Int...
0T~ Fhotontiux pu] 5000

B (PEL_xgmd_sase_vieweraxml XFEL,FEL/XGM.PHOTONFLUX/XGM 264379/ EEr=]

SASE viewer

9.30 keV 1.33 A

2962.53 pJ

[MJ] Short Term SASE Intensity
1600

=Photonflux [HJ]E4
XTD10 [ud] ]
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0
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Pulse Energy Intra Train

0
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SASE1 XTD2 XGM with new viewer

L BEs L xgrmd_s werxml XFEL.FEL/XGM.PHOTONFLUX/X

SASEVIEWER| SASE1UPSTREAM (2643.T9)V  ALL |SA1 SA3 9301 ke 133A  Ioens .

[uJ] FEL Energy per Pulse 942.1 pJd [wi Total FEL Output Power 56.02mW
750.0 0.075 FAGH.2643 To/BQTONFLUX W [W]
1 Jp—nr T

] 0.067
675.07 1

0,05
Gos 0 16:20.40 16:23.40 16:26.40  16:30.40

“ s 8.3.2019 8.3.2019 8.3.2019 8.3.2019
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Intra-Train Pulse Energy
2000 : _—XGM.ZG%.TQJIX.PDS[mm] [
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o
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HAMP operator

= XFEL _xgmd_mainxml ///

SASE1/XTD2 SASE1/XTD2

Integrational Signals

PhotonFlux ADAM PT100

Beam Position K6514 Left

XGM.2643.T9

K6514 Horizontal

Gasmix
RWVC300
offline
Watchdog Pulse Resolved Signals

SASE Viewer Intensity & Position X2Timer
SPDevDMA 1
HAMP-h Preprocessing

ETP

Alarm Autocorrelation HAMP-h aver

SASE tuning for operators

HAMP operator Intensity operator
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ADAM DIG

K6514 Right K6514 Top

HV Control

SRG

Intensity statistics

SPDev DMA 2 Position statistics

HAMP-v aver

Max signal level !!!
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ADAM Mean

K6514 Botto S|

Set needed HV

EI

K6514 Vertical =_

= XGM raw aux

XTD2 vert 1

0.001

Muitiplier voltage: 1269V

Bunch W'is: T . Decoded conf ion in: @5 o]
P | HAMP vert 17dB

Sp:

1300V __setnewsp| |

0.0005+
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-0.0055+
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Photonflux overview

BB FEL xgmd mainaml /// = (== Status and errors
SASE2/XTD1 SASE2/XTD1
-z FLASH2 photonflux_xgmd.aml  XFEL.FEL/XGM.PHOTONFLUX/XGM.2595.T6/* E
SASE2 upstream (XTD1) [XGM.2595.T6 | v | | _ Wtrsiorvien |
PhotonFlux ADAM PT100 ADAM DIG XPEL
All green?
Beam Paosition K6514 Left KE6514 Right Name Auto Manual Used values
Bl LT EIEEE Gas Type: 1 o@® | Xenon
_____ ! s
) Cross-Section: 0.05 Mb |_|:|| 1.00 Mb L] 0.05 Mb
Gasmix Cross gamma T
Gamma: 7.45 1.00 | | 745
RVC300 Conversion: | o@® | 2.138428E9
Current left: 65.56f Offset: -BO.0F |_qu O@® | 145567 A
offline Current right: 7.31f Offsst: -90.07 D || c@® | 97.31ra
: Current sum: s 242871 A
sl b PU Ise ReSOlVEd Slg nal S Current aux sum: = 252.131A
SASE Viewer e — T Detector length: main: 22.71cm aux 2215 22.711cm
Temperature: 25.63 C@® | 25.63
SPDev DMA 1 SPDevDMA 2 SRG Pressure: 2.04E-5 mbar O@® | 2.04E-5 mbar
RVC Pressure: 4.97E-5 mbhar ©®@ | 4.97E-5 mbar
Preprocessing Nr. of Bunches: 1.00 1.00 ) [D 1.00
Wavelength: 0.138 nm 0.108 | 0.138 nm
ETP
Alarm Autocorrelation RAW-h aver Undulator open: 0 - 0
Undulator moving: (i} Li]
Watchdog Overview < Rep. rate: 10.00 10.00
_ SASE tuning for operators . e 20000 eSS
Svr Versions
HAMP operator Intensity operator I
Error Flags: 0x0 |||||||||||||||ﬂ_
Photons | s: 3.60E11 Fluxawe 53.91pJ Flux: 5193 oo
Sigma: 60.54
1300
7 1.2505. TEPHOT ONFLUX.UJ [uJ] ]
110.0— EM.QSQS.TBIINTENSITY.SLD\I‘u’.TRAI 1V :
100,0—| ] 1 i il L _
80.0— g ” ' | -h"l |-{.|_ b
80.0— | ! | ! f | -'J_ Bl Y “ ) } | “
i TRkl Wik
5000 Y | '1'.1'. I_-f il u” b | |
50.0— . .
S| ' Fast signal calibrated to slow?
_ i i
300 s il
IS N 5 European XFEL only without fresh bunch
B T T T T T T T T T
12:42 12:44 12:46 13:48 12:50 12:52
e LR st il e L
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Keithley range

