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1.0 INTRODUCTION

1.1 PURPOSE AND SCOPE

This manual describes the design and operation of the Canadian Light Source Optical
Synchrotron Radiation Diagnostic Beamline (OSR). It describes the procedure for setting up the
optical chicane and it summarizes the parameters for setting up the instruments on the optical
table for the various measurements that can be made on the beamline. These parameters are
intended to provide a reasonable starting point for any of the measurements, not a complete list
of all possible settings. Also, the interpretation of the data is beyond the scope of this manual.

It is assumed that the operator of the beamline is familiar with the layout of the facility and
the beamline (see Ref. [1]), and knows how to use an oscilloscope and a multimeter.
Familiarity with the CLS control system and with Microsoft Windows is also required.

The CCD camera and the Fast Steering Mirror are simple devices, which can be operated with
the information given in this document. The ICCD camera can be operated with the information
given in this document and in the ICCD operating manual [3].

The Streak Camera is a complex and expensive device. This document gives some instructions
on setting up the Streak Camera, but these are meant as a reminder for the experienced
operator. In-depth hands-on training is required to operate the Streak Camera, as well as a
good theoretical understanding of its principle of operation (see Ref. [4]).

1.2 BACKGROUND

The Optical Synchrotron Radiation (OSR) beamline is located on port 02B1.2 (see Ref. [1]). This
beamline is used to monitor Storage Ring characteristics using visible light. In normal operation
the instrumentation is accessed from the control room. Access to the beamline hutch is required
to configure and start up the Streak Camera and the Fast Steering Mirror. Users will have access
to the image off the CCD camera.

1.3 DEFINITIONS AND ABBREVIATIONS
BPM: Beam Position Monitor

CCD: Charge-coupled Device

FSM: Fast Steering Mirror

KVM: Keyboard/Video/Mouse

OSR: Optical Synchrotron Radiation

PSD: Position Sensitive Detector

XSR: X-ray Synchrotron Radiation

X,Y,Z: A right-handed system of coordinates defined such that Y is up and the beam travels in
the Z direction. Therefore X is left when looking downstream, i.e. in the OSR hutch the
Storage Ring is in the -X direction and the IR hutch is in the +X direction.

2010-02-16 Optical Synchrotron Radiation Diagnostic Beamline Manual Page 1
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2.0 DESCRIPTION

21 VACUUM/MACHINE PROTECTION

Vacuum control is identified on the P&ID. Vacuum / Machine protection includes:

¢ Interlocking of cold cathode gauges, thermocouple gauges, residual gas analyzers, and
pumps to valve operation in the event of a vacuum loss. Because of the lack of an actual
front-end on this beamline the machine protection function is implemented with the Storage
Ring machine protection system.

o Allowing a valve to be opened only if the differential pressure across the valve is below a
specified threshold.

2.2 SOURCE POINT

The source point is at an angle of 5° into dipole 02B1.

2.3 PHOTON SHUTTER

The shutter is protected by stopping the electron beam in the Storage Ring if the cooling water
flow is less than 35% (FLT1402-B10-01).

Motion control of the shutter in and out of the beam is provided by a pneumatic cylinder, a
pneumatic control valve and two position sensing switches. The shutter can only be opened when
the vacuum valve is open.

2.4 OPTICAL CHICANE

2.4.1 Photon Absorber

A photon absorber is located 1.957 m from the source point. Its aperture is 12 mm in X and 16
mm in Y. This corresponds to an angular acceptance of 6, = 6.13 mrad and 6, = 8.18 mrad. The
transmitted beam power, integrated vertically, is approximately 70 W/mrad (horizontally) at 500
mA. Therefore, the total power passing through the photon absorber is about 430 W at 500 mA.

2.4.2 Primary Mirror

The primary mirror is located 5 m from the source point. It only intercepts the visible light in the
upper half of the synchrotron light cone.

The mirror consists of aluminum-coated glidcop with a 200 nm SiO, coating. The SiO, coating is
specified to withstand 10°R without noticeable darkening. The mirror is water-cooled with a liquid
gallium layer as thermal coupling. The size of the mirror is 50 mm - 50 mm. The mirror can be
moved in and out of the beam at a fixed angle of 45°. A thermal probe with two K-type
thermocouples is attached to the lower edge of the primary mirror.

The mirror is protected by closing the front-end photon shutter:
e If the cooling water flow is less than 30% (FLT1402-B10-02),

o |If either or both of the thermal probe temperatures exceed 50°C (TM1402-B10-04, TM1402-
B10-05).

2.4.3 Beam Stop

The beam stop is protected by closing the front-end photon shutter:
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e If the cooling water flow is less than 30% (FLT1402-B10-03),
o |If the return water temperature exceeds 28°C (TM1402-B10-03).

2.4.4 Secondary Mirror

The secondary mirror is located 5.5 m from the source point. It is identical to the primary mirror,
except for the water cooling and the temperature monitoring. It can be moved in the following
manner:

e Vertical translation,
¢ Rotation about the horizontal axis,
¢ Rotation about the vertical axis.

In normal operation the secondary mirror is tilted 45° about its horizontal axis. However, it can be
turned perpendicular to the optic centre line so that light from the optical table is reflected back to
the table.

2.4.5 Slit Assembly

The slit assembly is located 5.615 m from the source point. It has 4 independent blades, but
control of the blades is combined into “gap” and “centre” in both X and Y. The following settings
are used in normal operation:

Gap Centre
X 22 mm 0 mm
Y 30 mm 15 mm

The Y gap allows all visible light to pass through the slits. The Y centre has an offset because the
primary mirror only intercepts the upper half of the light cone (see 2.4.2).

The X gap was determined empirically in order to optimize the resolution of the system,
considering the spot size vs. diffraction from the slit.

2.4.6 Lens

The lens is an achromat with a diameter of 150 mm and a nominal focal length of 3 m. It was
found, however, that the true focal length is 2.965 m. Therefore the lens is located 5.93 m from
the source point, 70 mm closer than the design position. This results in a magnification of 1 with
the primary focus at a distance of 11.86 m from the source point. The lens is mounted on a 3 axis
translation stage. The settings used in normal operation are:

X 0 mm
0 mm
Z -70 mm
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2.4.7 Controls for the Optical Chicane

Rack R2405.1-04, located on top of the Storage Ring, contains the control hardware for the
optical chicane. A K-type thermocouple (TM1402-B10-06) is mounted inside the optical chicane.
This thermocouple is used to monitor and log the temperature inside the chicane.

2.5 RESOLUTION

The resolution of the OSR line is determined by the following effects:

¢ Diffraction from the primary mirror (2.4.2) in Y and from the slits (2.4.5) in X,
o Depth of field,

e Dispersion of the electron beam,

e Curvature of the electron beam (X only).

For the typical slit settings given in 2.4.5, the resolution in Y is 55 uym, which is mostly due to
diffraction at the primary mirror (51 um). In X the resolution is also 55 ym, with diffraction from the
slits accounting for 48 um. These are 1-o values, which need to be subtracted in quadrature from
the measured beam spot size in order to obtain the true beam spot size.

Note: The beam spot size (typically 400 um in 'Y and 700 um in X) is given as 4-o values, and
needs to be divided by 4 before the resolution is subtracted in quadrature.

2.6 OPTICAL ELEMENTS ON THE OPTICAL TABLE
The layout of the optical table is captured in drawing 02B1-2/ME/OPT/009400.

2.6.1 Shutter

In order to protect the cameras, the optical table is equipped with a shutter that closes
automatically when any of the filter wheels are moved.

