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CTF3 Status

R. Corsini for the CTF3 Team

Talk Outline:
1. News sincelast Project Meeting

2. Status of feasibility benchmarksin CTF3

* Drive beam generation
 PETS & RF Structures
¢ Two-beam issues
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* PHIN run
©
* Completed, good measurements on cathode lifetime
* TERA experiment
©

* Done within schedule, other 3 weeks planned at the beginning of 2012

» Improve 1.5 GHz factor 8 beam
©
* Delayed by manpower (LCWS 11 Granada), gun & klystron troubles, TWT availability
* Good improvements on beam current flatness from gun, compensation of phase switches, injector set-up
» Optics studies to increase acceptance under way. Improvements in DL &CR optics, CR closed orbit




R. Corsini,

CTFg Status B eam Recombination CLIC Project Meeting, 21 October 2011

e

~

Factor 8

File Edit VYiew Settings

o= 3 Orhit_DL_Current -] : =S

o= 3 Orhit_DL_Hor il
o 9 Orbit_DL_ver 0 2011_10_19,15:38:43ref
+ O Orbit_CR. Current —— 2001.10.19]10:17:31ref

[ crsTBPIOL30S e
[y CRSTEPMO155S
[y CRSTEPMO195S
[y crsTEPIOZOES -4
[ CRsTEPID248S
[y crsTEPIDZ7SS
[y crsTEPIDZOSS
[y crsTEPIDZA5S
-20+ [y crsTEPID425S
[y crsTePID448S
[y crRSTEPIO475S I
[y crsTEPIOS 708
[y crsTePIDS10S
[ CRSTEPMOGS 05 L 127
_25 [y CRSTEPMOG95S
[y crsTePIOTOES
[y crsTePIOT48S
[y crsTEPIO?7SS
[y crsTEPIDEDSS -16

CTF3 Monitor [=a)x]

-1

-15

Factorg4

-10

-14 1

T T
000 6000

[y crsTEPIDEDSS
[y crsTEPIDO25S

T T T T T T T T
| 4500 2000 5500 6000 6500 7000 7300 8000

X



R. Corsini,

CTFg Status Gun Current CorreCtion CLIC Project Meeting, 21 October 2011

u Figure 1 EHE"ZI

File Edit “iew |nsert Tools Desktop Window Help N

NEds | ML 2| 08| D

[ cresanrauisis 0 020110629 Cood B Srel |
¢ CIBPRs
[ cLsTEPROZS0S
7 [ cLsTBPRO47SS

[ cT.sTRPROS 225
[ CRSTEPROS 055
I I I I [ cLsTEPROZZOW
B0 a0 100 120 140 [ cLsTePRO47S W
time, 105 of ns [y cT sTRPROS32W
[y CRSTEFROS 05 W

% [ Orbit_Linac_Current
[ cLsTePEO125S

[ (] [ cLsTePEOL66S
[ cLsTEPMO4025
correction waveform Dy cLsTepmosozs L
1 i i i i i - [ CLSTEPMO5 905 -2
[ cLsTePMOES0S
[y cLsTePMOT 905 <
[ cLsTBPMOBSOS
[ cLsTePMOS90S
- [y cLsTePM 10305
[ cLsTePM 11905
[y cLsTepmM 12905
[y cLsTePM 12905
[ cLsTePM 14905
[y cLsTePmM 15905 L

9 [ Orbi_Linac_Hor

B [ cLsTBPMO402H
[ cLsTePMOS 0ZH
[y cLsTePMOS 30H
[ cLSTBPMOES0H -4
[ cLsTePMO720H
[ cLsTBPMOBSOH

[ cLsTEPMOS9OH J

| |
beam current correction
102 . . . . . T
o Alexandra Andersson
[y
g 1o 1
B faval
)
5 i
= before correction
o
E target responce
g after correction & CTF3 Monitor lax
o File Edit View Settings
g i [ cosAmrGHKS1: =
W [y CKSAWFGMKS 14 o= current signal
— [—— 0_2011
=
o
E
[l
i
=)

= =2 =
= m
T T T
Il

=
o
T

-06 R ~ [0 cLSTERPM 1090H
[y cLsTEPM1190H ~
s H i [ cLsTePM1290H

[y cLsTePM1390H o T T r T r T r T
.1 STRPM1490H < 4000 4500 5000 5500 6000 6500 7000 7500

Amplitude to fullscale of wig

4 1 1 I I I I
0 20 40 B0 a0 100 120 140

time, 105 of ns

X



CTFg Status COmpeIlS atiOIl Of ph ase SWitCheS CLIC Project Meeting, 21 oi&t?e(;r;i?lii

