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Longitudinal beam diagnostics @ CTF3 o

Brief comparison between CTF3 and CLIC longitudinal beam parameters

CTF3 Measurements

1. Time resolved energy
«  Segmented dump

2. Phase & bunch spacing manipulation %@A
e Streak Camera
* Phase monitor (s)
)
3. Bunch length INFN
* Streak Camera - "
« RF deflector QZ{T
« "RF pickup &)

Future:
Combiner ring (bunch length & bunch combination) & CRM line (bunch length), TL2
(bunch length), CLEX - TBL (fime resolved energy) CLEX - CALIFEs (bunch length)




CTF3 is here to test CLIC

Delay loop x2

Combiner ring x 3

Combiner ring x4

Bunch frequency multiplication: ator Sector (24 in total)

traction
Delay loop: 0.5 6Hz>1GHz

Combiner ring 1: 16Hz >3 GHz
Combiner ring 2: 36Hz 212 GHz Drive beam time structure - final
240 ns 240 ns
1 5 1 1 15 1 5 58 1 6 5 T b >
140 ps total length - 24 x 24 sub-pulses - 4.2 A -’ B TR —

2.4 GeV - 60 cm between bunches 24 pulses — 100 A— 2.5 cm between bunches




CTF3 Layout

Bunch length:
*LINAC = 1-6 ps
*Delay Loop and Combiner Ring > 8 ps
*TBL 1- 2 ps r.m.s.

«Califes < 1 ps r.m.s. DELAY

4A-12upus i

(SR EY; \ \

DRIVE BEAM

LINAC , \32 A— 140 ns

150 M
Fully loaded =

acceleration

10m LEX
/ CLIC Experimental Area
( /
Bunch frequency multiplication:

*Delay loop: 1.5 GHz to 3 GHz
*Combiner ring: 3 GHz to 12 GHz
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Fully loaded acceleration @CTF3

3 GHz TW Accelerating structures

95% the RF power is transferred to the beam

. No RF o load GaCC
RFin o unloaded
No beam T o o o+ o T o 10 I
S emnmmml .
High current |
beam
0 AN str:uct
3 & & 3 & 3 3 B loaded :
. most of RF power
“shorf” siruchure - low Ohmic losses (= 95%) 1o tha |
beam >
E 4 Distance along structure g
=
C no power flows into load
vACC ~ 1/2 vunloaded
~ Eg /2

steady state

Time

&

=>head of beam accelerated more than
the steady state

=>CTF3 requires time dependent energy
measurement




CCD Camera

*Integrated measurement
*Good spacial resolution

All spectrometers

~

Collimator in Steel
32 vertical slits, 400um thick
- Water cooled

Fixed parabolic
OTR Screen

Segmented DUMP
» 32 Tungsten plates (2mm
thick) spaced by ~Imm
* Current read directly with

: 5>
50() impedance to gr‘ou&n”

fast < 1ns

=t

Spectrometer
lines



Segmented dumps fully commissioned in 2008 o

= Noise level neg||9|b|e . | Digitilsed signals oli segments |
=>Cross talk between channels negligible )
> time response fast - limited by ADC to 10 ns g _ 7

< (

E—l(}-

T

Q15

5

©-20p — Channel 10

= Channel 14

=25/ Channel 16
Channel 21

1200 1400 1600 1800
time (ns)

Full calibration done of each channel done with beam.
Combine signals from all channels to reconstruct the time resolved energy spectrum.
Resolution determined by geometry = limited by multiple scattering



Transient compensation @ CTF3

MKS03 MKS05 MKS06 MKS07

i-pecimmem Spectmme:r%
10

Initial Gonditione

e Measurement on Spectrometer 10, 76 MeV/c

' | CK.SVPEI0305A |
b\\ ... |==--CK.SVPEI0530A
.I r\‘ﬁ "‘g CK.SVPEI0630A
1700 - i R CK.SVPEI0730A ||
5 1600 l , Steady State
m |
o .
c
1500
® -----
e _f'—.—.-l
1400 - e 5 / ) Lk
4000 5000 6000 7000 8000 9000 10000
1300 Time (ns)

High Energy Transient

-10 0 10 20 30 40
APIP (%)
Energy measured with segmented dump on spectrometer 10, for nominal RF timings.
Transient 40% > energy than steady state




