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Operator Training: Magnets

European

XFEL | Conventions: Dipoles (Incl. Correctors)

X

The XFEL has a
right-handed

coordinate system.

Z points
downstream.

Where does this corrector
deflect the electron beam?

Which sign does its field/
strength/kick have?

XFEL Operator Training, 2017-02-21
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Operator Training: Magnets

European

XFEL ] Conventions: Quadrupoles

| ) e

Is this quadrupole
focusing or

/;‘ _
~] 4\( ,’ defocusing in the

\\ horizontal plane?

What is the sign
of its gradient/
strength/
integrated

& strength?
v

groE ey
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I - Operator Training: Magnets
European .
XFEL ] Conventions

Dipoles and correctors with a positive field
deflect electrons to the left (in positive x
direction) or up (in positive y direction).

Quadrupoles with a positive generalized field are
horizontally focusing for electron beams.

Usually, positive fields are driven by positive
currents, but there are exceptions.
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I - Operator Training: Magnets

European

XFEL | Controlling Magnets... From the Cockpit

r== XFEL_Cockpit_Mainxml ///

Beam Mode: Short Cryo: Injector OK

15.15 r.ﬁ
| 141.0 deg i i 180.0 dey

0.0 Y A111 I I AH1.11
@ Frre 00 V]
Laser Control - SA1 / Feedbacks

X/ Magnet Control
Beam:O OFF Deflection angle:
5.700

No. bunches Rate

Current: 79.510
AAAA

1.13 MHz :
o 1.13 MHz | _

: Momentum:
Charge (FB) Orbit (FB)

Bucking Coil
Solenoid

ON New Window

XFEL Operator Training, 2017-02-21
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I Operato

European

XFEL | Controlling Magnets... From a Stand-Alone Panel

r== XFEL_Cockpit_Mainxml ///

Laser: OK

Bucking Coil
Solenoid

0.0
0.0

Laser Control - SA1/ Feedbacks
Beam:(¥) | OFF

No. bunches Rate

SO -

VVvVv

Charge (FB) Orbit (FB)
A

AAA
0.0 O

r Training: Magnets

| XFEL — INJECTOR

E=] SUBTRAIN - SA1 Dipole BL.48l.I1 (BL11)

Operation Mode: B1

135.84 MV
141.0 deg
A1.1

T —
" XFEL_mag_winxm| XFELMAGNETS/MAGNET.ML/... (sc=s| o=l S
R ———

——1 1st laser heater dipole

J"' Main T Current T Expert }

deg 1|

Momentum (non-scaling): 130.00| MeV/c

Current Information
79.510 A
[0.0A . 150.0 A]

01>
{~=1>
KO>
KO>

A
Deflection angle: o

RBV: 5.700

Cycling status

A The magnet can cleanly ramp upwards.

last log entry:
Sequence complete. (2017-02-20T14:23:58)
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L Operato

European

XFEL | Controlling Magnets... From a Stand-Alone Panel

r== XFEL_Cockpit_Mainxml ///
| —

Laser: OK

Bucking Coil
Solenoid

0.0
0.0

Laser Control - SA1/ Feedbacks
Beam:(¥) | OFF

No. bunches Rate

SO -

VVvVv

Charge (FB) Orbit (FB)
A

AAA
0.0 O

r Training: Magnets

XFEL — INJECTOR

E=] SUBTRAIN - SA1 Dipole BL.48l.I1 (BL11)

Operation Mode: B1

135.84 MV
141.0 deg
A1.1

"~ XFEL_mag_winxml XFELMAGNETS/MAGNET.ML/... (s=2s|(=ls| e S
e ——— R —

——1 1st laser heater dipole

] Main T Current [ Expert ‘

ML Server |

Power supply circuit

Class Dipole
PS Circuit BL.1.I1

W Ps on/off
|| circuit write protection

® Switched on n
® No fault ® [dle

last log entry: Show full log |
Sequence complete. (2017-02-20T14:23:58)

