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SPS BEAM TESTS WITH CRAB CAVITIES 

  Introduction 

  Main conclusions of a Working Group (2 months at the end of 2009 )  

  Results of 2010 SPS MDs (with L. Ficcadenti, G. Rumolo, R. Tomas,  
J. Tuckmantel) 

  Conclusions 
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  Idea of installing a Crab Cavity (CC) in the SPS to study the feasibility 
of using CCs in proton colliders 

  Small working group during 2 months at the end of 2009 => See 
https://emetral.web.cern.ch/emetral/CCinS/CCinS.htm 

  Mandate => Study the feasibility of installing a KEK-B CC in the SPS 

  Members 
  Rama Calaga (Crab cavity expert and possible measurements) - BNL&USLARP 

  Nicolas Delruelle (Cryogenics) - TE/CRG 
  Nicolas Gilbert (Space and integration) - EN/MEF 

  Elias Metral (Chairman, beam dynamics issues and SPS availability) - BE/ABP 

  Joachim Tuckmantel (Crab cavity expert and RF) - BE/RF 
  Giovanna Vandoni (Vacuum) - TE/VSC 

  Jorg Wenninger (Machine protection) - BE/OP 

  Frank Zimmermann (Crab cavity expert, possible measurements and linkman with 
KEK) - BE/ABP 
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KEK-B  Crab Cavity 
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Height (of the beam) has  
to be 1.2 m in the SPS 

The SPS ceiling  
is ~ 2.35 m 
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  1) No real showstoppers were identified. However, many issues 
remain to be studied in detail. The CC will be used in KEK-B until 
June 2010 (at the earliest) or end of the year 2010 (at the latest). 
Knowing that it will then have to be removed from the tunnel, 
modified (by the KEK-B people) to have the frequency of 511 MHz 
(instead of 509 MHz) and a high Qext (changing the coupler), we 
estimate that the crab cavity could only be used/tested in the SPS in 
2012 

  2) The best location for the KEK-B CC seems to be the location of 
COLDEX.41737, which is not used anymore and which can be 
removed. The 2 main reasons are the space (a cavern is required as 
the CC is too big to be in the tunnel without perturbing the transport) 
and the available cryogenics required for the superconducting CC 
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Info from Nicolas Gilbert  
to avoid transport issues: 

Maximum distance between 
the centre of the beam and 

the maximum outer 
dimension has to be  

< 580 mm 

Width of KEK-B CC is larger 
(~ 725 mm)  

SPS cross-section  
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The 6 SPS sextants 

For space + 
available cryogenics 
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Busbar box COLDEX.41737: Possible location  
for the KEK-B Crab Cavity 
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Space 
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Available cryogenics 
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  3) As collimation could also be an issue with CCs and as a 2nd 
collimator (from SLAC) should be installed in the SPS (in 2010 or 
2011), the best location for the SLAC collimator was studied and a 
request was made. Note that the CC is horizontal and the 2 
collimators are also horizontal, which is ideal. With the proposition, 
the phase advances are such that almost no crab effect is seen at the 
1st (SLAC) collimator, whereas the full crab effect is seen at the 2nd 
(CERN) collimator. However, to do so the vertical Ionization Profile 
Monitor needs to be moved before the QD.517 

  Dimensions of the SLAC collimator (full H × V): 60 mm × 80 mm 
  Dimensions of the CERN collimator (full H × V): 66 mm × 80 mm      
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Horizontal Crab  
Cavity from KEK-B  

1st horizontal  
collimator (SLAC) 

2nd horizontal  
collimator (CERN) 

Instead of  
COLDEX.41737 

Instead of MDVW.51732 Same location as  
before: TCSP.51934 

s0 = 4008.55 m s1 = 5156.04 m s2 = 5221.78 m 

βx0 = 29.34 m βx1 = 22.47 m βx2 = 24.85 m 

µx0 = 15.17 × 2 π 
      = 95.34 rad 
      = 62.47 deg [360 deg]   