A CTF3 Monitor E@E

File Edit View Settings

[ CK.SAWFGMESOS DR = —————
[ CK.SAWFCMESOS —— turrent signal |

[ CK.SAWFGMESOT
[ Cr.SAWFCMES1L _4.2-
[ CK.SAmFGMES12
[ CK.SAWFGMES13
[ K SamFoMES 14 —4.31
[ CK.SAWFGMES1S

o 7 BPRs

o [ Orhit_Linac_Current
[ CLSTEPED125S
[ CLSTEPEO15ES
[ CLSTEPMO4025
[ CLSTEPMOS 025
[y CLSTEPMOS 205
[y CLSTEPMOBS0S
[y cLsTEPMOTS0S L]
[ cLSTERPMOBS0S
[ cLsTBPMO990S a7l
[y CLSTEPM 10905 ' Switches, gun re-adjusted
[ CLSTERPM 11905
[ CLSTEPM 12905
[ CLSTEPM 12905
[ CLSTEPM 14805
[y CLSTEPM 15905

[ »

-4.41

4.3

-4.6

-4.8

T T T T T T T
5200 3400 5600 3800 6000 6200 6100

4]

Alexandra Andersson, Frank Tecker, Piotr Skowronski

X



R. Corsini,

CTFg Status Compens ation Of phase SWitCheS CLIC Project Meeting,21 October 2011

Segdump monitor
File Options S Sewings € Stary/Stop

Main Controls Show Options - CLEHAD425-5 \il
Offline data file: [No value - ® Online 0 offline EeunimelUinoyy Contral  [¥]on

Device: | | ® Auto Status on

Measures to keep in memony: 105 (2 Manual from: BOOE o LSOOE B

® Last measure obtained. View Time Window

‘ Stop ‘ ) Mean on last 55 2 All data
) Measure: Measure 2178 ﬂ ® Beam +- 5% hkd Ak

Enable Real Time View cev 144.504
) Manual from: 200 o 1,900 Yy vY
[]single Channel Scan E

AQN 144.43 4
l@\'iews I more | [

.Spel:l.mmeter RAW data [14/09/11 16:24:23]

g 63 | Segdumpdata - Spline fit [14/09/11 16:24:25

i i A~
PO440_{Centrali= 0.059 MeV//c

{Central}= 0.059 MeV/c

PO440_

= e
= w
2 =
= =

Time (nseg

o
=]
=]

Switches

Time ;:nser,‘l

. : : . . . : :

400 600 800 1000 1200 1400 1600 1800 -6 -4 -2 0 2 4
Time (seq DeltaP/P €9

| Beam Profile gntegration over timey [14/09;11 16:24:25)

'Spread and peak position along time [14;/09/11 16:24:25]
Spread & Peak position along time <FWHM>: 0.001 MeV/g <PeakX>: 0.061 Me¥/c

0.015
g F0.062 o 0002 2
= i = Z 0.014
- 0.06 % a z
% F0.058 % = 0.005
g --0.00?
(=]
Lo.ose = g o
T T T T T T T T T T T T T T
400 600 800 1000 1200 1400 1600 1800 -6 -4 -2 i 2 )
Time (nseq DeltaP | P G3

Current evolution beam to beam [14/09/11 16:24:25] *

: ‘ Spread evolution beam to beam [14/09/11 16:24:25] =
Current evolution beam to beam

Spread evolution beam to beam

—_— 10
47 €
54
31 = I
g [ 0
= 24 E ]
1 2 -5
0 -10+

My 216:22:40 - Unalle to compute Gaussian fit: step 1 size is revs




CTFg Status

Optics studies, orbit correction

R. Corsini,
CLIC Project Meeting,21 October 2011

Figure 50
Desktop

File  Edit  Wiew

Dode

Insert  Tools Window  Help
ROV RAL-

Ly

' —e—Nominal MAD-X ]
—=—Symplectic fit matrices |

BPIOTOS bbb e
BPMOST5 L i i

Ben Constance

(= [B]x]

&l

2[0 Model checksin CR

H orbit [mm)]

Orbit correctionin TL1 - CR

Guido Sterbini,
Ben Constance

0BG [--- - mrbonees

|
[Ty]
=
w
=1

I

: _|

. |

: hl

- - [ i
. [

. o

1 1

— = — Initial
Ideal

— % — Expected after correction
—v— Measured after correction

Q186 [ - oeheeetee o

L
1L EECPEURPURPR R, "
US?U_............... e e e e e




crrssas PrOgram for the rest of the year - I cocrconnoal™ @B

* PHIN run
©
* Completed, good measurements on cathode lifetime
* TERA experiment
©

