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Abstract This paper presents the longitudinal profile measurements
The CLIC Test Facility 3 (CTF3) is being built and com- based on Streak camera and non-destructive integrated RF

ower and microwave spectrometry techniques.
missioned by an international collaboration in order to tedl P y q

the feasibility of the proposed Compact Linear Collider
(CLIC) two-beam acceleration scheme. The monitoring LONGITUDINAL BUNCH PROFILE

and control of the bunch length throughout the CTF3 com- The measured single bunch longitudinal spectrum at
plex is important since this affects the efficiency and the:Te3 is pest described by

stability of the final RF power production process. Bunch

length diagnostics therefore form an essential component 1 S .3 i
of the beam instrumentation at CTF3. This paper presents Sounen (t) = N e Poplitesstn), (1)
longitudinal profile measurements based on Streak camera b

and non-destructive RF power and microwave spectrom
try techniques.
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Whereo2= (01 +02)/2 anda = ¥ whereo (o)
describe the width of the left (right) hand side of the fitted

skew Gaussian distribution, as shown by the Streak camera
measurement in Fig. 2 (a).

INTRODUCTION

The feasibility of the proposed Compact Linear Col-
lider (CLIC) drive beam concept and two beam accelera |
tion scheme [1] is being tested at B¢ CLIC Test Facil- oo
ity (CTF3)[2] by an international collaboration. Inherent Zeoq
in this scheme, is the use of transverse deflectors to priaog
duce a 12 GHz, 140 ns long beam pulse, from.Z&us 2
long train train of 1.5 GHz bunches. The combined bean °|
is used in the CLIC experimental (CLEX) area, where the % 40 & o —to0 120 14 T ey G
beam is decelerated in resonant 12 GHz cavities and the
power produced is used to perform two-beam acceleratidfigure 2: (a) Example of the CTF3 single bunch spectrum
experiments [3, 4]. measured with the Streak Camera. (b) Power spectrum for

a train of Gaussian bunches, with r.m.s. bunch leagts
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From the distribution in Equation 1, the power spectrum

CLEX Opics Lab ﬁﬁq Combiner Ring for a train of N electron bunches can be expressed as fol-
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[ Microwave spectrometer CLEX Area
lows
Figure 1: Layout of the CTF3 complex and the diagnostics _on242 f —2n%52 f
used for longitudinal profile measurements P(f,t) 72 (t) <J ~T toge i )
o4 +o_

The monitoring and control of the bunch length through 2 N 2
out the CTF3 complex, see Fig. 1, is important since this ,, (Z oS (27m-f)> + <Z sin(27mf)> . (2
affects the beam combination efficiency and the proficiency
and stability of the final RF power production process.
Hence, time resolved bunch length diagnostics form an esthere the normalized frequency dependent power spec-
sential component of the beam instrumentation at CTF8&um induced by a train of identical gaussiam & 0)
- —— bunches, bunched at 3 GHz is shown in Fig. 2 (b). The en-
Fow Ztt gzmegil;yeg'fe?lsr:;itits,I(\)Alz\il;enr?{agwitzerlan § velope of this spectral distribution corresponds to the width
tWork supported by USA DOE Award (sponso#DE-FGo2- Of the single bunch distribution as in Equation 1. Hence, by
05ER41397, NU#CNV0041710) measuring the power spectrum in the frequency domain,
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and knowing the response function of the detection systeaf the variation of the bunch length along the pulse train,
the bunch length can be reconstructed. before and after the bunch manipulation chicanes.

LONGITUDINAL PROFILE MONITORS  RF-pickup —“Microwave spectrometer”

Monitoring the longitudinal bunch profile using both RF The RF pickup microwave spectrometer uses a series of

and Optical techniques is complementary, with the Streeﬁ?wn mixing technlqutra]s, with spefcmcl refe(;elr_mce Iocf:ql 0s-
camera providing a single shot bunch length measureme%lﬂators’ to measure the power of selected lines of inter-

within a 140 ps time window of the beam pulse, and thgsted in the power spectrum of the pulse train in Fig. 2 (b),

RF techniques acquiring single shot measurements of tfﬂathat way being a maore g,en5|t|ve SySte”.‘ than the BPR
bunch frequency envelope along the full pulse train. Th .avegwde detector which is based on a single broadbal_wd
transverse RF deflectors, coupled to an OTR screen are a 823' '|7'he sgsltim ivo:%/gcé\f/(/om %n ea(;ller detectqr ulsegllzn
used to measure the average bunch length along the puggk [7] and, !det 'I(?h » IS based on OB a S'nﬁ] €

train. This can provide sub-picosecond time resolution arffckup waveguide. e system measures beam harmon-

has been presented in detail previously [5], and will not biS in four different frequency bands: 30-39 GHz, 45-69
discussedﬁ‘urther in this papeFr). Yl Hz, 78-90 GHz and 157-171 GHz and is described in de-

tail in [8]. Based on this high frequency reach, the detector

is sensitive to bunch lengths down to 300 fs. The time re-

solved down-mixed signals from the RF pickup detector
Light emitted as either synchrotron radiation, producedre digitized with a 8 bit, 2 G sample/s Acgiris PCI card.

in the arcs of the delay loop and combiner ring dipole mag-

nets, or as Optical Transition Radiation (OTR) producedat BEAM BASED MEASUREMENTS

the end of the drive beam linac, is guided over long dis-

tances [6] to optics laboratories outside the radiation envi «

Streak Camera

—RF phas| 2| ---BPR0O290W [a.u.] (before chicare)

ronment of the machine, see Fig. 1. An adjustable picoset 3] i [TBPROsTEW fa.u] (after chicane

