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e
@elettrq

e Introduction

 What users want
* Layout of the transport system:
where can we “diagnose” ?

* Dilagnostics:

e Conclusions

Beam Position Monitors
Intensity Monitors
Energy Spectrometer
TOF-based diagnostics
Wavefront

Coherence

Pulse length
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@Wa FEL Radiation Features F<5'739'

OIMITION Characte —NIgh peak POWETS, puised structure, nigt

“ERMI@Elettra Parameter FEL 1 FEL 2

Wavelength (nm) 100 - 20 40 -3

Pulse length FW HM (fs) 30 - 100 <100

Bandwidth rms (meV) ~20 - 40 ~20 - 40

Polarization Variable Variable

Peak power (GW) 1-5 ~1

Photons per pulse ~2 10" (100 nm) | ~1 10" (10 nm)

Brightness (Phs/mm¥/mrad?0.1%BW | ~6 10> ~10%

Power fluctuation (%) ~25 > 50

Central wavelength fluctuation | Within BW Within BW

Pomtmg fluctuation (urad) <5 <5

Source siz2 FW HM (um) 290 140

Divergence rms (urad) 50 (40 nm) 15 (10 nm)

Repetition r ate (Hz) 10 - 50 10 - 50
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FERMI
Users requests @e’@p'

Perfect knowledge of:

Intensity photons/pulse

Photon energy eV

Spectral distribution meV-resolution
Beam (angular) position urad

Pulse length fs

Focus size LUm-resolution

Wavefront/Coherence

...OF EACH PULSE & DURING THE EXPERIMENT !
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qw% <~ Photon Beam Transport Layout @81@9'
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Where can we put some diagnostics?

TIMER
Transverse Coherence
Shutters Plane mirrors Diagnostics
BPM oL EIS Sfllitching IMEX Diproi
_—— BPM Monochromator KB System
2.5°
FEL 1 | |
e CmOmO] () —
: Delay Lines Switching
FEL 2 Spectromete TIMEX-LDM LDM

M

Front end Beamlines

M. Zangrando - FEL2010 - 2010, August 27th 5



(\\

- PADReS S S
TASC

eletir

Target: collect both FEL paths, diagnose, and redirect to the
beamlines

Shutters ===1  Plane mirrors

» BPM EEE EIS Switching
FEL1 ¥ DDA = % —]
4.//7 j_j_#_-::i:i:i:i:i: = °
FEL 2 BDA 0 E=fio Spectrometer
— —-
Undulator hall Safety hutch Experimental hall
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Intensity monitor

FERMI
elettra

Collected n/pA signal by using an
already internally developed fA
[ precision acquisition board
| (ref. D. Giuressi)

Y

Photon beam
_h.

Applied Voltage (Bias)
+ or - depending on tests/noise

Calibrated with High precision IRD photodiodes
(4% absolute calibration, <0.1% repeatability)

MAIN FEATURES

(from £140 fA up to £10 mA)
* |,2,4-CHANNEL MONITORING
* MULTIRESOLUTION

o 16-BIT MODE

o 24-BIT MODE
» LOW NOISE (3 ppm of Full Scale)
* LOW DRIFT (3 ppm/°C)

o RS-232

o LSB

o Ethernet TCP/IP

! o Ethernet UDP

o Wi-Fi {under test)

* ULTRA-WIDE INPUT CURRENT RANGE

* MODULAR COMMUNICATION INTERFACE

The lo monitor:

* Works online and shot-to-
shot

* |s transparent

* Measures the number of
photons of each pulse (~3%
precision, 1% reproducibllity)

APPLICATIONS

* 4-QUADRANT BPM (BEAM POSITION MONITOR)
» ION CHAMBERS

» FAST FEEDBACK APPLICATIONS

» GENERIC MULTICHANNEL

SIMULTANEOUS CURRENT ACQUISITION

vV

Ref. E. Braidotti (CAENELS-Elettra)
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FLASH Gas Monitor Detector

FERMI
elettra

Tiedtke, et al., J. Appl. Phys. 103 (2008) 094511

lon signal
(Intensity)

p ~ 10> mbar
non invasive

lon signal '
(Position) '

Photon

,/] beam >

Nparticle = Nphoton*O’(hV)Z' Nn-nN

Npartice = NumMber of detected particles
Nphoton = NuMber of photons

o = photoionization cross section

z = detector acceptance length

n = ion detection efficiency

n = atomic gas density (p and T required)

GMD measurements to be done at FERMI@Elettra
within the IRUVX-PP European Project (FP7) - WP3

TN
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Photon pulse energy
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Signal ratio

o
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o
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i
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/U T I T ST S
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Relative beam position (mm)

