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LHC beam structure
→ The max number of bunches that can be injected 

into the LHC is directly related to the MKP and MKI 
rise time 
↳ Design values for the SPS batch spacing is 225 ns and for 

LHC batch spacing is 900 ns
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Road to reduced batch spacings
→ The aim is to reduce the batch 

spacing without (measurable) 
emittance growth, large intensity 
reduction (due to transverse losses 
at the TCDIs or scraper) or losses at 
injection in the LHC 

→ The most sensitive bunches are the 
first injected and the last of the 
circulating beam 

→ Possible optimisations: 
↳ Fine synchronisation of the individual 

MKP/MKI magnets 
↳ optimal settings of the MKP/MKI total 

delay 
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Fine synchronisation of the MKP/MKI
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MKPA

tof = 2.2 ns 

→ The overall rise-time depends on the rise-times of each individual 
magnet and their synchronisation with respect to the beam passage 

→ The stability of the waveform then depends on the reproducibility of 
each individual waveform and on the stability of the time for 
conduction of each individual switches 
↳ Hence, health of the switches is a key…
↳ Automatic recovery from drifts and  

detection of large jitters - under investigation
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Fine synchronisation of the MKP/MKI
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How to measure it - SPS
→ The emittance growth is too small to be measured with the wire-scanner  

→No screens available at SPS injection  

→ The idea is then to use LHC-type BPMs (3 of them installed in SPS - LSS5) 
which measure the beam position turn-by-turn and bunch-by-bunch  
↳ This permits us to measure the oscillations provoked by the MKP on both injected and 

circulating beam
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How to measure it - SPS
→ The emittance growth is too small to be measured with the wire-scanner  

→No screens available at SPS injection  

→ The idea is then to use LHC-type BPMs (3 of them installed in SPS - LSS5) 
which measure the beam position turn-by-turn and bunch-by-bunch  
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Measurements results - SPS
→ After fine synchronisation of each individual kicker, the optimal settings for 

different batch spacing were measured 

→ No emittance blow up observed, thanks to great performance of the SPS 
transverse damper!
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→ …a bit more observables (that can be accurately 
measured) in the LHC! 
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2017 performance in the SPS and LHC

→ Overall, for BCMS beam, 
this year configuration 
gave about 6% more 
instantaneous luminosity 
at the experiments! 
↳ MKPs synchronised only 

once at the beginning of the 
run
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2017 performance in the SPS and LHC
→ Gradually went down 

from 250 ns to 200 ns 
batch spacing in the 
SPS 
↳ For BCMS, a few 

percent impact of 
intensity of 1st - last 
bunch…machine still not 
properly scrubbed? 

→ When moved to 8b4e 
after the BS warm up 
problem, directly 
started physics with 
200 ns 
↳ No observable impact 

on intensity of 1st - last 
bunch of PS batches
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2017 performance in the SPS and LHC
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Effect of different spacing on intensity bbb
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2017 performance in the SPS and LHC
→ Also in LHC, no observable effects on 

intensity or emittance as consequence 
of reduced SPS and LHC batch spacing  
↳ Increased injection oscillations were 

measured for the affected bunches, but with 
no impact on emittance or intensity  

↳ To keep in mind that any change in the 
transverse damper settings might effect this!
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Peculiarities observed this year
→ When moved to trains of 

4 PS batches (200 ns), 
the last bunch of the 3rd 
batch presented 
increased horizontal 
and vertical emittance  
↳ This was solved by 

delaying slightly (10 ns) 
the MKP 

↳ Still not understood… 

→ The problem 
disappeared “by itself” 
after a few weeks (after 
the high intensity run in 
the SPS)…
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Room for (even more) improvements?
→ To date, the MKP/MKI kicker modules synchronisation was measured using 

the current from the TMR (Terminating Magnet Resistor) 

→ We also have (on all MKIs [except the present 8D] and some MKPs) 
capacitive pickups on kicker cables at the entrance and exit of the magnets 
↳ It was observed (E. Carlier and M. Barnes) discrepancies on the measured waveforms 

wrt the TMR measurements  
↳ The measurements at the exit of the magnet show better the end of field rise in that 

magnet 
↳ This might bring the possibility to better synchronise each individual kicker with the 

beam passage => ~ten ns… 

↳ We might be able to then slightly reduce further => only and only if measurements 
confirm this
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16.3.3  Equipment Description 

Overview 

The schematic circuit diagram of the injection kickers is given in Fig. 16.7. Each magnet is powered by a 
separate pulse-forming network (PFN). Two PFNs are charged simultaneously from one resonant charging 
power supply (RCPS). To be able to vary the pulse duration a main switch (MS) and a dump switch (DS) are 
needed, one at either end of the PFN. A carefully matched high bandwidth system is necessary to fulfil the 
stringent pulse response requirements. The system is therefore composed of a multi-cell PFN and a multi-cell 
travelling wave kicker magnet, connected by a matched transmission line and terminated by a matched 
resistor [15]. To achieve the required kick strength a low characteristic impedance of 5 Ω was chosen. 
 

