Beam Instrumentation for CTF3

(excluding BPM'’s — see talk Lars Soby)

T. Lefevre, M. Olvegaard, D. Egger and A. Rabiller




@ Outline

 Qverview of Instrumentation

» Transverse Profile; Longitudinal Profile; Bunch Frequency Measurements

« Where are we? (Installations, obtained performance, CTF3-CLIC extrapolation)

v Emittance

v Energy and energy spread

v" Bunch frequency measurements
v" Bunch length

v Form factor @ 12 GHz (depends on both phase and bunch length)

* Opportunities and future focus?




@]  Overview of Instrumentation Installed (I)  @@%

Transverse Profile monitors

7 TV stations for OTR based spectrometry (energy)
7 TV stations for Synchrotron light (Chicane and Rings)
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Review of beam instrumentation in CTF3 ILCWS,2010 A. Dabrowski, 20/10/2010



@]  Overview of Instrumentation Installed (I1)

Longitudinal Bunch Profile
[ ] RF Deflecting Cavity, OTR /
@ Streak Camera Synch Light, or OTR

Combine Beam, 12
/ GHz Bunch Spacing

/ Compression
chicane - TL2

Stretching
Chicane

0= 4.5ps (1.4 mm)

 Linac ~ 1-7 ps

Streak Labs
DL, CR (now)
CLEX (2010)

Cleaning
Chicane

« Delay Loop and Combiner Ring > 8ps

« CLEX1-2ps

z Injector, 1.5 GHz . ) -
Bunch Spacing Probe Beam (Califes) < 2 ps

o= 8.9ps (2.7 mm)




@] Overview of Instrumentation Installed (I1)

Longitudinal Bunch Profile
[ ] RF Deflecting Cavity, OTR
@ Streak Camera Synch Light, or OTR

Bunch Length Form Factor (r.m.s.)
 BPR-W (Power 26-40 GHz)

RF-pickup (Power harmonics 30 — 170 GHz)
CDR Experiment

Bunch Combination Efficiency

0 BPR-S (Down-mixed 3GHz)  gyerching
() Phase monitor DL Chicane
() Phase monitor CR

@ Streak Camera Synch Light, or OTR

Combine Beam, 12
/ GHz Bunch Spacing

/ Compression
chicane - TL2

0= 4.5ps (1.4 mm)
&

Streak Labs
DL, CR (now)
CLEX (2010)

 Linac ~ 1-7 ps

Cleaning
Chicane

« Delay Loop and Combiner Ring > 8ps

« CLEX1-2ps

z Injector, 1.5 GHz . ) -
Bunch Spacing Probe Beam (Califes) < 2 ps

o= 8.9ps (2.7 mm)
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« Where are we? (Installations, obtained performance)

v Emittance

v Energy and energy spread

v" Bunch frequency measurements
v" Bunch length

v" Form factor @ 12 GHz

* Opportunities and future focus?




. OTR based emittance TL2 and CLEX (2010) e

..‘z’h»
~

v'"New Installations 6 Transverse Profile Monitors CTF3
TL2 emittance tank
TL2' emittance tank
TBL emittance tank
TBTs drive beam (Uppsala / Saclay mechanics & planning — CERN acquisition & control) .
TBTs probe beam (Uppsala / Saclay mechanics & planning — CERN acquisition & control 8 B | i

»15° angle between OTR screen and the beam trajectory to minimize field depth errors

=Screens are mounted on a 4 positions remotely controlled support
1.A replacement chamber to ensure the continuity of the beam line
2.Low beam intensity operation (reflective silicon coated with thin aluminium)
3.High intensity operation (CVD Silicon Carbide screen)
4.A calibration plate can be inserted to quantify the resolution of the optical system S S

=Typical resolution in the machine at the moment:
=70-130 um/pixel
»Resolution gain possible (~20um)
=>» sacrifice of total screen size

*Acquisition nominally at 0.8 Hz, camera integrates 20 ms o= =
new CPU tested in dctfmtv2 reduced acquisition time : =
From about 350 ms to 60 ms. Other crates updated in 2011

e Reference: T Lefevre,
“CTF3 Instrumentation”,

.| BIWO8 conference.

Radiation damaged =» pixelized cameras, decreases S/N ratio



Example Emittance Measurements

Quadrupole scan
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» Reproducible TWISS parameter

measurements for TBL used to match

FODO lattice, See Talk R. Lillestol (TBL)

WG-6

Review of beam instrumentation in CTF3

ILCWS,2010

CC.MTV0970

Emittance can be overestimated due to
overlapping of different beam trajectories in
CLEX. Gaussian profile fits used in code at
the moment.

Filters for light attenuation to avoid
saturation of camera and overestimation of
beam width

Quadrupole misalignment in TBL prevents a
good measurement at the end of the line

Maja Olvegaard
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 Qverview of Instrumentation

» Transverse Profile; Longitudinal Profile; Bunch Frequency Measurements
« Where are we? (Installations, obtained performance, CTF3-CLIC extrapolation)

v

v Energy and energy spread
v
v

v

* Opportunities and future focus?




@) Spectrometry - Energy

0 7TV stations for OTR based spectrometry (energy)
(new 2010 TBL final spectrometer MTV)

o 2 Segmented dumps for time resolved spectrometry

# 3" to be installed Jan 2011 (end of TBL)

¢ 1 Segmented dump for PHIN
(new 2010)

Time resolved energy

spectrum
(segmented dump girder 10)

AP/PC (%) for F’0 =78.4 MeV/c
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Seemented Dump
 Extensive Fluka and GEANT4 studies on 5-150 MeV Vacuum Window
electrons interacting with matter

o . OTR Seree
* Necessary for optimizing detector resolution, thermal T vereen

effects, material choices and radiation damage for time
resolved spectrometry

* Transverse and longitudinal shower energy deposition

S@entﬁ Mp

Hoorizontal profile of energy deposition in tungsten Longjitudinal profile of energy deposition in tungsten
10 ! ! f ? ? 10 '