2.6.2 Beam Splitters

There are three beam splitters on the optical table. The first one has 50% transmission toward the
ICCD camera and the CCD camera, and 50% reflection toward the Fast Steering Mirror or the
Streak Camera. The second beam splitter is located in the ICCD/CCD line right behind the first
splitter. It has 90% transmission toward the ICCD camera and 10% reflection toward the CCD
camera. The third splitter is located in the FSM line and has 90% transmission toward the PSD
and 10% reflection toward the CCD camera.

2.6.3 Fixed Mirror

There is one fixed mirror in the Streak Camera line. It is a Newport 20D20BD.1.

2.6.4 Neutral-Density Filters

There are four neutral-density filter wheels, one each for the CCD camera, the CCD camera in
the FSM line, the ICCD camera, and the Streak Camera. The filters are Melles Griot absorptive
neutral-density filters with a diameter of 25 mm and various optical densities.
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2.6.5 Focusing Lenses

There are 7 focusing lenses on the optical table, all of them achromatic doublets with a diameter
of 50.8 mm.

The FSM line uses point-parallel-point optics with two Newport PAC091 lenses (f = 500 mm).

The ICCD line uses point-to-point optics with either an Oriel 42640 lens (f = 160 mm for a
magnification M = 4) or a Newport PACO088 lens (f = 250 mm for a magnification M = 1) moved
into position with pneumatic lifters.

The Streak Camera line uses a fixed Newport PAC094 lens (f = 750 mm, point-to-parallel), and
either a Newport PAC089 (f = 300 mm, parallel-to-point, magnification M = 0.4) or a Newport
PACO086 (f = 150 mm, parallel-to-point, magnification M = 0.2). These two lenses are mounted on
pneumatic lifters.

2.6.6 Dove Prism

The vertical sweep of the Streak Camera draws a top view of the beam. In order to allow a side
view of the beam, a dove prism is moved into the optical path. The dove prism is a Melles Griot
01PDEO0O05.

2.6.7 Bandpass Filters

There is a Melles Griot 03FIBO06 bandpass filter in front of each camera. The filters have a
FWHM of 80 nm and are centred at 500 nm. The filter diameter is 50 mm.

2.6.8 Fast Steering Mirror
The Fast Steering Mirror is a Newport FSM-320-01 with a diameter of 50.8mm.

2.7 DETECTORS ON THE OPTICAL TABLE

The optical table is a metric table, 1.2m - 2.4m, with M6 holes on a 25 mm grid. It is equipped with
four detectors. The layout of the detectors is captured in drawing 02B1-2/ME/OPT/009400.

2.7.1 CCD Camera

The CCD camera is a COHU Model 6612-3000, configured for interlaced mode with a shutter
speed of 1/60 s. The video signal is distributed to:

¢ A video monitor located in the OSR hutch,

o A video to Ethernet adapter, which is used to make the image available on a web page and
on the facility monitors,

o Afibre link to the control room,
¢ A frame grabber in the OSR hutch.

The digitized images from the frame grabber are analyzed by a software package called
“Spiricon”. Although the computer running Spiricon is located in the OSR hutch, it can be
accessed from the Control Room via a KVM extender.

The wiring of the CCD camera is shown in O2B1-2/EE/WIR/0090780.
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2.7.2 CCD Camera in the FSM Line

An identical CCD camera is mounted in the FSM line. It uses the same readout as described in
2.7.1 (the video signal cable is moved between the two cameras).

2.7.3 Position Sensitive Detector in the FSM line

The detector is a Hamamatsu Model S1300 Duo-Lateral, Super Linear Position Sensing Detector
mounted on a C4757 signal processing board. It is used to provide position feedback to the Fast
Steering Mirror controller.

2.7.4 Intensified CCD (ICCD)

The Intensified CCD (ICCD) camera provides bunch-by-bunch or single bunch position analysis
of the beam. It is a 4 Picos Camera running in interlaced mode and it includes a software
package to control it. This software runs on a computer in the OSR hutch, but remote control from
the Control Room is available via a KVM extender. The camera is connected to a frame grabber,
and the Spiricon software (see 2.7.1) is used to analyze the images.

The camera is normally triggered by the Storage Ring synchronous trigger, but the Storage Ring
injection trigger is available for injection studies. The trigger is selected by moving the ICCD
trigger cable to the appropriate spigot on P1602.1-02 (see O2B1-2/EE/WIR/0090780). The trigger
circuit of the camera ignores trigger signals that are sent while the camera is not ready to accept
them. However, experience shows that the camera should not be triggered at a rate > 200 Hz, in
order to avoid temperature drifts in the trigger circuit. A pre-scaler (BL#/EE/DIAG/0106150) is
used to divide down the trigger rate when running with the Storage Ring synchronous trigger.

The range of exposure times is 200 ps to 80 s, although in this application it is usually not
practical to exceed exposure times of 100 us, because the light intensity would be too high.
Nevertheless, it is possible to acquire images of a single bunch or, at the other extreme, average
over hundreds of turns. The camera has a built-in delay of O s to 80 s in steps of 100 ps. Again,
only the bottom end of the range is practical in this application. The delay can be used to select a
single bunch or the start of a sequence of bunches, or to select a turn during injection studies.
Note: A delay of approximately 163 us needs to be set to select the first turn after injection. For
injection studies, the Storage Ring RF needs to be turned off, since the ICCD would otherwise be
blinded by the stored beam.

2.7.5 Streak Camera

The purpose of the Streak Camera is to monitor the state of individual bunches:
e Measure the bunch length,

e Observe the bunch from the front, top, or the side,

e Monitor the bunch for unstable motion.

The Streak Camera is a Hamamatsu C5680-31 camera with a cathode height of 500 um and with
A1976-01 broadband input optics. It has an RS170 video output connected to a frame-grabber,
and is controlled by the vendor-provided “HPD-TA” software package through a GPIB interface.

The wiring diagram for the Streak Camera is shown in 02B2-02/EE/MON/WIR/0108280. The
camera has the following plug-ins:

2.7.5.1 M5675 Synchroscan Sweep Unit

The Synchroscan Sweep Unit has a vertical sweep frequency of 166.7 MHz (1/3 fre). It is
synchronized with the Storage Ring RF frequency frr, and therefore paints every third bunch in
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Fig. 1: The Synchroscan Sweep Unit sweeps vertically at a frequency of 166.7 MHz, while the
Dual Timebase Extender Unit (see 2.7.4.3) applies a linear horizontal sweep. Only bunches
1,4,7,... are displayed on the screen in graph (a). If the 166.7 MHz signal is delayed by 2 ns,
bunches 2,5,8,... are displayed (b). If the signal is delayed by 4 ns compared to (a), bunches
3,6,9,... are displayed (c). If the signal is delayed by 3 ns compared to (a), all bunches are
displayed on the down-stroke (d) rather than the up-stroke. Note that no Synchronous Blanking

Unit is needed, since there is no light hitting the camera during sweepback.
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the Storage Ring (see Fig. 1) while the other bunches arrive when the vertical sweep is above or
below the screen. Since the harmonic number of the Storage Ring (=285) is divisible by 3, the
Synchroscan Unit paints the same subset of 95 bunches in every turn, i.e. either bunches
1,4,7,...,283 (Fig. 1(a)), or 2,5,8,...,284 (Fig. 1(b)), or 3,6,9...,285 (Fig. 1(c)). The 166.7 MHz
signal to the Synchroscan Unit is delayed in a Hamamatsu C1097-04 Delay Unit. The beam
bunches can be positioned on the screen by making small adjustments to the delay setting. The
desired subset of bunches can then be chosen by increasing or reducing the delay setting in
steps of 2 ns (Fig. 1(a), 1(b), 1(c)). Increasing or reducing the delay setting by 3 ns switches
between painting the same subset of beam bunches on the up-stroke (Fig. 1(a)) or on the down-
stroke (Fig. 1(d)).

