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Commissioning status of CTF3
P. Urschitz

» Review status of commissioning at the end of 2006
» Schedule and goals for 2007
» Present status of the commissioning (Combiner ring)

> Conclusions
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cLic+) CTF3 overview

beam current

Goal for 2007: Combiner ring commissioning with factor
4 re-combination with nominal beam H
parameters and extraction to CC. [ ]
|_|
280 ns 140 ns

Evolution of beam current
circulating in the ring over 4 turns
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( cLic+) Delay loop commissioning e

QUASTI NOMINAL BEAM PARAMETERS
* Beam current (7 A after DL) 3.3 A max after chicane - < 6 A after combination (satellites)

* Energy (150 MeV) ~ 100 MeV - still miss MKS 15 - can gain something from others
 Emittance (100 ™ mm mrad) now consistently below nominal (50 - 80 = mm mrad)
* Pulse length (1.4 us) "just” nominal (1.4 us after chicane, 5 x 140 ns pulses after DL)

* Bunch length (up to 2.5 mm) 1.4 - 2.7 mm (nominal and natural R56 of chicane)

-nominal isochronous optics
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= Beam recombination in the
o Delay Loop (factor 2)
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( cLic+) Commissioning of TL1 & CRM

Delay Loop - commissioned with beam 2005-2006

=

Linac - commissioned with beam 2003 - 2004
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* Bypassing the Delay Loop

* low gun repetition rate (1 Hz)

* No sub harmonic bunchers - 3 GHz beam

- beam current: 3.5 A

* short pulse length: ~ 200 ns

- one additional Klystron (MKS15), higher energy: ~ 125 MeV

Just 3 weeks of commissioning — effective 80 hours!
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Transmission in TL1 & CRM

CX. TGUN

-2.0

2
\ 3
0 3.2A at the end of CT line. 3.0
o About 3A after injection into CR (94%). L o e
o Magnetic and RF injection (with same ' 1
transmission). -4.04 , . : ! . . .
o Nominal, isochronous optics in TL1 5600 5700 5800 5900 6000 6100 6200 6300
? SED2{ns)
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cLic—)  Transmission & trajectory in TL1 & CRM

Trajectony CT2CR: TRAJ SETUP *** |Dec 8 14:46:07

Transmission

0

Transmission and trajectories from

i end of CT line to CRM
CT TL1 CRM
- CTOS1S CTO525 CP0532 CTOG08 CTO62Z2 CTOGAS CTO665 CTOG9Z CTOT22 CTOTSE CROL30 CROLSS CROLSS
Trajectory H+W
a Horizontal
o Wertical rHorizontal projection
20 1.2E3 Thean = -5.07 (mm] Le
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20 CTOS1S CTOS532 CTOG08 CTOG22 CTOGAS CTO665 CTOS9Z CTO7T22 CTOTS8 CRO130 CROLSS CROL9S 2641
E 30 20 -10 0 10
a Position
» Dispersion measurement (good agreement - s —
. _Sigm:a=—1.65[m 1 — Profile
between model and measurements in first |
d Ll I.
part of TL1, worse later on) g1 H
:é 1E5 ::-" I'lj-,l
T 8E4 fd
* Quad scans (Twiss parameters from = ]
measurement and MAD prediction disagree, =
. . -30 -25 -20 -15 -10 -9 0 a2 10 13 fZIU ,]‘_5 f]‘.|] 7'5 II] % 1I|] 1‘5
small emittances in both planes) o Position
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S 10+ Schedule for 2007

2007 - CTF 3 - Schedule ] » start with beam on 20.03.2007 in Linac
- - (setting up PETS operation)

» TL1 and CR region from 28™ march (Run 1)

Mo 1 g 15| 2 =
Tu
We — Tasts 0O =
Th i Ingtallation CR | Watar FO

), g

Fr
Sa
Su

I » PETS only and finishing installations in CR
Sea TIC 218 for all Re-start with baam In Start with beam In _
s combine R A and DL region for two weeks.

Apr May Jun
Wk 14 15 16 [t IETH T 22 23 24 25 26
Mo 2| Easfr B‘l 18 fzs 30

Ju :!. i Mg Sireak -:er!
We
Th
Fr | & Frid
Sa |
Su |

Wihit. g8 4 11 18 [F

> 251 april start of Run 2

» Vacuum leak in PETS line on 12" may
Jul Aug Sep
Wk a7 % 23 30 31 32 13 34 35 38 57 38 35 (nO beam for morec tha,n a Week)

Mo 2 8 18 23| 31| 8 14 0 7| 3| 11 17| 24
Tu

W Instaliation of 3l 5F1 In OL and CR
2 nstallation of bunch phase monitor

= = I »> restart of run 2 on 23 may
Sa
Su

CTF3 alop with CTF3 stop with

oct samnct | oy peclpmemnrTs » where we are today, so far 6 weeks for

Wk 40 41 42 43 44 45 46 47 45 43 50 51 52

Mo 0 B 18| n'l,“ 2 § 1 1 28| E 1 17| 24 Run 2 (4 Weeks left)
Tu

e | Inslaal |0-1 TLZ ||r|e

7 L T L o » PETS only for 7 weeks

Th
Sa SHUTDOW
Su — T

— | — I » Run 3 for 9 weeks

CTF3 closed with  ©TF3 undar accass CTF3 CR open for Insfalistion CERN Maching
keys for contrel for HY and RF with baam Eeam In PETS clogad opan
Harowans feata condifionning