µx1 = 19.50 × 2 π 
      = 122.53 rad 
      = 180.2 deg 

µx2 = 19.75 × 2 π 
      = 124.12 rad 
      = 271.56 deg  

µx1 – µx0 ≈ 118 deg 
(should be ideally 113.4 deg 

to have no crab effect) 

µx2 – µx1 ≈ 91 deg 
(should be ideally 90 deg to 
have maximum crab effect) 

Using the 2009 LHC optics (Qx = 26.13 and Qy = 26.18) 
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Proposition for the location of the 1st  
(SLAC) collimator => Instead of MDVW.51732 

Location of the 2nd (CERN) collimator => Same as before 

Move this 3 equipments (vertical  
Ionization Profile Monitor) in front of 

QD.51710 (see next slide) 
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⇒  x1 = 0.03 mm at the 1st collimator for z = σz (instead of 0.05 mm) 
⇒  x2 = 0.42 mm at the 2nd collimator for z = σz (instead of 0.68 mm) 

  Using the exact formula instead of the linearized one (as the bunch 
length is ~ RF wavelength), one has 

  Numerical values: z is the longitudinal distance from the bunch centre 
(σz = 15 cm), V = 1.5 MV is the CC voltage, c = 3E8 m/s, p = 120 GeV/c 
(E is the total energy in eV), f = 511 MHz (ω = 2 π f) for 4 × 24.95 = 99.8 
ns bunch spacing, βx0 is the horiz. beta function at the CC and βx1,2 is 
the horiz. beta function at the collimator (1 or 2), µx0 is the horiz. 
betatron phase advance at the CC and µx1,2 is the horiz. betatron 
phase advance at the collimator, and Qx = 26.13 is the horizontal tune      
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  Assuming the nominal rms. norm. horizontal emittance for LHC 
beams (~ 3 µm), the horizontal beam size (neglecting 
dispersion) at the 2nd collimator is σx2 = 0.76 mm  

  Reminder: As the horizontal beam size scales with 1 / E1/2  and 
the orbit shift scales with 1 / E, the lower the energy the better 
(to have the largest crab effect vs. the beam size) 

⇒  x2 = 0.42 mm (at the 2nd collimator for z = σz) is (much) 
smaller than the rms horiz. beam size σx2 = 0.76 mm  

⇒  For smaller horizontal emittances than 3 µm, the effect 
will be larger   



Elias Métral, LHC-CC10 workshop, CERN, 15-17/12/2010                                                                                                                                                                                    /27 18 

  To increase the crab effect vs. the horizontal beam size, one 
should  
•  Either use a smaller horizontal emittance: 2 µm 

  x2 = 0.42 mm 

  σx2 = 0.63 mm 
•  Or use a lower beam energy: 55 GeV/c 

  x2 = 0.92 mm 
  σx2 = 1.13 mm (for 3 µm) 

•  Or use both a smaller horiz. emittance (2 µm) and a lower 
beam energy (55 GeV/c) 
  x2 = 0.92 mm 

  σx2 = 0.92 mm 
We said that we wanted to 
study a case where the CC 

tilt is similar to the rms 
beam size  
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  4) A first time estimate to remove COLDEX is ~ 2-3 weeks 
  5) A first cost estimate to change the PLC and for the supervision of 

the old cryogenics system (TCF20) is ~ 200 kCHF 
  6) Concerning the required IOT(s) for the RF power, Eric Montesinos 

could order the 1 or 2 which we would need (1 might be enough if 
Qext is high enough) together with the IOTs he will order to replace 
the SPS klystrons (the cost of 1 is ~ 400 kCHF). We will have to tell 
him asap. A pending issue is the space needed for them 