The 166.7 MHz signal is generated from the 500 MHz master oscillator signal in a divide-by-3
module (CDAC/EE/TMNG/0090870). The 500 MHz sine wave is converted into a digital signal
and divided by 3 in such a way that a square wave with a 50% duty cycle results. A low pass filter
is then used to reject the higher harmonics, resulting in a 166.7 MHz sine wave. It now appears
that the higher harmonics would be rejected by the input of the Streak Camera anyway, but at the
time the circuit was designed (before delivery of the camera) this information was not available.

2.7.5.2 M5677 Slow Speed Sweep Unit

The Slow Speed Sweep Unit is used to paint entire bunch trains. The unit is triggered by a signal
that is derived from the Storage Ring synchronous trigger. The maximum trigger rate that the
Slow Speed Sweep Unit can accept depends on the sweep speed setting. Trigger signals that
arrive during the deadtime are ignored. However, unless the vertical trigger rate is an integer
multiple of the horizontal trigger rate, the image produced by the camera walks horizontally. A
pre-scaler (BL#/EE/DIAG/0106150) is therefore used to set the trigger rate low enough so that all
triggers are accepted by the Slow Speed Sweep Unit. Also, the time delay between a trigger and
the start of the vertical sweep depends on the sweep speed. A combination of a fibre delay and a
NIM delay module is used to adjust the timing of the trigger signal in order to position the image
on the screen.

2.7.5.3 M5679 Dual Timebase Extender Unit

The Dual Timebase Extender Unit has a horizontal sweep frequency of 10 Hz or less, depending
on the sweep speed. Trigger signals that arrive during the deadtime should be ignored. However,
it was found that the behaviour of the trigger circuit is unpredictable when triggered during the
deadtime. Furthermore, a synchronization problem was noticed between the camera and the
frame grabber when the horizontal sweep and the frame grabber were triggered simultaneously
as recommended by Hamamatsu.

Both problems were addressed by building a Streak Camera Synchronizer module
(BL#/EE/DIAG/0106190). It monitors the video signal of the Streak Camera and recognizes odd
and even fields. It then divides the 30 Hz odd/even field frequency by a selectable number to
obtain a horizontal trigger frequency <10 Hz. The timing of the horizontal trigger signal is then
determined by the first pre-scaled storage ring synchronous trigger (see 2.7.4.2) to follow the pre-
scaled odd/even field signal. This setup satisfies all of the following conditions:

¢ No horizontal trigger signal arrives at the camera during its deadtime,
o The frame grabber is synchronized to the Streak Camera CCD and to the horizontal sweep,
e The vertical trigger rate is an integer multiple of the horizontal trigger rate (see 2.7.4.2).

2.8 LOCAL MONITORS AND DISPLAYS

The following monitors and displays are permanently installed in the OSR hutch:
¢ A rack-mounted video monitor connected to the CCD camera,
e A rack-mounted video monitor connected to the CCD camera in XSR,
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29

A rack-mounted computer monitor and keyboard tray, switched between the CCD/ICCD and
Streak Camera data acquisition computers,

A rack-mounted control computer for beamline control and other diagnostics,
A rack-mounted video monitor, which is connected to the CCD in XSR.
2 Keithley 6485 Picoammeters, which are connected to the XSR X-ray BPM.

TEST EQUIPMENT

The following test equipment is dedicated to the OSR hutch:

A 0.5 mW laser made by Research Electro Optics Inc., model # 31008,

A Hamamatsu C8898 Picosecond Light Pulser with a peak power of 66 mW and a pulse
duration of 70 ps,

The “Canadian Light Source”, a battery powered, white LED mounted in a box with an ST
connector,

A Tektronix TDS3052B oscilloscope,

BK Precision 1856D 3.5 GHz frequency counter,

A Fluke 87 handheld multimeter,

An Agilent 33120A arbitrary waveform generator,

A Sony MHC-GX250 stereo system, which is used for acoustic vibration studies.
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3.0 USER'’S GUIDE

31 HOWTO SET UP THE OSR OPTICAL CHICANE

On the control screen, select CLS Logo — Storage Ring — OSR Diagnostic Beamline and
click on Optical Chicane tab.

¢ /home./control/opi/DiagnosticBeamlines//0SR_Beamline_Main.edl —olx]
Optical Chicane OSR Opfical Table Optical Chicane Motors | 05R Optical Table Motors
Vacuum valve Primary mirror actual calibrated
OFEN Optical Chicane
__Open_| Y Position A oo @
Close GOOD '
interlock
# Focusinglens mm actual calibrated
¥
I e : X [ 0000 p 0001 @
mirror !
ZE2deaC : Y [ 0.000 A o002 )
L »  dump A J
A Z | -7T0.000 - -70.002 ]
Photon shutter cavity temperature ¥ o
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Open_ | X o ey
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|7 Ld
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XY A mirror
using ; L
rotation 4»‘*
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0003 @

Y Position [ -0.002
siien gap < 22001 gap # 20.998

Y Rotation [_-0.081] -0.080 ®
otation -“> ® | enter - p 000 center A 14.999
X Rotation a @ v

Fig. 2: The optical chicane control window showing the nominal settings for all optical elements.

Verify that all positions are calibrated. This is indicated by green dots in the “calibrated” columns
of the settings. Altogether there have to be 9 green dots as indicated in Fig. 2.

If any of the positions is not calibrated, click on the Optical Chicane Motors tab (see Fig. 3).
Click RUN for any motor that does not indicate CALIBRATED. Wait until all motors finish their
position calibration. (Note: The “secondary mirror rotation — horizontal” fakes significantly
longer than all other motors. This is normal.)

Return to the optical chicane control window by clicking on the Optical Chicane tab. All the
settings should be as shown in Fig. 2, otherwise correct the settings that are wrong. Open the
vacuum valve first, and then the photon shutter. Use the CCD camera as a reference for aligning
the beam. (Note: The settings in Fig. 2 provide a good starting point, but in all likelihood will not
steer the beam into the active area of the CCD camera.)
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'home/control/opi/DiagnosticBeamlines//0SR_Beamline_Main.ed|

OSR Opfical Table Optical Chicane Motors || OSE Optical Table Motoxs

Optical Chicane

Slits

Optical Chicane Motors

Primary Mirror

=lolx]

CLH1402-B10-01

Calibration | STOP RUH

horizontal slit

22,001  0.000 mm

SMTR1402-B10-07

In Progress Calibration successful and in position
STOP gap center
After Calibration GO TO SETPOINT ‘ 22.000 0.000 mm
[ Go To DEFAULT [ 22.000  0.000

mim ‘ SMTR1402-B10-05

SMTR1402-B10-01

Calibration sTOP RUN

In Progress

primary mirror translation

Calibration successful and in position

STOP

After Calibration GO TO SETPOINT | 1.000
['Go 10 pEFAULT —p-[ 1.000

mm feedback 0.998 mm

mm_|

moving

CLV1402-B10-01

Calibration | STOP RUH

vertical slit

29998 14.999 mm

SMTR1402-B10-08

In Progress Calibration successful and in position
STOP g center
After Calibration GO TO SETPOINT ‘ 30.000 15.000 mm
[ GO TO DEFAULT —pw| 30.000  15.000

mm ||_SMTR1402-B10-06

Secondary Mirror

Focusing Lens

SMTR1402-B10-02

Calibration STOP RUN

In Progress

secondary mirror ¥ translation

Calibration successful and in position
STOP

SMTR1402-B10-02 |

After Calibration GO TO SETPOINT -0.002 mm feedback -0.003 mm  moving
6o To DEFAULT —p-[ 0002 mm |