Transient compensation @ CTF3

MKS05 MKS06 MKS07

4 10
1800 Timing shift MKS0S ; MKS06 ; MKSOD
40 : —
---- CK.SVPEI0530A
35| CK.SVPEIO630A Py
1700 . . |- CK.SVPEI0730A P )
' ) i [}
30" 3
Tl Steady State 25
3 = :
w = orasamy, |
= 5 20 \
o 1500 5
E 15+ '. :
= £
1400 10+ Lo o
5 _If’l- :1 :: ‘|
1300 “f 'u i R
ol mewm="" i ==t e G i “""""‘-'-i-‘-‘-::.:-
. . 3000 4000 5000 6000 7000 8000 900 10000
Some transient compensation Time (ns)
1200
-20 -10 0 10 20 30 40

AP/P (%)

Delayed the RF timings in Klystrons 5,6 and 7
=>» accelerate head of the beam less than before =» Transient decreased from 40% to 15 %



segmented dump is useful for machine tuning

-

Important diagnostic to measure energy variations along the pulse
=> adjust RF phase accordingly

Used routinely to setup the machine

AP/P [%] for 1=29.1581 A
1800

1700 Energy Measurement

spectrometer 10

time [ns]
o
o
o

1500

1400

AP/P [%]

Reminder CTF3:

Current variation translates into energy variation because of fully loaded acceleration

.. segmented dump can see this.
|
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segmented dump for CLIC ?

Segmented dump works very well in CTF3

CLIC Drive accelerator beam adaptations:

= higher energy (max 2.4 GeV (CLIC)/ 0.15 GeV (CTF3))

= longer pulse train (140 ym compared to CTF3 1.5um)
thermal considerations higher charge

Segmented dump to measure decelerated beams?

TBL @ CTF3 energy spread 61%

required ...
Need 80 ps time resolution in order to study the beam
physics in detail and benchmark the code

CLIC decelerator energy spread 90% \E
Transient in decelerated beam ~1 ns | Y

S=(EE)/E | ol W
For the TBL: =61% ..
*Use to bench mark code* —
Request for one device with intra bunch space timing E=E(1-5)

o 1 2 3 4
=E-NpersAE = Ta i: = 83ps
tan = (Lpers/Vo)(1-Bg) o = 3N

Power extracted from beam (ss) :
P =~ (1/4) P L2 F(0)>'R/Q) @y, / v, = 159 MW

Power extraction efficiency (ss) :

N= EfEoy =

s




Measure bunch frequency combination

Bunch frequency multiplication by a factor 8 : from 1.5 to 12GHz

Final time structure

140ns pulse - 30A, 150MeV
2.5cm between bunches

Initial time structure

140 ns
>

1.12 ps train length — 4A, 150MeV

20 cm between bunches

Linac

CLEX

42m Delay loop x2

» " |
o —) 4
] T F

RF deflectors
for injections
in the rings

i .
1 E i
l 84m Combiner
= r = I ring (x4)




Delay Loop o

. .. L\ $ 1h E_-!! : EIN .‘@

SR light in the Delay Loop OTR light after recombination

-

-
.
.-’-’- 4

_/,f’--‘""'fBeam recombination in the
| Delay Loop (factor 2)

> N
2006-2007 . |-




Streak Camera @ CTF3

2 new optical lines installed in
2007/2008 on the Combiner ring

- New SC lab

Ready to make measurements

Streak

Longitudinal diagnostics @ CTF3 CLIC 08 A. Dabrowski, 15/10/2008



Phase monitor - delay loop

‘The optimisation of the combination is done by adjusting the

delay loop length with a magnetic wiggler’ ‘To measure phase error in

the RF bunch combination’

Sy, \
e FECEELLEE : Digital Oscilloscope
1 I

RF ' RF Bandpass ' _. ' CroTTrTTTTTT T T

: nep ! Diodes S 0 .

antenna filter ' ! =
! ! , ~ Wiggler off
! ¥ l 8 [ 756+ Wiggeron | | Better RF combination
1 h ! -.3 ] e 7.5GHz \
: I| | E. 40 o | T | M L L | M M L *
I :| : = 400 600 800 1000 1200 1400 1600 1800 2000 /
: X ! < * 9GHz
1 1 : ©
1 1 c
: ': 1 D
] :I : wn
1 |:_ | Iﬁ:"