B FEL cgmd_mainxml 77/

SASE1/XTD2 SASE1/XTD2

Integrational Signals
a PhotonFlux ADAMPT100 ADAM DIG ADAM Mean

Beam Position K6514 Left K6514 Right K6514 Top K6514 Bottom

XGM.2643.T9
XTD2

K6514 Horizontal K6514 Vertical
Gasmix HV Control

RVC300 SRG

Watehdog Pulse Resolved Signals Statistics Proper Keithley range selected?

SASE Viewer Intensity & Position X2Timer Intensity statistics

PDevDMA 1 SPDovDMA 2 " keithley_k651x_doublexml XFEL.FEL/XGM.CURRENT/XGM.2643.T9/* [= = =)

HAMP-h Preprocessing ="
- ¥FEL Kﬁ51){
Alarm Autocorrelation HAMP-h aver HAMP-v aver o Ran ge: I—m |_v! E Ran ge: i2_ r; H ! s
Watchdog Overview . h . L] -
SASE tuning for operators 4 OQutput: 11.2957p A ooo = Output: 19.782p A oo
: Status: Normal Status: Normal
HAMP operator Intensity operator
Range: range seems ok Range: range seams ok
" keithley_k651x_double vaml XFELFEL/XGM.CURRENT/XGM.2643.T9/ (== ][=]
K651x
o Range: {2 nA - g Range 2nA b
E Outpurt: 15.7314p A ooe E Outpurt 14.2357p A oo
Status: Normal ®  status: Normal
Range: range seams ok Range range seams ok

L J | European XFEL
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DOOCS server restart

B FEL xgmd_mainaml f/f

SASE1/XTD2 SASE1/XTDZ

ADAM PT100 ADAM DIG ADAM Mean

K6 4 | eff K6 4 Riahl K6 41g K6 41 B
XGM.2643.T9  WatchdogOverviewaxm| XFELSYSTEM/XFELCPUXGMXTDZWATCH/XFELCPUXGMXTD2._SVR/*