SMTR1402-B10-09

caibration [ sTtoP | RuM

focus lens X translation

SMTE1402-B10-09 |

feedback -0.001 mm  moving

In Progress Calibration successful and in position
STOP
After Calibration G0 TO SETPOINT | 0.000  mm
[GoTo DEFAULT —p-[ 0000  mm |

SMTR1402-B10-03

Calibration sTOP RUN

In Progress

secondary mirror rotation -horizontal

Calibration successful and in position

STOP

After Calibration GO TO SETPOINT | 0.230
['Go T0 DEFAULT —p-[ 0.230

SMTIR1402-B10-03

deg
deg |

feedback 88.260 deg  moving

SMTR1402-B10-11

Calibration | STOP RUH

In Progress Calibration successful and in position

STOP

After Calibration GO TO SETPOINT \ 0.000 mm

focus lens Y translation

SMTR1402-B10-11

feedback -0.002 mm moving

[Go TO DEFAULT —p=[ 0000  mm

SMTR1402-B10-04

Calibration STOP RUN

In Progress

secondary mirror rotation -vertical

SMTR! B10-04

Calibration successful and in position

3TOP

After Calibration GO TO SETPOINT | -0.081
['Go To pEFAULT —p[ 0.081

deg
deg |

feedback -0.080 deg  moving

SMTR1402-B10-10

Calibration |  STOP RUH

In Progress Calibration successful and in position

STOP

After Calibration GO TO SETPOINT | -70.000 _mm

focus lens Z translation

SMTR!

B10-10

feedback -70.002 mm  moving

['GoTo DEFAULT —| 70.000 mm

Fig. 3: Optical Chicane Motors control window. All motors are calibrated.

Click on the OSR Optical Table tab. The window shown in Fig. 4 will open. Verify that the dove
prism stage indicates CALIBRATED. If not, click on the OSR Optical Table Motors tab (see Fig.

5) and click RUN.
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£ /homecontrol/opi/DiagnosticBeamlines//0SR_Beamline_Main.edl

Optical Chicane

OSR Opfical Table Optical Chicane Motoxs | OSE Optical Table Motors

Vacuum valve

Chicane Photon shutter

ors orn
CLOSE CLOSE
interlock GOOD interlock GOOD

Primary Mirror
Temperature
26.8 deg C

Cavity Temperature
27.0deg C

OSR Optical Table

DOVE PRISM STAGE

} R
& =500

HDF1602-1-B14-01
oD 3
op3 -
F
iE LENS1602-1-B13-01

TABLE =

BEOTON = our 10 .
SHUTTER - 3 -

LENS1602-1-E13-02
M=1
1=260

INcﬁ I

CLOSED

i

HDF1602-1-B15-01
oD 4

LENS1602-1-B12-01 LENS1602-1-B12-02

oD 4

. :| HDF1602-1-B16-01

oD 4 J

=)

L

-

HDF1602-1-B13-01

oD
g
: ﬁ [ L
oD 4 mi]iiﬁ”\;’zl}ﬂ

EI
I

Fig. 4: The OSR Optical Table window. The table photon shutter is open and filter wheel B14-01
in front of the CCD camera is set to OD3, as it would normally be for a stored beam current of
200 mA. In the ICCD camera line at the bottom, both lenses are out and filter wheel B13-01 is set
to OD4. In the Streak Camera line the dove prism is out, both lenses are out, and filter wheel
B15-01 is set to OD4. Filter wheel B16-01 of the FSM line is set to OD4. The fast steering mirror
is shown out of the beam, but it would be moved in manually when the FSM line is used.

/home/control/opi/DiagnosticBeamlines//0SR_Beamline_Main.ed|

Optical Chicane OSR Opfical Table Optical Chicane Motoxs | OSE Optical Table Motoxs |

OSR Table dove prism stage

OSR Optical Table Motors

SMTR1602-1-B12-01

Calibration STOP RUN

In Progress Calibration successful and in position

STOP

After Calibration GO TO SETPOINT 0.000 mm
[ ‘6o 1o DEFAULT —p-[ 0.000

mm‘

Configure dove prism stage
dove prism stage out 0.00 feedback
DOVE PRISM | -34.00 our
[ sMTR1602-1-B12-01 | DELAY LINE | =009
_ Allowable error 0.10 mm
feedback 0.000 mm moving
Motor setpoint feedback
0.000 0.000 mm

Fig. 5: The OSR Optical Table Motors control screen.
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Select a reasonable OD setting for the CCD camera:

Beam in the Storage Ring Optical Density
1 mA 0
10 mA 1
100 mA 2
200 mA 3

Open the table photon shutter. If the beam spot does not appear on the video monitor, close the
table shutter again and look at the upstream side of the table shutter. There is a label on the table
shutter, which indicates the nominal beam spot position. The actual spot should be visible
somewhere on the table shutter. (Note: If the light above the optical table is dimmed, the spot is
clearly visible at a beam current of a few mA). Steer the beam towards the nominal position using
the “XY using rotation” arrows in the optical chicane control window (Fig. 2). This moves the
secondary mirror. The direction of motion is:

2010-02-16

XY Using TV Monitor Table Beam
Rotation Shutter Coordinates
1 ! 1 +Y
{ i l -Y
- - «— +X
«— «— — -X
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3.2 HOWTO SET UP SPIRICON FOR THE CCD CAMERA

To start up Spiricon, click on the icon

Spiricon has a large number of features and options. Some have not been explored yet, and
some are not applicable to the CCD camera. The following configuration is suggested as a
starting point. A detailed description of the Spiricon software can be found in Ref. [2].

Select Options — Camera and set the configuration shown in Fig. 6. “Frames” may be set as
desired.

Camera

Camera \“COHU_EG124NALOG.CAM El

R ezalution 1w b ax 512 = 480 Frame Size

Buffer Size, kb 19283 Framesz 43

Sync Source Genlock,

Cakd Path...

Frial 10 3

Pivel Scale | 9.900e+00-2] Sawe .
- H_HI]I]e+I]I]E|

]
Cancel

Help

MR

Fiwel Units LM -
[3amma 1.000e+00 El:
| Lens

Fig. 6: Configuration of the “Camera” window for the CCD camera.
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Select Options — Capture and set the configuration shown in Fig. 7:

Capture

Ok

= o
e o BT | Browse. ..

[ DT
Toalbar...

T,

ol |
Frigpj=r Ol | | itz el I
v Hielze Trigeizr Lasz] |

Fleinmzr of Framss

FlurmiEEr af Frammnes

Current Frame -

Fig. 7: Configuration of the “Capture” window for the CCD camera.
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The CCD camera can be used to capture an image of the beam at its “moment of death”, as the
Storage Ring trips. In this case the “Capture” window needs to be set up as shown in Fig. 8.

Capture

1]4
Canicel
Help
Browse...

[lurpiEizr
Toolbar. ..

LT,

oz

While Running -

FlLimmzr o Frammss |

Current Frarme -

Fig. 8: Configuration of the “Capture” window for capturing the beam at its “moment of death”
using the CCD camera.
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Select Options — Computations and set the configuration shown in Fig. 9:

Computations

0.000e+00-

Eliry 2

peleiftimliz

“Whole Beam

Fig. 9: Configuration of the “Computations” window for the CCD camera.
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Select Options — Beam Display and set the configuration shown in Fig. 10. “Curser Orientation”
may be set as desired.

