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DAΦNE	
  Φ-­‐Factory	
  (Ecm	
  =	
  1.02	
  GeV)	
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DAΦNE	
  complex	
  is:	
  
(1)	
  LINAC	
  

(2)	
  Accumulator	
  
(3)	
  Two	
  main	
  Rings	
  	
  

(4)	
  Four	
  beam	
  lines	
  for	
  
synchrotron	
  light	
  users	
  

(5)	
  Beam	
  Test	
  facility	
  for	
  new	
  
detectors	
  

	
  
It	
  was	
  completed	
  in	
  1997	
  and	
  
first	
  collisions	
  happened	
  in	
  

March	
  1998	
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DAΦNE	
  Linac	
  
� Can	
  produce	
  and	
  accelerate	
  electrons	
  (up	
  to	
  800	
  MeV)	
  
and	
  positrons	
  (up	
  to	
  510	
  MeV)	
  



Accumulator	
  
�  Used	
  to	
  damp	
  the	
  Linac	
  emittance	
  for	
  both	
  beams	
  thus	
  avoiding	
  the	
  

necessity	
  of	
  designing	
  Main	
  Rings	
  lattice	
  with	
  a	
  larger	
  physical	
  and	
  
dynamic	
  acceptance,	
  and	
  relaxing	
  the	
  requirements	
  on	
  Main	
  Rings	
  
magnets	
  with	
  substantial	
  savings	
  on	
  the	
  overall	
  cost	
  of	
  the	
  facility	
  

�  Serves	
  both	
  beams	
  à	
  injections	
  and	
  extraction	
  lines	
  
�  Magnets	
  in	
  Transfer	
  Lines	
  to	
  the	
  Main	
  Rings	
  change	
  polarity	
  according	
  to	
  

beam	
  charge	
  
�  Circumference	
  is	
  1/3	
  of	
  the	
  Main	
  Rings	
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�  Electron	
  beam	
  coming	
  from	
  the	
  Linac	
  is	
  
injected	
  into	
  the	
  ring	
  by	
  means	
  of	
  a	
  system	
  of	
  
two	
  septum	
  magnets,	
  the	
  first	
  bending	
  the	
  
beam	
  by	
  34	
  deg	
  and	
  the	
  second	
  performing	
  
the	
  final	
  deflection	
  of	
  2	
  deg	
  

�  The	
  stored	
  beam	
  is	
  extracted	
  by	
  a	
  mirror	
  
symmetric	
  system	
  placed	
  in	
  the	
  opposite	
  
straight	
  section	
  

�  The	
  positron	
  beam	
  follows	
  the	
  opposite	
  path	
  
	
  

beams	
  from	
  
	
  Linac	
  



DAΦNE	
  Main	
  Rings	
  
� Beams	
  circulate	
  in	
  2	
  separate	
  Rings	
  (abour	
  100	
  m	
  
circumference)	
  in	
  opposite	
  directions	
  

� Beams	
  travel	
  in	
  the	
  same	
  beam	
  pipe	
  only	
  in	
  the	
  
Interaction	
  Region	
  (about	
  10	
  m)	
  

� Collide	
  in	
  only	
  1	
  Interaction	
  Point,	
  where	
  the	
  KLOE2	
  
detector	
  is	
  installed,	
  with	
  a	
  horizontal	
  crossing	
  angle	
  

�  Each	
  ring,	
  made	
  of	
  a	
  Long	
  and	
  a	
  Short	
  half,	
  besides	
  
quadrupoles,	
  sextupoles	
  and	
  correctors	
  has:	
  	
  
�  8	
  dipoles	
  
�  1	
  RF	
  cavity	
  (368	
  MHz)	
  
�  4	
  wiggler	
  magnets	
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DAΦNE	
  Main	
  Rings	
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KLOE2	
  



DAΦNE	
  	
  Features	
  
� Electron/positron	
  collider	
  for	
  production	
  of	
  the	
  Φ 
resonance	
  at	
  high	
  intensity	
  for	
  precision	
  measurements	
  
on	
  Kaons	
  decays,	
  Hypernuclei	
  and	
  exotic	
  atoms	
  

� Beam	
  Energy:	
  0.51	
  GeV	
  
� Center	
  of	
  mass	
  Energy:	
  1.02	
  GeV	
  
� High	
  beam	
  current	
  (>	
  2	
  A	
  electrons,	
  1	
  A	
  positrons)	
  