Phase monitor - Combiner ring

3 GHz bunch spacing beam at entrance of CR _
... 12 GHz bunch spacing at the exit

T = =»Relative amplitudes of 6 GHz, 9 GHz, 12 GHz, 15
~E — % GHz signals will give evolution of the combination
= S - =>Use BPR.0505 antanae pickup
& --'-",;%: =»Bandpass filter =» Diode =» ADC

" [—CLBLMOBS2 (12 GHz

of W | — CLBLMOBS3 (9 GHz %
. |~ CLBLM0BS4 (6 GHz )
Signals good (3GHz r’f-"' <=

beam 1 turn) ool

*Ready to measure
-1EmE L‘J
<1400

combination!
16":'3!1.‘ ?:-Ll.‘ P-‘-]f.ll }’f; 0 'r’ﬁlﬂl Zi[i‘:n

Time {ns)

Amplitude my

L L 1 '
3200 3400 3600 3800 41




Bunch length o

Synchrotron light lines in delay loop & OTR
screen in CT line to Streak Camera

Synchrotron light lines in combiner ring
to Streak Camera

1.5 GHz RF deflector

INFN
Frascati /

Chicane

=BPR with WR-28 waveguide port

. *Power measurement at 30 GHz

Compressor |
*For given beam current &

position, maximise the signal =
Injector minimise bunch length




Bunch length manipulation using INFN Chicane o

Accelerating structures 4 Bends INFN-
@Girder 15 Frascati Chicane Delay Loop

Lower elnergy RF pick-up
Nominal ener
Higher energgly M1V

Changing the phase c ; Measure the Bunch
of Klystron 15 to onvert energy frequency spectrum
insert a time to correlation into path
. length modification > Measure bunch shape &
energy correlation : : | h using RF defl
within the bunch and time correlation ength using eftlector
and OTR screen
Klystron - On-crest Acceleration - the bunch length is conserved
V(t) t through the chicane
\ ot * Negative Off-crest Acceleration - the bunch gets longer

\/ \/ \‘ * Positive Off-crest Acceleration - the bunch gets shorter

Longitudinal diagnostics @ CTF3 CLIC 08 A. Dabrowski, 15/10/2008



Streak Camera @ CTF3

2 Optical lines in 2006
eSynchrotron Radiation in the Delay Loop
*OTR in the linacin TL1

OTR@ linac

SR@ Delay Loop

Sweep
speed of
10ps/mm

= 7%

time
—>

time

c =4.5ps (1.4 mm) c = 8.9ps (2.7 mm)



Deflecting Voltage RF deflector phase

AN \
AV

=

2weV, ! ]

Deflecting
cavity

Ty = J.‘u+':r ﬂ{.ﬁp Elllﬁ!,ﬁﬂ COS @y

f "Ha‘" 0 \ \
Betatron phase advance
Bunch Iengfh RF deflector (cavity-profile monitor)

wavelength

Volfage
Deflecting mode Beta function at cavity
™, s and profile monitor

Beam energy

Average Cahbratlon 12- 09 2008 Scan

* nara
Fit: slope=086293

O;rmS: C AL* O)ims(RFOD‘_ G)Z(rms(RFOfD |

Mean position [mm]

Calibration scan, changing the phase of RF
deflector=>longitudinal mm vs. position on screen

MKLO2 phase in mm




(&N Bunch length with 1.5 GHz RF Deflector

Bunch length measurments 2008 with 3 GHz beam

EF Dieflector

vy Necessary to move off the zero crossing, to separate
V\ /\ ------------------ < «u= — Two neighbouring bunches, followed by corrector magnet

even e
/«\/”’JI ------------------- sz t0 re-steer bunch to center.

<10 Horizontal profile when RF Deflector is ON and OFF

V 18 T T T T T T

—

3 GHz spaced nches L data RF deflector O
SCREEN B data RF deflector OFF i
(b} 141 Double gaussian Fit RF deflectar OFF | |
Double gaussian Fit RF deflector ON

EF Dieflector

Crcdel el
images

Intensity

Even unch
imgres

SCREEN

Position in screen (mm)

4.5 7
[ t
Result, bunch length 7 > ;
vs. Phase MKS15 - ! t
g 1s t 3 }
“natural chicane” R56 = 0.45 oo o e e

MKS15 Phase (Degree - 53 is crest)
|



Bunch length measurement with "RF Pickup” o

Power spectrum for Gaussian bunches of different length.