7

XFEL Operator Training, 2017-02-21

Lars Frohlich

ﬁ HELMHOLTZ
‘ ASSOCIATION



Operator Training: Magnets

European

XFEL

r== XFEL_Cockpit_Mainxml ///
 I—

SUBTRAIN - SA1

OK

Laser: Operation Mod

Bucking Coil
Solenoid

Laser Control - SA1/ Feedbacks
Beam:(¥) | OFF

Rate

133 ke -

Orbit (FB)

No. bunches
AAAA

VvV
Charge (FB)

A AAA
-390 m

Controlling Magnets... From the ML Server Panel

All__| Groups| Config | [~ mMain Controls | GoTo |

Set List Filter

[SOLA 2311

}SOLB 23.1

BL.48I1.11
BL.501.11
BL.50I1.11

M

~ magnet_mi_serverxml XFELMAGNETS/MAGNET.ML/B! [E=NEn S

MAGNET MIDDLE LAYER SERVER - BL.48l.11

Advanced Controls [ Calibration [ Information f Log l

Dipole BL.48l.11

1st laser heater dipole
BL_u150

n Design

10.647

5.70

R A AAAN
Deflection angle: g . zgg deg
5.7

0.068 <

130.00 Mevie |G

Nominal momentum:

<>
<O0>
<>

¢ -~ 0o

79.509

A
Current:
v

0.0000 < < 150.0000

Power supply ® Switched on n Switch On
BL.1.M ® No fault ® [dle Swnch Off

Cycling status

The magnet can cleanly ramp upwards.

[T] Generalized Field vs. Current
U (=1

REs}

0.25+
0.15-
0.05-

-0.05

| T I
0. 20. 40. 60. BD 100 120 140 160
BL.48LI/PLOT_CURRENTS

® Sequence complete. (2017-02-20T14:23:58)

Send to xfellog.._ |
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Operator Training: Magnets

European

XFEL | Magnet Middle Layer Server

MAGNET MIDDLE LAYER SERVER (BB.62.11 DM W ETe[at-Y M N ETR T

All | Groupsl Conﬂg| Main Controls t Go To ] Advanced Controls ] Calibration ] Information ] Log \
Set List Filter

SOLA 23 11 Dipole BB.62.11D <type>.<ZpOS>.<section>

SOLB.23.11 injector spectrometer dipole
CKX.23.11 BB_u500

S SOL* — Solenoids

CKX.24.11 i .
CKY 24 11 Deflection angle: . deg n Design:-30.00

ciocs e o C* — Correctors

Q.37.11
CX.37.11

&Y 3711 Nominal momentum: n B* _ DipOleS

Q.38.11
CY.39.11

CX.39.11 *

Ql.46.11 Current: . Q - Quadru p0|es
Q.47 11

BL.481.11 0.0000 < < 500.0000

BL.48IL.11 S* - SextupOIGS
Power supply ® Switched on MI
Power Supply o O* — Octupoles

| BB.5.11D ® No fault Switch Off

Cerlﬂ!jt”Name gt necs sacmy | CB* — Correction/trim

CIY.55.11 [T] Generalized Field vs. Current
0.9

E coils on dipoles
(additional windings)

CIY.58.11 1
Ql.59.11 -0.84
Ql.60.11 ]
Ql1.61.11 -1.2 T T

BB.62.11D 0. il 200 300

CBB.62.11D BB.62.11D/PLOT_CURRENTS
ClY.63.11

e B e PS circuit names are similar:

Send to xfellog... | <type>_<|D>_<Section>

XFEL Operator Training, 2017-02-21 ﬁ HELMHOLTZ
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Operator Training: Magnets

European

XFEL | Many Magnets Can Share The Same Circuit

There is one device for each
magnet

... even if multiple magnets
share the same power Magnet Names

supply
BL.48l1.I1 BL.501.11

BL.48l.11 BL.50II.11

BL.1.I1 BL.3.11 BL.4.11

Power Supply Names

XFEL Operator Training, 2017-02-21 ﬁ HHHHHHH
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Operator Training: Magnets

European

XFEL ] Main Taskbar > Magnets

XFEL Main Taskbar (XFELMainTaskbar.xml) [jDDD Displayer Version 2.3.1] XFELMainTaskbarxml ///
Datei Optionen Hilfe

