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Results from February 2018Results from February 2018Outline

● Bunch length studies in ATF2:

- Measurements of the dependence of the ATF2 bunch 
length with the beam intensity. 
- Simulations of the impact of the bunch length incease in the 
ATF2 beam line on the vertical beam size at the IP.

● Wakefield knobs studies in ATF2:
 

- Measurements of the impact of the wakefield knobs on the 
vertical beam size at the IP.
- Simulations of the efficiency of the wakefield knobs.
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ATF2 bunch length 
measurement with beam 

intensity
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Results from February 2018Results from February 2018
Bunch length measurement

Previous measurements (1/2)
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Results from February 2018Results from February 2018
Bunch length measurement

Previous measurements (2/2)

Bunch length measurement from Nuria Fuster’s thesis showing that the bunch length depends 
on the beam intensity (2016).
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Results from February 2018Results from February 2018
Bunch length measurement

Experimental setup (1/2)

The bunch length of the beam was obtained by using a streak camera to measure the 
time structure of the synchrotron radiation from one of the bending magnets in the 
arcs. The images obtained by thestreak camera were fitted with a Gaussian function.

Synchrotron radation from 
this bending magnet Streak camera

Synchrotron 
radiation

ATF scheme Bunch length experimental setup

Rotating filter
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Results from February 2018Results from February 2018
Bunch length measurement

Experimental setup (2/2)

Shutter

AREA

MCP
(gain)
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Results from February 2018Results from February 2018
Bunch length measurement
Experimental results (1/6)

Measurement - 2019/12/05:
Parameters used for the streak camera:
- Shutter: 20ms
- MCP: 27
- H Range: 5 µs
- V range: 2
- AREA: always around 10000

Goal: keep a constant AREA of around 10000 for all beam 
intensities only by changing the opacity of the rotating filter 
(and keep MCP=27).
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Results from February 2018Results from February 2018
Bunch length measurement
Experimental results (2/6)

Measurement from 2019/12/05:



16th  January 2020 CLIC beam physics meeting 10

Results from February 2018Results from February 2018
Bunch length measurement
Experimental results (3/6)

Measurement - 2019/12/10:
Parameters used for the streak camera:
- Shutter: 20ms
- MCP: 27
- H Range: 5 µs
- V range: 2
- AREA: always around 10000

Goal: keep a constant AREA of around 10000 for all beam 
intensities only by changing the opacity of the rotating filter 
(and keep MCP=27).
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Results from February 2018Results from February 2018
Bunch length measurement
Experimental results (4/6)

Measurement from 2019/12/10:
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Results from February 2018Results from February 2018
Bunch length measurement
Experimental results (5/6)

Measurement from both 2019/12/05 and 2019/12/10:

Link to log.

http://pkorysko.web.cern.ch/log_bunch_length_intensity.html
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Results from February 2018Results from February 2018
Bunch length measurement
Experimental results (6/6)

Comparison between the measurements from PhysRevLett.92.054802 
(2004) and the latest ones (Dec 2019):

Both measurements (2004 and 2019) agree: the bunch length is varying 
from 20 ps at 0.1x1010 e- to around 30 ps at 0.9x1010 e-.

https://cds.cern.ch/record/975667/files/PhysRevLett.92.054802.pdf
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ATF2 bunch length simulation 
with beam intensity
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Results from February 2018Results from February 2018
Bunch length variation’s impact on the IP beam size

Simulation conditions (1/2)

Simulated errors:

● Static errors:
- Misalignement of quads, sexts, bpms of 
100 µm RMS
- Strength error of quads, sexts of 0.1%
- Roll error for quads and sexts of 200 µrad

● Dynamic errors:
- Incoming position jitter of 0.3σ

y

Corrections applied:

● One-to-one
● DFS
● WFS
● Knobs (<Y, YP D XP XP.*XP XP.*YP XP.*D>)

First order Second order

Simulation procedure:

● Tracking 200 bunches per machine from the ATF extraction line to the IP.

● 100 machines with the previously cited static imperfections.

● Apply the cited corrections and the knobs on the distribution at the IP.

● Run these simulations for beam intensities varying from 0.1x1010 e-/bunch to 0.8x1010 
e-/bunch using the measured bunch length for each of them (eg: σ

z
 = 8.3 mm at 0.8x1010 e-)
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Results from February 2018Results from February 2018
Bunch length variation’s impact on the IP beam size

Simulation conditions (2/2)

● Wakefield sources: Cavity BPMs, bellows and flanges (wakepotentials calcultated with GdfdL ).