‘,.-"'"
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Objective: Combiner ring

» make one turn in CR
» debug CR, discover main obstacles, if any existing
» 1dentify problems which have to be addressed during stop

PETS
» set up of PETS beam, PETS operation

Time: 7 days for CR, 13 for PETS

Comments: » Compression system for MKS06 (BOCS) was
exchanged, not ready for this run (conditioning).
» Energy scaling of an old archive for the machine

P. Urschiitz — CLIC Meeting 15.06.2007



-0.40 _o CR.STBPID305S5
o CR.STBPI03955
o CR.STBPI04255
BPI = -0.60 o CR.STBPIN475S
0895 % . SKLYD2 s CR.STBPINS70S
-0.80
i -1.00 , : ; ; ; i i .
0 250 500 750 1000 1250 1500 1750 2000
SKE02{ns)
& BPI signals in the first half of the combiner ring

CL.’C 1-_;,-! Run 1 - PI"OQF‘QSS
BPI BPM BPM

0130 0155 0195 CRM.MTV 0210
i 5

BPI 1070

—» CR.STBPI0208S
—» CR.STBPI0248S

% Remarks:

» Beam up to CC (as usual on the last day)
» About 25% losses
» Optics not nominal

» All BPI signals overcompensated and wrong calibration
BP1 0610

= - BRI
0708 BPM BPM CC. BPM
0695 065 0130 LA
0140
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2 weeks stop of CR commissioning.

» Installation and alignment of 6 BPIs in the Delay Loop
» Work on BPI electronics to get rid of overcompensation
» Alignment of optical lines in DL and CR

» geometer network established between CR and CLEX

n parallel:

» PETS operation
» Optimizing RF pulses downstream girder 10 (using Hameds
pulse compression program)
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Objective: full commissioning of the Combiner Ring

StepS: 1) Full transmission in CR (4 turns), 3 GHz beam, DL bypassed
2) Extraction of the beam to CC
3) Optics and dispersion studies
4) Switch to 1.5 GHz beam, recombine with DL (factor 2)
5) Final recombination in CR (factor 4)

Time: 10 weeks (6 weeks so far)

Comments: > Conditioning of BOCS for MKS06 done, higher energy
» Only 2 SHB (out of 3) for 1.5 GHz
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Matching of Linac, CT line and TL1 (Quad scans):

» Girder 10: no scans possible, crumpled aluminium screen, not enough
light from the carbon screen (radiation hard camera).
» Before (MTV0435) and after DL (MTV0550): Lattice functions used for
re-matching the Linac, CT line and for matching into TL1.
Emittances: € ~ 100 © um

n,X,y,rms

TL1 studies: (With the help of INFN Frascati crew)

» Linearity check of the BPIs (beam position).

T
*  BPIDG0Emonitor o continaus measurement
+  BPIOBISmoniter continaus m gasurement

J 1 » position jitter (pulse to pulse energy
J : variation)
[ | » averaging over several pulses

[—ra—

o . & > looks pretty much linear

Horizontal position vs. dipole current
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» Dispersion check: by magnet scaling (+/- 1.5%)

20

—— D710
15 /\ —m— - (delta X} for -1.5% |
\ e > overall agreement between model
10 <
/\\ and measurement 1s ok.
! ° / \ » 24 order dispersion visible.
0 T T T 1 T pa—— T 1
E 3.041 5.569%5%1 6 19.481 \Z\\R.ZT’S /27?236 21 7%@1 16
-5 H/ ) \V
-10 -
-15
s [m]

Horizontal position vs. BPI location in TL1

» Matching and injection into CR (with and without RF deflector)

+¢ Full transmission through the first arc, up to the wiggler
¢ Large losses in the second arc

- .

¢ Check of all CR quadrupole currents ———— two control cables were mixed!

We were on a good way, but...
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\ S 1) Vacuum leak in PETS line

Region of girders 8 and 9 in the Linac

> On 12% of may: Vacuum leak in PETS line at a flange

» Girders 7 to 10 and region up to PETS were vented

» Stop of operation/commissioning

» Fortunately the intervention to fix the flange was successful

> Restart on 23" of may for commissioning, PETS operation re-starting this
afternoon only.
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( mca-j' Run 2 - continuation (CR)

Beam back in the Combiner Ring on 25% of may.

We are able to make 3 turns (kind of)!