Status i F - x

5]
Injector Orbit Photons Beam Dynamic: = Magnets Vacuum Cryo  Controls

European

Magnets Power Supplies Kickers Quad Mover
Overview PS Monitoring & Control TLD Operation Overview
Magnet Server PS Control (deprecated) Expert ¥
Magnet Energizer T1/T2 Special Grounding
Magnet Coupling Server
State Monitoring

Cold Quad Monitoring

Dipole Setup Tools

Chicane Control Kicks from Sequencer

Magnet Overview

Kickers:

IMCS10LFROEHLI/03.12.18 18:08:48 |Operations Mode [Betrachten] |Serveranwahl [Default] |(1)KeinelniDatei
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Operator Training: Magnets

European

XFEL ] The Magnet Overview Panel

xe= XFELMagOverview.xm| XFEL.MAGNETS/MAGNET.ML/*/

Some magnets need cycling. E o
Cying )
15|
g o . n [ () () )0 o [ ) ) G e 1
g NG o  — I-'\,1 o e L o - . e oa . e ojn n {] [a]
— - - o o o o
:nr:r:nﬂf‘.n [l ‘ | ) ,:ll','
— | — - X o ll,':ll,
) =
o |
Magnet groups for entire beamlines (gun to dump):
Gun-G1D Gun-1D Gun-81D Gun-B2D Gun-10 || Gun-Tap || Gun-t5D |
Close
MAG_I1D SOLA.23.11 SOLB.23.11 QLN.23.11 QLs.23.11 CKX.23.11 CKY.23.11 Q.37.11 cY.37.11
I Switch Group Magnets ON ON ON ON ON ON ON ON
Al | Busy [ on [clean -
m Dirty Switch On air coil air coil air coil air coil air coil air coil need cycling need cyclir
Switch Off
Number of magnets: 39 0.0112T 0.2099 T -0.00 rad/m -0.00 rad/m 0.279 mrad 0.665 mrad -0.52 rad/m -0.001 mr{
Ignored: none Cycle Group Magnets
/ All OK All Magnets 28.00A 34991 A -0.06 A 021A 0.73A 173A 236A 1.00A -0.10A 0.00 A 237A -0.00A
© someall off Dirty Magnets Ps Ps Ps Ps Ps Ps Ps Ps Ps Ps Ps Ps
B cyeting Al \ai Wagaets | ] | | ] | | ] | | ] | | ] | | ] | .
[ No fault 1M No fault 1] No fault 1M No fault [1] No fault 1M No fault [1] No fault 1M No fault [1] No fault 1M No fault [1] No fault 1M No fault
/ All idle Dirty Main Magnets
<« I ] >
XFEL Operator Training, 2017-02-21 ﬁ HELMHOLTZ
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Current, Field, Strength, Gradient, Kick, Momentum, ...

... and other sophisticated words like “hysteresis” and “remanence’!



Operator Training: Magnets

European

XFEL | Magnet ML: Physical Parameters

calibration nominal effective
data momentum magnetic length

[ current ] [ (gen.) field ] [(gen.)strength] [ (gen.) kick ]

Dipole [B]=T [1/p] = 1/m rad
Quadrupole [g] = T/m [K] = 1/m? rad/m
Sextupole T/m? [m] = 1/m?3 rad/m?
Octupole T/m3 [r] = 1/m* rad/m3

XFEL Operator Training, 2017-02-21 @ ﬁ HHHHHHH
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Operator Training: Magnets

European

Magnet ML: Calibration & Hysteresis

MAGNET MIDDLE LAYER SERVER - BK.24 |1

All | Groupsl Conﬂg| Main Controls ] Go To J Advanced Controls I Calibration t Information ] Log \
n|no| Blc|als]|

SOLA.23.11 [~
SOLB.23.11 Polynomial (0): <generalized field> = c0 + c1* + c2*I"2 + c3*I"3 + c4*I" + c5%"5
CKX.23.11
CKY.23.11 upward ramp downward ramp

BK.24.11

CKX.24.11
CKY.24.11 c0=  -1.95629E-1 c0=  -1.95629E-1 T/A
CKX.25.11

CKY.25.11 cl= 1.72034E0 = 1.72034E0 T
Q.37.11
X371 c2= 1.56764E-1 = 156764E-1 1/A
CY.37.11
Q.38.11

CY.30.1 c4=  3.50000E0 -3.50000E0 A
CX.39.11

Ql.46.11 c5 = 0.00000E0 0.00000E0
Ql.47.11

BL.481.11
BL.48I1.11 currentrange:-3.5A .35 A [[]Field inverted

BL.501.11 . )
BL.50I1.11 [T] . Generalized Field vs. Current
Q15011 0.