� Wigglers	
  to	
  increase	
  beam	
  radiation	
  and	
  damping	
  
�  3	
  Beam	
  lines	
  for	
  synchrotron	
  light	
  users	
  from	
  dipole	
  and	
  
wiggler	
  



DAΦNE	
  parameters	
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2.18e32 



Luminosity	
  strategy	
  with	
  2	
  rings	
  
� Small	
  IP	
  beta	
  function	
  βy*	
  	
  

� High	
  number	
  of	
  particles	
  per	
  bunch	
  Npart	
  	
  

� More	
  colliding	
  bunches	
  Nb	
  	
  

� Large	
  beam	
  emittance	
  (area)	
  εx	
  	
  

� High	
  bb	
  tune	
  shift	
  parameters	
  ξx,y	
  	
  
� Crossing	
  angle	
  	
  θ	


� Small	
  Piwinski	
  angle	
  Φ	
  =	
  σl	
  tg(θ/2)/σx	
  <	
  1	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  small	
  crossing	
  angle	
  θ < σx/σl	
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To	
  avoid	
  parasitic	
  crossing	
  

To	
  reduce	
  synchro-­‐betatron	
  resonances	
  



�  Less	
  than	
  10	
  years	
  ago	
  the	
  “brute	
  force”	
  (increasing	
  
currents)	
  was	
  the	
  only	
  approach	
  to	
  higher	
  luminosity	
  

� P.	
  Raimondi	
  (LNF)	
  studied	
  a	
  new	
  collision	
  scheme	
  with	
  
larger	
  crossing	
  angle	
  and	
  lower	
  IP	
  beam	
  sizes	
  (Large	
  
Piwinski	
  Angle)	
  PLUS	
  a	
  couple	
  of	
  	
  “crab	
  sextupoles”	
  to	
  
twist	
  the	
  IP	
  waist	
  and	
  cure	
  x-­‐y	
  and	
  synchro-­‐betatron	
  
resonances	
  raising	
  from	
  the	
  angle.	
  Tested	
  at	
  DAΦNE	
  

� Adopted	
  by	
  all	
  Factory	
  projects	
  after	
  2008	
  
� More	
  in	
  S.	
  Guiducci	
  talk	
  tomorrow	
  afternoon	
  

Changing	
  the	
  approach…	
  



Comparison	
  of	
  performances	
  
� Best	
  performances	
  with	
  an	
  without	
  Crab	
  Waist	
  scheme,	
  
with	
  and	
  without	
  detector	
  solenoid	
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Courtesy	
  C.	
  Milardi	
  

New	
  
record	
  

CW,	
  	
  
NO	
  solenoid	
  

NO	
  CW,	
  	
  
solenoid	
  

CW,	
  	
  
solenoid	
  

CW,	
  	
  
solenoid	
  

2.18x1032 



DAΦNE	
  peak	
  luminosity	
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L a DAΦNE 2001 � 2009

1.2FINUDA

3.0KLOE

0.2DEAR

Llogged (fb
-1) 2001÷2007

Llogged = luminosità acquisita dagli esperimenti

NEW COLLISION

SCHEME

2001-­‐2007	
  

2011-­‐2015	
  



Integrated	
  luminosity	
  
�  Collider	
  performances	
  are	
  not	
  only	
  measured	
  by	
  peak	
  
Luminosity,	
  but	
  also	
  by	
  the	
  integrated	
  Luminosity	
  that	
  
gives	
  the	
  number	
  of	
  events	
  collected	
  by	
  the	
  experiment,	
  and	
  
must	
  be	
  the	
  largest	
  possible	
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Courtesy	
  C.	
  Milardi	
  



KLOE2	
  run	
  integrated	
  Luminosity	
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P.	
  Raimondi,	
  Aprile 2010 

KLOE	
  IR	
  

New	
  DAΦNE	
  InteracMon	
  Region	
  
for	
  LPA&CW	
  scheme	
  	
  



Courtesy	
  S.	
  Tomassini	
  



InteracMon	
  Region	
  detail	
  
�  The	
  solenoidal	
  field	
  of	
  KLOE2	
  must	
  be	
  corrected	
  because	
  it	
  induces	
  a	
  strong	
  

beam	
  coupling	
  (beam	
  rotated	
  by	
  22.5∘	
  at	
  IP	
  if	
  not	
  corrected)	
  
