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B ES SY I I HZB EiEgiiYSlcl)urce

TopUp Value
Beam Energy (GeV) 1.7
Rel. Energy Spread (%) 7x 1074
Beam Current (mA) 300
Beam emittance (nm) 5
Coupling (%) 2
H Beam size (pm) 64
V Beam size (um) A1 - slicing facility, superconducting wavelength shifter
RMS Bunch-length (ps) 20 .
Bunch Separation (ns) 5 (x2),. in-vacuum undulator |
Number of bunches/buckets 350/400 - hybrid filling pattern operation:
= flux / brightness
RF Frequency (MHz) 500 - brilliance (4 x 10" avg, 6 x 10*' peak)
Bending Magnet Field (T) 1.3 - timing / dynamics
Circumference (m) 240 - single bunch, few bunch
- timing / dynamics
= pulse length: 100 ps
- low-alpha: coherent THz radiation (timing ) 2 ps
5
E4_ B train
= B single bunch
£ 3 mmm PPRE
E B slicing
sz
S 1]
0
OO 100 200 300 400 500 600 700 800

time / ns
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Motivation

HZB

Standard Operation Value
Beam Current (mA) 300
RMS Bunch-length (ps) 20
Emittance (nm) 5
o 7.3x 1074
Low o Operation Value
Beam Current (mA) 100
RMS Bunch-length (ps) 1
Emittance (nm) 40
a 3.5x107°

Sub-ps resolution required:
- broadening in optical media
- broadening inside the streak-camera

- jitter broadening
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Beamline Overview HZB ;e

Optical Table " b 57k Comera . P t Val
Hamam /Optlcal Table , arameter alue
| / Beam Energy 1.7 GeV
‘igﬁ e ‘;. (Gimbal Mount) Bendlng Radius 4.35m
. e = =Wedge-Correction Critical Energy 2.5KeV
e v msN E— .. Polarizer =z _

;;i:' ;;3:1 Achromatic Lens | Beam Splitter ( o ) Wedged OUtIet Win. .

(9 iy  VPaneMior I Fiter Whee \/> M3 (plane) Opening angle 20x3.5 mm
Symmetri y-Sit / 5.5 mW after X-Ray Blocker
x-Collimators

| | , Zeiss ellipsoidal focusing mirror:
Bending [ ]| View Port with CCD . , .
Magnet  X-ray Blocking intermediate focal point

Baffle

/) M1 (Ellipsoid) WinIightX toroidal mirror:
beam collimation

Wedge /anti-wedge window (3 mm fused silica); 180° — position dispersion

Polarizer: m-polarized with X-Ray blocker

Gimbal mount mirrors: 2D additional info
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Beamline Overview HZB ;e

: M Streak C
Optical Table £ fetiols Parameter Value
C10810 Beam Energy 1.7 GeV

Bending Radius  4.35m
Critical Energy 2.5KeV

M7, 4
y “ys e ' || Opening angle 20<3.5 mm

Beam Tej 5.5mW after X-Ray Blocker
e N | Alignment Laser Zeiss ellipsoidal focusing mirror:
Me> s S— intermediate focal point
from from . . . . . .
Mdb  Md4a Achrom:cltlc Lens | Bgam Splitter WqughtX toroidal mirror:
| Plane Mirror | Filter Wheel . .
(tx)  (ty) beam collimation

Wedge /anti-wedge window (3 mm fused silica); 180° — position dispersion

Polarizer: m-polarized with X-Ray blocker

Gimbal mount mirrors: 2D additional info 5m light path in the table

2 Filter wheels: BPF and HP edge filters HQ plane mirror (surface flatness A/20):

Good SNR — 1 to 2000 dynamic range
Newport delay stage

Alignment laser Maximize light and minimize dispersion:

. . No beam splitters nor polarizer
Achromatic lens: final focus P P

Hamamatsu C10810
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Streak Camera Overview HZB ;e

OPTRONIS 500 MHz to
= o 125 MHz divider
8 ns bunch distance
9 10

1 2
Istlight- 1L 2" light-
optical system electron-optical system optical system

1. Entrance slit: 5 mmx14 pm

2. Lens: focus on the cathode

3. S-20ER Photocathode: tx-type — emits inside the tube

4. Closely spaced mesh to accelerate electrons and reduce dispersion
5. V sweep electrodes: vertical sweep with freq. 125 MHz

6. H sweep electrodes: slow saw-tooth type to separate individual
bunches

7/8. MCP /phosphor screen: single-electron sensitivity with 10° to
10° photons per converted electron