* 5MeV: | FLUKA — FLUKA —

* 20 MeV 3 GEANT4 - - P GEANT4 - -

=
-
-

e 5MeV
-6 ¢ 20MeV .\

A E/E0 per primary (GeV/mm)

A E/E0 per primary (GeV/mm

197 . 60Mev
* 150 MeV
: : : -8 :
1077 ' ' ‘ | | 10 = 0
-30 -20 -10 0 10 20 30 10 10 10 .
X (mm) z (mm) Daniel Egger

Review of beam instrumentation in CTF3 ILCWS,2010 Maja Olvegaard




@ Energy diagnostics studies CTF3 LINAC

Consistency: OTR and integrated segmented dump:
= Energy (alignment)

= energy spread (resolution agreement to 10%)

Spectrometer 10: screen and segmented dump comparison

1.2 : :
screen:
n __py=71.70 MeV/c|
08 Ap=1.42 MeV/c ||
El R segdump:
3 o6 \ |-5-py=71.76 Mev/c|
= Ap=1.58 MeV/c
g 0.4 , . ]
9
E oo %
0_ T 1 o | i s A O

time (nsec
o
o
o

CBS.MTV1050

-40 -20 0 20 40

Time resolved energy spectrum:
segmented dump, girder 10

1500

0 10 15 i _
Ap/p,, (%) 10 - AP/I(D) (%) > 10
Maja Olvegaard
Review of beam instrumentation in CTF3 ILCWS,2010

A. Dabrowski, 20/10/2010



@ Impact of non-linearity of screen on profile measurements e

CLS.MTV1050 CBS.MTV0300
(Spectrometer 10) (TBL)
- I;-’e;ak intensity at different positions on the screen Peak intensity at different positions on the screen
@ ' [ > CBS.MTV0300
A QJ 1 g ) 1 >|> >
~ ’50 ol > > = > > b
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> 01093 ""T | » mean(c)=4.42 mm
1% -20 0 20 40 9 10 0 10 20 30
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position < position >

O residual non-linearity's of the OTR system, 5% impact on beam profile sigma
O further studies needed — goal calibrate out this small effect
O CLS.MTV1050 (parabolic) CBS.MTV0300 (diffusive) — both aluminium

Review of beam instrumentation in CTF3 ILCWS,2010 Maja 0|Vegaard




Time resolved energy measurement TBL  (@@§)

AW es_
New detector design

High intensity (28 A) e” beam of 150 MeV

Energy of the decelerated beam 4 Transverse particle distribution at dump.
(Placet simulation by E. Adli) 10 " o
160
140 510%
(]
~ 120" AE ~10-60% g
> — 1 PETS 3107
2100 — 16 PETS o |
- s |
(e . T T =
60 T [ Simulation - Placet
‘ ; 0 o Reconstructed — FLUK
0 2 4 6 8 T I — 5 5
¢ (ns) x (cm)
High enelgy Nominal pulse length:
transient 140 ns
eDesign:

32 channel transverse faraday cup

10° spectrometer line

includes full FLUKA simulation

realistic beam profile from PLACET

3 mm segments, 400 um slits collimator —> 2% resolution
Single shot measurement of the steady state

5% measurement on

energy spread

o 5ns time resolution
(limited by ADC choice)

eImplement in Machine TBL Jan 2011

Review of beam instrumentation in CTF3 ILCWS,2010 Presented IPAC10 Maja 0|Vegaard




Installed single slit segmented dump (2009)
Slit dump already used to understand TBL
slit Lmm wide
length 100 mm
iron

Full transmission in TBL (September 2010)

Slit dump scan in TBL, P =113.6 MeV/c
mean

TBL: screen and slit dump comparison
1.2 | ; : :
400 ' screen:
1+ D __p0=111.7 MeV/c

Ap=4.82 MeV/c

slit dump:
+p0=113.6 MeV/c

Ap=4.45 MeV/c

300

0.8F | . Y
0.6

intensity (a.u.)
o
~

o«
N

0 "

"0;%0 5

5 10 15

AP (%) AP/P (%)
Plan to install slit dump in TL2/TL2' (2011) Bl CM.BHLO100

*Time resolved energy measurement TBTS %ﬂwogso
before and after PETS

Slit dump -new use *

Review of beam instrumentation in CTF3 ILCWS,2010 Maja 0|Vegaard



For PHIN beam measurements at nominal performance, ' Camera
see talk O. Mete LS
Vacuum Segmented
. n . Window wm
Diagnostics Studies Dipole [ -
‘/Comparison between gated OTR measurement and S““f'“_‘ | _ |
s%mented dump Ly = 580 Ly =130 La=29
Agreement to within 7.814.6% Gated Intensmed Camera
Preliminary
151 : , 3
< [ ﬂ ] OTR Screen [
o 1 { . { _ thin aluminum ==
% - foil
< - N\ g L
0.5t V "
OTR screen  * .
0 Segmented Dump  +

0 02 04 06 0.8 1 1.2 14
Time [ps]

Segmented Dump
Daniel Egger

Review of beam instrumentation in CTF3 ILCWS,2010 Presented IPAC10 , Dabrowski, 20/10/2010



X

PHIN — Gated OTR In spectrometer line

OTR measurement with 5 ns gate (beam conditions 0.1 nC / bunch — nominal 2.3 nC / bunch)

MCP Gain 76%

Relative camera intensity

Projected OTR OoTR = 149 mm, M =551 AE/E = 1.7 + 4.5948e-05 %

1.2

e
oo

=
o

=
I

=
b

-20 0 20
Position on Screen [mm]

Super-Gaussian best fit best the distribution

Nominal conditions, X20 more light = reduce gain and single shot noise.

Daniel Egger

Review of beam instrumentation in CTF3

ILCWS,2010

A. Dabrowski, 20/10/2010



X

PHIN - Time response segmented dump

Connected the output of a detector channel to a fast 12 GHz analog bandwidth scope

Time response of segmented dump
lemo and BNC connectors, 100 m N-type
cable

Normalized Power [a. u.]