— - -\i\\“-\_\‘l\ T T T

3 AN id: = 1

o o \\\ Solid Oy 1 pS —> detector

el | 3

g \ Dash: 0, =2 psS ]

E ‘o RN beam bine \ﬁwavcguidc

£’ N Dash-dot: g, =3 ps | P <

N 1 \', ‘\.\ \‘\.\ i ./

o e ] e
~ - i _"'-‘——________ \I‘ v,

3 0 50 100 150 0 250 300 \ |

g Freeney (GFE] Fr'eq [GHZ] - 1

a

(30 - 39) . (45-69) ; (78-90) & (147-171) GHz

> Non-intercepting device, easy to implement in machine, sub-ps resolution, self
calibrating if bunch length scan is performed

=>Much less expensive than RF deflector with power source.

>RF deflector and/or a streak camera @CTF3 can provide an excellent cross calibration
of device ... this aspect is currently under study @ CTF3

PACQ7 proceedings, http://doc.cern.ch/archive/electronic/cern/preprints/ab/ab-2007-070.pdf



2nd down mixing
frequency
variable

%‘

3

Filter

74.5 GHz /" Receiving E- | GHz
N’nd horn
Receiving K- band
| oo 1st down
Filter

142 GHz /‘ mixing
L Filt
I frequency
horn 457 Receiving E-band harn ¢
GHz 56.5
2-14
GHz_ bﬂzﬁ; |
0.500 £ 0.005 mm +10d GHz
thick CVD diamond window \ B '
£~6 at 30 GHz Acqiris DC282 Compact PCT
Brazed at CERN (S. Mathot) Amplifier

Digitizer 26S/s per channel




Bunch length measurement with "RF Pickup”

Amplitude

sl | Full time window Mixer 1
o

from 30 GHz harmonic

Phase:-52 LO Fregq:3.25GHz Mixer! Mixer -1
0.05 T T T T T T T T T 04 T T T T
0 ——*‘WMWWWM\'WMWWW N l _ H _______________ N— T— A ]
_0.05 1 1 1 1 1 1 1 1 1 0 = g . A i i
0 a0 100 150 200 250 300 350 400 450 500 0 0.2 04 0.6 08 1

Time [ns]

Frequency [GHz]
T T T

Amplitude

o i H Y, Y0 H A . H
1] 01 0.z 03 0.4 0s 0.6 0.7 0.8 g

20 40 50 80 100 120 140 160 180 200
Tirne [ns] F FT Frequency Scope [GHz]

sqrt (Power [a. u.])
3 :
1

0z T Tk T T T T T T T
L1 ot B % ¥ i 3 : x
E D1-ﬁ ..... TN ey T ST ot Berane 2
= g : HE! 2 : : 3 : 3
£ : . R J?v o e R :
1 1 X i ik
20 40 B0 80 100 120 140 180 180 200 . P ol o 03 FD"‘ 055 GDHE Uy oe o
Time [ns] = requency Scope [GHz]
< 0.4 T T

z =
é g 02_ ..............................................................................................
g & : 2 . 2 2

E : B : 2 k I T (e b % ! et kel & detopid i 4
< nos L L L L L L L . L L 5 0 01 02 0.3 0.4 05 06 07 0.8 09

0 20 40 &0 a0 100 120 140 160 180 200 @ EratisiEyScon [GRE]

Time [ns]

Time [ns] Frequency after down-mixing (GHz)

1/3 of time window
Mixer1 30 GHz

Advantage = Split up the signal & measure the bunch length variation along the pulse
Similar plots for other mixing stages ... 33, 36 ... 60, 63 ..78, 81 efc... GHz



@) Bunch length measurement with "RF Pickup”
i

-

Minimise the x2 function.
Extracted r.m.s bunch length (mm). —
Extract also the response coefficients (24 V(o Y

of each frequency. Zz = ZZ((Ae( S y,,)zlaj)
The evolution of the bunch length with .