* Done within schedule, other 3 weeks planned at the beginning of 2012

» Improve 1.5 GHz factor 8 beam

©
* Delayed by manpower (LCWS 11 Granada), gun & klystron troubles, TWT availability
* Good improvements on beam current flatness from gun, compensation of phase switches, injector set-up
» Optics studies to increase acceptance under way. Improvements in DL &CR optics, CR closed orbit

* TBL deceleration with 8 PETS for CDR

©
« 9 PETS installed instead of 8, first beam (3-4 A) transported — no major issues — start higher current tests
today.
« PETS On-Off ©

« Installed — first tests (low current) positive, work as recirculation, fast conditioning > more later

X
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TBTS first operation with Petsonov
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TBTS first operation with Petsonov
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» Beam stability measurements at 3 GHz and 1.5 GHz @

» Severalimprovements in “slow” feed-backs, some more under way
 Still miss factor 8

* Emittance and bunch length control &

»  Will profit from optics/operational improvements, measurements still to be performed (December?)

» Breakdown kick measurements @)

* Preliminary results based on screen, BPM upgrade needed (measurements in December — continued in
2012)

* Beam loading compensation for main beam ®

» Firsttests, need good set-up before real tests
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Emittance at TBL entry
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CTFs3

Sysiem ltem Feasibility Issue Unit Nominal Achieved How Feagbility Comments
Fully loaded accel effic % 97 95 CTF3 *Qx/
Freq&Current multipl - 2*354 24 CTF3 . Novel scheme fully demonstrated in CTF3 in spite of lower
\/7 curent since beam dynamics more sensitive than nominal
Drive beam |Combined beam cument {12 GHz) A 4.5*24=100 3.5'8=28 CTF3 v\»/ due 1o lower energy (250MeVi2Gev)
generation [Combined pulse length {12 GHz)} nsec 240 140 CTF3 -
Intensity stability 1.E02 D.75 <06 CTF3 - End of To be demonsirated for combined beam in 201
Drive beam linac RF phase stability | Deg (1GHZ) 0.05 0.035 CTF3, XFEL — Achieved in CTF3, —_—
PETS RF Power MW 130 >130 TBTS/SLAC | 7 oD rate ot nomial o puse lenght
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Beam PETS Breakdown rate m < 1-10-7 <2.4 10-7 TBTSISLAC — i
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(CAS) = d KEK [ § conditionning to reduce breakdown rate.
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Main to main beam fiming sia bility psec 0.07 - XFEL? 2012 )
Ulira low |Emititance generation HV nm 500/5 3000/12 ATF, NSLS/SLS .Q,;/ Damping Ring design nom perf. Relax emitt achieved ATF
Ultra low | EMitiances |Fmittance preservation: Blow-up nm 160/15 160/15 + simulation | 201142 [Simultion +alignmentistability
beam Alignment Main Linac components microns 15 10 (princ.) Alignement & 2011 |Principle demonsirated in CTF2, to be adapted to long
emittance & Final-Doublet microns 2t0 8 : |Mod. Test Bench| 2011 distances and integrated in Two Beam Module in 2010
sizes Vt?r_lil Quad Main Linac nm>1 Hz 15 0.13 Stabilisafion 201142 | Adaptationto pr - D
stabilisafion |Fipal Doublet (assuming feedbacks} | nm>4 Hz 0.2 {principle) | TestBench 2010. Integrated in Two Beam Module with beam il 2012.
Operafion and Machine T2MW@2.4GeV CTF3 ; . - ;
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Ttem Feasibility Issue Unit Nominal T Achieved How Feasibiity o
Fully loaded accel effic % 97 95 CTF3 \;/’7
Freq&Current multipl 2354 2%4 CTF3 . Novel scheme fully demonstrated in CTF3 in spite of lower
"‘-‘6’7 currentsince beam dynamics more sensitive than nominal
Drive beam |Combined beam current (12 GHz) A 4.5*24=100 3.5%8=28 CTF3 v’ due to lower energy (250MeV/2Gev)
generation JCombined pulse length (12 GHz) nsec 240 140 CTF3 J
Intensity stability 1.E-03 0.75 < 0.6 CTF3 ‘4\.;’7 End of DBA. To be demonstrated for combined beam in 2011
Drive beam linac RF phase stability | Deg (1GHZ) 0.05 0.035 CTF3, XFEL w;/ Achieved in CTF3, XFEL design
RF in No RF to load
. 1 T
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& 48
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» Noinstabilities
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CTFg Status
Ttem Feasibility Issue Unit Nominal T Achieved How Feasibiity o
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Beam recombination

Fast bunch phase switch in SHB system

Operation of isochronous rings and beam lines
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CTF3 Achievements - Drive Beam Generation

83 ps

>

Streak camera image of the beam, illustrating the bunch t

combination process
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Beam recombination - Emittance