Hﬂ

| Individual
pulse
trains

Uncertainty
30 <7%

| Uncertainties
| 20 pm

1 prad
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o FERMI
Beam (angular) position @e’ﬁy'

The BPM:

* Works online and shot-to-shot

* Intercepts 1% of FEL radiation

* Measures the relative position of
each pulse (<2 pm rms)

* Determines the angular
movement of the beam (<1 prad)

MAIN FEATURES

* ULTRA-WIDE INPUT CURRENT RANGE
(from 140 fA up to £10 mA)
* |,2,4-CHANNEL MONITORING
* MULTIRESOLUTION
o |6-BIT MODE
o 24-BIT MODE
- LOW NOISE (3 ppm of Full Scale)
- LOW DRIFT (3 ppm/°C)
* MODULAR COMMUNICATION INTERFACE

o RS-232

o USB

o Ethernet TCP/IP
o Ethernet upp

: o Wi-Fi {under test)
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FERMI
Energy spectrometer @e’@y'

TIMER

Shutters

BPM
FEL 1
FEL 2 BDA 10

* Works online and shot-to-shot
* Uses~3% of FEL radiation

* Measures the photon energy |
(AE: sub-meV to few meV) ( |

. r
4 & O = O r e r
4 /,_/.
o .
é. .’-:/”
== /)
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_ FERMI
VLS gratings @e"’\”fy'

Groove density expanded in Taylor series: : B<
D(y) = Do + D1y + D2y? + ...

D< - [3> — /f]
7 77 7 f/f/” /ﬁf __________________________________________ Oth-order to the
a=25"/ / L beamlines
Full beam
from ) -
source | 1st and 2nd ;
internal orders % @
to the detector
(~0.1-3%) . ;"{? %
’ p
F,ocal curve Movable detector
"(E). B(E) YAG + CCD
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Gratings parameters

FERMI
@elettra

TASC
Parameter Gl G2 II,"' B0 mm =
& H
Energy range m=1 (V) 12-30 30-120 Fr= il =
el |l O
Energy range m=2 (eV) 36-90 90-360 = I =
Energy Resolution (meV) 0.2-2.9 0.3-9.5 = I . - -
Do (I/mm) 500 1800 W -I M
. _'-
\ bl
D1 (I'mm? 0.35 1.26
(V) * 250 mm '
Dz (I/mm?) 1.7x10+ 6.3x10+4 { }
Groove profile Laminar Laminar
Groove height (nm) 12 4
Groove ration (w/d) 0.60 0.65
G| It order G| 2™ order
Coating Material / Thickness Graphite / 50 nm Gold / 50 nm . -
E [ r AE sim Spot E B r' AE sim Spot
(eV) {deg) (mm) | (meV)| (um) (eV) {deg) (mm) | (meV) | (um)
12 | 20,4372 2813 | 0,2 3,71 36 [16,7205| 2866 | 0,4 | 4,46
16 17,7203 2851 0,3 4,24 48 14,5219 | 2904 0,8 4,95
20 15,8767  2BBO 0,5 4,40 60 13,0303 | 2937 1,1 4,78
24 14,5219 2904 0,6 4,82 72 11,9347 | 2966 1,4 5,33
28 13,4730 2926 0,8 4,83 B84 11,0871 | 2994 2,2 5,84
30 13,0303 | 2937 0,9 4,96 S0 10,7296 | 3008 2,4 6,30
25 . G2 It order G2 2" order
E fi r AE sim | Spot E fi r AE sim |  Spot
(e\V) (deg) (mm) [ (meV) | (um) (eV) {deg) (mm) [ (meV)| (um)
40 19,3944 | 2827 0,3 3,28 a0 18,2948 | 2842 0,5 3,34
50 |17,3668 2856 | 0,5 @ 3,62 120 |15,8767 | 2880 | 0,9 | 3,31
60 15,8767 2BB0 0,7 3,65 150 | 14,2358 | 2910 1,6 3,50
B8O 13,7959( 2919 1,1 3,83 240 11,3479 | 2985 4,5 4,68
100 | 12,3844 2953 1,9 4,18 300 10,2083 | 3030 7,2 5,18
C. Svetina
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Grating Inspection & performances @«

| G2 |

Residual Height (nm)
N SO S DN
Residual Height (nm)
NSO S N

LTP LTP ——
PV=21nm PV=19nm
(G.Sostero) R =-29 Km (G.Sostero) R = -26 Km
Slopem= 0.32 prad Slope“= 0.38 urad
-124 N : : . ; > - - " ; : 1 . ! . : ; : ; ’ . ,
0 40 80 120 160 200 0 40 80 120 160 200
X position (mm) X position (mm)