1

0.8

0.6

04

027

Amplitude [V]

-0.1

-0.15

-0.2

-0.25

-0.05

1334 1335 1336 1337 1338 1339
Time [ns]

e
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10

Resolving individual bunches possible, here
limited by cables and connectors

Time response of matched faraday cup
N-type connectors and 100m of N-type cable

Normalized Power [a. u.]
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Figure of merit for timing resolution is given by
266 ps (FWHM) of bunch signal

Daniel Egger
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 Qverview of Instrumentation

» Transverse Profile; Longitudinal Profile; Bunch Frequency Measurements
« Where are we? (Installations, obtained performance, CTF3-CLIC extrapolation)
v
v

v" Bunch frequency measurements
v" Bunch length

v" Form factor

* Opportunities and future focus?




CTF3 complex and Bunch manipulation e

Linac Bunchlength o 4 qcctor | Delay Loop —42m | Combiner
chicane / i

4.0A - 1.2us
150 MeV

Ring — 84m
‘-i

T —— }
Lq F N
| /
Injector =
10m 28A — 140ns
I—— CLEX 150 MeV 12 GHz final bunch spacing

R/ Q Diagnostics to tune the “ring lengths”
RF power | P — ]2L2E)2w0 Form factor diagnostics @ 12GHz optimize power
Generation 4 % bunch length

g % bunch spacing (phase)

Review of beam instrumentation in CTF3 ILCWS,2010 A. Dabrowski, 20/10/2010



Streak cameras in CTF3

4 Long Optical lines
® 3 Synchrotron Radiation in the DL, CR
(zero and non-zero dispersion points)
O  OTR at the end of linac CT line

Optical lines simulated with Zemax
v high transmission
v' Min aberration (good for transverse
imaging too) and min. chromatic effects

Future Optical Line CLEX & New Optics Lab
=~ 20m optical line to new Optics Lab.
= Special attention to longitudinal
dispersion through lenses and air.
Optical lab construction starting this
week!
4 Optical line to be installed Jan/Feb 2011

/

=3
o

RELATIVE ILLUMINATION U
T T T

Y FIELD IM MILLIMETERS

RELATIVE ILLUMINATION

CTE3: TCM 36 - STREAK CAMERA
FRL DEC S5 2@@g

Review of beam instrumentation in CTF3 ILCWS,2010 WAVELENGTH' ©.550000 fm
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Frequency Multiplication : ] e
" /—H " g j \\gg_moﬂ?uigs \ |
B urnl A 7 E | | Turn 1
-5. ‘ 3255:32ps 346533 ps
; 0 200 . r?]go[psl 500 80¢
Turn 2 __
x| 1-current from Train | Bunch Spacing 1910 oL Linac
-15.0 Ilnac Turn 3 error (ps) } E:g:?; TLaCh21
2- t aft E
S aer N 1 3.0+ 3.3 : )
/ \J 2 25.3+ 3.4 g 5 | Turn 2
o 3 - current in the ring 3 32.4+ 3.5 - a
-28'nssuu 5800 6000 szuumI . 6400 6600 6800 7000 4 169 j: 34 260 Time | ps]
Lot — —_—
Current Multiplication Measured
with BPMS
For single shot, trade off between duration along the ; Turn 3
pulse and time resolution
=>Need to scan with Streak trigger to measure bunch hi
spacing along the full pulse train ST T
=>» Automatic scan not possible with older streak cameras
10 1
reak LEP | LEP singl FESCA2 B
cameras sweep sweep 2 . | '
Time 16 ns—400ps 14ns—120ps 1ns—20ps K ,
W| n d ow Time [ps]
|_I 83 ps final bunch spacing ——
Review of beam instrumentation in CTF3 ILCWS,2010 Time axis (is)_ 20/10/2010



@ Bunch Frequency measurement — RF techniques e

Example Beam induced Power Spectrum

2 2 .9 2 2 2\ 2
O__e—QTr o f i O_+€—27T a+f
J++J_

P(f.t) o I” (t)(

Power Spectrum

N 2 N 2
X (Z COS (27r’r7;f)) + (Z sin(QWTv:f)) ;
i=1 i=1
1.5 GHz beam CTF3 linac, 12% satallites 3 GHz beam CTF3 linac, 0% satallites
1 i ‘ 1
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Review of beam instrumentation in CTF3 ILCWS,2010 A. Dabrowski, 20/10/2010



@ Simplified — frequency space during combination e

= No satellites

= No phase switches
= No phase errors

= No losses

= Uniform bunch

length along the
pulse train

MNormalized power spectrum
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Fourth step - CR
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ILCWS,2010 A. Dabrowski, 20/10/2010

Review of beam instrumentation in CTF3



Tune Combination Efficiency - Phase Monitor

___________________________________________________________________

Attenuation |— BPF 1] Diode

— Combiner | | divider Attenuation BPF 3 || Diode

/ Attenuation |—{BPF 2 | Diode
| Power | 4 way _/—
\

Attenuation BPF 4 — Diode

Amplifiers
x 20

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Frequency spectrum with BPF

|

u
| 'lU

1 v ] r
gt} n"r‘.wn\"’r bt [Pl

1
0.8
§_0.6
g
N
2 o
(1.5 GHz — 3 GHz2): B
7.5,9.0,10.5 & 12 GHz 0.2 R
Combiner ring: (3 GHz — 12 GH2): . WVfMVrA\VH\J h‘m,@f‘ "*humvm”
6.0, 9.0, 12.0 & 15 GHz ) i

10 15 20
frequency [GHz]

Review of beam instrumentation in CTF3 ILCWS,2010

A. Dabrowski, 20/10/2010



X

Phase Monitor — sensitivity to DL ring length errors 9

4000

Relative Variation [%] (continuous)

o
N
-
-

3000 r
2500+
2000
1500
1000 |
500 r

0 P 4 6 g 0 12

Delay Loop Length Error [ps]

