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MoCvaCon	  
• Collider	  performance	  is	  affected	  by	  interplay	  of	  
beam-‐beam	  and	  machine	  features	  

• Our	  goal	  was	  to	  implement	  the	  complete	  
model	  of	  DAΦNE	  in	  weak-‐strong	  beam-‐beam	  
simulaCon	  in	  order	  to	  	  
a)  benchmark	  the	  modeling	  tools	  
b)  guide	  collider	  opCmizaCon	  
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Why	  DAΦNE?	  
• Two-‐ring	  collider	  with	  mulCple	  bunches	  
colliding	  at	  a	  crossing	  angle	  –	  like	  LHC.	  

• Well	  reproducible	  and	  controlled	  experiments	  
–	  due	  to	  synchrotron	  radiaCon	  damping.	  

• Strong	  beam-‐beam	  effect	  (ξ≈0.04)	  significantly	  
affecCng	  beam	  lifeCme	  and	  specific	  luminosity.	  

• RelaCvely	  easy	  access	  /	  beam	  Cme.	  
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Model	  Development	  
•  In	  2013-‐2014,	  Lifetrac	  funcConality	  was	  expanded	  
to	  include	  the	  full	  treatment	  of	  machine	  lafce	  
• Tracking	  through	  arcs	  is	  performed	  element-‐by	  
element	  

•  Lafce	  is	  imported	  directly	  from	  MAD-‐X	  model	  
• All	  main	  magnets	  +	  mulCpoles,	  solenoids,	  fringe	  
fields,	  orbit	  

• Main	  IP	  inside	  of	  a	  solenoid	  
• Analysis	  tools	  –	  FMA,	  DA,	  Specific	  Luminosity	  and	  
Beam	  LifeCme	  
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DAΦNE	  –	  e+e-‐	  factory	  1997-‐now	  
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DAΦNE	  Parameters	  
Parameter	   Value	  

Beam	  energy	   510	  MeV	  

Circumference	   98	  m	  

Number	  of	  bunches	   105-‐110	  (max	  120)	  

Beam	  current	   1	  A	  

Crossing	  angle	  (full)	   50	  mrad	  

Momentum	  spread	   4×10-‐4	  

Bunch	  length	   1.2	  cm	  (zero	  current)	  
1.6	  cm	  (with	  lengthening)	  

Horizontal	  emikance	   0.28×10-‐6	  m	  

Coupling	  parameter	   0.3%	  

Betatron	  tunes	  (x,y)	   ~5.1,	  ~5.1	  

Damping	  decrements	  (x,y,z)	   0.76,0.88,1.91	  ×10-‐5	  

Beta-‐funcCon	  at	  IP	  (x,y)	   0.25,	  0.008	  m	  

Maximum	  luminosity	   4.5×1032	  cm-‐2s-‐1	  
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DAΦNE	  Accelerator	  Physics	  Highlights	  
1.  2005-‐2006	  –	  CompensaCon	  of	  long-‐range	  

beam-‐beam	  interacCons	  with	  current	  wires	  

2.  2007-‐now	  –	  Crab-‐Waist	  collision	  scheme	  
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Long-‐Range	  CompensaCon	  
•  J.P.	  Koutchouk,	  LHC	  Project	  Note	  223	  (2000)	  

•  This	   note	   shows	   that	   the	   long-‐range	   beam-‐beam	   interacCons,	   presently	  
considered	   as	   the	   most	   drasCc	   limitaCon	   of	   LHC	   performance,	   can	   be	   rather	  
accurately	   corrected	   for	   both	   their	   linear	   and	   non-‐linear	   perturbaCons.	   The	  
principle	   of	   the	   corrector	   is	   simple	   though	   deparCng	   from	   classical	   mulCpolar	  
lenses.	   It	   requires	   a	   conductor	   running	   parallel	   to	   the	   beam	   and	   carrying	   a	  
current	  of	  about	  60	  A	  over	  2	  m	  or	  600	  A	  over	  20	  cm.	   Ideally	  8	   such	  correctors	  
would	   be	   needed,	   grouped	   in	   4	   boxes	   on	   either	   side	   of	   IP1	   and	   IP5,	   placed	   at	  
about	  40	  m	  from	  the	  exit	  face	  of	  D2	  towards	  D1.	  
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DAFNE	  LifeCme	  OpCmizaCon	  with	  BBLR	  

