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(= Overview

e Introduction to Light Sources: PSI examples
 Dipole Radiation
« Undulator fundamental relation
 Measurement bench:

—Alignment

—K-value

—RMS phase error

—Orbit distortion
e Optimisation
* An example of measurement & optimisation campaign
e The operation based on magnetic measurements
e Open for questions
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[(={J» Paul Scherrer Institute
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(== SLS—2.4 GeV Light Source
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(== SLS—2.4 GeV Light Source
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(== SLS—2.4GeV Light Source
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(= SwissFEL
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(= Overview

 Dipole Radiation
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(15 Dipole Radiation
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[F=)= velocity // acceleration

aP(l') 105° 997 75°

0€

150 ° 30°
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(7= velocity _| acceleration
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(7= velocity _| acceleration
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(= Overview

Undulator fundamental relation
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Undulator Fundamental Relation
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(= Aramis In-vacuum undulator
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(= Aramis In-vacuum undulator
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(= SwissFEL
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(== Aramis In-vacuum undulators
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S

observer

A\

N

150 m
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== E=3.0GeV & K=1.8
_ Ay K* 2.2
)\n— 2?7,7 (1—|—2—|-9 ’y)
T;)ta.l fll'JX| Y

1t harm

10000

8000

Eph (eV)

*All calculations made with 1Hz repetition rate = 1/s = per shot

Charge = 200pC
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()= E=3.0GeV & K=1.8

Ay K2
A, (1 + 4 0272>

- 2ny 2
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T ' N\
X 2x10°) J@lsom / '.
o O: - Jliox1omm?y N
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Eon (eV)

*All calculations made with 1Hz repetition rate = 1/s = per shot
Charge = 200pC Page 26
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BS E=3.0GeV & K=1.8 — 15t harmonic

@150m

Total flux

20eV
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BS E=3.0GeV & K=1.8 — 15t harmonic

@150m

Total flux

' Flux:
_'10x10mm2

20eV
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BS E=3.0GeV & K=1.8 — 15t harmonic

@150m

Total flux

' Flux:
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20eV
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BS E=3.0GeV & K=1.8 — 15t harmonic

@150m X (mm)

Total flux

y (mm)

| AF

(absolute scale)

20eV
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(= E=2.0GeV & K=1.8 — 3"9 harmonic

@150m
€
Total flux £
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9 8 7 AF
Flux: 6

10x10mm?2 5
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(4 Overview

Measurement bench:
—Alignment
—K-value
—RMS phase error
—Orbit distortion
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= Measuring bench
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Undulator axis
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= Measuring bench

Z EtherCAT bus

collimators

Optical fiber

x1,yl

3 axes

L
XY Z Hall probe X,¥,a

pinholes
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(- Measuring bench § -
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LJ__—— Measuring bench
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= Measuring bench

Dimensions: 1.4x10.5x15.0mm3

Mutual orthogonality: <2°
Angular accuracy with respect to the reference surface: +2°

The three probes are all at the same height of 0.7 (middle of the probe)
and horizontal position, while they are spaced longitudinally by 2mm
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= Measurement example — Raw data

1.5,
1.0
0.5}
0.0

-0.5}

-1.0}

Field, By (T)

—1 .51 - - - - L - - - - - - - - - 1 - - - - ]
ug.m -2.05 -2.00 -1.95 -1.90
Position along the z axis (m)
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. axis definition: 8& =0 or B,=0

= f'\
(O==

Ty

Nl

PPPPPP



RRRRRRRRRRRRRRRRRRRR

= Alignment

Prototype

dBy/dh=0

t movers (mm)
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= Alignment

015

0.10\VIJM

0.05

Bz (T)

0.00:
-0.05

-0.10"

015 |

Position along the undulator, z (m)
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= Alignment

045, |

0.10' |
o.wm

0.00:

Bz (T)

-0.05

-0.10"

015 |

Position along the undulator, z (m)
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= Alignment

045, |
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Position along the undulator, z (m)
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= Alignment

045, |
0.10°
0.05

OOO‘\M

-0.05

Bz (T)

-0.10"

015 |

Position along the undulator, z (m)

Page 45



PAUL SCHERRER INSTITUT

= Alignment

045 |
0.10
0.05
0.00

_0.05M

-0.10"

Bz (T)

015 |

Position along the undulator, z (m)
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= Alignment

045, |
0.10°

0.05

Bz (T)

0.00:

_0.05\\/”\4%“}‘“"\?\”
~0.10° |

015 |

Position along the undulator, z (m)
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= Alignment

045, |
0.10°

0.05

Bz (T)

0.00:

-0.05

_o.1owm

05— % .. 1 .