NC-AFM measurements

NC-AFM measurements
4 . (C.Svetina)

(C.Svetina)

w0

Py

= +0. 00103

h=5.1 nm
= 1.8 gr/um

. h=112nm
4 d=0.5gr/um

00105

0.00117

20

36 eV 120 eV

-‘-
L T T | T — 1 : ‘_.’I/'/{ r : : :
10 - 0 : 10 ' -10 -5 0 5 10 15
G1 ideal spot at 36 eV G1 expected spol al 36 eV ]
= = ) G2 expacted spal at 120 eV
] FWHM = 5.3 um _ B ) FWHM B.5 um 3.0 G2 F“ﬁﬂ;pftﬂ Lgn? ay 3.0 EWHM =I'-"?.‘I am
E ] E | £ N - E  2.0-
w 47 = 44 E 20 E 2
7] 5 & 1.0 g 1.0
g0 B0 4 2 00
=3 D.{:l k- g
5 i 5 &
54 §-a- i
r —
> 8 2 ] £ 20 2 -0
e P 3.0 T
-10 -5 0 5 10 10 -5 0 5 10 15 € -4 0 4 8 10 0 10

Horizontal Spotl Size (um) Horizontal Spot Size (um) Harizontal Spot Size {ym) Horizantal Spot Size {um)

AE=0.6meV ([ > AE=1.0meV AE=22meV [ > AE=2.7meV
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I-TOF

FERMI
elettra

"P.N. Juranic, et al., J. Inst. 4 (2009)
09011

Pusher plate :
Drift tube

/'Ir Extracior plate/shigld /"[
.f / ’

/ o
() / I
U

Electron multiplier

lZ

— LN |
I

A1
3

i >~|
1.5cm fcm 10cm

|
G -

Use of noble gases é
Detect the partial cross sections

Low flux to work in single-photon photoionization
Upgradable to higher energies

==
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100 150
Photon Energy (eV)

0.00 & -
200

Signal Strength (au)

-]
~a

(]

-]
-

Flight Time (us)

5 4
BL2 @ FLASH e
_90 eV Xe?t | |
} Kr+ ﬂﬂ
' |
Xe3* | ‘
I | | MJ
||| !‘ i
ﬂllﬂ!'uL || * ||| | ||
l-.a-«‘NJJI |'|| M‘l‘wﬂw'l | MW! li Mmmwwll | Niat ol
44 66 84 131

mass—to—charge ratio (amu/e,)

l

100

| 150 |
Photon Energy (eV)

200
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~ _ FERMI
cletra. <= Focus size Seelen

TASC

Approach using a TOF- setup
A.A. Sorokin, et al., A;Epl.‘é?@i)ett. 89 (2006)

221114
Use of noble gases
Used pulse: 38 eV, 25 fs (BL2)
Flsatup Femz Setup Not dependent on beam position
open multipller | a"a_iy_clup Determination of beam waist and focus size
Based on saturation effect upon photoionization of rare gases
drift section | Ne' Ne Extendable to higher (HXR) energies
um-resolution
IFEL beam - - 1_i>
1T =
differential >+ F:!;j_aeclz:
pumping £2 om yeup
80
12_"'|"'|"'|"'|"'}ﬂ"d -
) i 70 |

i
o

~ Sublinear increase " ]

Ne - hv = 38 eV 60;

= g
= | ~ :
= : G
= 6 : ki g -
2 - A - %J 40 |

§ e oia B Ny C
g 4} : S N+(Nph)—N(l—exp(—a'—Ap—)) % 30 B -

K . 'h: 2 . o a . : "l
5 of [ 1)) ey B HT TR

'."‘ .~.:. ~: N 1 1 1 1 N 1 1 N N N 1 N N 1 -i 10 :t 1t 1 [ P 1 1 1 I | I | I 1 1 3 1 ] L1 i 1 | i 0 4 1 [ it :
0 2 4 6 8 10 12 40 5 0 5 10 15 20
1 . age
Photon number ( N, ) / 10 Experimental chamber position / mm
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FERMI