• C.	  Milardi,	  D.	  Alesini,	  M.A.	  Preger,	  P.	  Raimondi,	  M.	  
Zobov,	  D.	  ShaClov,	  hkp://arxiv.org/abs/0803.1544	  
(2008)	  
•  …	  During	   the	   operaCon	   for	   the	   KLOE	   experiment	   two	   such	  
wires	   have	   been	   installed	   at	   both	   ends	   of	   the	   interacCon	  
region.	   They	   produced	   a	   relevant	   improvement	   in	   the	  
life'me	   of	   the	   weak	   beam	   (positrons)	   at	   the	   maximum	  
current	   of	   the	   strong	   one	   (electrons)	   without	   luminosity	  
loss,	  in	  agreement	  with	  the	  numerical	  predic'ons.	  	  

The	   only	   demonstraCon	   of	   long-‐range	   compensaCon	   with	  
wires	  in	  collider	  operaCons.	  



Parasitic Crossings in the DAΦNE IR1 

In the DAFNE IRs the beams experience 24 
Long Range Beam Beam interactions 
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Parameters for the Pcs, one every four, in IR1.

PC order Z-ZIP [m]
βx

[m]
βy

[m]
µx-µIP

X
[σx]

Y
[σy]

BB12L -4.884   8.599 1.210 0.167230 26.9050 26.238

BB8L -3.256 10.177 6.710 0.140340 22.8540 159.05

BB4L -1.628   9.819 19.416 0.115570 19.9720 63.176

BB1L -0.407   1.639 9.426 0.038993 7.5209 3.5649

IP1  0.000   1.709 0.018 0.000000 0.0000 0.0000

BB1S  0.407   1.966 9.381 0.035538 -6.8666 3.5734

BB4S  1.628 14.447 19.404 0.092140 -16.4650 63.196

BB8S  3.256 15.194 6.823 0.108810 -18.7050 157.74

BB12S  4.884 12.647 1.281 0.126920 -22.1880 25.505

IP1 

IP1 

IP1 

Slide	  courtesy	  C.Milardi	  
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ReducCon	  of	  Experimental	  Data	  

WIRES	  OFF	  τBB=1,200	  ±175	  s	  	  
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ReducCon	  of	  Experimental	  Data	  

WIRES	  ON	  τBB=2,000±360	  s	  
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Goals	  of	  SimulaCon	  Campaign	  
• In	  2005,	  Lifetrac	  simulaCons	  were	  used	  to	  
design	  the	  wire	  compensaCon.	  They	  provided	  
qualitaCve	  guidance.	  

• Our	  goal	  was	  to	  implement	  the	  2006	  machine	  
configuraCon	  in	  the	  model	  and	  reproduce	  the	  
experimental	  data	  quanCtaCvely.	  
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SimulaCon	  Results	  

WIRES	  ON	  WIRES	  OFF	   H	  Aperture	  12σ	  
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SimulaCon	  Results	  

WIRES	  ON	  WIRES	  OFF	   H	  Aperture	  9σ	  
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SimulaCon	  Results	  

WIRES	  OFF	  τBB=2000	  s	  	  
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Lifetrac	  BBLR	  SimulaCon	  Summary	  

The	  conclusions	  of	  2005-‐2006	  campaign	  have	  been	  
reproduced	  

1.  Full	  machine	  detail	  does	  not	  change	  the	  results	  
•  in	  parCcular	  strong	  coupling	  in	  the	  IR	  due	  to	  experimental	  solenoid	  

•  sextupoles	  

2.  No	  effect	  on	  specific	  luminosity	  from	  BBLR	  –	  in	  
quanCtaCve	  agreement	  with	  experiment	  

3.  Aperture	  model	  implemented	  and	  lifeCme	  effect	  
reproduced	  quanCtaCvely	  
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Crab	  Waist	  Collision	  Scheme	  
In	  2007	  the	  InteracCon	  
Region	  was	  modified	  (crossing	  
angle	  increased)	  to	  

a)  Remove	  long-‐range	  
beam-‐beam	  encounters	  

b)  Implement	  CW	  scheme	  



•  Aluminum  made (very cheap) 