= || 3
XTD2 2.17 load
i Intal{R) Cora(TM) i7-36120E CPU & 2.10GHz, £190.34 bogomips
Linux version 444-115-generic {buildsifElcyl-amd64-013) {goo version 544 201 16.30 %
22 online 0 errors Restart server,
50.0 “ (]
rLasH | PETRA | Linncz | pesva | 007 or “Stop and Offline
.03 “« P
Watchdog [ | xreL | 1ab | ReeaE | angus | saiome 0o and “Start and Online
[XFEL.SYSTEM |+ [FELCPUXGMXTDZ WATCH] » | | SV
SASE Viewer = commonFCT_CODE_117xml XFEL.SYSTEM/XFELCPUXGMXTDZ.WAT... | = || & || &2
sorted | unsorted | Filter:  |(*'PEVGRP)” |
contral | WD properties | |SVR.RVC300 [+ [rve300_rs232_szmer | M on
ok
SVR.WATCHDOG ok
control ‘ WD properties ‘ ok |”'3”'3 |
Change: ,D_ SetInt: 0=ok, 1=error, 2=off, 3=warn, 4=2.mode, 6=offline
SVR.X2TIMER ok
Alarm uiD: GID:
control | woproperties | e 06 B PID: NICE: PRI:  STATE: L
Watchdog Overview Operator: -1 532 10753 0 20 2 =
SVR.ADAM ok Expert: K| A
control ‘ WD properties ‘ SIZE: 714748 KB CPU-Util: 550 %
RSIZE: 14228 KB time: 6793089 msec
SVR.KEITHLEY ok
- START_SIZE: 641016 kb Reset STARTUP_SIZE ‘
control ‘ WD properties ‘
SVR.POSMON ok Restarts (RPC): 2 # |7 rpe check server errors |7 rpe check
: SVR_Errors: R | 0
contral WD properties RPC_LIBNO: 610480230 SVRLOGC: |*FELCPUXGMXTD2._SVR |
SVR.GASMIX ok Waittime for 120 Min 0 tail log |t |
= pc_check - s -
control ‘ WO properties ‘ after start for restart show log | J
Kill after - .
S| SVRRVC300 ok Xipc_check 2E| SEs e edit conf | ]
ails
control WD properties 5 .
| ‘ prow ‘ Last Start Times: Statisti server: Start and Online
§ﬂ}§:ﬂﬂ} }2 32 Authorization Restart Server op and Offline
| | 2013-01-22 09:21:33 _ 8
system status crate status 2017-12-22 11:03:52 Logging Start | Stop Kill Server
fexpotidoocsiserver’rve300_rs232_server |
XFEL.FELXGM.GAS_DOSINGLGF ELCPUXGMETDZ._SVR/ | ¢
_ - European XFEL fexport/doocsiserver/doocs start rve300_rs232_server
fexport irve300_rs232_serveninve300_rs232_server.FID |
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Averaged pulse energy: XTD2 versus XTD9 XGM

1400

1350 |

Slope: 0.97 (beamline losses)

1300 -

1250 |-

1200 -

1150 |

XTD9 energy (nJ)

1100 -

1050 |-

1000 L

1100

1150 1200 1250 1300 1350
XTD2 energy (uJ)

European XFEL

1400

1450

XGM in XTD6
HED

oLl
. =.‘..

XGM in XTD1

SEZ ‘.
S\’\x\\\\\“““ -

’\\\ —_— XGM in XTD9

_ummuuuu._*_ovﬂs._*_ gég
_ uu,,,,ﬁ?_. g

XGM in XTD2 $QS
-_XGM in XTD10 3 SCS
_XGM at SCS

0.134 nm, 60 bunches, slow ion signal
both XGMs with Xe, Run 149



XTD9 horizontal position (mm)
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Averaged beam position: XTD2 versus XTD9 XGM

Pointing!

20k /

21 Slope: 3.8

1,96 1988 200 202 204 206

XTD2 horizontal position (mm)

Distance SASE1 source to XGM@XTD2: 209 m

2,08

2,10

XTD@9 vertical position (mm)

1,85

1,80

1,75

1,70

Pointing!

/

Slope: 2.5 PR

0,14 0,16 0,18 0,20 0,22
XTD2 vertical position (mm)

Distance SASE1 source to XGM@XTD9: 878 m, therefore: 0.4 mm / 878 m correspond to 0.5 prad

-—p (Can be used for future active feedback

L J | European XFEL

15.06.2018
0.134 nm, 60 bunches, slow ion signal
both XGMs with Xe, Run 149



Horizontal beam position (mm)
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Position correlation: XGM versus Imager

- a © XGM

Imager

(=2]
)
’

'S
T
-~

hv]
1
.