Position along the undulator, z (m)
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(15 Correction of the integrals

~

Be(z) the magnetic field component, x ory

A ANYANS
VAR VARV

JAVAVAVAVAVAY

10 1.5 2.0 295 3.0

S1 S1 o
I = / Be(s)ds + oz/ Bg(s)ds
S0 S0

|—> This is the field integral, in x ory,
measured with an independent and more
accurate system: MOVING WIRE
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2mTmece
AN 2
B
B: = =
-y (B
n=1,3,),..

1st harmonic

" K=1.82870
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2mTmece
AN 2
B
B: = =
-y (B
n=1,3,),..

1st+ 3rd harmonic

K=1.82930
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2mTmece
AN 2
B
B: = =
-y (B
n=1,3,),..

1st+ 3rd + 5th harmonic

K=1.82930
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(15 Measurement of the Phase

5(2) = % (% + /O ’ a‘c?(z’)dz’)

i(z) = ﬁ /O " B(2)dY
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Measurement of the Phase
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—

B

Measurement of the Phase

t=t
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a(HJ» Measurement of the Phase

Undulator field
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(=}» Measurement of the Phase .
Undulator field
0 Zq 2 y4
A:
P(z) = B Az
gt =
(O
21 dz
T = —
0 ) 4 )
z 1
21 /1 1 z21+Az A :/ dz’ —
/ (___>dzz/ “ T hoB)T T
0 v C 21 C \ y
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(15 Measurement of the Phase

z 1
A :/ dz' — z
N 0 Bz(zl)

B2 =5 - 5;

)T e
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(15 Measurement of the Phase
B i k2 YN,
¢(z) = o (72 +/O 1“ (2 )dz)
: _ € ? IN 7!
t(z) = ’ymc/o B(z")dz
(

C(z):/() B(z")d7'

W +1 LK) <Z i (%)2/0 IQ(Z/MZ/)

~N

J
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= RMS phase error: (7<21>

/\/\/\/ magnetic field
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[FEJ» RMS phase error: 0'(213

4 -2 0 2 4 n=5

— st n=7

2 .2
Rge—n()'q)

R is the relative intensity

n is the harmonic number

R.P.Walker, Nucl. Instrum. Methods 335 (1993) 328-337

n=3

. N~ T
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RS Measurement of the Orbit distortion

— fy;c / / By/x(Z”)dZ”dZ/

CaIcuIated @ 5.8GeV

z/y(z)

Orbit (um)

Position along the z axis (m)

0 z < z;
E(z) = ki(z —2) + %Ec(z — z)? 2 < 2 < 2,
 ki(z = 2) 4Bz + Ko(2 — 20) 2> 20
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(= Overview

e Optimisation
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= Optim
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(15 Optimization: Orbit
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S

Local-K Optimisation

Measurements

Okn = kn — (kn)

Optimisation

5k — P(g)sh =0

[5h = P_15k]

Zn+1
/ By(z)dz

Pole height adj (um)

Si
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(== Columns optimisation

Translationsverschiebungsgro
mm

0.0568
0.0511
0.0454
0.0397
0.0341
0.0284
0.0227
0.017
0.0114
0.00568
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(== Columns optimisation

15
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(== Columns optimisation

n (m)
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(== Columns optimisation

g% og
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(== Columns optimisation

tion (m)
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Columns optimisation
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S

Gap

Columns optimisation

position (m)
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Columns optimisation
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Gap

(== Columns optimisation

al position (m)
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Columns optimisation
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Gap
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(== Columns optimisation
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(== Columns optimisation
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Gap