BPM0402S [Amp]

30}

G

ond timing delay {\; = 10 ps), from the CTF3 fast timing
distribution, with an intrinsic jitter of less than 1 ps, allows
for a precise calibration of the Streak camera and the flex
ibility to measure individual bunches along the full pulse ;
train. A sweep speed of 10 ps/mm is used for single bunc s s e
length measurements, with a corresponding measured cali-
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bration 0f0.122 + 004 ps/pixel. Figure 4: (a) Phase sag along input RF pulse to the pair of
accelerating structures before the injector chicane. (b) The
RF-pickup — “BPRW” effect of the phase sag, as seen on the BPRW signals before

and after the chicane for a uniform current.
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Calibration Conditions

A bunch length variation along the pulse train in the linac
was introduced in order to cross calibrate the RF based
bunch length detectors with the Streak camera. This was
done by introducing a larger than nominal (10°) phase
Figure 3: Schematic of the BPR waveguide pickup eled/riation of abouB0° over the input RF pulse, see Fig. 4
tronics (), to the first accelerating structures in the CTF3 injector,

before the injector bunch compression chicane. In CTF3,

The BPRW waveguide hardware, consists of a singlihis phase modulation is done, by manipulating the control
WR28 waveguide pickup, attached to the beam pipe sepfthe phase modulator program at the input of the klystrons
arated by a thin vacuum window, see Fig. 3. The beaif®]. The RF phase variation introduces a small single bunch
induced fields flow to the detector box placed on the girdeanergy variation along the pulse train. The non-zRgg
of the machine where they are emitted via a pyramidal homwf the injector chicane, results in a variable bunch length
antenna. The emitting and receiving antenna are insulategectrum along the pulse train. This effect is seen by com-
from one another, and their separation carefully calibratgehring the BPRW signal before and after the chicane, for a
for the required attenuation. The power is detected by a fashiform pulse current, see Fig. 4 (b).
schottky barrier detector, sensitive in 26.5-40 GHz. The The Streak camera measurements were used as a bunch
output voltage is amplified and digitized with a 12 bit resiength reference with which to compare other instruments.
olution ADC card sampling at 96 MHz. There are 5 detecThe calibration measurements presented here were per-
tors installed, see Fig. 1, to provide a real-time monitorinfprmed using a 2.99855 GHz beam and the synchrotron
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light from a dipole magnet in the combiner ring. A blueNominal Beam Conditions
wavelength filter was used with all measurements, and the
jitter, spot size in focus, calibration factor and goodnes 1
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Streak Data

of the fit was taken into account in the analysis. The bunc_,.| x i3 cre e re mou ] 3 pston

% _Calibrated 33 GHz line RF Picku
length variation along the pulse train, for this special day o§22: I H t
instrumentation cross-calibration, is shown in Fig. 5. Thes,q Py *
Streak camera sampled the pulse in 50 ns time intervaz 1
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Figure 7: (a) Examples of calibrated 33 and 39 GHz RF
pickup signal compared to Streak Data. (b) Power pro-
duced by the PETS and compared to the prediction based
on the currentmeasured and an assumed form factor of 0.85
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S0 1000 1200 The form factor of the beam can also be deduced based
. . .on the measured RF power characteristics from the 12 GHz
Figure 5: _(a) Analog single shot response from BPRW i, giant impedance power extraction structures (PETS)
the_combl.ner ring. (b) Bunch Length measurement COM10], installed in the CLEX area. The measured power by
paring calibrated BPRW and the Streak Camera. one side of the the PETS in the Test Beam Line (TBL) [4]

At the same location as the Streak camera measureme'{ﬁtShOWn in Fig. 7 (b). The predicted power generation in

: . : e PETS depends on the beam intengignd the form-
the BPRW waveguide pickup signal was measured, S&€ctor FO\ azP o I2F2()). Hence ba?ér:j on the mea-

Fig. 5 (a). Using a simple quadratic function, which was : - .
sufficient given the sampling of the Streak data and thsured power and the current in the beam position monitor,

bunch length range, the BPRW signal was calibrated to tﬁ%ee bunch form factor can be deduced. For the measure-

. . . . entin Fig. 7 (b), a uniform form factor of 0.85 at 12 GHz
measured Streak data. After applying the calibration, FlgﬁwHM 1?.8 pfs)) was deduced along the full pulse train.

(b) shows the agreement between the Streak and the BP
measurement. The BPRW signal can hence be used as an

online, calibrated signal for the monitoring of the bunch OUTLOOK
length along the pulse train.
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The Streak camera has been used to calibrate the RF

0412:2000 L0 72 GHz based bunch length detectors that provide single-shot mon-
N —Unfitered itoring of the bunch length along the pulse train. The RF
power measurement extracted from the PETS structure pro-

vides an indirect measurement of the bunch form factor
in CLEX. In the near future, dedicated longitudinal diag-
nostics will be installed in CLEX, based on Streak Cam-
era measurements, RF diodes measuring harmonics of the
combined 12 GHz beam and high frequency down mixing
Figure 6: (a)An example of the time domain output of theéechnigues, which can provide both bunch length and phase
RF pickup detector (red), with the 33 GHz beam compoiformation of the combined beam.

nent filtered (blue). (b) The time averaged FFT of the red
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