  7) As the CC will come from Japan after a long trip and some 
modifications, it would be wise first to test it somewhere at CERN 
(SM18?) before installing it in the SPS. The cryogenics should be 
already there (at SM18) but an RF amplifier would be needed (may be 
the same as the one we will use in the SPS). However, it could be that 
there is no much space there (I don't know, to be checked) 
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  8) To take a final decision (on the usefulness of the SPS 
measurements with the KEK-B CC), MDs are proposed in the SPS in 
2010. One of the most important measurements is the effect of the 
RF noise on the horizontal emittance  

  

=> To study this, one needs first to have a beam with good "horizontal 
emittance lifetime”. Therefore, it was proposed to perform some MDs 
in 2010 in the SPS to study the horizontal emittance lifetime in coast 
(at 55 or 120 GeV/c), without a CC… 
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  9) Machine Protection and reliability issues => The SPS should 
mainly be used to make observations: no SPS interlocks are 
foreseen at the moment. It seems that we will not be able to play with 
the Qext as it is fixed for KEK. A new design would be required to 
have different Qext. Reminder: Operationally one prefers to have a 
low Qext, as in this case we are less sensitive to perturbations. But, 
from the Machine Protection point of view, one prefers to have a high 
Qext, as in case of problem the Crab Cavity reacts more slowly. In 
this case we can live with less power but we are more sensitive to 
vibrations (phase changes etc.) and offset => Huge transverse 
impedance! For the measurements, the idea would be to increase the 
Crab Cavity voltage and study the scaling of the trip rates with the 
RF voltage. We could also scan the synchronous phase, and the 
horizontal beam offset, and observe the effects on the beam to define 
limits of synchronous phase shift and horizontal beam offset 
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  10) SPS availability (as the SPS will have to deliver high-intensity 
beams to LHC and CNGS) => We propose to use a bypass (i.e. 2 
beam pipes linked by Y-chambers, 1 with the CC and 1 with nothing) 
as was done in the past with COLDEX: for physics, the beams will 
not go through the CC. The CC will be moved into the beam only 
during MDs. Some issues remain to be studied in detail, as for 
instance the design of a system of rails with motorization etc. (within 
a height of ~ 20 cm) to move the CC (~ 5 tons, compared to ~ 0.5 ton 
for COLDEX) 
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COLDEX bypass 
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  The results were already presented internally by FrankZ at the MSWG 
=> See https://espace.cern.ch/be-dep/MSWG/Minutes%202010/
Minutes111110.pdf 

  1st CC MD: 23&24/09/2010, 55 GeV/c coast, ~ 1.1E11 p in 1 bunch, Q = 
(6.13, 6.18), relative ξ ~ 0.1 in both planes, 3 MV, no Q meas. during 
coast: 
  Lifetime: ~ 15% drop in intensity over ~ 1h15min 
  Transverse emittances:  

•  H => Blow-up of factor ~ 2.7 over ~ 1h15min 
•  V => Blow-up of factor ~ 1.6 over ~ 1h08min 

  2nd CC MD: 20/10/2010, 120 GeV/c coast, 12 bunches with ~ 5E10 p/b, 
Q = (6.13, 6.18), relative ξ ~ 0.1 in both planes, 2 and 4 MV, no Q meas. 
during coast => Again fast horizontal emittance growth, which gets 
worse with higher ξ and lower RF voltage 
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  No real showstopper to have the KEK-B CC in the SPS but still many 
things to be studied in detail 

  It was proposed by BI not to move the MDVW => SLAC collimator will 
be put after the MDVW (slightly worse for us but better for BI) 

  Concerning the 2010 MDs in the SPS without CC: 

  Fast horizontal emittance growth observed in the SPS at both 55 
and 120 GeV/c, which gets worse with higher chromaticity and 
lower RF voltage => Useless to have a CC in these conditions! 

  Observed also during other MDs using coasts at 55 & 120 GeV/c 
  Mechanism still unclear => Possible explanations: 

•  Special capacitors were available in the past to reduce the 
noise on magnets etc. (not available anymore) 

•  Furthermore, in the ppbar time the working point was not the 
same 