o) = .
gletira. —— . Focus size /2 Geate
TASC ’
J. Chalupsky, et al., Opt. Expr. 15 (2007)
300 T T T T T
6036 | | _ _ _ _ ‘ ® (I, ) .. atenuated
Craters investigated with Nomarski (DIC) optical microscopy and AFM —linear regression of_ @ .
PMMA sample used (material removal governed by non-thermal processe € _ |
Used pulse: 32 and 21.7 nm, 25 fs, 10 pJ (BL2) z
Beam diameter and shape determined (um-resolution) 8
g 100
] 1 . || g
® crater area (Normnarski)
2000 L ——linear regresion of @ (Nomarski) 4
O crater area (AFM)
— -----linear regresion of © (AFM) ) 0_5
E_ 1600
(/)]
g 1200 |
(]
5
© 800
O
No features of thermal 0r
damage 0 ,
-5 -4 -3 -2 -1
IN(E, e (W]
Ba ,
z: 18 AFM ablation ablation threshold Aitenuation ft}.cal spot
type of length diameter
ﬁ:;m::d microscope Fy, [mJ/cm?]
evand th LIE Lt [nm] 2p [pm]
DIC (2.6x1.2) (23.010.5)
crater area
AFM (2.1£1.1) (24.610.6)
crater depth AFM (1.8+1.4) (56.9+7.5)
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B. Floter, et al.,, New J. of Phys. 12 (2010)
083015
Operates from 6 to 30 nm, pulse-to-pulse (BL2)
Useful also for beamline alignment and monitoring behind endstations
Used pulse: 13.8 and 25.9 nm, either attenuated or higher harmonics (BL2)
Wavefront, beam profile, divergence, waist diameter and position, etc. can be ob
Wavefront PV deformation: wev ~ 14 nm (Wms = 2 nm)

Intensity profiles and corresponding wavefronts for 3 single
pulses

64 4.16
Hartmann sensor (Laser-Lab '
Gottingen & DESY)

CCD chip OI 0

1 Hartmann plate
/ Epem—
Reference

wavefront =™
|

winm]

Measured — 4.16 J
wavefront ~~ Tt Y [mm} Ty
T ; d) 0/0
P
\ | _ Wavefront measurements to be done at \/
' Distance / ' FERMI@Elettra

within the IRUVX-PP European Project (FP7) - WP3
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- FERMI
Beam splitting and delay T

Beam in
Beam out
Wavefront splitting o —
. . . . M4
Grazing incidence mirrors
Beam in M5 | M6 ‘ ‘ M7 M8 seam ot
> | ! I I | : »>
i DB = 25w
Laser Detector
J Delay line
-2.5 ps < At < 35 ps without multilayers
\ At up to 1 ns with ML
Sharp Edge Required movement travel and step: ~1m and few pm
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Coherence
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FERMI
elettra

(a) . (b)
beam splitter 10

R. Mitzner, et al., Opt. Expr. 24 (2008) 19909

Wavefront splitting
Grazing incidence mirrors
Measurements taken at 23.9 nm

reflectivity
=

fixed delay arm

variable delay arm

50 100 150 200

E (eV)

Delay: (-3 <0 < 20) ps
v !

=

>

Visibility, temporal and spatial coherence, >
and presence of multiple pulse structure determined SR AN
0.18 mrad 0. mrad ~
(c)
0.6 - “\
>
£ 04}
Q
@ | (a) FWHM:12fs .
130 um 90 um > ’\ 7 i\ 08T
0.2+ 0\
0.45 mrad L\ 2 04
5
R
0.0 RN (SRS PP (| [ (o DRCTI (SERPINS| [ty | S SRV (SURARE S >
60 50 40 30 20 10 0 10 20 30 40 50 60  ©02
delay (fs)
0.0

o
)

intensity
o
B

-50 -40 -

10 20 30 40 50

20 10 0
delay (fs)
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elettra <% Pulse length @e’@p'
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R. Mitzner, et al., Phys. Rev. A 80 (2009)

025402
51.8 eV photon energy 105
Peak intensities ~ 1.8 1014 W/cm? - .
5 UM-sSpots 0T .
— ' PHe =5 10.5s mbar
Z st
(a) | (b) = [
beam splitter | = 90t
carbon mirror O i
zost T =
2 "< i
° - able delay a Eﬂ 80
2% 100 150 200 ‘@ i
7 E (eV) = 75F
x4 Vy TN Delay: (-3 < 0 < 20) ps =
SR " or
I - -100 .50 0 50 100 150
- -

delay [fs]

Beam splitting and delay introduced.
The two half-beams are focused In an
lonizing region seen by a TOF spectrometer X
and the He?* is detected.
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_ FERMI
Conclusions @@9'

* Photon beam diagnostics already tested on some
FELS

» Existing and developing expertise worldwide

* Photon beam parameters shot-to-shot and online:

Intensity, photon energy, spectral distribution, position,
focus size

* Photon beam parameters NOT shot-to-shot and
online;

pulse length, coherence, ...

« FERMI@Elettra will benefit from collaborations within

 w zangme R PR EdR LUV X-PP pDroiect 21
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