�  Two	
  compensating	
  solenoids	
  are	
  installed	
  in	
  each	
  ring	
  outside	
  the	
  IR	
  
�  Quadrupoles	
  need	
  also	
  to	
  be	
  tilted	
  to	
  follow	
  the	
  beam	
  rotation	
  inside	
  the	
  IR	
  
�  Residual	
  coupling	
  can	
  be	
  corrected	
  by	
  other	
  skew	
  quadrupoles	
  in	
  the	
  ring	
  
�  Correctors	
  provide	
  the	
  orbit	
  adjustment	
  in	
  the	
  IR	
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configuration at the corrector dipole, DHCPS01, used to 

match the IR to the ring layout in the arcs, under the 

constraint of placing the PMDs as close as possible to the 

PFQMs; its present half value is |�c| = 25.7 mrad. The 

longitudinal coordinates of the magnetic elements have 

been set to optimize the IR optics, while their transverse 

position and tilt have been adjusted to match the nominal 

beam orbit at the entrance of anti-solenoid COMPS001. 
 

 

Figure 1: Schematic drawing of the DAFNE Interaction. 

 

The beam trajectory and positions of the magnetic 

element centers are shown in Fig. 2 with reference to the 

IR branch of the positron ring pointing to the short arc, 

the corresponding branch for the electron ring being 

symmetric. The QUAPS101 quadrupole is slightly 

displaced with respect to the beam in order to compensate 

the small steering due to the practical constraint of 

leaving it in the upright position for alignment reason. 

 

Figure 2: Horizontal (left) and Vertical (right) beam 

trajectory in the IR (solid line), dots represent the position 

of the magnetic element centers. 

The evident advantage of this approach consists in 

keeping the maximum excursion of the vertical beam 

trajectory within ~12 mm providing, at the same time, the 

maximum aperture for the beam. 

The horizontal and vertical beam stay-clear 

requirements have been defined as: 

XSC = xtrj ±10� x  

YSC = ytrj ±10� y  

where �x and �y are the horizontal and vertical rms beam 

sizes respectively. Their values, computed with the 

collider emittance � = 0.4 10
�6

 m for the horizontal plane 

and full coupling for the vertical one, are presented in 

Fig. 3 together with the vacuum pipe profile evaluated 

with respect to the beam trajectory. The beam envelope 

shown represents an upper limit: in fact it has been 

obtained by using a quite large value for the beam 

emittance, the one that will be used to restart the collider 

operations. Relaying on this analysis the radius of the 

vacuum pipe, in the section between the IP and the DHC, 

has been reduced. It is now 2.75 cm, while it was 4.4 cm 

during the SIDDHARTA run. A narrower vacuum 

chamber contributes to lower the ring impedance budget, 

to minimize the strength of trapped High Order Modes 

and to shift their frequencies away from the beam spectral 

lines [10]. 

 

 

Figure 3: Horizontal (upper) and Vertical (lower) beam 

stay clear. 

The resulting vacuum pipe geometry is largely 

simplified; in fact it consists of three straight sections, 

with few junctions and bellows. The detector efficiency 

also profits from the larger free space around the IP where 

a precision vertex tracker can be placed. The IR pipe is 

aluminum (AL6082) made with the exception of the 

sphere surrounding the IP, which is built in ALBEMET. 
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Old	
  Spherical	
  vacuum	
  chamber	
  with	
  damaged	
  RF	
  contacts	
  

High	
  beam	
  currents	
  can	
  damage	
  devices	
  in	
  the	
  beam	
  pipe	
  !	
  



