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Outline

* Influence of RF-breakdowns on the beam:
what we expect and how we can measure it at TBTS

e Screen-based measurements of transverse beam kicks

» Correlation study of measured kicks with breakdown
characteristics (cell number, missing energy, input power)
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RF-breakdown influence on the beam

beam expected to get a transverse kick

In the structure when a breakdown occurs
(as measured by other experiments, cfr. Dolgashev, SLAC-PUB-10668)

Assuming that the breakdown occurs “during” the pulse
(neither before nor after):

1. the whole beam pulse can be kicked (new orbit);

2. only part of the beam pulse can be kicked (only the kicked part
follows a new orbit);

3. the beam can be completely lost;

4. the energy of the kicked beam changes.
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http://www.slac.stanford.edu/pubs/slacpubs/10000/slac-pub-10668.html

BPM-based transverse kick measurement

BPM750: x, BPM720: x, n BPM560: x, BPM530: x,
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4 BPMs for kick dipole
measurement
(angle and offset) ~ BPM830: x,

dipole + 1 BPM for Y
energy measurement

« aiming at 10 ym BPM resolution to reach ~10 urad angle resolution
(cfr. Johnson, CLIC-NOTE-710)

e currently limited at ~300 ym due to to small signal-to-noise ratio and blinded
by drive beam noise (below 100 MHz) induced on the diagnostics (cfr.
Palaia, EDMS document 1175749)

« modifications to existing BPMs (inductive peak-ups), installation of new laser
and two cavity BPMs (before April 2012), will improve BPM resolution
— BPM-based kick measurements planned for CTF3 2012 run.
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http://cdsweb.cern.ch/record/1053413/files/open-2007-022.pdf
https://edms.cern.ch/document/1175749/

Screen-based kick measurements

how the beam looks like when a RF-breakdown occurs

13220701071090734336 - 3.5879 ¢ 13220708236392868576 - 3598 5 1322072475933260800 - 3.59813

» the beam shape is affected by RF in the ACS even if no
breakdown occurs

* due to the beam jitter (~1 mm) it is not possible to detect a
whole kicked beam pulse
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RF-breakdown kick to the beam

example of YAG screen based measurement

22 August 2011: first attempt to measure the effect of RF-breakdown on the probe beam
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Kicked beam or breakdown current?

Measurements with (left) and without (right) probe beam,
same input power in the ACS (~80 MW)

kicked beam
juaJind umopyeauq

REMARK: different filters used to prevent saturation with the beam
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RF-breakdown kicks to the beam

statistics of YAG screen based measurements

analysis on ~170 BD events, 2-Gaussian fit on horizontal and vertical profile of the screen (separately)

e kicks on horizontal and vertical planes between 0.02 and 0.2 mrad;
e kicks corresponding to a transverse momentum between 10 and 40 keV/c
(measurements at NLCTA within 30 keV/c, cfr. Dolgashev, SLAC-PUB-10668);

horizontal kick angle vertical kick angle

0.1 0.2 0.3 0.4
mrad mrad keV

REMARK: preliminary results based on a larger data-set
with respect to what used so far (cfr. Palaia, CTF3 working meeting)
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http://www.slac.stanford.edu/pubs/slacpubs/10000/slac-pub-10668.html
https://indico.cern.ch/conferenceDisplay.py?confId=177145

RF-breakdown kicks to the beam

statistics of YAG screen based measurements

analysis on ~170 BD events, 2-Gaussian fit on horizontal and vertical profile of the screen (separately)

direction of the kicks
9.0 2.5 REMARKS:

1. preliminary results based on a larger data-
set with respect to what used so far
(cfr. Palaia, CTF3 working meeting)

2. the kick direction is somehow “guessed”
due to the unavailability of the non-kicked
beam pulse

570
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https://indico.cern.ch/conferenceDisplay.py?confId=177145

RF-breakdown kicks to the beam

correlation with breakdown position in the accelerator structure

analysis on ~170 BD events, 2-Gaussian fit on horizontal and vertical profile of the screen (separately)

distance between the peaks (measured on the screen) vs BD cell number
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Estimation of BD cell:
* method 1 (left): time between appearance of reflected RF and disappearance of transmitted RF;
* method 2 (right): time between forward and reflected RF.

REMARK: data consistency (synchronization of RF and screen) still not 100% sure
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RF-breakdown kicks to the beam

correlation with missing energy

analysis on ~170 BD events, 2-Gaussian fit on horizontal and vertical profile of the screen (separately)

transverse momentum vs missing energy

100 ; ; ;
: REMARKS:
S : .
80 _~, .................... ..................... o missing energy is estimated
: integrating over the whole RF
N pulse;
BOF-eeeens e T o
% 5 ° : * missing energy estimation
X : : takes into account attenuation in
40 WG and ACS;
* missing energy estimation is
20 sensitive to BD cell estimation
(reason for negative energies)
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RF-breakdown kicks to the beam

correlation with input power

analysis on ~170 BD events, 2-Gaussian fit on horizontal and vertical profile of the screen (separately)

transverse momentum vs input power (at FWHM)
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Conclusions

RF-breakdown kick to the beam so far:

« first results kick within 40 keV/c
» poor statistics, difficult to correlate with RF measurements due to data format