respect to the phase of the last Klystron J

can be seen
measuremnent 56,2008, LO at 5350 MHz
G : T : :
ol
_______________________ 4 ps Measurement in December 2006
’ ¢ 5 Chicane in compression
3 $

_ Benchmarking this detector vs. the
) i | RF deflector is in progress

F% ....... _|ops

Eunch Length [ps)
(S
=3
e

3z0 329 330 339 340 345 350 359 360 365
Phase Klystron (degrees)
B TTTTTTTTTTTTESES—



Future Activities

-

Measurements in the combiner ring of beam combination:
*Streak Camera
*Phase Monitor

Continue with installation and design of Coherent
Diffraction Radiation experiment (Royal Holloway)
«aims to reconstruct the longitudinal bunch shape

*non-invasive TBL n
Design and install non-destructive bunch - \
length measurements for CALIFEs (<1 ps) and S-EE£)/E || R ™ g
TBL/TBTs (< 3ps) Setw L "I

E ki I

-Design time resolved energy measurement to E=E(1-S)_ Tﬂ R

: =E-NpereAE =B _
measure decelerated beam in TBL = energy persi —_— t, = 83ps
Spr'ead Of 61°/o tan = (Lpers/Vo)(1-Bg) o = 3ns
Want VERY fast time resolution = see intra Power extracted from beam (ss) :

P = (1/4) P Loy F(0)2RYQ) @y, / vy = 159 MW

bunch spacing 83ps

*Work just starting ... CERN/Ditanet PHD start Power extraction efficiency (ss):
April 2009 1= Ey/Eqy =




Conclusion

CTF3 Highlights

=>»Optical lines to Streak Camera in & after DL successfully measured:

** bunch length, ** 180 degree phase switching & ** Bunch frequency multiplication 2005-2007
=» Phase monitor also used to tune the wiggler for the delay loop measurement

=>»Bunch length measurements with RF deflector and RF Pickup = cross check of the two devices
in progress ... a second Streak Camera would be a perfect investment as a third check/calibration
& study of single bunch shape for bunches > 1ps

=>»Segmented dumps for time resolved energy measurement, commissioned and perform
excellently = measured the beam loading compensation

2008 (and beyond) focus

=>» Make combination measurements using the new Phase monitor in the CR and the Streak
camera

=» Continue with work just started on the Coherent Diffraction experiment for bunch length
=» Designing a non-destructive bunch length monitoring system for TBL & Califes (collaboration
with CEA/Saclay)

=>»Prepare a new Streak Camera laboratory for CLEX?

= Would need to *Invest* in New Streak Camera (+ 180 K euro) for CLEX/CR (one old Streak
camera’s not sufficient for all of CTF3’s needs!!)

=» Design time resolved energy measurement for TBL (CERN PhD Student will start in April
2009)




Extra slides




Bunch Frequency Multiplication ‘

> .

Phase coding

How to “code” the sub-pulses

Sub-Harmonic Bunching

Vo/ 2=1.5GHz
180° phase
<— switch

Acceleration v,=3GHz

ANANAANA
BT RVEVEY RS

Deflection v,/ 2=1.5GHz

28 &N e
N N S

Gap creation & first multiplication X 2

I—delay =N 20 = C Ts

ub-pulse

Combination
scheme

odd buckets

RF deflector

Delay Loop

T. Lefevre

BIW 2008, Lake Tahoe



Main Satellite (8%)

3 TW Sub-harmonic
bunchers, each fed by
a wide-band TWT

» Switch time

8.5-666 ps=5.7ns

T Lefevre ' BIW 2008, Lake Tahoe



Frequency
multiplicatio

nx?2

Frequency [GHz] 1.499275
angle of deflection [mrad] 15

Max. Beam energy [MeV] 300
Klystron output Power [MW] 20
Sub-train length [ns] 140

# of sub-trains 10

RF pulse length [us] 5
Deflecting field non-uniformity <1%




Stretcher / compressor chicane

3GHz Rf deflector {__Eﬂ'ﬂﬁ}

Synchrotron radiation ports

0- -0

= callbr
= mods callh

Rs5s tuning
-0.5mM<R;<0.5mfg

Bunch length

measurements -
0.3 0.4 0.5

R_ s (M)