CIY.51.11 016
CIX.51.11
Ql.52.11 0.2
Ql.53.11 008
Ql.54.11
CIY.55.11 0.04
Ql.55.11
CIX.57.11
Ql.57.11
ClY.58.11
Ql.59.11
QI.60.11
Ql.61.11
BB.62.11D
CBB.62.11D

8|IY62?1|I1) . . 2. -1. 0. 05 1. 158 2. 25 3. 35 4
QI763 1 BK.24 11/PLOT_CURRENTS [A)

Generalized field calibration (BK)

function: T(x) / tanh_sym function: T(x) /tanh_sym

c3= 3.78525E-2 -3.78525E-2 A

Send to xfellog... |
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Operator Training: Magnets

European

XFEL | Dealing with Hysteresis
I\/Iagne'tic Field
“The magnet can cleanly

downward
ramp

Current
>

<€

klick
down

“The magnet can cleanly
ramp upwards.”

XFEL Operator Training, 2017-02-21
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Operator Training: Magnets

European

XFEL | Dealing with Hysteresis
I\/Iagne'tic Field

Uncycled magnets
use an averaged
calibration curve.

downward

ramp

Current
>

<€

XFEL Operator Training, 2017-02-21 @ ﬁ HELMHOLTZ
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Operator Training: Magnets

European

XFEL

Cycling
Force the magnet (back) onto

its hysteresis curve.
Ramp to maximum and
minimum current a few times.

Cycling & Degaussing
I\/Iagne'tic Field

FanY
N

Current

>

Degaussing (Demagnetization)
Force the magnet out of its
hysteresis curve so it has zero
field at zero current.

Ramp up and down with slowly
decreasing currents.

XFEL Operator Training, 2017-02-21
Lars Frohlich




Operator Training: Magnets

European

XFEL ] Main Taskbar > Magnets

XFEL Main Taskbar (XFELMainTaskbar.xml) [jDDD Displayer Version 2.3.1] XFELMainTaskbarxml ///
Datei Optionen Hilfe

Status i F - x

5]
Injector Orbit Photons Beam Dynamic: = Magnets Vacuum Cryo  Controls

European

Magnets Power Supplies Kickers Quad Mover
Overview PS Monitoring & Control TLD Operation Overview
Magnet Server PS Control (deprecated) Expert ¥
Magnet Energizer T1/T2 Special Grounding
Magnet Coupling Server
State Monitoring

Cold Quad Monitoring

Dipole Setup Tools

Chicane Control Kicks from Sequencer

Magnet Overview

Kickers:

IMCS10LFROEHLI/03.12.18 18:08:48 |Operations Mode [Betrachten] |Serveranwahl [Default] |(1)KeinelniDatei
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Operator Training: Magnets

European

XFEL | Magnet Energizer

File Tools Help

The combobox on the
right selects a group of

magnets:
Sections or
subsections:
= 1M, B1, T2, ...
(Encay o) SF=—— e All magnets that need

to be to transport
— the beam to a certain

SOLB.231L 2348 ¢ . 06 1014 e ——— dum p:

CKx.23.1 23.96 . 1 -06 10.14 Set magnet eneray: MAG_I1 D’ MAG_T4D’

CKY.23.1L 23.99 g 4 -06 1014 Keep current (no scaling) v ]
CKX.24.1 : . -06 1014

Magnet name z (m) Emag (MeV) Ebeam (MeV) AE (MeV) |AE/Ebeam| (%) Status [ Select all
SOLA.23.11 2310 . . -06 1014 [

CKy.24.11 g . -06 10.14

cos . . o5 016 All magnets through
SuL ~ | 08 1014 which the beam

Q371 12

X371 12 on the way to

cvarn 12 / a certain dump:
S L2 - OP_IMD, OP_T4D, ...