Beam Display

20 anly 0k,

Beam Yiew @ 2D > ED
Cancel

Curzors Centroid -
Crozzhair Manual = Tl
Curzor Orientation Major/Minor - =

Grid
Origit Loc:ation Window L - | G Help

Beam Colors | Color Continuous -

| Cursor Profiles

aadl)

. 30 only
Z Bz Scale W] -
ﬂ e o
g v Cross Hatch
Beam Display |Eurrent Alone ﬂ
Set Reference Source W __| Contour
Dizplay Thresholds

Ratate 45 =

Lower |0.000e+00 3: -
Tilk 15 =
Upper |1.023e+03 3: “wire Density 2% 480 «

| Calar Bar

Fig. 10: Configuration of the “Beam Display” window for the CCD camera.

For a proper measurement of the beam size and position, it is important to subtract the
background light. To start this background subtraction, close the table photon shutter (see Fig. 5)
and click “Ultracal’ in the Spiricon window. Open the table shutter again when the background
measurement is finished (after a few seconds).

Spiricon has 3 toolbars:

[Contimaous ] [1 Bl FHlew — =If H Z|# H 4P H -RIRJ =l w2
g |Cenlmid j |Colol Continuous j | x1 j |Cunenl Alone j g |Manual j E @ @ %

[Cicle =] |2.544e+|]3 El |2_4559+03 E| |2_4959+03 E| [None  ~] @

The top toolbar is for triggering and sampling. It should be set as shown, with 2 and y not
pressed. The numbers to the right of 2 and yu are then meaningless.

The middle toolbar defines the crosshairs and should be set as shown.

The bottom toolbar describes the region of interest. The region of interest can be defined by
entering coordinates or by dragging and resizing. The -button needs to be pressed to read
meaningful values for the beam position or the beam size.
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3.3 USING THE CCD CAMERA TO STEER THE BEAM

The following table lists the directions, in which the beam is steered, when the “XY Using
Rotation” arrows are used. Normally, the “Lens” option in the Spiricon Camera window would not
be checked. The beam direction at the table shutter is given as seen on the upstream side of the

shutter, when the shutter is closed.

XY Using TV Monitor Spiricon Spiricon Table Shutter Beam
Rotation “Lens” Option Coordinates
1 ! 1 ! f Y
! i ! T ! -Y
— — — — — +X
— — — — — -X

Using Spiricon, set the centroid of the beam to X = 2500 ym and Y = 2500 pym. This is the
reference beam position for all other devices on the Optical Table.

3.4 INTERPRETING THE CCD IMAGES

Fig. 11 shows how the beam at the source point is projected onto the TV monitor. See section 1.3
for the definition of the beam coordinates.

by

A

Beam at the source
point.

Fig. 11: The beam coordinates as they appear on the TV monitor for the CCD camera.
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Fig. 12 shows how the beam at the source point is projected onto the Spiricon screen. Usually the
“Lens” flag in the Camera window is not checked. The Spiricon coordinates are indicated for the
purpose of interpreting the beam position numbers read from Spiricon.

Spiricon coordinatess — X
Y bY
X X
“ . -~ -
X
Beam at the source Beam at the source
point. “Lens” flag not point. “Lens” flag set.
set (default).

Fig. 12: The beam coordinates as they appear in the Spiricon window for the CCD camera.
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3.5 HOWTO SET UP SPIRICON FOR THE ICCD CAMERA

To start up Spiricon, click on the icon

Spiricon has a large number of features and options. Some have not been explored yet, and
some are not applicable to the ICCD camera. The following configuration is suggested as a
starting point. A detailed description of the Spiricon software can be found in Ref. [2].

Select Options — Camera and set the configuration shown in Fig. 13. “Frames” may be set as
desired.

Camera

Camera | “SPIRICON_TC-1122.CAM |

Rezolution 1w - b ax 512 = 480 Frame Size

Buffer Size, Kb 1928 3: Frames 43:

Sync Source Genlock -

Cak Path...

Frial i, 10 3

PiselScale | 3.000e+01—] sawelLi.
l 3.000e+01 3 Advanced...

(]
Cancel

Help

el

Pisel Units L -
Famma 1.000e+00 3:
| Lens

Fig. 13: Configuration of the “Camera” window for the ICCD camera.
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Select Options — Capture and set the configuration shown in Fig. 14:

Capture

OF.

- b
_ — S
£ [eee Lapieir | Browse...

[ lrpieizr
Toolbar...

SnLiiEr

oz |
Frigpi=r Ol | FETEE| |
v etz Frigejzr Leval |

FlLinmzr of Framss

FlurmmEr af Frammes

Current Frame -

Fig. 14: Configuration of the “Capture” window for the ICCD camera.
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Select Options — Computations and set the configuration shown in Fig. 15:

Computations

0.000e+00-

ey 22

feluiltinlizr

YWhole Beam -

- =
RIS =
(o o B S |

Fig. 15: Configuration of the “Computations” window for the ICCD camera.
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Select Options — Beam Display and set the configuration shown in Fig. 16. “Curser Orientation”
may be set as desired.

Beam Display

20 anly 0k,

Beam Yiew @ 2D > ED
Cancel

Curzors Centroid -
Crozzhair Manual = Tl
Curzor Orientation Major/Minor - =

Grid
Origit Loc:ation Window L - | G Help

Beam Colors | Color Continuous -

| Cursor Profiles

aadl)

. 30 only
Z Bz Scale W] -
ﬂ e o
g v Cross Hatch
Beam Display |Eurrent Alone ﬂ
Set Reference Source W __| Contour
Dizplay Thresholds

Ratate 45 =

Lower |0.000e+00 3: -
Tilk 15 =
Upper |1.023e+03 3: “wire Density 2% 480 «

| Calar Bar

Fig. 16: Configuration of the “Beam Display” window for the ICCD camera.

For a proper measurement of the beam size and position, it is important to subtract the
background light. To start this background subtraction, close the table photon shutter (see Fig. 5)
and click “Ultracal’ in the Spiricon window. Open the table shutter again when the background
measurement is finished (after a few seconds).

Spiricon has 3 toolbars:

[Continuous =] [1 =l Flow — =If EH Z|F E Lf H -RIR| & ¥
g |Cenlmid j |Colol Continuous j | x1 j |Cunenl Alone j @ |l]l[ j @ @ %

[Ciicle  ~] |?'2““9+“3 E| [E-6000:03 |- [9840e+03 || [None  ~| [(&

The top toolbar is for triggering and sampling. It should be set as shown, with > and y not
pressed. The numbers to the right of 2 and y are then meaningless.

The middle toolbar defines the crosshairs and should be set as shown.

The bottom toolbar describes the region of interest. The region of interest can be defined by
entering coordinates or by dragging and resizing. The (&-button needs to be pressed to read
meaningful values for the beam position or the beam size.
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3.6 CONTROLLING THE ICCD CAMERA

This section describes how to initialize the ICCD camera for its most common mode of operation
in the OSR beamline. For a detailed description of all the features of the camera, refer to the
Operating Manual [3].

To open the camera control window, click on the icon:

Lty

Zarnera
Zontrol

Click “Initialize”, “Connect”, then set the configuration shown in Fig. 17 and “Send it”’. Set “Delay”
and “Time” according to the specific measurement you want to make.

4 Picos Rev. 3. 248X
Single Mode 4 Picoz Rew. 32405
0% 5 hutdown Set Mode

Delay |0 [ns] | D¢ set ™ Auto tultiple. .
Tirne |EI.EIEIE |[u$]j ¥ et i [ff

Automatic...