N o
I I
%J -.-
f. e % WM
¢
- ‘-n-

/

0 250 500 750 1000 1250 1500 1750
Train number
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Horizontal beam position at XGM (mm)

Slope: 1

-4 -2 0 2 4 6
Horizontal beam position at imager (mm)

24.08.2017
0.136 nm, 60 bunches, slow ion signal
XTD9 XGM with Xe, Imager pop-in type |



Operation of X-ray gas monitors at European XFEL Theophilos Maltezopoulos, X-ray Photon Diagnostics 1 9

Single-shot pulse energy: XTD10 versus SCS XGM

Pulse 1
Pulse 5
®F| . Ppulse10
=~
214}
_XGMin XTD6
>
5 —
o)
c
12 : [l
8 :o‘
_8 SP;‘;:;\\‘\\\\\‘. o .
{{J "“ - XGM in XTD9 iy
Q 10 b= — |11 e @) . on
[@)) ””Im-
% [ XGM in XTD2 W§ *ggg
B sl
L Slope: 0.02 (overall transmission)
Correlation coefficient : 0.98
6=
[ N | M 1 N | " 1 o [
300 400 500 600 700 800

XTD10 single-shot energy (ud) 11.11.2018
1.127 nm, 120 bunches, run r0183,
gas attenuator set to 5.5 % transmission

L J | European XFEL
XTD10 XGM with Kr, SCS XGM with Xe
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Summary

Basic concept of XGM

Position of XGMs in the tunnels
Simultaneous 24/7 operation of XGMs
Quick fixes

Cross-correlation results

Two new publications soon available:

A. A. Sorokin JSR 2019 “XGM for FELS”
Th. Maltezopoulos JSR 2019 “Operation of XGMs at Eu.XFEL”

Thank you for your attention !!!

L J | European XFEL
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Change of gas: Xe versus Kr

XGM in XTD6
HED
MID
o‘l

XGM in XTD9
FXE

XGM in XTD1

pSE
\ \\\\\\
’ SASE1

— 1] e C) S == G
\ A
: ”lmﬁ,
XGM in XTD2 Q sas
| XGM in XTD10 }/ e sCS

XGM at SCS

24.11.2017

550 ud, single bunch mode, at 0.136 nm

Absolute measurement uncertainty ...
.. with Xe (XTD2): 39 uJ sigma (7%)
.. with Kr (XTD9): 176 pJ sigma (32%)

L J | European XFEL

Theophilos Maltezopoulos, X-ray Photon Diagnostics 22

29.06.2017 - 2 bunches at 0.15 nm

IXTDZ,Xe

IXTD9,Xe IXTD9,KT'

~_"

.. gives same pulse energy ©

IXTDZ,Xe

From synchrotron measurements:
< 10% for absolute pulse energy
< 20 um for absolute beam position

10.11.2017

350 ud, 2 bunches, at 0.133 nm

Absolute measurement uncertainty ...
.. with Xe (XTD2): 20 uJ sigma (6%)
.. with Kr (XTD9): 90 pdJ sigma (26%)
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[ NON
File Window Tools Help
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N HDFView 2.13

Recent Files |/gpfsfexfeliexp/SA2/201830/p8 00034 rawr0003/RAW-RO003-DA01-500000.h5

@ RAW-RO003-DA0L-500000.h5
o @ CONTROL
¢ @ S5A2_¥TD1_XGM
¢ @ XGM
¢ @ Doocs
o L) beamFosition Average bean
¢ @ current
¢ ‘@ bottom
¢ @l output
8 timestamp
& value
o) rangeCode
o= [2) left
o= ) right
= Qtop
o) gasDosing
o ) gassupply
o ) pollinginterval
o L) pressure
o= ) pulzseEnergy Average pU|Se
o 2} signaladaption
o (4 INDEX
7 @ INSTRUMENT
¢ @ 5A2_¥TD1_XGM
¢ @ XGM
¢ @ DOOCS:output
¢ @ data
8 intensityaUXTD
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Operation of X-ray gas monitors at European XFEL

XGM Karabo scene

SAl1_XTD2_XGM /

Theophilos Maltezopoulos, X-ray Photon Diagnostics

Gas needle is DOOCS controlled!

d
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G10091M

7.09e-01 bar g
V10117D
Emergency shutoff valve (status) 500CS contrales
\ g Gas type
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Interlock: notiinhibiting = OK!