 
Figure 16.7: Schematic circuit diagram 

The design voltage is 60 kV, as in most SPS kicker installations, allowing the use of several proven 
components such as transmission lines, connectors and termination resistors. The voltage on the magnet is 
half of the PFN voltage - allowing for overshoot, the design voltage of the magnet is 35 kV. The major 
components are discussed below in more detail. 

Magnet 

Each kicker magnet consists of a series of 33 cells: a compromise between bandwidth and cost. Fig. 16.8 
shows a cross section of one magnet cell, with matching capacitors mounted between a high voltage and a 
ground plate. The plates are spaced by three ceramic-metal insulators, which together form an independent 
cell assembly. To achieve a characteristic impedance of 5 Ω within the space constraint of the 540 mm 
diameter tanks, two ceramic plate capacitors with 210 mm diameter each and contoured rims have been used 
leading to a nominal self-inductance and capacitance per cell of 101 nH and 4.04 nF, respectively, including 
the plate end effect. 

 

Ground plate

High voltage plate

Matching capacitors

Vacuum tank

Ground conductor

Copper tube

Metallized ceramic tube

High voltage conductor

Damping resistor

Ferrite C-Core

High voltage feedthrough
 

 
Figure 16.8: MKI magnet cross section 

 
For stability reasons the capacitors are made of a monolithic class 1 ceramic with relative permittivity of 

about 75. The electrodes are formed by painted and then baked silver layers. In order to avoid surface flash-
over problems and to achieve reliable operation at full voltage, the voltage holding capabilities have been 

Capacitive pickups

TMR current 
measurement
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→ If one could go lower 
in batch spacing, 
what is the possible 
gain for the LHC 
performances? 
↳ Filling schemes 

provided by C. Schwick
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Room for (even more) improvements?
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→ Looking also at the other 
possible beams, e.g. BCS (or 
Pure Batch Compression) => 
max 2220 bunches 
↳ To have a significant 

improvement, one should go 
down to 750 ns for the MKI or 175 
ns for the MKP => 2252 bunches 
(15% lower than BCMS) 

↳ This looks out of reach at the 
moment! 

→ 4 batches cannot be 
transported to the LHC (at 
nominal brightness) => TCDI 
attenuation limits (see V. 
Vlachodimitropoulos talk)
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Summary and conclusions
→ This year, we operated reliably with 200 - 800 ns batch spacing in the SPS and 

LHC 
↳ Only one fine synchronisation of the MKPs needed at the beginning of the run 
↳ Transverse damper, in both SPS and LHC, helped significantly 

→No beam quality degradation observed in the SPS nor in the LHC 
↳ Both BCMS and 8b4e beams profited from this configuration  
↳ The performance seems to get better during the run… 

→ Possible improvements are under investigations 
↳ This will need beam time to asses the possible gains following new current waveform 

measurements 
↳ The “easiest” improvement seems to be the reduction of the MKI spacing to 775 ns - this will be 

investigated at the beginning of the year 
↳ To bear in mind that we are very close to the limits of these systems  

→ The improvements needed for the BCS beam (175 or 750 ns) are very challenging 
and don’t seem feasible at the moment  

→We suggest to keep the same spacings (200, 800 ns) for the 2018 run
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Thanks!
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Effect of different spacing on intensity bbb
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SPS injection system
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SPS injection system

MSI 4 MKP-L

Circulating beam

Injected 
beam 12 MKP-S

2xMKPA and MKPC

→ Composed of 4 tanks: 
↳ The first 3 are made with "S type" magnets (5 + 5 + 2 =12) => 150 ns rise time (from specs), long pulse but weaker than the 

L type 
↳ The last tank is made with "L type" magnets (4) => 225 ns rise time (from specs), short pulse but stronger than the S type 

→ 8 switches for 4 HV generators => the first 3 power the first 3 tanks and the last powers the 4th tank
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SPS injection system
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SPS injection system
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SPS injection system
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Optimum total delay
→ The aim is to evenly share the unwanted kick between 

the last circulating and the first injected bunch 
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Optimum total delay
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Increasing delay
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→ The aim is to evenly share the unwanted kick between 
the last circulating and the first injected bunch 
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Optimum total delay
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Optimum delay

Circulating
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→ The aim is to evenly share the unwanted kick between 
the last circulating and the first injected bunch 