MCF Gain Yoltage |F"EEI

Scan Mode Widea Acq. Frame Grabber

*+ Frame f+ Standard + Mone

" Field ° CCOD Int. " OnBoard

Sync Dutput Trg. Source Trigger Mode Gate Chl
¥ ertical " Faync + Direct Trigger * |ntGt
" Odd + Trig " Sngl.T " ExtGt
Gamma Yideo G ain Start Option

£ 045 " Auto + Cold

¢ 1 * Fived lﬁ de O wiam 0 Auto

Fig. 17: Control window for the ICCD camera.
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3.7

HOW TO RUN THE ICCD CAMERA

To avoid drifts of the ICCD shutter time, let the camera warm up for about 20 min before using it.

Turn off the lights above the optical table, pull the curtain, and dim the
lights above the racks before removing the cap of the ICCD camera.

3.71

Studies of the Stored Beam

Connect the “ICCD Trigger” cable to “Orbit” on panel P1601.1-02.
Select the M=4 lens (see Fig. 5).

Set the exposure time to 570 ns.

Reduce the optical density of the neutral density filter (see Fig. 5) until an image of the
beam appears.

To find the first filled bucket, gradually reduce the exposure time to 1 ns while increasing
the delay as required to keep the beam spot visible. Reduce the optical density of the
filter if necessary.

With the exposure time set to 1 ns, change the delay setting in 1 ns steps and watch the
beam spot appear and disappear as you move from bunch to gap to bunch. If the beam
spot does not disappear completely, change the delay setting by 0.5 ns and then repeat
the 1 ns increments.

Once a proper light/dark sequence is established, you can move from bunch to bunch by
increasing/decreasing the delay by 2 ns. You can also change the number of bunches
you are observing by increasing/decreasing the exposure time in 2 ns steps.

Studies of the Injected Beam

Connect the “ICCD Trigger” cable to “Injection” on panel P1601.1-02.

Select the M=1 lens (see Fig. 5).

Inject beam with the Storage Ring RF turned off. Stored beam would blind the camera.
Set the exposure time to 5.7 us and the delay to 163 pus.

In Spiricon, set the trigger type to “Video Trigger”.

Reduce the optical density of the neutral density filter (see Fig. 5) until an image of the
beam appears.

Gradually reduce the exposure time to 570 ns. Adjust the delay if necessary. Also,
reduce the optical density of the filter if necessary.

With the exposure time set to 570 ns, change the delay setting in 570 ns steps and watch
the beam spot jump as you move from turn to turn. If two locations are visible
simultaneously, instead of the beam spot jumping from one location to another, two turns
are observed in part. Adjust the delay.

Reduce the delay in 570 ns steps until the beam spot disappears. Then increase the
delay by 570 ns. This is turn 1.

You can now move from turn to turn by increasing/decreasing the delay by 570 ns. You
can also change the number of turns you are observing by increasing/decreasing the
exposure time in 570 ns steps.
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3.8 INTERPRETING THE ICCD IMAGES

Fig. 18 shows how the beam at the source point is projected onto the Spiricon screen. Usually the
“Lens” flag in the Camera window is not checked. The Spiricon coordinates are indicated for the
purpose of interpreting the beam position numbers read from Spiricon. See section 1.3 for the
definition of the beam coordinates.

Spiricon coordinates — X
Y A
Y Y
X X
- wE_ - ey
Beam at the source vY
point. “Lens” flag not
set (default). Beam at the source
point. “Lens” flag set.

Fig. 18: The beam coordinates as they appear in the Spiricon window for the ICCD camera.

3.9 HOW TO OPERATE THE FAST STEERING MIRROR
o Slide the Fast Steering Mirror into the beam.

¢ Set the switches of the FSM Breakout Box to “PSD FEEDBACK”, “X CLOSED LOOP”, “Y
CLOSED LOOP”.

e Power up the FSM Breakout Box and set the switches to “INTERNAL FEEDBACK”, “X
CLOSED LOOP”, “Y CLOSED LOOP”.

o Turn off the light above the optical table and on the SR side of the hutch. The light on the
IR side of the hutch may be left on if dimmed.

o Power up the FSM Breakout Box and the Fast Steering Mirror Controller FSM-CD 300B.
It does not matter which one is powered up first.

e Power up the CCD camera of the FSM line and move the video cable from the other CCD
camera. Power down the other CCD camera to avoid noise pickup that appears in the
image. The CCD camera of the FSM line can now be used as described in 3.2.

Note: If the FSM breakout box is switched off or if the light to the PSD is below a certain
threshold, the FSM mirror will run in internal feedback mode. If the light exceeds the threshold,
the mirror will be switched to external feedback mode. Therefore the system will automatically
reset itself after the beam in the storage ring trips or after the light to the PSD is blocked. The
beam current, at which the threshold is crossed, depends on the slit settings in the optical
chicane. If the nominal slit settings are used (see Fig. 2) the threshold is at a beam current of
approximately 8 mA at 2.9 GeV.
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3.10

HOW TO SET UP THE STREAK CAMERA

Although the Streak Camera can be controlled remotely from the control room, some initial
checks are required in the OSR hutch before the camera can be used:

Move the PSD out of the beam if necessary.
Move the dove prism out if necessary (see Fig. 5).

Set the vertical slit of the Streak Camera to 300 um and open the horizontal aperture
completely. This operation is done manually at the camera.

Move out the neutral density filter and both lenses (see Fig. 5) and verify that the beam
spot is roughly centred on the aperture of the Streak Camera.

If you plan to use the dove prism, repeat this test with the dove prism in. Adjust the X-Y-
stage of the dove prism manually if necessary.

Put in the M=0.2 lens (see Fig. 5).

With the dove prism out, verify that the beam is centred on the vertical slit. This is the
case if roughly the same amount of light is reflected from the upper and the lower jaw.

If you plan to use the dove prism, repeat this test with the dove prism in.

Put in the OD4 neutral density filter (see Fig. 5) before opening the
shutter.

Turn off the lights above the optical table, pull the curtain, and dim
the lights above the racks before opening the shutter of the Streak
Camera.

When the shutter is open, change to a lower optical density (see Fig. 5) as required to
make an image appear.
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3.11 HOW TO RUN THE STREAK CAMERA

To open the Streak Camera program, click on the icon:

o
W HPD-TASO.0

The window shown in Fig. 19 will open.

HPD-TA 32 (High Performance Digital Temporal Analyzer)

-Camera type i
Analog camera / IC-PCI + AM-Y5 Setup...

-Streak devices - -
Device GP-1B Addr. Lancel

CH680 / M5675 8
Setup._.

|

Fig. 19: Welcome window of the Streak Camera software.

It should not be necessary to click on the “Camera type Setup” button, as the configuration of the
“Camera and frame grabber setup” window (Fig. 20) should be correct by default.

Camera and frame grabber setup

CCD camera access

&+ Intemnal drivers o

Internal Drivers
. Ok

Frame Grabber |icpc)+ aM-vS |
Cancel

Camera |Analng camera ﬂ

Configuration File:
|[Z:\nglam Files\HPDTAAHPDTAG40%veia Get

Board Nu.:l—u

Fig. 20: “Camera and frame grabber setup” window. All settings should be correct by default.
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3.11.1 Using the M5675 Synchroscan Sweep Unit
Make sure the M5675 Synchroscan Sweep Unit and the M5679 Dual Timebase Extender Unit are

plugged into the camera.

In the “HPD-TA 32" window, click on the “Streak devices Setup” button and set the configuration

shown in Fig. 21.