XFEL Operator Training, 2017-02-21 ﬁ HELMHOLTZ
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Operator Training: Magnets

European

XFEL | Magnet Energizer

This combobox selects
what happens when ,Set to

a Magnet Energizer 1.04 — XFEL gg

File Tools Help

o) B j : 1 | beam energy” or ,Set to
3 2o | . | T L energy. ..t is used:
5 60
¥ 40f
5) 20 .
L _ | o | | ) iny the energy setting
30 40 50 60 is changed, the magnet
z (m)
[Energy (abs.) ~ | [subtrain sA1 ~ | [op_muECTOR -] Cu rrent Stays the same.
. No impact on the beam,
Magnet name z (m) Emag (MeV) Ebeam (MeV) AE (MeV) |AE/Ebeam| (%) Status - [ Select all ] . .
SOLA231L 210 53 59 06 1014 ready [ — ] but the calculated kick is
SOLB.2311 248 53 59 -06 1014 ready o different.
CKX.23.1 2396 53 59 -06 1014 ready Y
CKy.23.11 2399 53 59 -06 1014 ready Keep current (no scaling) v | [l
CKX.24.1 2494 53 59 -06 1014 ready
cKv.241 2497 53 59 -06 1014 ready S —
CKX.25.11 2552 53 59 -06 1014 ready The magnet current is
cKY.251 2555 53 59 -06 1014 ready chan ge d so that is has
Q37 3780 1450 1438 12 081 ready
cx37L 3795 1450 1438 12 081 ready the same effect on a
cvarn 37.95 1450 14338 1.2 0.81 ready different beam_
Q381 3895 1450 1438 12 081 read . .
’ - Use this when changing

the beam energy.

XFEL Operator Training, 2017-02-21 ﬁ HELMHOLTZ
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Operator Training: Magnets

European

XFEL ] Main Taskbar > Magnets

M Main Taskbar (XFELMainTaskbar.xml) [jDDD Displayer Version 2.3.1] XFELMainTaskbarxml ///
Datei Optionen Hilfe

X

Iz ™ a ©® @ &5

Orbit Beam Dynamic: = Magnets Vacuum Cryo = Controls

European

Magnets Power\ upplies Kickers
Overview PS Monitoring & Control Inj1 Kickers (Exp)
Magnet Server PS Control (deprecated)| Dark Current Kicker (Exp)

Magnet Energizer

Magnet Overview

-

] i |/

| i e T 4“::, ,, 'W%
™~

£ IMCSW7BUERO7 |04.07.16 11:12:32 perations Mode [Betrachten] |Serveranwahl [Default] |(3)KeinelniDatei

—i-EE-“"'"—I(
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I .

Operator Training: Magnets

European

XFEL | PS Monitor And Control (“PS MoCo”)

Low-level view on power
supplies

Uses power supply circuit
names

Has a search function for
magnet names, circuit names,
and MKK circuit numbers
(menu Edit/Search...)

Use only for troubleshooting or
if you‘re part of MKKI

= PS Monitor & Control Client - Version: 143 [build ID:$Revisio

Datei Optionen Hilfe Edit

N [ [T () (e (= I [ o = I
(e | | | | | |

CIRCUIT|__PSCNAME

50055 BB.1.B1

5007 |BB.1.B1D 323,847 323848

50081 |BB.1.B2 210,938 210,938
5003 |BB.1.1 39,692
0% |BB.5.11D 0,000

51038 |BD.1.T1 0,000 0,000]
51083 |BD.10.T2 0,000
51057 |BD.2.T1 0,000
51039 0,000
0,000

0,000 0,000]
4. 0,000 0,000 0,
51063 BD.5.TLD 0,000 0,000 0,
51002 BE.1.CL 0,000
51004 BE.2.CL 0,000

50101 BG.1.82D
50003 |BK.1.1
51003 BL.1.CL
50008 |BL.1I1
51095 |BLA.TL
51005 |BL.2.CL
5100 |BL2.TL
50009 |BL.3.11
50010 |BL.4.11
sssss

sssss

51035
51060 |BZA.TLD
s10% BZ.2.T1

51061 [BZ.2.TLD

50505 |CBB.1.B1D
50534 |CBB.2.81
50537 CBB.2.82

50591 |CBB.2.11
psce [
g [MCSW7BUERO7 [20.02. 17 16:16: 13 [Operations Mode [Betrachten] [serveranwahl [Default] (3)KenelnDatei