CTF3 Achievements - Drive Beam Generation

CTFg Status

Different turns are ~ ok, no unknown effects
Some emittance increase due to non perfect
combination

Best results in CLEX
for factor 4: 4= 250 um €,=150 um
‘ 2 for factor 8: ;= 250 um €y,=150 um

21-Jul-2011, 13:58:58 21-Jul-2011, 11:31:08
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CTF3 Achievements - Drive Beam Generation

CTFg Status
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Beam recombination — Bunch lenght

nominalin CLEX 1 mm sigma
In the past, well below 1 mm sigma measured
at the end of the linac (tuned chicane)

’

Recent results (preliminary): 1.5to 4 mm

sigma for CR and CLEX @atural chicane)

(m]

L

CLEX

Combiner ring

5 bunches per measurement, 3 data for each timing

turn 1, 3 data for each timing

13.07.2011: 25 ps/mm, Measurements along pulse train

13.07.2011: window 200 ps, Measurements along pulse train
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CTF3 Achievements - Drive Beam Generation cuic rrectsiceting.z1 ortove sons

CTFg Status
Item Feasibility Issue Unit Nominal Achieved How Feasibility Comments
Fully loaded accel effic % 97 95 CTF3 4 ) S
Freq&Current multipl . 2%3%4 2%4 CTF3 x/ Novel scl.'leme fully demon.strated in CTF? _|r| s pite of Iov_ver
i . . . - current since beam dynamics more sensitive than nominal
Drive beam |Combined beam current (12 GHz) A 4.5*24=100 3.5*8=28 CTF3 %,7 due to lower energy (250MeV/2Gev)
generation JCombined pulse length (12 GHz) nsec 240 140 CTF3 v\;;/?
# Intensity stability 1.E-03 0.75 < 0.6 CTF3 - End of DBA. To be demonstrated for combined beam in 2011
Drive beam linac RF phase stability| Deg (1GHZ) 0.05 0.035 CTF3, XFEL f-;,f?j Achieved in CTF3, XFEL design

Emittance g, ; < 150um

CLIC Drive Beam

IESTEEEIIET = gD Current stability 0.75 1073

requirements 2mm Phase stability 0.2° @
e / 12GHZ
PETS Bunch length stability 1%
1mim
== M
Zmm
Amim -= lmm
= 1mm FARY
AN
Gun VW AV
SOMey 250Me
-= 2E0MeV -= F400Mey Imm

2mim

/

RF power stability 0.2%

RF phase stability Phase stability 2.5°
0.05° @ 12GHz
Current stability 0.1% 0.2° @ 1GHz

X



. o . R. Corsini,
CTF3 Status CTF3 AChlevementS — DI'IVG Beam Generatlon CLIC Project Meeting, 21 October 2011
Item Feasibility Issue Unit Nominal Achieved How Feasibility Comments
Fully loaded accel effic % 97 95 CTF3 v ) S
FreqaCurent multp | zme |z | e [T [ Mortecheme iy domonstesincTrononte o lover
Drive beam |Combined beam current (12 GHz) A 4.5*24=100 3.5*8=28 CTF3 ‘\'/] due to |°W¥;renergy(25UMeW2Ge\,)
generation |Combined pulse length (12 GHz) nsec 240 140 CTF3 e
Intensity stability 1.E-03 0.75 < 0.6 CTF3 ?f End of DBA. To be demonstrated for combined beam in 2011
# Drive beam linac RF phase stability | Deg (1GHZ) 0.05 0.035 CTF3, XFEL ‘f\:;;f?? Achieved in CTF3, XFEL design
o 1.01-
Pulse charge measured at end of the > . .
linac 2 : ‘ : ' . 3
= i std deviation = 0.54 107
Afte factor 8 combination R e
~ 1% jitter I . T A ' :
- ‘ : : ; ; : :
Q
N
< : ; :
(v E 099 J ' -
Good” CTF3 klystron S 200 400 0 20 40 60 80
§ Beam pulse # [-] Occurences [—]
+ pulse-to-pulse jitter
* 10 nstimeslicesalongthe RF pulse
+ withrespecttolocal phasereference
m— » Improve and document current
Klystron RF variation x 1072 v . .
0.075 T T T 2.2 S ) 1C
4
) .1 ° I
0.065 = .
e 3 faBram8urrat the pertnil levelos4%
g o8 « Means: improve acceptance
= 0088 7~ ?{ab%wer p 0,309 b 0.16%.- 0.21%
g o.0s s (dispersion, orbit, (beta—beatlng)
* 0.045 B + Rekfimimenergy spsead — bunelslength
0.04 1@ 0.07°
0.035 716 .
s J : : : : iy End 2011 — Mid 2012
o 500 1000 1500 2000 2500 3000