Device control setup

I/F zetup + cabling

|+ GPIB installed at: 8

GPIB board type
(» Keithley ( NI

Streak camera mls_
S pectrograph mlﬁ
Delay generator mlﬁ
Delay? generator mlﬁ

170 addr:

Connected to: Addr.

r Counter board

installed at: 560

Counter board type
f* DT2819  CTROS

Connected to:
[~ Streak camera status port

[~ A 6538 shutter box

Setup

1/0 addr:

External devices setup

v Use streak camera

Device | C5680

[

Plugin M5E75 -

v M5679 [~ M5679 HS

[~ WMh67E
[~ Use spectrograph

Device |Chiomex 25015 ~ |

|~ Use delay generator

Device |Cip97-01

[~ Use delay2 generator

Device |pg53s

Cancel

=]

Fig. 21: The “Device control setup” window showing the correct settings for running the M5675
Synchroscan Sweep Unit. Except for the “Plugin” field (highlighted), the default configuration

should be correct.

Click “Setup” in the “Device control setup” window and then click “OK” in the “HPD-TA 32"
window. The 3 windows that are shown in Fig. 22 will open up.
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= HPD-TA 32 (High Performance Digital Temporal Analyzer)

File Setup #Acquisition Corrections  Analvsis Display  Processing  Info

= | ‘lwmm--ﬁu _II__I_II_ || e e

LUT Control

T T T T T i
Intens. o 50 100 150 200 250

-

E

C5680 |MS675 (1 |Focus [0 [Momal [Closed  Savel| Flecali|  Sawve2| Fecdl 4

| Image size E40x480 | 4

Fig. 22: After completing the device control setup, a new “HPD-TA 32” window opens up, which
contains the “LUT control” window and the ““C5680+M5675 control” window.

In the new “HPD-TA 32” window, select Acquisition — Live button and set the configuration
shown in Fig. 23.

Analog camera acquisition control

e

Live Acquire

ey

Analog T Photan
Integration counting

— &ction

Live Freeze | Single Exp. |

 Frame grabber trigger
W Active Integrate after trig.: |1 frame vl

— Feal time background subtraction [RTES)
DoRT Backsub | Get BG data |

Fig. 23: The “Analog Camera acquisition control” window showing the most common
configuration. The number of frames may need to be changed depending of the horizontal sweep
(see 3.11.2).
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The settings in the “C5680+M5675 control” window depend on the kind of measurement that is
to be made. Fig. 24 gives a good start for measuring the bunch length.

G5 0+ M

Parameter name Parameter value

- Time Range |3 -
_ Operate A
_ Mormal -
| MCP Gain " [0 -
| Shutter " |0pen <
| Blanking Amp. | |50 us -

| Gate Time |l] i‘

Fig. 24: The camera settings most commonly used to measure the bunch length in the Storage
Ring.

The time ranges have been calibrated at CLS using a 117 ps optical delay line. These
calibrations are inconsistent with the ones given by Hamamatsu.

Time Range | Calibration | Full Scale [ps]
[ps/pixel] (Approx.)

1 - 150

2 0.59 300

3 1.21 600

4 2.16 1200

3.11.2 Horizontal Sweep when Using the M5675 Synchroscan Sweep Unit

The Streak Camera Synchronizer module synchronizes the horizontal trigger and the frame
grabber trigger with the CCD frames of the Streak Camera. This scheme only works as long as
the internal pre-scaling of the trigger input of the M5679 Dual Timebase Extender Unit is not
activated. The Streak Camera Synchronizer module has a built-in pre-scaler, the ratio of which is
selected by the “Frame Rate Divider” knob. If the knob is set to “10”, the camera will work at all
horizontal sweep speeds. However, for most of the sweep speed settings, the frame capture rate
will be slower than necessary. The following table shows the minimum frame rate divider settings
for the various horizontal sweep speeds when using the M5675 Synchroscan Sweep Unit:
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Horizontal Sweep # of Frames Frame Rate Divider Frame Rate
100 ms 8 10 272 Hz
50 ms 8 10 272 Hz
50 ms 4 5 5.00 Hz
20 ms 4 5 5.00 Hz
20 ms 2 3 7.49 Hz
10 ms 2 3 7.49 Hz
10 ms 1 3 7.49 Hz
=5ms 2 3 7.49 Hz
=5ms 1 2 9.99 Hz

The number of frames in the table is the minimum that must be selected in order for the image to
cover the entire screen. Greater numbers may be selected as shown in some of the entries, but
the maximum allowable frame rate will be affected. To change the number of frames, click “Live”
in the “Analog camera acquisition control” window (See 3.11.1), click “Freeze” if the
acquisition is running, and select the number of frames in the “Integrate after trig.:” field.

Note: If the frame rate divider is set too low, the internal pre-scaling of the camera trigger is
automatically activated. The camera may work for most of the time, since failures tend to be
sporadic. However, the image may flicker or may suddenly disappear for no obvious reason.

In Fig. 25 every third bunch is visible. The Storage Ring was running about 210 bunches, but
obviously the fill was not quite even.

Fig. 26 shows the beam in the Storage Ring on a turn-by-turn basis. Bunches within one turn are
overlapping so that individual bunches are not resolved.
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- 151%|

[ Action

Freeze J Single Exr I

¥ Active Integrate after trig. |1 frame v1

~Real time background subtraction [RTES]
DoRT Backeub | GetBG data |

680+M5675 control

Parameter name Parameter value

| M5675 |2 [ Operate [ 20 3 @pen Save 1 call 1 Save 2|
Image size 640x480 | HAcq: Frame rate 9.84 Hz

Fig. 25: The Streak Camera running in synchroscan mode. Each vertical line is one bunch in the
Storage Ring, but only every third bunch is shown.

Freeze J

¥ Active Integrate after trig. |1 frame v1

i Real time background subtraction [RTES)
Do RT Backsub | GetBG data |

[C5630 [M5675 (2 [Operate [10 [Ext [Open = scal | Save2

| Image size 640480 HAES F.;maraleaﬂtHz 2

Fig. 26: The Streak Camera running in synchroscan mode. Each spot corresponds to 1 turn in the
Storage Ring. Bunches within a turn are overlapping so that individual bunches are not resolved.
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3.11.3 Using the M5677 Slow Speed Sweep Unit

Make sure the M5677 Slow Speed Sweep Unit and the M5679 Dual Timebase Extender Unit are
plugged into the camera.

In the “HPD-TA 32" window, click on the “Streak devices Setup” button and set the configuration
shown in Fig. 27.

Device control setup

I/F zetup + cabling External devices setup
170 addr:
¥ GPIBinstalledat: [g | ¢ Usesteak camera
GPIB board type Lhdice |EEEBD j
& Keithley " NI Flugin /¥ -
v M5679
Connected to: Addr.

Streak camera  [gpig v |8 [~ Use spectrograph
Spectrograph Hone - lﬁ Device Chromex 25015 ﬂ
Delay generator  [gone - lﬁ

Delay2 generator (gone - lﬁ

|~ Use delay generator

170 addr: i
Counter board Device -
" installed at: 560 c1097-Mm ﬂ

Counter board type
f* DT2819  CTROS

C ted to:
onnected to [~ Use delay? generator

Device |pg53s ﬂ

[~ Streak camera status port

[~ A 6538 shutter box

Setup Cancel

Fig. 27: The “Device control setup” window showing the correct settings for running the M5677
Slow Speed Sweep Unit. Except for the “Plugin” field (highlighted), the default configuration
should be correct.

Click “Setup” in the “Device control setup” window and then click “OK” in the “HPD-TA 32”
window. Follow the instructions in 3.11.1 on starting the acquisition.