New	
  spherical	
  Vacuum	
  chamber	
  before	
  EB	
  welding	
  
(RF	
  contacts	
  between	
  sphere	
  and	
  Be	
  shield)	
  



Sphere	
  assembly	
  in	
  	
  final	
  posiMon	
  before	
  TIG	
  welding	
  



InserMon	
  of	
  the	
  Inner	
  Tracker	
  before	
  2°welding	
  



Quadrupoles	
  used	
  in	
  
DAΦNE	
  Interaction	
  

Region	
  

Permanent	
  Magnets	
  	
  
�  For	
  some	
  applications	
  materials	
  which	
  are	
  permanently	
  
magnetized	
  are	
  used	
  

� B	
  field	
  is	
  fixed	
  and	
  cannot	
  vary	
  with	
  the	
  beam	
  energy,	
  but	
  
they	
  are	
  extremely	
  compact	
  and	
  don’t	
  use	
  any	
  power	
  	
  



Wigglers	
  
�  Wigglers,	
  multipolar	
  magnets	
  with	
  alternating	
  positive	
  and	
  negative	
  
B	
  field,	
  are	
  use	
  to	
  increase	
  the	
  natural	
  damping	
  and	
  manipulate	
  the	
  
emittance	
  

�  The	
  beam	
  orbit	
  “wiggles”	
  with	
  a	
  small	
  amplitude	
  around	
  the	
  ideal	
  
orbit,	
  emitting	
  photons	
  that	
  are	
  used	
  from	
  synchrotron	
  light	
  users	
  

�  At	
  DAΦNE	
  4	
  wigglers	
  are	
  installed	
  in	
  each	
  ring	
  
�  Recently	
  a	
  modification	
  of	
  the	
  arrangement	
  of	
  the	
  poles	
  has	
  allowed	
  
to	
  correct	
  intrinsic	
  non-­‐linearities	
  improving	
  the	
  dynamic	
  aperture	
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In the next subsections the comparison between the 
simulations and the measurements of the several 
configurations are presented. 
 
The 550 A configuration 

The first measurement has been done on a spare 
wiggler modified by shifting the poles with respect to the 
geometric axis of the magnet, as shown in figure 1, 
according to [3].  

 
Figure 1: Bottom half of the wiggler during the modification
 process.  

The comparison between the simulations and the 
measurements is shown in both figures 2 and 3, where By 
as a function of z along the geometric axis of the wiggler 
(x = 0 m) and By as a function of x at the centre of the 
wiggler (z = 0 m) are respectively reported.  

 

Figure 2:  Measured  and  simulated  By along  the  wiggler 
geometric axis (x = 0 m). 

 

Figure 3:  Measured  and simulated  B y as a function of the 
horizontal transverse coordinate at the longitudinal centre 
of the wiggler (z = 0 m). 

The excellent agreement (maximum discrepancy less than 
0.2%), confirms the multipolar and the tracking studies. 

Another big advantage of the shifted pole configuration 
is that the shims are no more necessary. They can be 
therefore removed and, consequently, the length of the 
magnetic circuit is reduced by 2.2 cm [1]. Thanks to this 
the peak field on the beam at 550 A is slightly larger than 
that in the configuration with the shims at  
693 A, as shown in figure 4. This permitted to reduce the 
electrical power consumption by about 30%.  

 

Figure 4:  By  absolute  value along  z (measurements). The 
asymmetry in the 693 A configuration is due to a  sextupole
 shaped shim on one of the terminal poles [1]. 

The 450 A configuration 
The tracking studies have been repeated at 450 A to 

verify the effect of lowering the current on the method. 
The exit angle of the beam trajectory versus the x shift at 
the entrance of the wiggler for several axis displacements 
is shown in figure 5. 

 
Figure 5: Exit angle as a  function of  the displacement  at 
the  entrance of  the wiggler for several axis displacements 
and the case of the wiggler without the modification. 

The difference was not dramatic, especially if compared 
with the wiggler without the modification, but in any case 
the optimization process has been repeated also at this 
current. In this case with a ±8 mm displacement the  
non-linearities were further reduced. All the wigglers of 
the main rings are being therefore modified accordingly 
during this shut down. 

Optimization of the terminal coils 
In the 450 A configuration the condition of cancelling 

the first integral along the wiggler axis, proportional to 
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Arc	
  Vacuum	
  chamber	
  
�  Specially	
  designed	
  Aluminum	
  chamber	
  
� Radiation	
  from	
  dipoles	
  and	
  wiggler	
  travels	
  through	
  the	
  
slots	
  to	
  the	
  antechamber,	
  where	
  it	
  hits	
  special	
  water-­‐
cooled	
  copper	
  absorbers.	
  	