16M 072007 CLICO7 workshop - 16-18 October(7




PATH TUNING WIGGLER (9 MM RANGE)

+5 mm Horlzortal irajectory

-4 mm S

| 1 — L | I | 1 e ————
1 408 48 04 L2 0 02 04 0E DB {1
Z (m)
Vertical magnatic field along the trajsctory for E = 120 Mev

o
o
"\-\._:{

*-\.'“il
}5}: _

—_—

' L

1 1 1 [ 1 1
-1 {08 408 44 L2 0 02 0.4 O0E OB 1
z {m)

CLICOT workshop - 16-18 October07



Waveguide Pick-up’s (BPR)

Motivation to develop non intercepting bunch length monitor

+12dB

2 X Horn
Antenna
Wave guide " 30d'?_ RF
Vacuum WR28 ~1-2m attenuation. | detector [sma
window ‘ ‘ I[10dB ][ 20dB ] @ ?
AL O L
SN
CL. BPRO290 — .
CL.BPRO475 =4 == 1
CT. BPR0532 | a— &, |
CR.BPR0532 [ P— ' ". |
CC.BPR0915 — -

Developed by L Soby, CERN

ADC
SIS3300

——

< RFin

Shorter bunches
means more power

Longitudinal diagnostics @ CTF3

CLIC'08

A. Dabrowski, 15/10/2008



What comes next on CTF3

CTF3 complex

3B A-14pns X 2 Delay Loop
Drivf Bzam Dwive Beam Aceelerator 150 Mev 1.
I""'“T" 16 structures - 36Hz - 7 MV/m iy
J Y }.l /f_‘
I 1 L
i, S Cnmblncr
Ri
- [ "a 1.‘\&. ng
2 ktb% x:. l a4
: ; 2 : ||—&‘*
10m 30 &Hz ond LS iz . =|.E |
L | Pheta injecter text area NC‘ZEX 35\,,. o
- ns
180 Melf

) Oncunit (L=14m) i Lattice: 16 units of one of each:
I_PETS=0.8m
- - ' —I - l * PETS + coupler
0.15 025 * Quad
Coupler (0.15

= active) — = | 'S E—————



Bunch length measurement with "RF Pickup” o

Miver -1
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Bunch length measurement with "RF Pickup” o
A

-

Bunch length measurments 2008

Minimise the x2 function. 16 3

Extracted r.m.s bunch length (mm). (—(27 )2(c )2 5
Extract also the response coefficients of ZZ = ZZ((A@ S/ j) / O’ﬁ )
each frequency. o

The evolution of the bunch length with

respect to the phase of the last Klystron can _
be seen The x?/v for the fit was x?/v=1.08.

Fit for MKS15 Phase == 49°

@ M
T

11111

e
T

]
T

Bunch Length rms (sigma) Imm
o
A
P
——
—
| |
A
o
A
P
e
,(%"\r
&

o o [=]
=

(=]
ny

Ei?%.@.???

25 23
ms c, [ps]

=)
o

bJD blb Eé:l
Phase Klystron 15 [degrees

RF pickup seems to measure shorter bunches than RF deflector
Systematic studies ongoing to disentangle the reasons for enhanced sensitivity to high
frequencies.

B TTTTTTTTTTTTTTTTTTTTTTTEEESSSS———nheenms



Calibration strategy - segmented dump

calculate charge intensity

” 10'9 Charge distribution in detector for 1=27.5589 A
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Calibration strategy e

9 Charge distribution in detector for 1=27.5583 A -9 Charge distribution in detector for 1=28.6515 A
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® Integrate over time — plot charge distribution




Calibration strategy - segmented dump o

-9 Charge distribution in detector for 1=27 5588 A -9 Charge distribution in detector for 1=28.6515 A
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® Integrate over time — plot charge distribution

® Fit to a gaussian distribution




Calibration strategy 9

X 10'9 Charge distribution in detector for 1=27.5589 A X 10'9 Charge distribution in detector for 1=28.6515 A
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® Integrate over time — plot charge distribution
® Fit to a gaussian distribution

® Extract value and position of the peak, (and fwhm)




Calibration curve
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Checking the calibration - result

Full width at half maximum before calibration applied
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Calculate fwhm of a Gauss fit (of charge distribution)
before calibrated (for all I)

® Apply calibration and redo the fit