CTFg Status

CTFS Achievements - Beam driven RF power generatiomn: pe eeting,

R. Corsini,
21 October 2011

PETS RF Power Mw 130 >130 TBTS/SLAC J 8D rate at inal d pulse | ht d
‘ rate at nominal power and pulse lenght, measured on
PETS Pulse length i 170 >170 TBTS/SLAC Y;//, Klystron driven PETS. Beam driven tests underwayin CTF3
Beam PETS Breakdown rate m < 1-10-7 <2.410-7 TBTS/SLAC ’V‘f’
Driven RF |PETS ON/OFF - @ 50Hz - CTF3/TBTS 2011 Prototype under fabrication for tests with beam
Powe_r Drive beam to RF efficiency Yo 90% - CTF3/TBL TBL with 8 (16) PETS in 2011(12) for 30(50%) efficiency.
generation 2012 Benchmark beam simulation for safe extrapolation of high
efficiency at high drive beam energy(2GeV).
RF pulse shape control % < 0.1% - CTF3/TBTE |2011-2012

alyze data fo €\ a}‘l&%ﬂo&e of O%esent

PETS raidlA 026 datg

>200

high

lerating structure.

100 MV/m

Sl

CM PET 0431

M

CM VAP 0430

r oM PPR 0431 =y 3 lcMPPs 0431H 7V f

= CM.PPI 0431 CM.PFI 0431
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200 CM.PSR 0431 3 emera ChcoR
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L e o

>

[ s
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CTF3 Status CTF3 Achievements - Two-Beam Acceleration ciic srojectsieeting 21 0o sons m

Accelerating ztrucmre ‘l:]cc T__:_EIdP 1se | h Mvim :gg :gg CTF3 Test ‘7.’/,; Nominal performances of 3 structures without dam ping.
Structures s:ruc:ure Bat kc;p u Set engt J NI\I;IS < 3107 5.10-5(D Stand, SLAC, %11 1 structure equipped with damping features under RF
(CAS) RfrtL:)ch:er:m :?:nsf:‘l{vsﬁ':ii: ncy m %m'ns 27 " 15 (D) KEK 2011 conditionning to reduce breakdown rate.
Power producton and probe beam MV 100 - 170 106 - 170 TBTS Power production in Two Beam Test Stand (TBTS)
Two Beam [2¢c€leration in Two beam module M- ns i . u Probe beam acceleration by Two Beam Test Stand(TBTS)
# Acceleration|Drive to main beam timing stability psec 0.05 - CTF3 2012
Main to main beam timing stability psec 0.07 - XFEL? 2012
Two-Beam Acceleration
1Su201 EReroy AR Q= 228 L Mev demonstrationin CTF3
T Two-Beam Test Stand
Drive beam
ON
202 206 210 2147218 222 226
Energy at screen center= 213.79 MeV 160
Drivebeam —_
OFF E 140
>
= 120
202 206 210 214 218 222 226 e
MeV/ $ 100
E
S‘) 80
o
£ 60
]
. . o
Maximum probe beam acceleration 3 40
measured: 31 MeV S
< 20
— Corresponding to a gradient of 0 ‘ i i ‘ - ‘
1 MV /m 0 20 40 60 80 100 120
45 Power in accelerating structure (MW)




CTF3 Status CTF3 Achievements - Beam driven RF power generation: s e »: o oo

PETS RF Power MW 130 >130 TBTS/SLAC J 8D rate at inal d pulse | ht d
rate at nominal power and pulse lenght, measured on
PETS Pulse length ns 170 >170 TBTS/SLAC Klystron driven PETS. Beam driven tests underwayin CTF3
Beam PETS Breakdown rate m < 1-10-7 <2.410-7 TBTS/SLAC
Dn've” PETS ON/OFF - @ 50Hz : CTF3/ITBTS 2011 Prototype under fabrication for tests with beam
Powe_r Drive beam to RF efficiency Yo 90% - CTF3/TBL TBL with 8 (16) PETS in 2011(12) for 30(50%) efficiency.
generation 2012 Benchmark beam simulation for safe extrapolation of high
efficiency at high drive beam energy(2GeV).
RF pulse shape control % < 0.1% - CTF3/TBTE |2011-2012

ACTUATOR 3-CHOKE CHAMBER

ON-OFF MECHANISM

Issues:

» Reliable power production

« Abilityto control output power

ACTUATOR AXIS

- 1.1 PISTON

a 1 1 f ] .l .

£ J | 9PETS —20 A * Conditioning

Z i November 2011 o ff Initial test,— no structure connected

g "’ : | E::>w G ure

g ™ A S \  Full test, including use as

L InstallatienitouGHBS [H8I'S under way now.
O 5 s o T Test starting from next week.