  

� Near	
  each	
  synchrotron	
  radiation	
  absorber	
  there	
  is	
  a	
  
titanium	
  sublimation	
  pump	
  (~2000	
  liters	
  per	
  second)	
  

	
  



Arc	
  vacuum	
  chamber	
  (one	
  piece,	
  Aluminum)	
  

Bellow,	
  used	
  to	
  join	
  different	
  	
  
beam	
  pipe	
  pieces	
  



CollecMve	
  effects	
  	
  
� The	
  particle	
  motion	
  in	
  reality	
  is	
  non	
  independent	
  (i.e.	
  
“incoherent”),	
  besides	
  the	
  charge	
  in	
  high	
  intensity	
  beam	
  
can	
  be	
  very	
  high	
  (order	
  of	
  Amperes)	
  

� What	
  happens	
  if	
  all	
  particles	
  move	
  in	
  phase	
  (“coherent”	
  
motion)	
  when	
  excited	
  ?	
  

� Particles	
  interact	
  in	
  2	
  ways	
  :	
  
� Direct	
  Coulomb	
  Interaction	
  (space	
  charge	
  effects,	
  Intra	
  
Beam	
  Scattering,…)	
  

�  Through	
  the	
  beam	
  pipe	
  (transverse	
  and	
  longitudinal	
  
instabilities	
  )	
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CollecMve	
  effects	
  2	
  
� A	
  particle	
  is	
  a	
  “source”	
  of	
  e.m.	
  fields:	
  self	
  fields	
  
� These	
   fields	
   interact	
  with	
   the	
   environment	
   (beam	
   pipe,	
  
RF	
   cavity,	
   diagnostics),	
   are	
   modified	
   and	
   interact	
   back	
  
with	
  the	
  beam	
  

�  Small	
   perturbations	
   to	
   the	
   bunch	
  motion	
   change	
   these	
  
induced	
  fields:	
   if	
   this	
   change	
   amplifies	
   the	
  perturbation	
  
(for	
   ex.	
   with	
   variations	
   of	
   the	
   beam	
   betatron	
   and	
  
synchrotron	
   frequencies)	
   instabilities	
   can	
   occur,	
   with	
  
consequent	
  modification	
  in	
  the	
  beam	
  distribution,	
  bunch	
  
lengthening,	
  possible	
  beam	
  loss	
  

� These	
  phenomena,	
  dependent	
  on	
  the	
  number	
  of	
  particles	
  
in	
  the	
  bunch,	
  are	
  called	
  “collective	
  effects”	
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The	
  e.m.	
  fields	
  induced	
  by	
  the	
  beam	
  can	
  act	
  on	
  the	
  particles	
  arriving	
  
later	
  (tail	
  of	
  the	
  bunch)	
  or	
  even	
  in	
  the	
  following	
  turns	
  ⇒	
  	
  Instability	
  

Example	
  of	
  “wake	
  fields”	
  



Example	
  of	
  collecMve	
  effect	
  in	
  e+	
  ring:	
  	
  
the	
  electron	
  cloud	
  instability	
  
�  “Electron	
  cloud”	
  instability	
  comes	
  from	
  the	
  interaction	
  between	
  the	
  beam	
  

and	
  the	
  vacuum	
  chamber	
  for	
  positively	
  charged	
  beams	
  (positrons,	
  
protons,	
  heavy	
  ions)	
  	
  

�  The	
  beam	
  emits	
  synchrotron	
  radiation	
  à	
  photons	
  hitting	
  the	
  pipe	
  walls	
  
emit	
  photo-­‐electrons	
  that	
  bounce	
  on	
  the	
  walls,	
  with	
  a	
  “cascade”	
  effect	
  

�  This	
  effect	
  is	
  amplified	
  by	
  the	
  successive	
  passages	
  of	
  many	
  bunches	
  
�  Photo-­‐electrons	
  produce	
  secondary	
  electrons:	
  the	
  number	
  depends	
  from	
  

the	
  secondary	
  emission	
  coefficient	
  SEY	
  of	
  the	
  pipe	
  material	
  (which	
  has	
  to	
  
be	
  reduced	
  as	
  much	
  as	
  possible)	
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e-­‐cloud	
  clearing	
  electrodes	
  
�  In	
  DAΦNE	
  this	
  instability	
  has	
  been	
  reduced	
  by	
  installing	
  
in	
  the	
  dipoles	
  and	
  wigglers	
  special	
  electrodes	
  whose	
  
voltage	
  can	
  attract	
  photo-­‐electrons	
  back	
  to	
  the	
  pipe	
  walls	
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the kick strength which scales as the square root of the 
power itself. The horizontal feedback kicker has been 
replaced with a device with a double stripline length and 
reduced plate separation, providing larger shunt 
impedance at the low frequencies typical of the unstable 
modes. Moreover the kicker has been moved in a lattice 
position having a higher �x value. 

