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model
SPS “Q40” optics, aC=8x10-4, 400 MHz RF, VRF=20 MV, energy 6 GeV, 
2x1010 ppb, Qx’= +1, Qx’’=+60, Qx’’’ = -1.2x105 ,Qy’ =+1, Qy’’=+300, Qy’’’=  
+4x104, “KOF” = +2, “KOD”=-1 (modeling the natural detuning with 
amplitude)

Impedance: circular broadband resonator 10 MW/m, fres=1.3 GHz, Q=1 

use PyHEADTAIL to track 25k particles over 20k turns 

Parameters at 6 GeV without and with wigglers.Beam parameters at injection into the SPS.

proposed PBR baseline injects small beam with large transverse offset 
and deploys strong wigglers to enhance radiation – look for alternative



e- rms bunch length and energy spread 
vs. turn number after 6 GeV injection for 
the bare Q40 optics, no wigglers



e- rms bunch length and energy spread vs. 
turn number after injection at 6 GeV for the 
Q40 optics with additional wigglers

the wigglers increase equilibrium 
momentum spread and bunch length so 

that both of them are larger than the 
values at injection 



x & y bunch centroid position versus turn for bare Q40 
optics, Q’x,y = +1 without damper, at Nb = 2 × 1010



vertical charge-weighted slice position along the bunch on the last ten 
turns of the simulation for bare Q40 optics, Q’x,y = +1 at the nominal 
bunch population  Nb = 2 × 1010

signal from a simulated 
head-tail monitor  
→ instability dominated 
by l = −1 head-tail 
mode;  analytical model 
of DELPHI, based on 
Sacherer theory, 
predicts instability rise 
time of ~1500 turns
for this mode, in good 
agreement

this transverse instability persists even when the wigglers are added, 
and it gets worse with higher positive chromaticity  



Y.H. Chin, prediction 1985 

threshold for Q26 at 3.5 GeV with 47 MW/m 
~0.4 or 0.7 x1010

recalling the past: when SPS was used as a LEP injector, e+ and e-

beams were unstable at intensities above Nb~ 1.5 × 1010  due to TMCI



Brandt & Gareyte EPAC 1988 –
observations and theory  

threshold for 
Q26 at 3.5 GeV 
with 23 MW/m 
~1.4x1010



Brandt et al PAC 1989 –
measurements & simulations



x & y bunch emittance versus turn for bare Q40 optics, Q’x,y = 
+1 at a reduced bunch population   Nb = 5 × 109

lowering intensity to Nb ≈ 5 × 109 the centroid motion almost 
stable; however, w/o wigglers, a weak residual l = −1 mode 
instability still drives significant vertical emittance growth



x & y emittance versus turn for bare Q40 optics with wigglers, 
Q’x,y = +1 at a reduced bunch population  Nb = 1010

at a reduced bunch population, 
wigglers can render the beam stable



x & y bunch centroid position versus turn for bare Q40 
optics, Q’x,y = −5 with transverse damper, at Nb = 2 × 1010

w/o wigglers, but with negative Q’  & damper, beam is 
rapidly damped and stable! 



x & y emittance versus turn for bare Q40 optics, Q’x,y = −5 
with transverse damper, at Nb = 2 × 1010

w/o wigglers, but with negative Q’ & damper, also the 
emittance is quickly restored! 



Zotter, EPAC’92

stabilisation with negative Q’ and damper was proposed for LEP

but LEP practical experience was not so positive



Karantzoulis & Lonza, 
EPAC2006

later ESRF experience rather successful and promising



Brandt et al.,
PAC 1989 –

measurements 
& simulations

transverse and longitudinal thresholds at LEP



a few conclusions:

• negative Q’ & damper can stabilize the beam even better 
than additional wigglers; in fact this scheme is more 
efficient than wigglers and allows for nominal intensity  

• studies should/could be repeated with a more precise SPS 
impedance model (C. Zannini, H. Bartosik, G. Iadarola, G. 
Rumolo, and B. Salvant, IPAC’15)

• longitudinal m-wave threshold and other collective effects 
being checked



• Space charge - benign
• Longitudinal 𝜇-wave instability– OK? benchmark with LEP data 
• Transverse mode coupling instability (TMCI) by resistive wall
- critical
• 𝜇-wave instability driven by coherent synchrotron radiation (CSR)
- OK?
• Ion effects – OK?

• e-cloud – critical?  neutralisation density > blow up threshold
• coupled bunched instability by resistive wall – benign?

Other collective effects in SPS PBR or new PBR (O. Etisken)

ions are trapped
along bunch train

𝐴𝑐𝑟𝑖𝑡𝑥,𝑦 ≅
𝑁𝑏∆𝑇𝑏𝑐𝑟𝑝

2𝜎𝑥,𝑦(𝜎𝑥 + 𝜎𝑦)

FBII growth time
~70 turns
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