Time, ns Ena 2011’

X y



CTF3 Achievements - Beam driven RF POWeT generation: v nieeting 21 ober oot d!b

CTFg Status
PETS RF Power MW 130 >130 TBTS/SLAC 8D rate at inal d bulse | ht d
rate at nominal power and pulse lenght, measured on
PETS Pulse length ns 170 >170 TBTS/SLAC Klystron driven PETS. Beam driven tests underwayin CTF3
Beam PETS Breakdown rate m < 1-10-7 <2.410-7 TBTS/SLAC
Driven RF |PETS ON/OFF - @ 50Hz - CTF3/TBTS Prototype under fabrication for tests with beam
powe_r Drive beam to RF efficiency Yo 90% CTF3/TBL TBL with 8 (16) PETS in 2011(12) for 30(50%) efficiency.
generatlin |Benchmark beam simulation for safe extrapolation of high
efficiency at high drive beam energy(2GeV).
RF pulse shape control % < 0.1% CTF3/TBTE |2011-2012

November 2011

16 PETS maximum

4 PETS installed and tested

% 5 being installed in September

12 to 16 nextyear

ergy (MeV)

O Prediction from rf power
122 ¢ Prediction from beam current
O Segmented dump measurement
120 & 000
118 ‘ o
*| Decelere th 9 PETS, 20 A
116-(end 2011) 8 -
* Deceleration with 12 PETS_ > 20 A
114 v
m] m]
(mid 2012) :
1@-Final test, 16 PH
110
10850 100 150 200 250 300 350 400 450
time (ns)

Up to 19 A current

* optics understood
* no losses in TBL

Good agreement

* power production
* beam current
» beam deceleration

X

30



CTF3 Status CTF3 Achievements - Beam driven RF power generation brofect Mecting 1 Ontobrer oot m

PETS RF Power Mw 130 >130 TBTE/SLAC ““,//J’ BD rate at inal d bulse lenaht d
- rate at nominal power and pulse lenght, measured on
PETS Pulse length ns 170 170 TETS/SLAC “\/—’7 Klystron driven PETS. Beam driven tests underwayin CTF3
Beam PETS Breakdown rate /m < 1-10-7 < 2.4 10-7 TBTS/SLAC %(;7
Driven RF |PETS ON/OFF - @ 50Hz - CTF3/TBTS 2011 Prototype under fabrication for tests with beam
power Drive beam to RF efficiency Y% 90% - CTF3/TBL TBL with 8 (16) PETS in 2011(12) for 30(50%) efficiency.
generation 2012 Benchmark beam simulation for safe extrapolation of high
/—\ efficiency at high drive beam energy(2GeV).
» RF pulse shape control % < 0.1% CTF3/TBTS (]2011-2012
250[

» Createpreciseramp by fine

Beam loading tuning of phase switches timing
compensation ramp

- * Show control of ramp tothe
2 150 desired degree (limited by

= number of free parameters)

5
? 100 + Eventually test acceleration
- with probe beam (short pulse,
bl paa) scan method)
50 pulse
* Initial tests, end 2011

» Eventual improvements/upgrades,
shut down 2011/2012

 Full test, including probe beam
acceleration, mid/end 2012




R. Corsini,
CTF3 Status CLIC Project Meeting,21 October 2011




CTF3 Status CTF3 Achievements - Accelerating Structures — cuic rrectsiceting.z: ot sons m

___
Accelerating GG A i 4 Ll = o CTF3 Test ‘_“.’/"7 Nominal performances of 3 structures without dam ping
7 -
Structure Flat Top Pulse length ns 170 170 - ) . .
# Structures ctruet 5 kdp : g v 3 ST Stand, SLAC, o 1 structure equipped with damping features under RF
(CAS) JIEHIE SEe LD r_a _e o TS B -5(D) KEK conditionning to reduce breakdown rate.
Rf to beam transfer efficiency % 27 15 2011 _A
Power producton and probe bheam MVim - ns 100 - 170 106 - 170 TBTS 2011 Power production in Two Beam Test Stand (TBTS)
Two Beam acceleration in Two beam module Probe beam acceleration by Two Beam Test Stand(TBTS)
Acceleration|Drive to main beam timing stability psec 0.05 - CTF3 2012
Main to main beam timing stability psec 0.07 - XFEL? 2012
‘Di T T T T
. . p T18011230 na, 1400 0 3]
T18 RIKEK 252 na ':
_E3ﬂ A T18[31330 ns 200 h ]
@ TODIEEN 230 ns, 1000 h
- @ TDIEE KEX 252 ns 2000nh
@ TOE L2 KEK 257 ne 2500h . i B R
T24 [31 5L AC 230 e BSOM . - . P 4
[ T24 RIKEK 352ns 17000 -
——— CLIC goal < L L
-3 4| 4 TDZ4CTFITETE 200ns 10k o
A l"'E” * * d.' L & E
: ' > _
s "o = |
g s
w0 —
{ LS ]
H ; ]
] ° J
- » ]
1wt -
a:. LT gn m.. = o |:1|:||qn |
1w ! s I 1
Mv 'II[ m o aIE % é aw&ﬁ.unlanﬂt‘bﬁmlmm\‘fn\? 1‘&3 s " T