9/10. Detector system: focus the light to the detector
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Streak Camera Overview

1 2
Istlight- 1L 2" light-
optical system electron-optical system optical system

1. Entrance slit: 5 mmx14 pm
. Lens: focus on the cathode
. S-20ER Photocathode: tx-type — emits inside the tube

. 'V sweep electrodes: vertical sweep with freq. 125 MHz

H ZB EEgi%YSIcl)u rce

OPTRONIS 500 MHz to
125 MHz divider
Hamamatsu M10916-01
dual time-base unit: from
100 ns to 1 ps at 1 kHz
Sweep calib. via 3rd or-
der poly: bunch struc-

ture for H, delay stage
for V

2
3
4. Closely spaced mesh to accelerate electrons and reduce dispersion
5
6

H sweep electrodes: slow saw-tooth type to separate individual

bunches

7/8. MCP /phosphor screen: single-electron sensitivity with 10° to

10° photons per converted electron
9/10. Detector system: focus the light to the detector
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Streak Camera Overview HZB ;e

ORCA Flash 4.0 V3 CMOS
= o with 1344% 1016 at 60 Hz
9 10

1 2
Istlight- 1L 2" light-
optical system electron-optical system optical system

1. Entrance slit: 5 mmx14 pm

2. Lens: focus on the cathode

3. S-20ER Photocathode: tx-type — emits inside the tube

4. Closely spaced mesh to accelerate electrons and reduce dispersion
5. V sweep electrodes: vertical sweep with freq. 125 MHz

6. H sweep electrodes: slow saw-tooth type to separate individual
bunches

7/8. MCP /phosphor screen: single-electron sensitivity with 10° to
10° photons per converted electron

9/10. Detector system: focus the light to the detector
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Streak Camera Overview HZB ;e

Single-turn illumination or
N o many-turns accumulation
1 2 9 10
Istlight- L 27 light-
optical system electron-optical system optical system

1. Entrance slit: 5 mmx14 pm

2. Lens: focus on the cathode

3. S-20ER Photocathode: tx-type — emits inside the tube

4. Closely spaced mesh to accelerate electrons and reduce dispersion
5. V sweep electrodes: vertical sweep with freq. 125 MHz

6. H sweep electrodes: slow saw-tooth type to separate individual
bunches

7/8. MCP /phosphor screen: single-electron sensitivity with 10° to
10° photons per converted electron

9/10. Detector system: focus the light to the detector
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Streak Camera Overview HZB ;e

Continuous 1 kHz accu-
mulation of 5000 frames
with Tep, =20 ms: 100,
10° turns

Istlight- 1L
optical system electron-optical system optical system

1. Entrance slit: 5 mmx14 pm

2. Lens: focus on the cathode

3. S-20ER Photocathode: tx-type — emits inside the tube

4. Closely spaced mesh to accelerate electrons and reduce dispersion
5. V sweep electrodes: vertical sweep with freq. 125 MHz

6. H sweep electrodes: slow saw-tooth type to separate individual
bunches

7/8. MCP /phosphor screen: single-electron sensitivity with 10° to
10° photons per converted electron

9/10. Detector system: focus the light to the detector
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Wavelength Independent Contribution

Path-length Variation:
B # 1

HZB BESSY I

Light Source

Parameter

RMS Value (fs)

-Surface roughness and slope error\AA
theamline

Uncertainty angle in wedge/anti-wedge vacuum
window (Af ~0.1°):
Atyedge = SIN(AD) hpeam(nes — 1)/ c

Mechanical vibration:

Atvibration — AXvibration/ c
Air-damped legs — vibration below 12 Hz

Time-delay Variation:
-Air pressure: 10fs after few hours

-Convective air flow: minutes time scale
Geometrical components:
Ats/it =M Ays/itA tpixel / Ay pixel

Trigger:
At B = 0.145ps[tacq /5] 1%

Marco Marongiu (HZB) Optimum time resolution for synchroscan streak-camera measurements

A twedge
A Lvibration
A Lair

A Esiit

A ttrigger

0..