0. 00T S s
-0.50

-1.00

-1.50 o CR.SYBPT10705

—» CR.SYBPMO1555
—» CR.SYBPIOB95S
—» CR.SYBPMOG955
—» CR.SYBPI04755
—» CR.SYBPI04255
—» CR.SYBPID130S

-2.50

-3.00

-3.50 rx SEUN

-4. 004, . T T T T

6200 6400 6600 6800 7000 7200
SEDZ2{ns)

BUT: We still loose most of the beam in the second arc (after the wiggler)

- =

Decision to measure polarities of all quadrupoles.

One quadrupole polarity was wrong (CR.QFJ0415), exactly the area where we lost the beam.
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-1.00__ CGR.SVBPI03055
-1.50
-2.00
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o CR.SVBPTO1305
o CR.SVBPI03955
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-3.00
-3.50 - SGUN
-4.00 =
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T ansm, n
0
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=5 |
CRO130 CRO195 cRO248 CRO305 CRO425 CRO475 CROS70 CROBS0 CROT08 CROTTS CROS85 CROS52Z CRI025 coO130

20

-20

Trajectory H+V

CRE0130 CRO195 CROZ248 CRO30S CRO425 CRO475 GROSY0 CROBS0 CROVOS GCROVYSE CRO89SS CRO9SSZ CRI102S CoO130

Run 2 - continuation (CR) 9

With right polarities life is much easier...

0.50
0.00 s, L

-0.50 ‘

We make up to 10 turns!

» Nominal 1sochronous optics

» RF injection

» RF pulse of deflector set up
that it’s only seen by the beam
at injection.

Switching on the SHBS (2 out of 3)

- =

We got immediately the same
Transmission in CR!
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‘im Ic ) Run 2 - continuation (CR) e

Next steps:

» Re-optimize the Linac and CT line, performing quad scans before and after the Delay Loop
» Measure bunch length with 1.5 GHz RF deflector (DL)

Study and analysis by Hamed... first results: I, ~4 mm (3 GHz)

lgunen > 4 mm (1.5 GHz)

Decision to shorten bunches ... slightly off-crest in MKS03 and set Frascati
to half natural R56 (~0.2)

» Set-up of the Delay Loop, matching to measured initial parameters
» Re-match TL1 and CR
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cLic+) Run 2 - continuation (DL) 9

Going into Delay Loop
(should be straightforward...)

After one day of effort without success to send beam around the DL, we decided again to check
Quadrupole polarities. ..

-

3 quadrupole families (CD.QFF0130, CD.QDF0140, CD.QDF0260) were wrong!!!
(Who was changing cables in DL during the shut down?)

Restarting after intervention...

1.0 .
o o WS ey g g
0.0 T‘l e >
»1 lz:...m-v X
-1.01 __ GCT.SVEPHD430S
e CD.SVEPID135S -5 |
CT [mi] 1] 1] o o [B1] [B1] 1] CT
. CD.SVEPIN186S 6 0487 0135 0200 0242 0202 0325 0378 0414 0495 0525
CX. TGUN Trajectory H+V
-2.0{ -= m-mIgiggs o Horizontal
CD . SVBPT s Vertical
- CI.svePMOS1SS a0 - °
o CD.SVEPTO4655
-3.0
e
-4.0
6100 6200 6300 G400 2(“5)6500 G600 6700 6800 CT0487 CoO013s coozoo cooz4z cooz2oz £D0325 coo378 Co0414 Co0485 CT0S3Z

Up to 80% transmission with nominal optics, has to be further optimized.
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Run 2 - continuation (CR) 9

Back to Combiner Ring (we need results for PAC...)

Latest results from yesterday give some hope... we recombine (factor 2)!

1.0

0.0

-1.0

-2.0

A-3.0

-4.0

-5.0

-6.0

-7.04

280 ns

A

G . S6UN

6313

\4

280 ns

A 4
=l

-

———

CR.STEPI0130S
CR.STEPIDZ08S

| Second turn f’f second pulse
and partly third turn of
first pulse

» - = +— Recombination — factor 2

6000

6200

6400

6600
SED2({ns)

» nominal isochronous optics
» energy ~ 115 MeV

» RF injection (2" RF deflector off — so far)
» set up of the path length in CR with wiggler

6800

7000

7200
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positive:

» there is progress, but a slow one.
» up to 10 turns in CR (10% losses per turn), with nominal optics
» re-combination of factor 2

points which should be considered in the future:

» Please check polarities after a shut down from the control room to the magnet
(including controls).
» CTF3 is becoming more and more complex, one should think about the reliability of the
equipment (Klystrons, power supplies, controls...).
Downtime is increasing!
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cLic+) private conclusions 9

As most of you know, I will leave CERN end of June... just two weeks left!

I will start in August working for Siemens close to Nuernberg, dealing with medical
accelerators (proton and carbon ion synchrotrons for cancer treatment)

How does it look like there... Where are the mountains?

l According to this map, there should be some...

I was working 2 years and 9 month for CLIC/CTF3.
It was really a pleasure to work with you!

| want to wish you good luck and success with CTF3 and in the future with CLIC!

There will be a BBQ on Thursday, 28t of June, in Prevessin starting at 16:30.
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