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OverviewOverview

• Machine Development (MD) studies at the SPS have been carried 
out with trains of bunches spaced by 25 ns, 50 ns or 75 ns. 
• For one of the SPS kicker magnets (MKDV2) the 75 ns bunch 
spacing resulted in considerable beam induced heating. 

→ This is believed to be understood and will be explained.
• The MDs showed that 50 ns bunch spacing could result in a very 
rapid pressure rise in some kicker magnets (especially MKDV1) and 
thus cause an interlock.

→ Detailed measurements will be presented and discussed. 
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FERRITE

Return Conductor

Go Conductor

Vap

Hap

Cross-Section of MKDV (Vertical) ApertureMKDV1:

Pumps

Pressure 
Gauge

Pipe: ~16cm ID 
& ~49cm long

No transition pieces between the magnet and the vacuum 
tank are installed in the MKDV magnets

No impedance reduction measures (like serigraphy) applied.

Vacuum 
Tank

The MKDV kickersThe MKDV kickers

The MKDH + MKDV kickers are used to send the SPS beam onto an 
internal dump 
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SPS beam parameters during the SPS beam parameters during the 
Machine Development StudiesMachine Development Studies

An overview view on the main beam parameters (at the MKDV) 
during the MD sessions in the SPS 

25, 75 ns 50 ns
σx @26 GeV/c 1.6 mm 0.9 mm

σy @26 GeV/c 3.2 mm 1.8 mm

σx @450 GeV/c 0.38 mm 0.22 mm

σy @450 GeV/c 0.77 mm 0.44 mm

Beam sizes @ MKDV1

βx (m) βy (m)

MKDV1 23.6 94.51
MKDV2 28.55 81.1

Injection 
(26 GeV/c)

Before 
ramp

450 GeV/c

25 ns 0.92 ns (0.6 ns) 0.35 ns
50 ns 0.92 ns 0.6 ns 0.31 ns
75 ns 0.9 ns (0.6 ns) 0.31 ns

Bunch length (1σ)

* The beam sizes are smaller at 50ns than    
at 25 and 75ns because the 50ns beam is 
produced with lower transverse emittances
at the PSB (~1 μm instead of 2.7 μm)
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MKDV Temperature & Pressure on 12, MKDV Temperature & Pressure on 12, 
13 & 1413 & 14thth August 2008August 2008
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MKDV1: pressure
MKDV2: pressure
MKDV1: Temperature
MKDV2: Temperature

25ns beam

3 batches 50ns 
beam @ 01:43:
immediate trip

50ns beam  
05:13 to 07:00

75ns beam to 
01:30

Normally: MKDV1 temperature>MKDV2 and 
pressure < 6e-8 mbar (as per 25ns beam);

For 75ns beam MKDV2 temperature > MKDV1 
and pressure < 6e-8 mbar;

For 50ns beam MKDV temperature is not an issue, 
but pressure is an issue!.

8s resolution for pressure.

See slides 7, 8  
and 9

8s resolution



7PAC2009, VancouverG. Rumolo, CERN

MKDV Pressure on 14/08/2008, MKDV Pressure on 14/08/2008, 
between 01:20hrs & 02:10hrs.between 01:20hrs & 02:10hrs.
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MKDV1: Temperature
MKDV2: Temperature

75ns beam to ~01:30

Started 1 batch 50ns 
beam at 1:32hrs, 

continuously.

Single shot of 4 
batches of 50ns beam 
at 2:05hrs: interlock.

One shot of 2 
batches of 50ns beam 

at 1:42hrs.

One shot of 3 
batches of 50ns beam 
at 1:43hrs: interlock.

Summary: 50ns beam 
causes pressure rise; high 
pressure with 3 or 4 
batches per shot.

1s resolution
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MKDV Pressure on 14/08/2008, MKDV Pressure on 14/08/2008, 
between 05:00hrs & 07:00hrs.between 05:00hrs & 07:00hrs.
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MKDV1: pressure
MKDV2: pressure
MKDV1: Temperature
MKDV2: Temperature

Started 1 batch 50ns 
beam at 5:13hrs.

One shot of 3 
batches of 50ns beam 

at 5:39hrs.

Four shots of 4 
batches of 50ns beam 
at 5:41hrs: interlock.

Four shots of 4 
batches of 50ns beam 

at 5:45hrs.

Two shots of 4 
batches of 50ns beam 

at 5:49hrs.

One batch per shot of 
50ns beam from 

6:05hrs to 7:00hrs.

Summary: 50ns beam causes 
pressure rise; high pressure 
with 3 or 4 batches per shot.