Relative Variation [%] (dashed)

—20

Daniel Egger




@ Phase Monitor — sensitivity to CR ring length errors e

T a— Operation tuning schema Daniel Egger

:; T
b Turn 2 - :
2 15 GHz »Bench-mark the phase monitor signals against a perfect
go.s combination as measured with the streak camera (2-3 ps
30 ) bunch spacing precision)
2 =Monitor changes in this perfect combination with the
30.4 phase monitor signals
g, *Note: Signals also bunch length dependent!
2% 2 a4 & 8 10 12 4t turn — all power in 12 GHz ‘
Combiner ring length error [ps] -
5 — 600 ‘ . . . X
. CR Turn 4 ‘ 6 GHz :, 6.0 GHz !T
s 1 9 GHz — |
o 12 GHz — ¢ °00r 9.0 GHz
Q —_— —
& Lo chz 12.0 GHz
Y. ¢ 400" 15.0 GHz
20 2
] 0O
o ™ 300t
§0.4 8
e D
i / © 200
= 3
: % 2 4 6 8 10 12 = ‘
2 Combiner Ring Length Error [ps] n 100r
Simulation Assumptions: o ]
0 200 % 600 800 1000 12040
perfect combination, uniform bunch length (15 ps FWHM) Time [ns]
along the train and uniform current, measured nd . ’E
response and band pass filtering included 2" turn — no power in 6 GHz | 20/10/2010




@ Phase Monitor — measurement example e

= Example of measurement 18 Nov 2009,
Factor x8 combination current

= DL~ 20 ps late I
\\ﬁ N “ é
\I\j I\j \J\ |

600 80

o

Intensity [a.u.]
191
>

o
T

0 260 460
Time [ps]

= Factoring out: EI&tronics gain + Bunch length
(BPRW) + current (BPM) variation corrected along

Current [ns]

—BPM after DL

) —BPM in the CR

0 500 1000 1500
Time [ns]

[ ]

115.0 GHz —
.8
P m

.4

0.2 !
0 L

Power
o

o

0 500 1000 1500 2000
: Time [ns]
Review of beam instrumentation in CTF3 ILCWS,2010

Combination efficiency measurement
with phase monitor in combiner ring

the pulse
<€
1.4,
6.0 GHz
1.2+-9.0 GHz ——
12.0 GHz ——
0

... hew improved measurements to
come soon

... but normalizations needed for
good phase measurement incl. slow
phase drift profile in the linac

D. Egger and M. Favier
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» Transverse Profile; Longitudinal Profile; Bunch Frequency Measurements
« Where are we? (Installations, obtained performance, CTF3-CLIC extrapolation)
v
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v" Bunch length
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« Where is near - future focus?




@ ‘LEP’ Streak Camera — Bunch Length Measurement e

 Bunch Shape

- ’ I 10 ps/ .
— A Skew Gaussian bunch shape roccor "L EP” Streak 0.159 r;sr?px
CR.MTV496

(xe—p)? 8000} )
y = ae 202 (1+a-sgn(x—p)) + Off g ol _
e
) . 9
* Measure calibration factors £ 4000 BURCtiieHenn (PWEby  ~

11.53 +/- 0.56 ps

— Result 0.122 + 0.004 ps/pixel (2 sigma) for 10ps/mm

2000

 Measurement of the jitter b e o —— Rl e
. : ) -
— Eg, litter in the peak measured 5.5 ps + 0.2 (2 sigma) — "= e
Calibration 10 ps/mm 27-11-2009
— Contribution from trigger and beam el ! ' J g
* >
or s . . 440+ z
» Slit size contribution to measurement
- FWHM in focus 14.8%0.9 pixels (2 sigma) | *
(]
®
=
= 4001
. . 380 ~  for 365ps to 455 ps ; steps of 10 by 10 ps
Propagate all error contributions ...
calibration factor cal=-0.122 +/~ 0.004 ps/px (2 sigma error)
. . . 360 1 1 | | 1 | I 1
Typical measurement error on FWHM is 4% (2 sigma) 100 200 300 400 500 600 700 800
| Peak position [pixels]

Review of beam instrumentation in CTF3 Activity 2009 — BHAWBAHEd Measurements A. Dabrowski, 20/10/2010



@ FESCA Streak Camera — Bunch Length / Spacing Measurements 9

_ m
only fro B Profile Displ ==
. Uded ‘S _ - rofile Display =
Errorm(iso | 71-10-2010 ST e
e T 1 1 1 I
g odn FESCA Streak Example
800~ 100 ps slope g
CR.MTV496 S
Blue Filter in g
__600r no jitter subtraction £
> 30 image stack
S,
>400 .
5=
(7]
c B3 Profile Analysis
D200+ Bunch Length (FWHM) - I3 Profile Display = || B ER Cursorl: [0.255006 ns
£ HE & @ Q ot I Cursor?: [p.3455989 ns
21.0 +/- 0.4ps Difference: [9.059387E-02 ns
. 4P Memory: | NSONIND
0 - Yalue at Cursorl: 1019.07
E Value at Cursor2: 1016.63
S PwHM: [
=z Lifetime (17e): [ —
—200" T E Risetime(10%-90%): |
1 1 1 1 | | g Falltime[ﬂhl‘lz—] 0%): —
= aximum: 1044819
20 40 60 . 80 1 00 1 20 Location of Max.: 03424992
FeSCB. T|me [pS] Location [ns] Inleg[al: "2 14076
Center of Gravity: 0.2994985

Studies ongoing to fully understand/optimize the resolution for the CTF3 environment
« Time calibration
= 1% resolution on calibration for all sweep speeds from Hamamatsu,
= Except 10% for 20 ps (highest time resolution)

« Jitter contribution
« Photocathode response




@ Bunch Length measurement along pulse train e

50 ns sampling
2 sigma error bars

Streak Camera in Combiner Ring using MTV 0496 (zero dispersion point)
3 GHz uncombined beam, by-passing the delay loop

Bunch length FWHM (ps)

- NN NN
©® © N K& O
T T T T T =
o o |
1

—_
(2]

-
AN

12

10

04.12.2009: 10 ps/mm, Measurements along pulse train

T
%%% %% %% _

%%%
%

% %%§%% .