•  Thin window thickness= 0.3 mm 

•  Mechanical and Vacuum test done 

•  Construction in progress 

permanent magnet quadrupoles 

“half moon” chamber 
complete beam separation 
design fits existing quads 

DAΦNE upgrade IR2 

NO BBLR interaction at all 23
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Success	  of	  CW	  with	  Siddharta	   Crab	  off	  
Crab	  on	  
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KLOE-2 
with CW 

SIDDHARTA 
with CW 

KLOE 
without CW 

FINUDA 
without CW 

24	  November	  2014	  
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Goals	  of	  SimulaCon	  Campaign	  
• Evaluate	  the	  interplay	  of	  beam-‐beam	  with	  CW	  
and	  machine	  features	  
a)  NonlineariCes	  
b)  Coupling	  (including	  IR	  with	  solenoidal	  field)	  
c)  ChromaCcity	  
d)  ImperfecCons	  

• Provide	  input	  for	  luminosity	  improvement.	  
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e+	  Working	  Point	  Scan	  

e+	  	  	  ΔQx=0.0980;	   Qx=0.1305	  

	  	  	  	  	  	  	  	  	  	  	  	  Luminosity	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Inverse	  beam	  sizes	  
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Electron	  Ring	  Dynamical	  Aperture	  

As=1	   As=5	   As=9	  
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e-‐	  Tune	  Scan	  

	  	  	  	  	  	  	  	  	  	  	  	  Luminosity	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Inverse	  beam	  sizes	  

Linear	  model	  

Nonlinear	  model	  

(0.088,	  0.152)	  

(0.130,	  0.170)	  
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	  	  	  	  	  	  	  	  	  	  	  BB	  Off	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  BB	  On	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  BB	  Off	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  BB	  On	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  FMA	  for	  As	  =	  2	  sigma	  

(0.088,	  0.152)	   (0.130,	  0.170)	  

Lp	  =	  7.26⋅1013	   Lp	  =	  7.47⋅1013	  
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Lifetrac	  SimulaCon	  Summary	  
•  The	  simulated	  e-‐	  Dynamical	  Aperture	  is	  similar	  to	  that	  
simulated	  and	  measured	  in	  previous	  KLOE	  run.	  

•  The	  simulaCon	  using	  complete	  machine	  model	  indicates	  
that	  the	  present	  e+	  working	  point	  is	  opCmal.	  

•  For	  the	  e-‐	  ring,	  we	  suggest	  to	  move	  the	  working	  point	  to	  
higher	  tunes:	  
• Moderate	  increase	  in	  luminosity	  is	  possible	  (up	  to	  5%)	  
• More	  importantly,	  the	  DA	  will	  increase,	  which	  will	  result	  in	  
beker	  beam	  lifeCme,	  injecCon	  efficiency,	  and	  background.	  

•  CW	  sextupole	  strength	  can	  be	  opCmized	  yielding	  moderate	  
luminosity	  increase.	  The	  beam-‐beam	  effect	  is	  not	  the	  most	  
significant	  limiCng	  factor	  to	  achieve	  luminosity	  with	  KLOE-‐2	  
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Results	  of	  e-‐	  Ring	  Working	  Point	  Change	  
• In	  about	  2	  hours	  of	  study	  Cme,	  the	  w.p.	  was	  
moved	  to	  an	  opCmal	  locaCon	  
a)  Improved	  injecCon	  efficiency	  

b)  Higher	  beam	  lifeCme	  

c)  Reduced	  background	  

d)  Higher	  luminosity	  

•  Further	  improvements	  would	  be	  

•  MiCgaCon	  of	  microwave	  instability	  

•  Feedback	  noise	  reducCon	  

plot 
courtesy  
A. De 
Santis 



A.Valishev,	  DAFNE	  Beam-‐Beam	  

23
	  Ju

ly
	  2
01
5	  

29	  