MKDV1 exhibits the highest 
pressure rise

1s resolution
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Partial summary and comparison Partial summary and comparison 
with other kickerswith other kickers

• MKDV1 & MKDV2 are affected by temperature increase with 
beams spaced by 75ns and pressure rise with beams spaced by 50ns
• Temperature increase is specially severe in MKDV2, whereas 
pressure rise is larger in MKDV1 
• Other kickers also exhibit pressure rise with the 50ns spaced 
beams, but always over a factor of 2 below that observed in MKDV

→ MKDH, MKQV, MKE6 show vacuum activity with 50ns beams
→ MKQH, MKE4, MKP do not have pressure rise
→ MKQH is sensitive to 75ns beams 

• The temperature rise is observed to be specially low in the MKE
kickers that are serigraphed. However, the MKEs exhibit significant 
pressure rise, irrespective of whether they are serigraphed, or not.  
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MKDV: Longitudinal ImpedanceMKDV: Longitudinal Impedance
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MKDV1: Real Longitudinal Impedance (Measured)
MKDV1: Real Longitudinal Impedance (Theoretical)
MKDV2: Real Longitudinal Impedance (Theoretical)

•Longitudinal Impedance (ZRL) 
Theoretical Calculation:  CERN-
SL-2000-04 AP, by H. Tsutsui, 
pp7-10.
•MKDV1 theoretical ZRL fits 
baseline of measurement 
reasonably well.
•Cell length of 51cm (λ/4) 
resonance, for open circuit, of 
147MHz (assuming μr & εr of 1).
•“Spikes” of measured ZRL are 
due to lack of transition pieces.
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All bunch spacing hit: ~440.6MHz and ~480.7MHz ZRL

Amplitude is already low at 500MHz.

25ns bunch spacing.
~40.05MHz spacing of lines

50ns bunch spacing.
~20.03MHz spacing of lines
Also hits: 420.6MHz and 460.6MHz ZRL

75ns bunch spacing.
~13.5MHz spacing of lines
Also hits: 334.0MHz and 387.1MHz  ZRL
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MKDV1 Kicker: Vacuum, MKDV1 Kicker: Vacuum, 
October 6October 6thth to 8th, 2008to 8th, 2008
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• Pressure rise seems to occur in the last part 
of the ramp through the flat top 
• Volume of MKDV1 tank is ~0.3m3;
• 3 ion pumps for each magnet, rated at 350 l/s
each (1050 l/s total);
• ideal τ for decay of pressure of 0.3s

MKDV1 Kicker: Vacuum, MKDV1 Kicker: Vacuum, 
October 7October 7thth, 2008, 2008

16ms resolution

~4s2s

21.6s supercycle

BCT data courtesy 
of Elena Benedetto
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MKDV Pressure Peak versus MKDV Pressure Peak versus 
Bunch Intensity (4 batches)Bunch Intensity (4 batches)

50ns bunch spacing;
The instantaneous pressure rises in MKDV kickers shows a 
clear threshold effect with intensity.
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Electron cloud study for the Electron cloud study for the 
MKD kickersMKD kickers

lectron cloud simulations were run with ECLOUD to understand 
whether the pressure rise in MKDV1 can be explained with electron 
cloud formation: 
+
KDV1 has the most electron cloud among the MKD magnets
−
f the δmax>1.7, both 25ns and 50ns bunch spacings cause electron cloud 
formation, but the 25ns appears more critical (~2-3 larger density). 

Measured fluxes in the
SPS e-cloud monitors

Simulation at top energy with realistic
value of remnant B field
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ConclusionsConclusions

Temperature rise of MKDV2 with 75 ns bunch spacing, is believed 
to be attributable to impedance resonances coinciding with one or 
more beam spectral lines of significant current;

Measurements on MKDV1 show that the resonances are 
significantly attenuated by the use of transition pieces (see paper 
TU6RFP076) 
It is planned to install transition pieces in MKDV2: this is expected 
to reduce the temperature rise with 75 ns bunch spacing.

50ns bunch spacing causes fast pressure rise (suspected surface 
effect, e.g. electron cloud) for most SPS kickers – but MKDV1 is 
most significant;
Consistent with electron cloud, pressure rise is dependent upon: 

Beam intensity 
� Number of batches
� There is an intensity threshold at ~6x1010 protons/bunch

Bunch sizes
However, both e-cloud monitors and simulations show higher e-
cloud build up with 25ns bunch spacing...



16PAC2009, VancouverG. Rumolo, CERN



17PAC2009, VancouverG. Rumolo, CERN



18PAC2009, VancouverG. Rumolo, CERN

MKE Kicker: 
serigraphy on ferrite

Ferrite

HV Plate
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