< 1.3
5.5
13
<20
220
295
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Wavelength Independent Contribution

Path-length Variation:
B # 1

-Surface roughness and slope error

Uncertainty angle in wedge/anti-wedge vacuum
window (Af ~0.1°):
Atyedge = SIN(AD) hpeam(nes — 1)/ c

Mechanical vibration:

Atvibration — AXvibration/ c
Air-damped legs — vibration below 12 Hz

Time-delay Variation:
-Air pressure: 10fs after few hours
-Convective air flow: minutes time scale

Geometrical components:
Ats/it =M Ays/itA tpixel / Ay pixel

Trigger:
At B = 0.145ps[tacq /5] 1%
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Apearm =2 mm
ng = 1.46
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HZB EiEgﬁYSgurce

Parameter RMS Value (fs)
A theamline < 1.3

twedge 55
A Lyibration 13
A Lair <20
Aty 220
Atyrigger 0. 295
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Wavelength Independent Contribution

Path-length Variation:

HZB BESSY Il

Light Source

-Br#1

RMS Value (fs)

-Surface roughness and slope error Parameter
Atbeam/ine
Uncertainty angle in wedge/anti-wedge vacuum Atyedge
window (A6 ~0.1°): Atyipration
Atyedge = SIN(AD) hpeam(nes — 1)/ c At
Atslit
Mechanical vibration: Attrigger

0..

< 1.3
5.5
13
<20
220
295

Atvibration — AXvibration/ c
Air-damped legs — vibration below 12 Hz

Time-delay Variation:
-Air pressure: 10fs after few hours

-Convective air flow: minutes time scale

Geometrical components:
Ats/it =M Ays/itA tpixel / Ay pixel

Trigger:
At B = 0.145ps[tacq /5] 1%
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Wavelength Independent Contribution HZB . Gatisouce

Path-length Variation:
B # 1

-Surface roughness and slope error

Parameter RMS Value (fs)

Atbeam/ine < 1.3
Uncertainty angle in wedge/anti-wedge vacuum Atyedge 55
window (A6 ~0.1°): NAtyibration 13

Atwedge = SIn(AG)hpeam(ns — 1) /c

tair <20
Atgjit 220

Mechanical vibration: Attrigger 0..295

Atvibration — AXvibration/ c
Air-damped legs — vibration below 12 Hz

Countermeasure:
Mild cooling (<2 K below exp. hall)
_at low air flux

Time-delay Variation:
-Air pressure: 10fs after few hours

-Convective air flow: minutes time scale Partial shielding of optical path
FSC as only power consumer

Geometrical components: Test with hot-air gun
Ats/it =M Ays/itA tpixel / Ay pixel

Trigger:
At B = 0.145ps[tacq /5] 1%
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Wavelength Independent Contribution HZB . Gatisouce

Path-length Variation:
B # 1

-Surface roughness and slope error

Parameter RMS Value (fs)

Atbeam/ine < 1.3
Uncertainty angle in wedge/anti-wedge vacuum Atyedge 55
window (A6 ~0.1°): NAtyibration 13
Atyedge = SIN(AD) hpeam(nes — 1)/ c At <20

Lslit 220

Mechanical vibration: Attrigger 0..295

Atvibration — AXvibration/ c
Air-damped legs — vibration below 12 Hz

Time-delay Variation:

-Air pressure: 10fs after few hours Aygie =10 um: ref value

M=184
Geometrical components: ~ AYpixes =6.5 pm

Atgjje = MA_VslitAtpixel/A)/pixe/ ’ Atpixel =781fs in “Time Range 1"
In operation Ay =14 pm: 63 fs
additional broadening

-Convective air flow: minutes time sCale

Trigger:
At B = 0.145ps[tacq /5] 1%
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Wavelength Independent Contribution

Path-length Variation:
B # 1

-Surface roughness and slope error

Uncertainty angle in wedge/anti-wedge vacuum

window (Af ~0.1°):

Atyedge = SIN(AD) hpeam(nes — 1)/ c

Mechanical vibration:
Atvibration — AXvibration/ c

Air-damped legs — vibration below 12 Hz

Time-delay Variation:

-Air pressure: 10fs after few hours
-Convective air flow: minutes time scale

Geometrical components:

A tslit = M A_y s/il‘A tpixel / Ay pixel

Trigger:

At;rﬁ‘ger = 0.145ps[tacq/s|" ™

Marco Marongiu (HZB)

H ZB EEgﬁYSIcl)u rce

Parameter RMS Value (fs)
Atbeam/ine < 1.3
Atwedge 55
A Lvibration 13
Aty <20
At 220
Atuigger 0 ... 295

Negligible for T,.q less than 7 turns
due to FSC PLL circuit

> Longer time: noise spectrum and

short-time drifts

ements Beijing, 12.09.2024
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SR Spectra HZB . Gatisouce