0

1 1 1 1
200 400 600 800 1000 1200
Time (ns)

» Use Streak Camera measurement and this bunch length variation to cross calibrate other
bunch length instruments

Review of beam instrumentation in CTF3

Activity 2009 — BHAWBAHEd Measurements A. Dabrowski, 20/10/2010



RF Techniques —r.m.s. bunch length - BPRW e

e e
r 2 wzatz — . -
0 T2 ) v i, 3
Poc— g% ¢ (example Gaussian bunch shape) ("' |
ro » :
l » ADC
SIS3300
2 X Horn -
e Antenna
"‘ . Wave guide attee;l?ﬂ?ion d F Ft
W vacuum WR28 ~1-2m : etector |SMA
— oy e \ [ (1048 zoas\ﬂb@ @ @ L 12dB 26dB I —
v AL,O, -
@ B . b £ \‘ ,
l‘ i ~ \ CL.BPR0290
Courtesy L. Sgby, CERN 1 : : :
—4.0 psr.m.s.
; —11.0 ps r.m.s.
0.8 o E— d
c
2
0 0.6 _
8_ Schottky Detector
(2 Optmised response 26.5-40.0 GHz
004 .
/ ; 21.5 GHz waveguide cutoff WR-28
T
o Connected to 100Ms/s ADC 0.2 -
o Detector typically 1 GHz bandwidth K
o Diode linear response with power 05 oh T = = — 3

P o Typically 3500 mV / mW @ -20 dbm Frequency [GHz]



@ BPRW Power measurement compared to streak Camera

- Data used: 04-12-2010
- Beam conditions: 3 GHz 4 Amp beam

- Use time resolved bunch length from Streak 26 - . : .
- Assume quadratic function for fit oal-
= =+ Integrated Power spectrum 26-40 GHz 200 ' ' ' |—CR.BPR0505W| E 22 :
—Integral fit to quadratic function —
5 < 150¢ =
S, 10+ E L 20 {'
2 = =
S 8 T
g g £ 18 -
: o : 5 1
) S 50k @ 16}
S
L 6 8 10 12 0200 400 600 800 1000 1201 n% 14f 1

Sigma [ps] Time [ns]

Application of Calibration: mp 12

» BPR and Streak in good agreement 0 200 400 Tin?g([)ns] 800 1000 1200

- * Streak Data ”
10 . . — Calibrated BPRW/(BPM)

» Exercise should be repeated with different beams to study systematics and verify current and

position normalization _ _ _
Suitable Drive Beam Complex, and main beam

injector complex, bunches 2 ps <BL < 8ps

» Error in calibration large (40% error 2 sigma) s

» Measurement of BPM, BPR and Streak relevant for a good calibration

BPR’s used as Online bunch length measurement available today!
— An improved calibration requires more beam based measurement =
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RF pickup

CTF3 Microwave Spectroscopy — ° ' ’
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RF Pickup Hardware sensitivity
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CTF3 Bunch Length Regime 2009

Frequency [GHz]
o
(=]

< - >
50
33 GHz
0 1 1 1 1 1 ‘
2 4 6 8 10 12

Bunch length r.m.s. [ps]

Measure the power of
frequency harmonics

Self — calibrating if bunch
length scan is performed

Sensitive to bunch
envelope and the relative
position of bunches with
the bunch train (down-
mixing)

—> detector

S wave guide

beam pipe

PhD thesis C.Martinez

Review of beam instrumentation in CTF3

ILCWS,2010

A. Dabrowski, 20/10/2010



Similarly Compare RF pickup (waveguide down mixing) to Streak 9

Power measurement in time domain ' ' '
26Hf - Streak Data .
10 : X Calibrated 39 GHz line RF Pickup
—pnitered 7 24/ % Calibrated 33 GHz line RF Pickup { ;,{ -
5k = b |
B Z % i ! I
= 200 S
= < .l |
g 518 P p.x
bl = 16} * ]
S 1 I x
C
1% 5{}0 | 10;?0 | [15'(130 2000 D 14r x x % ;I(G i
ime along the pulse [ns
12} 1 13l .
. ‘ . 10 L L L L
Corresponding Frequency domain 0 200 400 600 800
Time[ns]

‘ /Good agreement between RF pickup and

Apply Band pass filter to isolate beam signal Streak in the Steady state part of the pulse

The first 50 ns and final 100 ns suffered because
‘ of strong phase variation along the pulse train
Correspond power (33 GHz) to bunch length
Streak Suitable Drive Beam Complex, and main
beam injector complex, bunches > 300 fs

Review of beam instrumentation in CTF3 ILCWS,2010 A. Dabrowski, 20/10/2010



@ Outline 9

 Qverview of Instrumentation

» Transverse Profile; Longitudinal Profile; Bunch Frequency Measurements

« Where are we? (Installations, obtained performance, CTF3-CLIC extrapolation)

« Where is near - future focus?




@ Opportunities and future focus? - CTF3 e

* Turn by turn beam size measurement with gated intensified camera
— CERN, Collaboration started with Abant |zzet Baysal University, Turkey

 RF bunch length, form factor and phase measurements in CLEX
— CERN, Collaboration with Northwestern University
— Clarify the requirements from OP

* New phase monitor concept to work at lower frequencies (less
sensitive to bunch length variations), to monitor residual path length
errors coming from the DL — see extra slides

— CERN, S. Smith SLAC

— Clarify the requirements from OP — would this be useful? Used in a feedback?
Only longitudinal phase information, also transverse trajectory errors of
neighboring bunches interesting? Is this already covered by other activities? E.g.
work of G. Morpurgo




« Exploit CLEX and potential ITBL for instrumentation development in beam
loss, energy spread, beam position and bunch length

» Possible Electro-optics measurement in Califes Test Beam Line?

