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LMCI Above and Below Transition 

  Goal of the study: Check results previously obtained with a simple 
analytical model => Single-bunch interacting with both BB + SC 
impedances 

  http://cdsweb.cern.ch/record/524139/files/ps-2001-063.pdf  

  In the previous paper, there is also a reference to a paper by Ng 
in 1995 (http://lss.fnal.gov/archive/test-fn/0000/fermilab-
fn-0630.pdf), discussing only BB impedance, using numerical 
solutions and mentioning that the intensity threshold is higher 
when the machine is operating below transition 
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PREDICTION 
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HEADTAIL simulation parameters (AT) => No SC yet 

Above Transition 
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SPS bunch interacting with a resonator impedance  
(Q = 1, fr = 1 GHz and Zl/n = 10 Ω), changing the 

transition energy to go from AT to BT   

€ 

η BT = η AT = 6.2 × 10−4

€ 

α p,BT = 0.00068

€ 

α p,AT = 0.00192

0.0 0.5 1.0 1.5 2.0 2.5 3.0
0.10

0.15

0.20

0.25

0.30

0.35

0.40

bunch population in 1011 p!b

rm
s
b
u
n
ch
le
n
g
th
Σ
z
in
m

0.0 0.5 1.0 1.5 2.0 2.5 3.0
0.0008

0.0010

0.0012

0.0014

0.0016

0.0018

0.0020

bunch population in 1011 p!brm
s
m
o
m
en
tu
m
sp
re
ad
Σ
"
p
!p

0.0 0.5 1.0 1.5 2.0 2.5 3.0
0.1

0.2

0.3

0.4

0.5

bunch population in 1011 p!b
rm
s
lo
n
g
.
em
it
ta
n
ce
Ε l
in
eV
s

Threshold 
Above Transition 

Threshold 
Below Transition  

(but emittance 
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Above Transition 

Instability for 140E9 p/b 
(and stability for 130E9 p/b) 

€ 

Nb
th ,AT ≈ 1.35× 1011 p/b
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6 

Below Transition 

€ 

Nb
th ,BT ≈ 2.05× 1011 p/b

≈ 1.5× Nb
th ,AT

Instability for 210E9 p/b 
(and stability for 200E9 p/b) 

~ 1.7 was anticipated 
with a simple analytical 

model 

HOWEVER, tails are created 
(responsible for the long. emittance 

increase)!!! Are they due to the 
longitudinal mismatch increasing 

with intensity??? 

In fact, looking at the evolution of the longitudinal distribution, it 
seems as if the core of the bunch is shortening but not the tails 
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2nd case studied: Keep the same transition 
energy, bunch length and momentum spread    

Value to be entered in HEADTAIL:  

€ 

Rl =
Zl
n
×
fr
f0

= 0.23MΩ
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The bunch length is 
different now! 

3rd case studied: Keep the same transition 
energy but with correct momentum spread BT    
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A longitudinal re-matching 
is needed € 

η BT = η AT = 6.2 × 10−4

€ 

Qs,BT =Qs,AT ×
σ p / p( )BT
σ p / p( )AT

= 0.00324 × 1.4 = 0.00454
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4th case studied: Keep the same transition 
energy but with correct momentum spread and 
bunch length BT    
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CONCLUSIONS AND NEXT STEPS 

  The simulation case corresponding to the theoretical prediction is 
the 1st one (Case AT and BT obtained by changing the transition 
energy => In this case, the low-intensity bunch length, momentum 
spread and longitudinal emittance are the same) 

  The prediction of a higher intensity threshold below transition is 
confirmed (factor ~ 1.5 compared to ~ 1.7 estimated) assuming a 
BB impedance alone 

  Issue with the increase of the longitudinal emittance BT? 

  In HEADTAIL, there is a switch to have the sinusoidal (i.e. 
nonlinear) bucket with space charge, but no linear force with 
space charge => Should be implemented to continue the analysis 
with SC   