However the best way to overcome the threshold in the 
positron current consists in avoiding the e-cloud 
formation; for this reason stripline electrodes have been 
designed and inserted in wiggler and dipole vacuum 
chambers of the positron ring relying on beam studies 
[16] showing a clear dependence of the e-cloud instability 
grow-rate on the beam orbit in those magnets. The 
e-cloud electrodes [17] consist of Cu strips, equipped with 
dielectric (shapal) contacts, having 2 mm total thickness, 
50 mm width and 1.5 m length. An almost complete 
neutralization of the emitted photo-electrons [18] is 
expected to be achieved by applying to the electrodes a 
moderate dc voltage of the order of 0.5 kV. 

 

 

Figure 3: The e-cloud clearing electrode installed inside a 
dipole beam pipe, the strip shape is bent to follow the 
beam trajectory. 

RF FBK 
A direct RF feedback system in the low level RF is 

being developed. This allows to reduce the cavity 
detuning angle, increasing the overall efficiency and 
limiting the reduction of the coherent ‘0-mode’ 
synchrotron frequency with beam current. 

Impedance budget 
The leftover old-style bellows relying on shields 

implemented by contiguous mini bellows have been 
replaced with new ones having lower impedance and 
providing long lasting shield contour uniformity when 
compressed. 

The ion clearing electrodes still present in the electron 
ring and no longer used have been removed. 

The Collimator rectangular vacuum chambers, (20 mm 
high and 90 mm wide), have been replaced by square 
ones (55 mm) to reduce their contribution to the ring 
impedance. In this way it becomes also possible to move 
the blades closer to the beam improving their 
effectiveness in intercepting the background otherwise 
hitting the experimental detector. 

OTHER HARDWARE DEVELOPMENTS 
Several other systems have been improved to fulfil the 

requirements set by the KLOE-2 detectors and to achieve 
more reliable operating conditions. 

The cryogenic plant has been maintained and provided 
with new transfer lines to cool the 4 superconducting 
anti-solenoids installed in the IR. 

The Linac gun operating since 15 years has been 
replaced with a new one. A new accelerating section is 
going to be added at the end of the machine to make 
operation less critical during the positron beam injection. 

The new kicker developed for the transverse horizontal 
positron feedback has been also used as a beam dumper. 
It has been installed in the opposite section with respect to 
the IR and will allow to dump the beam in a controlled 
way reducing the radiation level in the area and avoiding 
dangerous detector trips. 

The Control System functionality has been extended to 
all new collider elements, and the system itself is 
undergoing a deep upgrade; in fact the low level control 
boards — based on 68040 processors and MacOS 
operating system — are going to be progressively 
replaced by Intel boards running under Linux. 

CONCLUSIONS 
The developments on the DA�NE collider have been 

completed in a six months shutdown. The KLOE-2 
experiment is in place as well as its new IR. The detector 
has been already cooled down to 4.4 0K. Several 
accelerator components and subsystems have been 
modified looking for higher and more stable currents 
having longer lifetime and for more reliable operations. 
The DA�NE and KLOE-2 commissioning will start in 
the next few weeks. 
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MEASUREMENTS ON e+ BEAM 
Looking at the effect on the positron beam, measures 

have been carried on by using a synchrotron light 
monitor, a FFT spectrum analyzer, and the bunch-by-
bunch horizontal and vertical feedback systems. 

As shown in Fig. 1, a FFT analyzer (Tektronix 
RSA3303A) is used to study the beam frequency response 
from a button pickup. A horizontal frequency shift is 
evident by turning off all the clearing electrodes. The 
frequency difference is ~20 KHz corresponding to a 
difference in the horizontal tune of ~0.0065. Frequency 
and betatron tune grow up when the electrodes go off. 
This kind of measure does not separate the signal for each 
bunch, plotting the response in frequency of the whole 
beam behavior. 