~— \/‘JR
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Operator Training: Magnets

European

XFEL ] Main Taskbar > Magnets

M Main Taskbar (XFELMainTaskbar.xml) [jDDD Displayer Version 2.3.1] XFELMainTaskbarxml ///
Datei Optionen Hilfe

X

Iz ™ a ©® @ &5

Orbit Beam Dynamic: = Magnets Vacuum Cryo = Controls

European

Magnets Power Supplies Kickers
Overview PS Monitoring & Control Inj1 Kickers (Exp)
Magnet Server PS Control (deprecated)| Dark Current Kicker (Exp)

Magnet Energizer

Magnet Overview

-

] i |/

| i e T 4“::, ,, 'W%
™~

£ IMCSW7BUERO7 |04.07.16 11:12:32 perations Mode [Betrachten] |Serveranwahl [Default] |(3)KeinelniDatei

—i-EE-“"'"—I(
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Operator Training: Magnets

European

XFEL | The “Good Old” PS Control

It handles only “DESY-type”
magnets.

This means: It does not show
all magnets.

IT DOES NOT SHOW
ALL MAGNETS!

Please don’t use it — or only as
a last resort for
troubleshooting, if you know
what you're doing.

Datei Maschine(Xfel) Optionen Hilfe Ansicht Expert

XTIN XTL

1 Jf 2 Jf 3]

XFEL : INJ []Breit

Kreis PS Status Soll ] Ist-Soll
50001 |SOLA.1.1M 23,9998 -0,0042~
50002 |SOLB.1.11 338,2994 0,0034
50008 |BL.1.11 79,7914 0,0000
50009 [BL.3.1 79,3684 0,0004;
50010 BL.4.11 81,6248 0,0004
50027 |BL.6.11 DIO Aus:Stoerung 0,0000 0,0000
50034 BL.7.11 DIO Aus:Stoerung 0,0000 0,0011
50028 |BL.8.11 DIO Aus:Stoerung 0,0000 0,0000/|=
50049 |BB.5.11D 166,3848 -0,0011
50075 |QD.26.B1D DIO Aus:Stoerung 0,0000 0,0011
50071 |QD.20.B1 DIO Aus:Stoerung 0,0000 0,0008
50072 |QD.21.B1 DIO Aus:Stoerung 0,0000 -0,0004;
50073 |QD.22.B1 DIO Aus:Stoerung 0,0000/  200,0000
50074 |QD.25.B1D DIO Aus:Stoerung 0,0000 -0,0008|—
50060 |QD.9.B1 DIO Aus:Stoerung 0,0000 0,0023
50065 |QD.14.B1 DIO Aus:Stoerung 0,0000/  200,0000
50066 |QD.15.B1 DIO Aus:Stoerung 0,0000 0,0004
50067 |QD.16.B1 DIO Aus:Stoerung 0,0000 0,0015
50038 |BB.1.11 DIO Aus:Stoerung 0,0000 0,0004
50053 |QD.3.B1 DIO Aus:Stoerung 0,0000 -0,0011
50054 |QD.4.B1 DIO Aus:Stoerung 0,0000 0,0008
50055 |BB.1.B1 DIO Aus:Stoerung 0,0000 -0,0004;
50082 |QD.6.B2 DIO Aus:Stoerung 0,0000 -0,0019
50083 |QD.7.B2 DIO Aus:Stoerung 0,0000 -0,0011
50077 |QD.1.B2 DIO Aus:Stoerung 0,0000 0,0000
50078 |QD.2.B2 DIO Aus:Stoerung 0,0000 -0,6416
50079 |QD.3.B2 DIO Aus:Stoerung 0,0000/  200,0000
50080 |QD.4.B2 DIO Aus:Stoerung 0,0000 -1,5194
50076 |BB.1.B1D DIO Aus:Stoerung 0,0000 0,0011

£ [MCSW7BUERO7 [04.07.16 11:00:30 |Operations Mode [Betrachten] [Ser [Default] iDatei
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