— CERN, Collaboration with Steven Jamison (ASTEC, STFC Daresbury) and Allan Gillespie
(Univ. Dundee)

CALIFES specifications ik
decoding
Bunch charge 0.6 nC S pouten
- - O 0 S
Energy 170 MeV ﬂ[,g %
Energy dispersion + 2%
Two-be;rnl?l.l%ist-stand ¢
Emittance <20 T mm.mrad S
probe-beam linac
Bunch train 1-32-226
ITB — Instrumentation Test-beam line
reserved space
Bunch length 0.75 ps :

* Investigate Energy Measurement concept for CLIC

Energy measurement at the end of TBL or Califes, using Cherenkov photons (perhaps in air)
coupled to streak camera or fast photomultiplier, CERN & Uppsala University

Review of beam instrumentation in CTF3 ILCWS,2010 A. Dabrowski, 20/10/2010



 Beam Loss monitor test, using silicon photomultipliers and optical fibers in
CLEX

— Collaboration A. Intermite, C Welsch (Cockcroft Inst.)

1 fiber coupled to a detector will be
installed in CLEX in Dec 2010 for a test

Cerenkov
cone

400 x 400 SPAD array

Active surface 1mm?2

.l ectron
Cerenk d

Recovery time ca. 4 ns ' o
1 photon detection BLM yeneral layout Physical principle

CMOS technology

Low cost detector

Quantum efficiency 20% in blue

range
Immunity to external magnetic
fields N L Z N\
Silicon Photomultiplier N &
Review of beam instrumentation in CTF3 ILCWS,2010

A. Dabrowski, 20/10/2010



@ Conclusion 9

« All MTVs for transverse profile measurements have been commissioned

» Full diagnostics spectrometer line for PHIN has been designed, installed
commissioned

« Robust Bunch Length Measurement with Streak Camera and calibration of non-
destructive RF bunch length measurements using Streak Results
— “BPRW” ; RF pickup
 Measuring of the bunch spacing with the Streak and Phase monitor well mature

— Systematic corrections due to bunch length variation & long bunches add additional
complications to phase monitor measurement

— Proposal to use 1.5 GHz down mixing technique (See extra slides Steve Smith) — need
input from beam dynamics and RF w.r.t. combination phase & form factor tolerance @ 12
GHz

« Design for time resolved spectrometry for TBL mature —manufacturing started
« Design of bunch length measurement for CLEX has started

— Long Optical lines to New Streak Camera Lab
— Non destructive RF based bunch length measurement techniques

« Starting to think about extrapolating to CLIC parameters
— Non-interceptive Cherenkov-based energy detector ? End spectrometer TBTs
— EOS bunch length detector possibly in ITBL; Beam loss detector study in CLEX

* Bunch spacing measurement for PHIN (phase coding)
— Bl will give support where possible.(manpower/Bl priorities)



X

Conclusion & Outlook 9

Improved calibrations of RF based Bunch Length & phase
monitor measurements require in house calibration time and
studies, in collaboration with CTF3 control room crew.

Perhaps revisit the specification needs for CTF3 Bl from beam
physics point of view

Emittance — non Gaussian beams, errors in Twiss parameters?
Energy spread?

Bunch Length?

Phase errors of combined beam?

Trajectory errors of combined beams?

Man-powered limited from CERN BI point of view

Should identify and focus time on needs that can have the biggest
Impact for the project.




EXTRA SLIDES




@ Form factor requirements CLIC e

P= JLF,,a)R/Q
R

s CLIC Main beam requires a gradient shot to shot stability of 0.7x10-3.

% Hence, the form factor (contributions from bunch length and phase), should be monitored to
level 0.7x10-3.

* Knowledge of variations in bunch length only level 1% for CLIC
@ CTF3 ....

» Typical bunch length measurement with “LEP” streak camera typically FWHM is 4% (2sigma)
» Expect less with the FESCA streak camera once system is fully understood

» RF techniques require careful studies in terms of calibration and bunch shape dependency
.. calibration method relies on good streak camera measurement, current measurement.
Good streak calibration relies on a stable, adjustable fast timing system. More beam
measurements needed to understand limitations of RF devices.

Review of beam instrumentation in CTF3 ILCWS,2010 A. Dabrowski, 20/10/2010
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* Beam Loss



¢) Beam Loss Monitor for TBL: a general layout

The Cockcroft Institute
of Accelerator Science and Technology

Cerenkov

400 x 400 SPAD array

Active surface 1mm?

Fiber ./\) e
- Cenov
photon

Recovery time ca. 4 ns

2\4

1 photon detection

CMOS technology

Low cost detector

Quantum efficiency 20% in
blue range

Immunity to external
magnetic fields

&4 UNIVERSITY OF

& LIVERPOOIL -... ...~



<.|Z
The Cockcroft Institute

of Accelerator Science and Technology

Goal:

Investigation into:

. Dark noise
. Optical cross talk
. Dynamic range of noise

As a function of:

. Overvoltage

. Temperature

. Number of pixels

. Pixel arrangement

. Optical trench between pixels

Installation at CTF3 in 2010.

Number of peaks (#)

1000

100 4

=
o
1

-

Beam Loss Monitor for TBL: SiPM Dark Noise Characterizatione

|dentification of best sensor for detection of Cerenkov Light
generated by particle losses.