In Fig. 2 a plot from the SLM is shown: turning off 
progressively the electrodes, a vertical enlargement is 
evident on the SLM. The beam vertical size goes from 
110 to 145 µm. These data are not recorded by a gated 
camera so they are not a bunch by bunch measure. 
Furthermore in this measure as well as in the following 
ones, the positron beam is not colliding with the electron 
beam.  

 

 

Figure 2: Vertical beam size enlargement due to the 
clearing electrodes progressive turning off: the beam 
vertical size goes from 110 to 145 µm. 

In DAFNE it is possible to acquire bunch by bunch 
data using the feedback systems designed to damp the 
coupled bunch instabilities. The bunch-by-bunch 
feedback has been developed in 1992-96 by a large 
collaboration of SLAC, LNF, ALS-Berkeley, [4], [5], 
and, in the latest upgrade, KEK [6], and it has shown 
powerful diagnostics capabilities [7-9]. In the first design 
was implemented only for longitudinal damping, then, in 
the following upgrades, also as transverse feedback. 
Recently a new upgrade including 12 bits analogue 
conversion (it was done previously by 8 bits) has been 
installed at DAFNE [10] for damping transverse 
instabilities. The feedback has been used in order to 
produce horizontal instability growth rate measurements 
versus beam currents (as shown in Fig. 3) testing the 

performance of the e-cloud clearing electrodes at different 
voltages. 

 

 

Figure 3: Horizontal instability growth rates (ms-1) versus 
beam current (mA). Measures done by using the bunch-
by-bunch feedback at different voltages applied to the 
clearing electrodes. 

Growth rates (in ms-1) have been measured comparing 
no voltage with 70V and 140V. In Fig. 3 the effectiveness 
of the electrodes is evident. After many tests on the 
reliability with high beam currents, the voltages applied to 
the electrodes have been increased to 200V (in dipoles) 
and 250V (in the wiggler magnets). 
 

 

Figure 4: Horizontal fractional tune versus bunch number 
measured by the bunch-by-bunch feedback system 
acquiring and averaging 12 M samples of data. Turning 
off the electrodes in 4 wigglers and 2 dipoles, the 
horizontal tune goes up.   

By using the new version of the feedback based on 
Xilinx Virtex-5 FPGA, up to 12 Msamples can be stored 
in the chip memory. After recording the longest tracks, 
data are downloaded to the server where they are 

Instability	
  growth	
  rates	
  (ms-­‐1)	
  vs.	
  beam	
  current	
  
(mA)	
  at	
  different	
  voltages	
  applied	
  to	
  the	
  clearing	
  

electrodes	
  



Touschek	
  effect	
  	
  
�  Touschek	
  effect	
  is	
  a	
  Coulomb	
  scattering	
  	
  between	
  2	
  particles	
  in	
  the	
  same	
  

bunch	
  at	
  large	
  angle,	
  associated	
  with	
  a	
  transfer	
  of	
  momentum	
  from	
  the	
  
transverse	
  plane	
  to	
  the	
  longitudinal	
  plane.	
  

�  As	
  a	
  consequence	
  particles	
  with	
  a	
  large	
  energy	
  deviation	
  can	
  be	
  lost	
  
outside	
  of	
  the	
  accelerator	
  acceptance	
  	
  

�  Total	
  effect	
  is	
  the	
  decrease	
  of	
  the	
  beam	
  “lifetime”	
  (up	
  to	
  few	
  minutes!)	
  
�  Usually	
  important	
  for	
  energy	
  below	
  2	
  GeV.	
  In	
  DAΦNE	
  is	
  a	
  dominant	
  effect	
  	
  
�  It	
  depends	
  from	
  energy	
  acceptance	
  of	
  the	
  RF	
  cavity	
  and	
  the	
  dynamic	
  

aperture	
  	
  
�  An	
  intense	
  work	
  is	
  routinely	
  done	
  to	
  mitigate	
  this	
  effect	
  with	
  collimators	
  

and	
  improving	
  the	
  dynamic	
  aperture	
  
�  Monte	
  Carlo	
  tracking	
  codes	
  allow	
  to	
  predict	
  lost	
  particles	
  rates	
  and	
  

position	
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per turn. Once per turn the macroparticle’s energy devia-
tion is compared to rf acceptance and, if larger, it is lost.
This approximation is good enough to estimate the loss
rates caused by exceeding the rf acceptance, even if their
longitudinal loss position is not determined. On the con-
trary, with this approach we have the advantage to estimate
this loss source without introducing radiation and damping,
and consequently, without tracking scattered particles for
few damping times.