Columns optimisation
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(== Columns optimisation

Gap
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Gap

Columns optimisation
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Columns optimisation
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(== Columns optimisation

Gap

n (m)
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(== Columns optimisation

Phase change (°)
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ng the inner [-beam (M)
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(= Overview

* An example of measurement & optimisation campaign
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Pole height adj (um)

PAUL SCHERRER INSTITUT
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Pole height adj (um)

PAUL SCHERRER INSTITUT
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Pole height adj (um)

PAUL SCHERRER INSTITUT

BS 15:20 11-12-2015

UpStr localK optimization

Ex-Vacuum Bench

Qerror - 25.5° DownStr

ong

HMB_2015-12-11-15_20_24

the s axis (m)
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Pole height adj (um)

Ex-Vacuum Bench
(4 08:40 14-12-2015

UpStr localK optimization  ¢gror : 28.1° DownStr

HMB_2015-12-14-08_40_05

ong the s axis (m)
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Ex-Vacuum Bench

PAUL SCHERRER INSTITUT

10:18 14-12-2015

—

B

DownStr

Gerror - 8.7°

localK optimization

UpStr

(wrl) fpe jybiay sjod

position along the s axis (m)
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Ex-Vacuum Bench
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10:18 14-12-2015
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Pole height adj (um)

PAUL SCHERRER INSTITUT

BS 14:23 14-12-2015

Ex-Vacuum Bench

UpStr localK optimization  @gror = 3.3° DownStr
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Pole height adj (um)

PAUL SCHERRER INSTITUT

BS 15:54 14-12-2015

Ex-Vacuum Bench

UpStr localK optimization  ¢gror : 1.4° DownStr
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Pole height adj (um)
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BS 08:29 15-12-2015

Ex-Vacuum Bench

UpStr localK optimization  @gror : 3.5° DownStr
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Pole height adj (um)

Ex-Vacuum Bench

PAUL SCHERRER INSTITUT

BS 09:01 15-12-2015

UpStr localK optimization  @gror : 2.8° DownStr

HMB_2015-12-15-09_01_12

along the s axis (m)
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Pole height adj (um)

Ex-Vacuum Bench

PAUL SCHERRER INSTITUT

BS 09:53 15-12-2015

~60n

~20}

~40

777777777777777777777777777777777777777777777777777777777777777777777777777777

HMB_2015-12-15-09_53_27

position along the s axis (m)
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Pole height adj (um)
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BS 10:10 15-12-2015

Ex-Vacuum Bench

UpStr localK optimization  ¢gror : 1.4° DownStr
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Pole height adj (um)

PAUL SCHERRER INSTITUT

BS 11:33 15-12-2015

Ex-Vacuum Bench

UpStr localK optimization  ¢grror = 1.1° DownStr

along

HMB_2015-12-15-11_33_40

the s axis (m)
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(={J» Moving to Bench B
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In-Vacuum Bench
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Pole height adj (um)

PAUL SCHERRER INSTITUT

= 09:18 08-03-2016

UpStr localK optimization error - 16.3°

In-Vacuum Bench

DownStr

along the s axis (m)

HMB_2016-03-08-09_18_24
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Pole height adj (um)

PAUL SCHERRER INSTITUT

(= 10:18 08-03-2016

In-Vacuum Bench

UpStr localK optimization  @gror = 3.3° DownStr

along

HMB_2016-03-08-10_18_02

the s axis (m)

Page 111



Pole height adj (um)

PAUL SCHERRER INSTITUT

(= 11:01 08-03-2016

In-Vacuum Bench

UpStr localK optimization  @gror : 2.8° DownStr
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In-Vacuum Bench
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Pole height adj (um)
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o H» Summary of the 13 undulator of Aramis line
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(= Overview

e The operation based on magnetic measurements
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o == Setting the gap

gap (mm)
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(7= Wir schaffen Wissen — heute flr morgen
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RS E=3.0GeV & K=1.8 — 15t harmonic

@150m
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By SENISAG

Dimensions: 1.5x10.5x15.0mm3
Mutual orthogonality: <2°
Angular accuracy with respect to the reference surface: £2°