Dark count rate as a function of the overvoltage

1 MHz/mm?2 @ 32V

Dark Count rate (MHz)
N

32

33
Voltage (V)

34 35 36 37

Dark count rate for different samples

1000

0

10

20

Peak amplitude (mV)

1 pixel fired 3 pixels fired

=
o
o

2 pixels fired

I

60 70 80

Number of peaks (#)
]

|

A T T T
0 10 20 30 40 50 60 70 80 90 100
Peak amplitude (mV)

30 40 50

L& 4

& LIVERPOOIL ... -

Angela Intermite

“QUASAR
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e Support Phase coding for PHIN laser



* Phase coding for the PHIN laser will be implemented & tested late 2010/2011

* Phase coding of the Laser verified with the Streak Camera
— BI/PM support will provide support (depending on other priorities)
— Design optical line with only a small fraction of laser photons
 Measurement phase switch on the electron beam to be designed
— Proposal
* Generate Cherenkov photons with a sapphire Chrystal

* Hardware exists from CTF2 —compatibility with PHIN beam parameters (beam size,
bunch charge) to be checked

* Build an optical line to transport photons from PHIN to the laser room
* Image these photons with the Streak Camera
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* Phase diagnostics



‘@ Proposal for phase monitor for the DL based on 1.5 GHz signal (S. Smith) 9

* To remove the bunch length dependency from phase measurement = propose a phase
measurement based on a lower frequency

 For DL Loop 1.5 GHz rate in = 3.0 GHz rate out
* |deal output is periodic at 3.0 GHz

Combination
scheme

e Path length error yields signal periodic at 1.5 GHz

even
‘. buckets

A

Delay
Loop

— givesrise to 1.5 GHz component in signal 2

=Y

odd buckets
— So does slow intensity modulation in input beam

k, =20cm RF deflector

* Forthe DL, S. Smith proposes to use a reference 1.5 GHz signal, and to downmix it with the
beam signal = hence measuring directly any residual 1.5 GHz beam component that indicate
a poor combination after the Delay Loop

e Simulations show sensitivity to < 1ps shown in his simulations

*  Much of the BPR-S pickup and electronics can be reused, only We need an (unlocked) RF
source for the 1.425 MHz LO signal needed and 1.5 GHz mixer

— Block Schema — see extra slides

 For measuring the bunch combination efficiency in the combiner ring, no simple schema
available

— Needs more work to find a bunch length independent schemea

Steve Smith




@ Simulation of 1.5 GHz down-mixing phase monitor

 Simulate £1ps delay loop timing error.

— Modulated at 25 MHz to make it stand
out in the simulation,

 Add £10% charge variation in alternating (3

GHz) buckets. H}‘l"llll ';%IIII“"IIII‘%

— modulated at 10 MHz (for visibility)
— expect errors quasi-static in real machine

 Thesimulated LO is phased to make the timing
error show up as (almost) purely real.

* find a scale of 10 mV/ps timing error.
 demodulate the 1.5 GHz to:
— real component (timing error)

— imaginary component (amplitude mis-
match)

 The amplitude of the 1.5 GHz signal is
completely dominated by the amplitude mis-
match signal

— one can still cleanly extract the timing
error signal.

— The timing error signal contaminated
~0.5ps level by the charge variation

Steve Smith



@] Systematic: 1.5 GHz phase monitor (T

Resolution is not limited by the signal strength
— but by systematic like charge variation present on drive beam.

Expect that to get the timing correct to 1 degree of 3 GHz (1ps) one needs the
current the same to 1% over the delay of the delay loop

However at 1.5 GHz this signal is in quadrature to the timing error signal
— can in principle be separated.

The charge difference signal is in phase with the 1.5 GHz bunches, where the time
error signal is 90 degrees out of phase,

— that is it comes from the alternating short and long gaps between bunches
and is phased with the center of the short gap.

Guess: reduces sensitivity to charge variation by x100

=>» Could probably tolerate 10% charge variation over the train and still measure
delay loop timing errors of <1 ps.

Steve Smith




* Looks straightforward to measure timing to <1ps. Most of the hardware
already exists.

 We need a mixer, a couple of filters and possibly an amplifier or two and
probably a couple of pads.

 We need an (unlocked) RF source for the 1.425 MHz LO.

e And software!



Simulated CR PM Signals: Bunch length 15ps, constant current

Simulation 300 o |
=heam with uniform current = 2 15.0 GHz
200 r’“’"

»15 ps FWHM Gaussian Bunch length uniform

Simulated power (arbitrary units)
@
o

along the pulse N
1
100 ............ SR A
=Turn 1, shows effect of bunch length ~ )
50 Y
0 | J i i x i
0 200 400 600 800 1000 1200 1400
. ; t [nsl
Data Compared to SlmU|at|0n | Measurement VS Simulation on 4 Dec. 2009
15 — - - . . - - -
»3 GHz uncombined beam for hardware test
(04-12-2010) 0
»Raw signal corrected for electronic gains =
g s =
2 0
=Simulation includes the bunch length 3
dependence along the pulse measured with the g 5
BPRW =
»Data compared to simulation, shows o o . 1BgHs -
strong correlation 7 502 504 506 508 51 512 514 516
ATUVIy ZUUY = GEAIT GaSe Simulated power [dBm]




Example of measurement 18 Nov 2009,
Factor x8 combination current

DL ~ 20 ps late

Bunch length variation along the pulse
train

percent ADC

18 Nov 2009 Phase CR

Raw data CR

3000 3200 3400 3600 3800 4000
t [ns]

Activity 2009 — B

Monitor bunch spacing with the Phase Monitor

Measurement difficult to interpret
» because of bunch length and bunch
spacing variatirgs

4

The way forward?

Instrumentation:

Intensity [arb. units]

SR

-
=]
S
)
S
S
w
=]
S
o
3L
S
)
S
S
~
S
S
@
S
o

»Use BPRW in CT line to measure bunch length
along pulse train & normalize

»Produce feedback for the operators

»Re-design phase monitor to work at lower
frequencies — less sensitive to bunch length
variations ?? (see extra slides for potential upgrade)

dlTl BASeQq vVieasurertieris
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* Bunch Length extra slides



Due to the pulse compression system, phase sag along the Klystron pulse ~ 5-15° (see

talk CTF3 Collaboration meeting of A. Dubrovskiy)
» not all bunches see same RF phase
» Difference energy gain of one bunch with respect to another
» Within a single bunch, the head and tail of bunches to have different energy

« Example of RF phase for MKS03

|—_Input RF phase] 2 -- -BPROZQOW [a.u ] (before .chicane) i
30k . —BPRO0475W [a.u.] (after chicane)
Ir | BPMO0402S [Amp] |

25 -

= 20f -

Phase [degrees]
7
Signal [a.u.]