100 'Final Optical Transmission 100
Parameter Value 2 . Source um 5
> o — o
Beam Energy 1.7 GeV 2 Photon: Spectru =
() i .
Dipole Magnetic Field 1.3T g 10 Quantumy 10 S
= Efficiency —
5
- Source Spectrum: Theoretical SR 5 1t Er(;)(;OZt 1 o
C u e
estimate for low frequency (o )\_4/3) © Vield ;'—_)
- Photon Spectrum: Measured after O
M4 with spectrometer 0.1 ' ' ' 0.1
- losses at lower wavelength 200 40V(\)/ | 600h 800 1000
- Final Optical Transmission avelength (nm)
coefficient at the streak camera
entrance
- Maximum at plateau of 90 %
- Strong absorption losses below 400 nm
) gl’:}?ondteu?l]) Efficiency of the (1) Hamamatsu test report
- 16.5+0.5% at A =[270 — 440 nm]
= asymptotic slope due to the Fermi edge
= Work function ¢ =1.43eV at 0K
- Photon Product Yield: product of The Photon product yield will be used as

photon spectrum with optical wavelength dependent weighting
transmission and quantum efficiency.
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Streak Camera Tube Broadening

Max emission energy Enax = Eppoton — P
To be added quadratically to 93 meV
Data point taken from (1)

Fit (dashed lines) used for timing
simulation.

Width:
(1) Data taken from

Hamamatsu Paper (Squares)

Relativistic Estimate (Circles)
Laser Test at HZB (Triangles)
Hamamatsu Laser Test (Triangles)

Time Shift:
Relativistic Estimate (asterisks)

Atg;\g/,%: Quadratic some of At,gfv,s with
wavelength independent contributions

(264 fs)

)
n

ot
o1

Electron Energy (eV

HZB EiEg?]iYslcl)urce

—h
T

AE_ . (eV)

2000 N\

—
(&)
o
o

Transit Time Shift (fs)

1000 t

500

400 500 600 700 800
Photon Wavelength (nm)

1600
E
1400 =,
=
_'_’CE
1200 <

400 500 600 700 800
Photon Wavelength (nm)
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BESSY I

Optical Media Broadening HZB -.: lgrisoure

Peak shift and broadening of streak-camera 17
. . . OTS . ) o
time projections (At >) due to thickness e ..°°°§i2. (Schott) -
and_ n()\) _ _ 5 . .....“““uo.ooooooo
Anti-reflection Coating (<1 mm) canbene- <= 44l
s 1
glected. 2
& 1.55%e
o % N-BK7 dard g
OTS = oe, (standard glass)
Atshift = Z /J / Vg j 2 .| .°°0000....ooooooooooooooooooog
J w Silica
145 i f .............._...

1. Lack of data for several wavelength for

N 400 600 800 1000
several materials;

Incident Wavelength (nm)
2. Only fuse silica is well documented,;

3. Find scaling properties to infer the E 6.5
missing data. a
>
1 oK g 67
— =P <3—) + Py S
Ve W/ Silica >
055
Material Py Py (ps/mm) O
Q)
N-BK7 (std glass) 1.245 -0.803 0
SF2 (Schott) 3.673 -3.384 S Or
Soda Lime 1.200 -0.630 Z : : : :
SF5 (Schott) 4.086 -3.516 400 600 800 1000

Incident Wavelength (nm)
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Time Resolution Simulation HZB : : b

White-light through optics of only silica.
tacg <<Hps — FSC phase-lock suppress
external trigger-jitter.

\}

Tacg = 100s

—
(&)

Deterministic Simulation — due to At97°

Fsc shift
and Atshift :

-Min due to delay-time cancellations at 8 mm;

Polarizer

RMS Time Resolution (ps)

0.5}
-Min=£ 0 due to wavelength dependencies. N - s No Polarizer
- - : FSC . 0 ' '
Full Simulation — includes also Atgpe: 0 20 40
-Significant effects below 16 mm:; Effective Glass Thickness (mm)

-Above 18 mm At%Tff is dominant.

S T
-5.0.: 47mm — 1.8 ps RMS. 32000 1600
-wo Pol.: 34 mm — 1.3 ps RMS. £ 1500 _
Long Acquisition Time — additional trig- ﬁ 1400 :_T,)
ger jitter contribution E 1000 | HE
tri 0.154 § 500 4200 :
rigger . ©
Atphe = 0.145ps[taeq/s]" " =
0

400 500 600 700 800
Photon Wavelength (nm)

Marco Marongiu (HZB) Optimum time resolution for synchroscan streak-camera measurements Beijing, 12.09.2024 11/16