The three probes are all at the same height of 0.75 (middle of the probe) and horizontal
position, while they are spaced longitudinally by 2mm
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Aramis Beamline

ARAMIS
Undulator Section

4 D
[ Laboratory Results ]
Control Room
Magnetic | Data Analysis &
Measurements Characterisation II(
NG Y,
(~ )
SUBLIME
-=> Models/Fits
1
T T TS T T T T \ E | l |
[ [ Commissioning ] 1o Gap, Orbit & phase
1 (I Settings
| | 1
! v Vv v
: Online | Data Analysis & T )
: Measurements Characterisation : EPICS
\ J Control System
_______________________ ’ \, J

Page 125



	Hall Probe Measurements in Insertion Device
	Overview
	Paul Scherrer Institute
	SLS – 2.4 GeV Light Source
	SLS – 2.4 GeV Light Source
	SLS – 2.4 GeV Light Source
	SwissFEL
	SwissFEL
	SwissFEL
	Overview
	Dipole Radiation
	velocity       acceleration
	velocity       acceleration
	velocity       acceleration
	Overview
	Undulator Fundamental Relation
	Aramis In-vacuum undulator
	Aramis In-vacuum undulator
	Aramis In-vacuum undulator
	SwissFEL
	Aramis In-vacuum undulators
	Slide Number 22
	Undulator Fundamental Relation
	Slide Number 24
	E=3.0GeV & K=1.8 
	E=3.0GeV & K=1.8 
	E=3.0GeV & K=1.8 – 1st harmonic
	E=3.0GeV & K=1.8 – 1st harmonic
	E=3.0GeV & K=1.8 – 1st harmonic
	E=3.0GeV & K=1.8 – 1st harmonic
	E=2.0GeV & K=1.8 – 3rd harmonic
	Overview
	Measuring bench
	Measuring bench
	Measuring bench
	Measuring bench
	Measuring bench
	Measuring bench
	Measurement example – Raw data
	Alignment
	Alignment
	Alignment
	Alignment
	Alignment
	Alignment
	Alignment
	Alignment
	Alignment
	Correction of the integrals
	Measurement of the K
	Measurement of the K
	Measurement of the K
	Measurement of the Phase
	Measurement of the Phase
	Measurement of the Phase
	Measurement of the Phase
	Measurement of the Phase
	Measurement of the Phase
	Measurement of the Phase
	RMS phase error:
	RMS phase error:
	Measurement of the Orbit distortion
	Overview
	Optimization: field
	Optimization: Orbit
	Local-K Optimisation
	Columns optimisation
	Columns optimisation
	Columns optimisation
	Columns optimisation
	Columns optimisation
	Columns optimisation
	Columns optimisation
	Columns optimisation
	Columns optimisation
	Columns optimisation
	Columns optimisation
	Columns optimisation
	Columns optimisation
	Columns optimisation
	Columns optimisation
	Columns optimisation
	Columns optimisation
	Columns optimisation
	Columns optimisation
	Columns optimisation
	Columns optimisation
	Columns optimisation
	Columns optimisation
	Columns optimisation
	Columns optimisation
	Overview
	Ex-Vacuum Bench�
	09:37  11-12-2015
	13:57  11-12-2015
	15:20  11-12-2015
	08:40  14-12-2015
	10:18  14-12-2015
	10:18  14-12-2015
	14:23  14-12-2015
	15:54  14-12-2015
	08:29  15-12-2015
	09:01  15-12-2015
	09:53  15-12-2015
	10:10  15-12-2015
	11:33  15-12-2015
	Moving to Bench B
	In-vacuum bench
	14:40  07-03-2016
	09:18  08-03-2016
	10:18  08-03-2016
	11:01  08-03-2016
	11:32  08-03-2016
	12:01  08-03-2016
	Summary of the 13 undulator of Aramis line
	Overview
	Setting the gap
	Orbit correction
	Orbit Corrections
	Aramis Beamline
	Wir schaffen Wissen – heute für morgen
	E=3.0GeV & K=1.8 – 1st harmonic
	Slide Number 123
	Optimization: Phase
	Aramis Beamline