For 2012 Run

» More screen-based kick measurements
« BPM-based kick measurements

« Data acquisition consistent with the physics we are interested in
(correlation with RF measurements)
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RF-breakdown kick to the beam

statistics of YAG screen based measurements

AUG 2011

horizontal BD kicks measured on screen CAMTVQ790
August 2011 data: 30 horizontal BD kicks out of 35 kicks detected

0.02 0.04 0.06 0.0?j 0.1 0.12 0.14 0.16

vertical BD kicks measured ol n CA.MTV0790
August 2011 data: 30 vertical BD kcks out of 35 kicks detected

0902 004 006 008 01 012 014 016 0.18 02 0.22
mrad

270

deg

e kicks on horizontal and vertical planes between 0.02 and 0.2 mrad;
* kicks corresponding to a transverse momentum between 10 and 40 keV/c
(measurements at NLCTA within 30 keV/c, cfr. Dolgashev, SLAC-PUB-10668);

BD kicks measured on s n CA.MTV0790
August 2011 data: 35 k cks detected

0904 0.06 0.08 0.1 0.12 0.14 016 0.18 02 022 024
mrad

BD kicks measured on screen CA.MTVQ790
August 2011 data: 35 kicks detected
T
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http://www.slac.stanford.edu/pubs/slacpubs/10000/slac-pub-10668.html

CA.BPMO530H [mm]

CA.BPMO530V [mm]

BPMs: linear response and calibration

« consistency between high-gain and low-gain calibration;
« BPM response linear in the whole range (beam pipe diameter is 40 mm);
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BPMs: resolution

Resolution = standard deviation of the distribution of the residuals
given by comparing the beam position measured at one BPM with the
beam position expected at the same BPM 2s00———3 f

2000}

Two methodologies used: oo - - .

m 0.35

1000}

1. beam position sample-by-sample o
(interesting for the kick measurement); S A R s

2. average beam position over a beam pulse
(always give a resolution smaller by a |
factor V\beam pulse length in #samples) S

Best resolution sample-by-sample measured
so far is ~0.35 mm (August 2011);

0.2

-0.4 -0.2 0
& mm

Reference: EDMS document 1175749

0.4
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https://edms.cern.ch/document/1175749/

TBTS BPMs: modifications Nov2011

 Limitation to the resolution identified in a too small signal-to-

noise ratio (SNR)

* Modification on BPM CA.BPMO0720 (downstream of the ACS)
results in a bigger SNR (Nov 2011)

Number of turns in the secondary
winding of the transformer of
CA.BPMO0720 reduced from 30 to
16, gives a SNR higher by a factor
~1.8, keeping the noise level
unaltered (~8 mV)

cycle from cxXl exX| cxXl| cxXl | SETUP[1] NoDUMP

SE02{ns) 00000.0000000000 | 199 0.01 199/ 199 2011 Nov 02 11:56:04

CA.SAEPMO5305 - CA.SABPMDS60S - CA.SAEPMO7205 - CA.SABPMD750S =
—» CA.SABPMOS30S
—» CA.SABPMOS60S

700 725 750 775 800 825 850 875 900

Reference: CTF3 e-log on 2 Nov 2011 at 11.54
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https://ab-dep-op-elogbook.web.cern.ch/ab-dep-op-elogbook/elogbook/secure/eLogbook.php?shiftId=1040029

TBTS BPMs: on-going modifications

Improvement of the signal-to-noise ratio for all five probe beam BPMs
reducing the number of turns in the secondary winding of the transformer

* 40 new toroids (8 toroids per BPM x 5 BPMs)
with 10 turns each (currently 30) are being
produced at Uppsala and will be assembled at

CERN on the existing PCBs

« we expect a signal-to-noise ratio 3 times higher,
(noise unchanged) with a slightly higher low cut-
off frequency

)2 A
currently 150 Hz 10 kHz
expected 1.35 kHz 90 kHz

Expected droop at percent level, tolerable as
we are looking for fast signals in the BPM trace
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TBTS BPMs: cavity BPMs

Installation of 2 re-entrant cavity BPMs (CALIFES spares) in TBTS
« Cabling needed (6 cables from CLEX to the gallery for 5 GHz signals)
« Read-out with CALIFES electronics (down-mixing and ADCs)

CA.BPMO0750

CA.BPM0720

These BPMs are likely to be immune to the low-freq (<100 MHz) noise induced by the
drive beam on the diagnostics — back-up solution for the the kick measurement

29 February 2012 Breakdown kick measurements - A. Palaia and W. Farabolini 20



Flashbox

Installed in the probe beam on 28-29 July 2011,
upstream of the ACS

ICT followed by two parallel 8-electrodes plates
on the horizontal plane

88\ Reference: EDMS document 1157711
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https://edms.cern.ch/document/1157711

Flashbox

All channels operational sennner FLASHBOX SIGNALS (example)

Time 8/4/11 6:29 PM | © Breakdown @ Interlock @ External @ Time | Time stamp 1312475340839000000
K =3
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(Anastasiya Radeva)
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« 2x Acqiris ADC + 1x Spectrum
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Reference: CTF3 e-log on 4 Aug 2011
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https://ab-dep-op-elogbook.web.cern.ch/ab-dep-op-elogbook/elogbook/secure/eLogbook.php?lgbk=100&date=20110804&shift=1
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