Position of 
wakefield sources

Wakefield sources wakepotentials (V/pC/mm)

Cavity BPM Bellow Flange
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Results from February 2018Results from February 2018
Bunch length impact on the IP beam size

Simulation results

The impact of the bunch length’s variation with the beam intensity has a significant impact on 
the vertical beam size at the IP: the average difference is around 3.4 nm at 0.8 x 1010 e-, which 
represents more than 4.4%
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Wakefield knobs in ATF2
Measurement
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Results from February 2018Results from February 2018
Wakefield knobs

Experimental setup (1/2)

Goal: Use two well known wakefield sources on movers in the ATF2 extraction line to 
compensate the intensity-dependent effects.
Setup: Made of two movers, the first one carries two C-BPMs and the second one 
carries a bellow. 

e- beam
to IP
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Results from February 2018Results from February 2018
Wakefield knobs

Experimental setup (2/2)

Position: The setup was installed in the the ATF2 extraction line between QD10BFF 
and QD10AFF. The phase between the setup and the IP is around 2.5π. Thus, the 
kicks generated by the setup translate into a position offset at IP. 

Position of the setup
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Wakefield knobs
Experimental results (1/4)

First, set both CBPMs and bellow movers position to zero and measure the 
intensity-dependent effects before applying the wakefield knobs:
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Wakefield knobs
Experimental results (2/4)

Then, iteratively find the minimum beam size (maximum modulation) by moving the 
CBPMs and the bellow.

2nd iteration:

1st iteration:



16th  January 2020 CLIC beam physics meeting 23

Wakefield knobs
Experimental results (3/4)

Intensity-dependent effects after applying the wakefield knobs:
Final CBPMs mover position: +1.075 mm, 
Final bellow mover position: +0.606 mm

Link to log.

http://pkorysko.web.cern.ch/log_wakefield_knobs_dec19.html
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Wakefield knobs
Experimental results* (4/4)

The wakefield knobs reduced the intensity dependence parameter 
from 25.6 nm/109 to 12.6 nm/109. (The IP angle jitter was ~70 µrad).

w [nm /109
]=(√σ y ,q

2
−σ y , 0

2
) /q *Using the IPBSM 30° mode
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Wakefield knobs in ATF2
Simulation
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Results from February 2018Results from February 2018
Wakefield knobs

Simulation conditions (1/2)

Simulation procedure:

● Tracking 200 bunches per machine from the ATF extraction line to the IP.

● 100 machines with the previously cited static imperfections.

● Apply the cited corrections and the knobs on the distribution at the IP.

● The position of both movers is scanned from -3 mm to +3 mm with a step of 300 µm.
The minimum beam size of this 2D scan is calculated for each pulse of each machine.

Simulated errors:

● Static errors:
- Misalignement of quads, sexts, bpms of 
100 µm RMS
- Strength error of quads, sexts of 0.1%
- Roll error for quads and sexts of 200 µrad

Corrections applied:

● One-to-one
● DFS
● WFS
● Knobs (<Y, YP D XP XP.*XP XP.*YP XP.*D>)

First order Second order
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Results from February 2018Results from February 2018
Wakefield knobs

Simulation conditions (2/2)

● Wakefield sources: Cavity BPMs, bellows and flanges (wakepotentials calcultated with GdfdL ).

Position of 
wakefield sources

Wakefield sources wakepotentials (V/pC/mm)

Cavity BPM Bellow Flange
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Results from February 2018Results from February 2018
Wakefield knobs

Simulation results (1/2)

Position of CBPMs scan for one machine. Position of bellow scan for one machine.

2D scan for 
one machine
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Results from February 2018Results from February 2018
Wakefield knobs

Simulation results (2/2)

The simulated wakefield knobs reduce the intensity-dependent effects really efficiently at 
the IP. The resulting intensity-dependent parameter is really small: w ~ 0.2 nm/109 e-.
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Conclusions

● The bunch length’s variation with the beam intensity was measured in 
the ATF damping ring. It is varying from around 6 mm at 0.1x1010 e-/bunch 
to around 8.5 mm at 0.8x1010 e-/bunch.

● The impact of such variation was simulated taking into account several 
types of imperfections and corrections. The average difference between a 
beam which does have a bunch length correlated with the beam intensity 
and a beam which doesn’t is around 0.2 nm. This seems to be a negligible 
effect.

● The measured wakefield knobs correction gave really good results for the 
nominal optics and at 30° mode in December 2019. The intensity parameter 
was decreased from 25.6 nm/109 e-/bunch to 12.6 nm/109 e-/bunch (with 
an IP angle jitter of ~70 µrad). 

● The simulated wakefield knobs correction is really efficient. It decreases 
by more than a factor 10 the intensity-dependent parameter.
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Thank you
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