X 33



crrssas Accelerating Structure - Experimental results  cuic s 25 ocie s QB

Breakdown rate at 100 MV/m (unloaded)
accelerating gradient and scaled to 180 ns pulse
length

Measurements 30 _5
scaled according to = pPX G™r

0 T18 TD18

I
N
[

[

stgeneration,
moderateefficiency

-4 Haa ond generation,
CERN built, J high efficiency
|

old procedure

log(BDR/pulse/m)

3x 107 CLIC BDR Criteria




CTF3 Status CTF3 Achievements - Accelerating Structures — cric erectsieeting 21 0cier son m

Accelerating GG A i 4 Ll = o CTF3 Test ‘_“(/'"; Nominal performances of 3 structures without dam ping
4 .
Structure Flat Top Pulse length ns 170 170 - ) . .
# Structures ctruet 5 kdp : g v 3 ST Stand, SLAC, o 1 structure equipped with damping features under RF
(CAS) JIEHIE SEe LD r_a _e o o TS - -5(D) KEK conditionning to reduce breakdown rate.
Rf to beam transfer efficiency Yo 27 15 2011 _A
Power producton and probe bheam MVim - ns 100 - 170 106 - 170 TBTS 2011 Power production in Two Beam Test Stand (TBTS)
Two Beam [2¢c€leration in Two beam module Probe beam acceleration by Two Beam Test Stand(TBTS)
Acceleration|Drive to main beam timing stability psec 0.05 - CTF3 2012
Main to main beam timing stability psec 0.07 - XFEL? 2012

* Continue conditioning/BDR measurements of TD24 in the shadow of other
experiments

* Profit to improve power production stability/availability/rep rate
* « Continue BD kick measurements

* Install couple of new structures, TD24 with wake-field monitors in winter
shut-down 2011-2012

 First module should go in during winter shut-down 2012-2013

X



CTF3 Status

R. Corsini,

CTF3 AChievementS - TWO‘Beam Acceleration CLIC Project Meeting,21 October 2011

Accelerating Structure Acc field Ner 100 100 CTF3 Test J- Nominal performances of 3 structures without dam ping
Structures g::ﬁﬁ::g ;Irita-{(zzvizlitéength /m M\':'Ism ns| < 1.730.7 5-11;-05(01 Stand, SLAC, ‘;3,11 1 structure equipped with damping features under RF
(CAS) Rf to beam transfer efficiency v, . 27 15 KEK 2011 conditionning to reduce breakdown rate.
(1]
Power producton and probe heam MVim - ns 100 - 170 106 - 170 TBTS 2011 Power production in Two Beam Test Stand (TBTS)
Two Beam |2¢celerationin Two beam module Probe beam acceleration by Two Beam Test Stand(TBTS)
Acceleration|Drive to main beam timing stability psec 0.05 - CTF3 2012
Main to main beam timing stability psec 0.07 - XFEL? 012

36



CTF3 Status CTF3 achievements - Drive Beam CLIC Project Mecting,21 Octaber 2011 AR

CTF3 Achievements — What is still missing for feasibility — Drive Beam Generation

~ 0.05 % end-of-linac !

Transverse rms emittance
<150 7 mm mrad (combined beam)

Bunch length control
<1 mm rms (combined beam)




CTF3 Status CTF3 achievements - Two-Beam issues CLIC Project Meeting, 1 October 2011 AR

CTF3 Achievements — What is still missing for feasibility— TBL / TBTS / CALIFES

8 PETS +
spectrometer installed to verify
transport of a 28 A beam with
up to 30% of energy extracted.

Break-down kick measurements
PETS On-off mechanism demonstration




R. Corsini,

CTF3 Status Two-Beam RF components CLIC Project Meeting 21 Octaber 2011

Two-Beam RF layout Waveguide network

* high power
« precise phase length CHOKE-MODE FLANGE

PETS

*high-power

eas short as possible
*low longitudinal
and transverse
impedance

Choke mode flange

3 dB E-plane
HYBRID

& «independent alignment of
main and drive beam

ABSORBER TAPER

Accelerating
On/ramp/off structure

high-gradient

«as long as possible
*micron precision
transverse wake-field
suppression

X 39

*necessary (?) toreact
to breakdown and/or
failure

COOLING JACKET

VACUUM FLANGE




CTFg Status

Power Extraction and Transfer Structure (PETS)

R. Corsini,
C Project Meeting,21 October 2011

@

High power tests of the full PETS prototype (with damping material ) at ASTA/SLAC

z

Z

T

=

5

[
Peak power
Avgpower
BD

N\ PETS installed into the ASTA test areaat SLAC

180-

160-

140-

120-

-y
]
i

©
?