8000 _5%00 5500 6000 6500 7000 7500

-5 1 1 1 1 1
5000 5500 6000 6500 7000 7500 _
Time [ns]

Time [ns]
= Bunch length variation along the pulse train is a feature

» in CTF3 (to a greater / lesser extent depending on RF)
= Time resolved bunch length diagnostics essential

Review of beam instrumentation in CTF3 ILCWS,2010 A. Dabrowski, 20/10/2010



Measurement principle: @%&‘\Eeluyuoiﬂaqﬁg -
1. Measure the amplitude of the beam harmonic (30-172 GHz) of interest [+ # ¥ e s
2. The correlation between amplitude and bunch length depends on the bunch RE plek-vp

shape
3. Normalize the power to changes in the charge and the position squared in the

cavity

r 2 _wzatz

2 -
Poc— g’ © (example Gaussian bunch shape)
I
(0]

Example for Talk:

1. 33 GHz beam harmonic (since bunches rather long during calibration)

2. ADC is 2 GS/s, typically use 4000 points, 2 micro second time window,
delta t = 0.5 ns (X10 faster than BPRW sampling)

3. LO can be chosen to have an IF that gives the best sampling of the bunch
length variation

Beam Beam Beam Fixed first Variable IF
acceleration | harmonic# harmonic Mixing Mixing (measured)

2.99855 GHz 32.984 GHz 26.5 GHz 7.2 GHz 716 MHz 735 MHz

Review of beam instrumentation in CTF3 Activity 2009 — BHAWBAHEd Measurements A. Dabrowski, 20/10/2010



Example of one down mixing stage - RF-pickup

ADC is 2 GS/s, typically use 4000 points, 2 micro second time window, delta t = 0.5 ns
Depending on the period of the bunch length variations along the pulse & parasitic noise

Example:
1. 33 GHz beam harmonic (11t of 3 GHz)
2.
3.
optimize the choice of the second LO mixing stage
4,

choose to down mix to a high frequency LO signal, choose 716 MHz

Beam Beam Beam Fixed first Variable IF
acceleration | harmonic# harmonic Mixing Mixing (measured)

2.99855 GHz 32.984 GHz 26.5 GHz 7.2 GHz 716 MHz 735 MHz
Example Schema K- Variable 2 GS/s
band down mixing Local oscillator| 1€Xas Instruments 4 channel
scheme W\RﬂS oscillator |15 14511,/ BW 1 GHZ 10 bit
Emitting horn recelvig) 26.5 GHz +20 db Acairis DC282 ADC
. horn fif cqiris
RF signal [ | [ | ampiiier A
from bunch ﬁ ﬁ > [
WR-28 IF IF CC50 50 MHz
waveguide High—pass 0—13.5 GHz 0-750 MHz cable high pass
brass filter SMA cable ~ SMA cable 20m filter

(26.5 GHz)

Review of beam instrumentation in CTF3

Activity 2009 — Bkk&iB2@EE Measurements

A. Dabrowski, 20/10/2010




CTF3 Bunch Length Measurement — “RF pickup”

2nd down mixing
frequenc
variable

Signal
from the
beam

Filter Stz 265
74.5 GHZ/?ecelvmg E-L GHz |
Nnd horn
Recelvmg K- baii¢
1st down .
Fiter [ \ o e Acgiris DC282
z . ..
/ ; 9 Digitizer 2GS/s
Recem Fie frequency
D-band 740 GHz : per channel
horn | 157 Recelvmg E-bang horn fixed
. GHz | 56.5
‘ 2-14 GH: |
GHz 1 91,

| 2-14

Transmission transparent for high Freq < 170 GHz, very thin 0.150 +- 0.005 mm
thick diamond window (g,~6 at 30 GHz) designed and successfully brazed by S
Mathot @ CERN EN/MME on a Test Titanium sample

Thinnest window ever brazed at CERN

= Window has been installed since 2009, and holds good vacuum

Review of beam instrumentation in CTF3 ILCWS,2010 A. Dabrowski, 20/10/2010



@ Thanks to the FULL PHIN Team! e
Z Especially thanks to Steffen Doebert for
— allowing us a I|ttle fun with our mstrumentatlon @ end of run -‘

Review of beam instrumentation in CTF3 ILCWS,2010 A. Dabrowski, 20/10/2010
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 Profile Monitor extra slides



Transverse profile hardware activity in 2009 / 2010 e

v New Installations

= 6 Transverse Profile Monitors CTF3
* TL2 emittance tank
« TL2 emittance tank
« TBL emittance tank s
« TBTs drive beam (Uppsala / Saclay mechanics & planning — CERN acquisition & control)
* TBTs probe beam (Uppsala / Saclay mechanics & planning — CERN acquisition & control)
« TBL final spectrometer line (energy and energy spread)

= 2 Transverse Profile Monitor PHIN s %
Vacuum Segmented
- Emittance / beam size: Dipole Window  Dump
- Gated (100 ns) Intensified Triggered Camera n .
Screen

- OTR based measurement, 4.8 degrees to the spectral reflection, for maximu
-~ 0.1 micron / pixel optical resolution

- Energy / energy spread
- Gated (5 ns) Intensified Triggered Camera
- OTR based measurement, 4.8 degrees to the spectral reflection, for maximum light acceptance
- ~0.3 micron / pixel optical resolution

- 20 Channel Segmented Dump for Time Resolved Profile Measurements designed, built and
commissioned

v" Maintenance and Improvements

= Replacement of 2 damaged screens
= Replacement of CCD box (radiation damage)
= Replacement of pixelized cameras

Ly =580 Ly =130 Ly =129

Review of beam instrumentation in CTF3 Abiivity, 2009 A. Dabrowski, 20/10/2010