The setting in Fig. 28 is a good start for displaying bunch trains.
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~:C5680+M5677 control  [X]

Parameter name Parameter value

| Wime Range ™ |2 us -
[ Hode T [operate  ~
| GateMode  [Eut -

_Im
[FocusTimeOver [5 =

Fig. 28: A camera setting commonly used to display bunch trains in the Storage Ring.

3.11.4 Horizontal Sweep when Using the M5677 Slow Speed Sweep Unit

The Streak Camera Synchronizer module synchronizes the horizontal trigger and the frame
grabber trigger with the CCD frames of the Streak Camera. This scheme only works as long as
the internal pre-scaling of the trigger input of the M5679 Dual Timebase Extender Unit is not
activated. The Streak Camera Synchronizer module has a built-in pre-scaler, the ratio of which is
selected by the “Frame Rate Divider” knob. If the knob is set to “10”, the camera will work at all
horizontal sweep speeds. However, for most of the sweep speed settings, the frame capture rate
will be slower than necessary. The following table shows the minimum frame rate divider settings
for the various horizontal sweep speeds when using the M5677 Slow Speed Sweep Unit:

Horizontal Sweep # of Frames Frame Rate Divider Frame Rate
50 ms 8 10 272 Hz
50 ms 4 8 3.33 Hz
25 ms 8 10 272 Hz
25 ms 4 5 5.00 Hz
10 ms 4 5 5.00 Hz
10 ms 2 3 7.49 Hz
5ms 2 3 7.49 Hz
5ms 1 3 7.49 Hz
<25ms 1 2 9.99 Hz
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The number of frames in the table is the minimum that must be selected in order for the image to
cover the entire screen. Greater numbers may be selected as shown in some of the entries, but
the maximum allowable frame rate will be affected. To change the number of frames, click “Live”
in the “Analog camera acquisition control” window (See 3.11.1), click “Freeze” if the
acquisition is running, and select the number of frames in the “Integrate after trig.:” field.

Note: If the frame rate divider is set too low, the internal pre-scaling of the camera trigger is
automatically activated. The camera may work for most of the time, since failures tend to be
sporadic. However, the image may flicker or may suddenly disappear for no obvious reason.

3.11.5 Vertical Sweep when Using the M5677 Slow Speed Sweep Unit

The maximum vertical trigger rate, that the camera can accept, depends on the vertical sweep
speed. If the vertical trigger rate exceeds this maximum, the camera automatically pre-scales the
trigger input. In this case, however, synchronization between the vertical and the horizontal
trigger is lost, causing the image to walk or jump horizontally. To avoid this problem, an external
pre-scaler is used to divide the Storage Ring synchronous trigger (1.754 MHz) down to an
acceptable rate. The minimum settings of this pre-scaler are shown for the various vertical sweep
speeds. However, these settings are somewhat temperature dependent and may therefore be
marginal. The pre-scaler may be set to a higher number than the recommended setting.
However, the higher the setting, the fewer vertical sweeps (and possibly none) are drawn in the
image.

Vertical Sweep Minimum Setting Recommended Setting Recommended
Sweep Frequency
100 ns 10 11 438596.5 Hz
200 ns 10 11 438596.5 Hz
500 ns 101 111 219298.2 Hz
1us 111 1111 109649.1 Hz
2 s 11011 11111 54824.6 Hz
5 us 101010 111111 27412.3 Hz
10 ps 1000100 1111111 13706.1 Hz
20 ps 1111001 11111111 6853.1 Hz
50 ps 100011001 111111111 3426.5 Hz
100 us 1000100010 1111111111 1713.3 Hz
200 ps 10000110000 11111111111 856.6 Hz
500 ps 101001110000 111111111111 428.3 Hz
1ms 1010100001000 1111111111111 2142 Hz

Fig. 29 shows a number of bunch trains in the Storage Ring. Individual bunches are not resolved.
The three bunch trains that are drawn by every vertical sweep are consecutive turns in the
machine. The time between vertical sweeps depends on the setting of the pre-scaler.

In Fig. 30 the individual bunches are visible.
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igh Performance Digital Temporal Analyze!

File Setup Acquistion Torrections  Analysis  Display  Processing  Window  Info

e e e Y W =

Action
|l | e [ s |

bber igmer

Er —_
[F Active Intearate after ig.: |1 frame =

Rieal time background subtraction [RTES)
[ Do AT Backsub | GetBG data |

“:C5680+M5677 control  [K)
Parameter name Parameter value

2us

Dperate |
Ext.

!

100 us

Gate Time [0
Cont
Ready
1
Rising

A E1 21 S

Ready
Cont
1

SEH ANENEN K

Rising
5
[C5680 [M5677 [2us [Dperate [0 [Ext |Open  Savel| Flecalll| Save2| Recal?]
[Image size 40+480 | Hécq: Frame 1ats 8.23 Hz

e

Fig. 29: The Streak Camera running in slow sweep mode. Individual bunches are not resolved.
The three bunch trains in every vertical sweep are consecutive turns in the Storage Ring.

al Temporal Analyzer)

File: Setup  Acquisition sing  Window  Info

»16 »lgl=lolelmio) b 1E -] 5] o7\ olelmlm

Live (0) (Zoom x 1)
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Real time background subtraction [RTES]
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“+C5680+M5677 control (K]
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3
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100 us
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Fig. 30: The Streak Camera running in slow sweep mode. Individual bunches are resolved.
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3.11.6 Analog Integration

To initialize analog integration, select “Analog Integration” in the “Analog camera acquisition
control” window and set the configuration shown in Fig. 31. Adjust the “# of exposures:” field as
required for the given amount of light. Click “Integrate” to start.

Analog camera acquisition control ‘z|

v

M v
Analog Phaton
Integration| counting

Acquire

KA

—Action
|nteqgrate I Stop |

— Frame grabber trigger
v fctive Inteqrate after trig.: |1 frame vl

— Integration

# of exposures; |2|:| ¥ Clear an start

Fig. 31: The “Analog Integration” settings in the “Analog camera acquisition control” window.

3.11.7 Region of Interest

To define a region of interest, click the |2 putton and select a box. Then click the |FF button to
enable histogramming of the light intensity in this region of interest as shown in Fig. 32.

Live (0) (Zoom x 1)

Fig. 32: Histogram of the light intensity in the region of interest as defined by the red box.
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In order to view or change the display parameters, select Analysis — Profile. The “Profile

Analysis”,

Profile Analysis

Cursorl:
Cursor2:
Difference:
Memory:
VYalue at Curzorl:
VYalue at Cursor2:
Pa/HM:

Lifetime [1/e]:
Rizetime[10%-90%):
Falltime{90%-10%):
M azimum:

Location of Max.:
Integral:

Center of Gravity:

145.5275 Pixel

244 4862 Pixel

98.95871 Pizel

16.97

16.83
4 52478
5.482064
1268262
17.23622
188
1714.11
194.9728

_ Profile Control lﬁj
Get | GetH.| Get¥. | Updt. Load | Save
Hide | Show Del | Recall| Info | Zoom | Data

Memory- (o] M1 | M2| M3| M4 | Ms| Me| M7 | M8 sl

Color/Type:

Autoupdate:~ [ [ I I T ¢

|Get integrated vertical profile

Profile Control”, and “Profile Display” windows will open (see Fig. 33).

= Profile Display

Bl| | | ] &2 Q[ ot

I 174 ol b by
n | i
t 1?.2—_ B
1] - L
n 17 - E
2 ] L
1 ] L
i 16.8- -
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0 100 200 300 400

Location [Pixel]

Fig. 33: The “Profile Analysis”, “Profile Control”, and “Profile Display” windows.
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