60-

40+

20+

Typical RF pulse shape in ASTA during the last
125 hours ofoperation

160+

140+
120
% 100-

80
60+

Power [MW]

40+

CLICtarget

20-

750 1000 1250 1500 1750 2000
~ Time [ns]

No breakdown
during the last
80 hours

BDR <2.410-7/pulse/m

-100  -200
133 -90  -180
ns L
L -80 -160
-70 -140
BD statistics accumulation period -60 E -120
ok (fixed powerlevel) 2 %
SE A L [[s0 €-100
N ' 40 2-80
T |
................. ' 4l AL -30 -60
-20 -40
-10 -20
I [ T T T T T T T T ﬂ 0 -0
0 20 40 60 80 100 120 140 160 180 200 220 240 260 275

Hours of processing @60Hz

X
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CTF3 Status Key Design Issues AR

Main linac gradient —  Accelerating structure

Drive beam scheme —  Drive beam generation

—  Power extraction and drive beam
deceleration

—  Two beam module

Luminosity —  Main beam emittance generation and
preservation

—  Focusing to nanometer size
— Alignment and stabilisation

Operation and Machine Protection System (robustness)

Design and feasibility issues will be Volume 1: Accelerator

covered in Volume 2: Physics and experiments
CLIC Conceptual Design Report

In time for European strategy group

Volume 3: Executive summary




The CLIC RF Power Source Concept CLIC Pl()]t‘(tl\let‘tlllg’llO(li()lEtfl)l_::?lll ‘.h

CTFg Status
CLIC RF Power Source Delay Loop x 2
Layout gap creation, pulse

compression & frequency
multiplication

Drive Beam Accelerator
efficient acceleration in fully loaded linac

Combiner Ring x 3

pulse compression &
frequency multiplication

Combiner Ring x 4

pulse compression &
frequency multiplication

Drive Beam Decelerator Section (2 x 24 in total)

Q_ Power Extraction

Drive beam time structure - initial

Drive beam time structure - final

240 ns
240 ns
«—> 5.8 ps
«—>
LT

140 ps train length - 24 x 24 sub-pulses

4.2 A-2.4 GeV —60 cm between bunches

24 pulses—101 A— 2.5 cm between bunches

42
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CT F3 Status CLIC Te St FaCility (CTFS) CLIC Project Meeting,21 Oiot?e(l)r;?lli @

parameter unit | CLIC | CTF3
accelerated current A
combined current A
accelerated pulse length | us
final pulse length ns

acceleration frequency | GHz
final bunch frequency | GHz

150 Mev

DRIVE BEAM 3 e —

LINAC :
- / 150 Mev

CLEX
CLIC EXperimental Area

Two-Beam Test Stand (TBTS)
Test Beam Line (TBL)

Scaled model of CLIC RF power source - built partly re-using existing infrastructure

*Madeit affordable
Different parameters — in some cases issues more difficult than in CLIC

X 43




CLIC Test Facility (CTF3)

R. Corsini,
CLIC Project Meeting,21 October 2011

Delay loop/ring

Power production (PETS)

Decelerator

transverse stability

final current
beam energy
combination
CSR, wakes
Deflector instability
Aperture
Length

Power

Pulse length
Fractional loss
Final energy
wakes, stability
beam envelope

CTFg Status
What do we learn in CTF3, relevant for the CLIC RF power source ?
A non-exhaustive list © easier @ more difficult

System guantity/issue CTF3 CLIC

Injector/linac bunch charge 2-3nC 7.7 nC
current 35-45A 4.2 A
pulse length 1.4 us 140 pus
phase coding same
frequency 3 GHz 1 GHz

about the same - CTF3 “'too stable *~

30A

150 MeV

2-4

worse in CTF3 (lower energy)
about the same

23 mm

~1m

> 135 MW

140 ns (240 with recirculation)
50-60 %

70 MeV

somehow “masked”” in CTF3

much larger in CTF3

110A
2.4 GeV
2-3,4

23 mm
23 cm
135 MW
240 ns
90%

240 MeV

In general, most of unwanted effects are equivalent or worse in CTF3 because of the low energy, however in
CLIC the beam power is much larger (heating, activation, machine protection)
Needed tolerances on the final drive beam parameters (phase, current, energy stability...) are more stringent in

CLIC — some could be demonstrated in CTF3 as well