BESSY Il

Beam Profile Measurements HZB ;e

25
- Low current (850 nA) — negligible
collective effects /\_20 i
- a — 0: small bunch length 315 I
- 336 buckets filled with uniform filling %’
c 10}
pattern [0
. C
- tacg =100 —> Atg e =295 s = 5t
- BPF at 700 nm with BW of 50 nm 0 . |
8 10 12 14
Relative Time-to-Trigger (ps)
o =881 £ 2fs
oy =895 £ 2f1s

Mean bunch length of 894 fs
Relative variation of 1.5 %
Position variation below 40 fs

_ BW of 10 nm at 400, 500, 600 and 700 nm
Edmund BPFs 3.5 mm thick and BW of 50 nm at 700 nm

Thorlabs FELH edge filters 2 mm thick Cut-off frequency of 500, 600 and 700 nm
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Time Resolution HZB : : b

Delay Time: - 16

(o} .
Depends only on time shift on FSC and OTS © 14k Ej”d E_?SS Filters

. . . = ge Filters

Sl.mulatlon and exp.erlmen.t agrees = ol No Filters
Difference due to filter thickness K

810 —

(O]

=
Pulse Width: L 8 \{\i—
Dashed curves — time resolution T 6l  ——Tr"— | ]
Blue — AthrC 400 600 800 1000

Red — also Atgfﬁg and AtgﬁTﬁS Wavelength (nm)
At,g‘,(ggh =0.75 £ 0.01 ps — spectroscopy
of coherent THz

—
(&)

600 nm Edge filter:
No defect at optical inspection

Pulse Width (ps)

hyp.: resonance-like delay and broadening
effect

©
o

Edge filter: _ 400 600 800 1000
6 % — hyp.: neglected higher order effects Wavelength (nm)
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Time Resolution vs Bandwidth HZB e

Several BPF simulated B
Filtered photon flunce constant — increased g
Tcq and At,g,'\%er %
10 nm at 600 nm with T,,, =100s — ref- S&g\
erence value o O05F
£
l_
%)
=
Left side — increased jitter and resolution - 0.4 . .
Higher A and A\, is better 0 50 100 150
Bandpass Width (nm)
900 nm is worst — jitter dominated < 100 1100
= &
(@)
c £
L 10} {10 <
= o
Best for 150 nm at 800 nm — 0.42 ps 0 %
Such high quality filter does not exist £ 1l ’ o
Best obtained is 0.47 ps at 700 nm § E
@)
0.1 0.1

200 400 600 800 1000
Wavelength (nm)
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CO“C' USiOH HZB Eié?l?sgurce

MS,
@bicaliiab! 4 [ | streak Camera
e Optical Table .
—
I tix __tly

e M4b M4a (Gimbal Mount)

ﬁ
Area N |
Alig Lasel =W - i
lms T S — | Polarizer J } edge-Correction
from from . . M2 (TOf'OId F Wedged Outlet Win.
Achromatic Lens | Beam Splitter )
Mdb ~ Mda | Plane Mirror | Filter Wheel
() (ty) ) 3 (plane)
Symmetric y-Slit
x-Collimators /
Bending ]| View Port with CCD
Magnet X-ray Blocking

Baffle

/5

. . . / M1 (Ellipsoid)
- Characterization of the beamline:

- Optical media
- Streak camera

- Analysis of broadening mechanism:
- find major source of broadening
- improve resolution

- 1.3 ps resolution obtained (single-shot with white-light)
- 0.47 ps resolution obtained (long acquisition time)
- 0.4 ps potentially achievable with a BPF of 150 nm BW at 800 nm.
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CO“C'USiOI‘l HZB EiEgﬁYS!urce

N

—
(6

o
o

RMS Time Resolution (ps)

o

20 40
- Characterization of the beamline: Effective Glass Thickness (mm)

o

- Optical media
- Streak camera

- Analysis of broadening mechanism:
- find major source of broadening
- improve resolution

- 1.3 ps resolution obtained (single-shot with white-light)

- 0.47 ps resolution obtained (long acquisition time)
- 0.4 ps potentially achievable with a BPF of 150 nm BW at 800 nm.

Marco Marongiu (HZB) Optimum time resolution for synchroscan streak-camera measurements Beijing, 12.09.2024 15/16



BESSY I

CO“C'USiOn HZB Light Source

RMS Time Resolution (ps)

0 50 100 150
- Characterization of the beamline: Bandpass Width (nm)

- Optical media
- Streak camera

- Analysis of broadening mechanism:
- find major source of broadening
- improve resolution

- 1.3 ps resolution obtained (single-shot with white-light)
- 0.47 ps resolution obtained (long acquisition time)
- 0.4 ps potentially achievable with a BPF of 150 nm BW at 800 nm.
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