Sextupoles and higher order multipolar terms are in-
cluded in the particles’ tracking. Nonlinear terms, such as
sextupoles and octupoles but also higher order ones, are
treated as a thin lens placed between two drifts of half their
length. The simulation code evaluates the energy accep-
tance by giving as output the Touschek loss probability as a
function of the energy deviation dE=E (see plot in Fig. 4 as
an example, referred to the low energy ring of SuperB).
This evaluation can be compared with dynamical aperture
simulations from dedicated codes, and checked by mea-
surements. In this approach, the dynamical aperture is
intrinsically taken into account and not imposed as input.
We point out that energy acceptance estimated by STAR has
always resulted in good agreement with the one calculated
with MAD. This method is intrinsically very sensitive to the
physical aperture, especially at the IR, where the beam-
stay-clear is relatively smaller with respect to the rest of the
ring.

Tracking with nonlinear terms is important especially
for machines with long transverse damping times, as reso-
nances that may be excited by nonlinearities can have an
effect on the beams for a long time; DAфNE is an example,
due to its low energy and small circumference. Table I
reports a complete list of DAфNE present parameters.

The simulation code gives a direct evaluation of the
lifetime by counting the particle losses along the ring for
a number of machine turns sufficient to give steady results,

evaluated from formula (3). In addition, the particle losses
close to the interaction point (IP) can be used as primaries
for tracking with GEANT the secondaries into the detector
allowing the evaluation of the background counting rates
and detailed studies of background properties, namely,
spatial distribution and energy spectra. Several compari-
sons have been performed between simulations for
DAфNE and KLOE data showing a good qualitative agree-
ment [12–14]. Recently, this study has been carried on also
for the present optics; Fig. 5 shows the distributions and
trajectories of the primary Touschek particles hitting the
pipe for this configuration.
Some approximations have been done for the simulation

of the particles tracking: the magnets, as well as the beam,
are assumed perfectly aligned and centered along the beam
orbit. The real machine is unavoidably more compli-
cated, and the dynamic aperture may result not as well
optimized as in simulation. Nevertheless, the approach
of the Monte Carlo simulation gives a realistic estimate

FIG. 4. Loss probability for Touschek particles as a function of
their energy deviation dE=E, each color is for a machine turn
(nt), for the low energy ring SuperB lattice.

TABLE I. Main parameters of the upgraded DAфNE accel-
erator for the KLOE-2 run.

DAфNE parameter Value

Maximum beam energy 510 MeV
Circumference 97.59 m
rf frequency 368 MHz
Horizontal/vertical emittance 240! 10"9=2:4! 10"9! m rad
Energy spread 0:4! 10"3

Full crossing angle 50 mrad
Bunch length 1.43 cm at Ibunch ¼ 10 mA
# particles per bunch 2:1! 1010 at Ibunch ¼ 10 mA
"x="y " functions at IP (H=V) 0:25 m=9! 10"3 m
Time between collisions 2.7 ns
Beam rigidity B# 1.70 T m
Energy loss per turn 9.11 keV

FIG. 5. (a) IR loss particles distribution for the KLOE crab-
waist optics, with scrapers at their experimental set.
(b) Trajectories with hit positions on the physical aperture that
the particles actually see.
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(a)	
  IR	
  loss	
  particles	
  distribution	
  for	
  the	
  KLOE	
  
crab-­‐waist	
  optics,	
  with	
  scrapers	
  at	
  their	
  
experimental	
  set.	
  	
  
(b)	
  Trajectories	
  with	
  hit	
  positions	
  on	
  the	
  physical	
  
aperture	
  that	
  the	
  particles	
  actually	
  see.	
  



Conclusions	
  
� Among	
  all	
  e+e-­‐	
  colliders	
  DAΦNE	
  is	
  unique	
  also	
  as	
  a	
  test	
  
bench	
  of	
  new	
  ideas	
  in	
  the	
  Accelerators	
  field	
  

� The	
  present	
  performances	
  are	
  close	
  to	
  the	
  top	
  for	
  an	
  
accelerator	
  of	
  this	
  low	
  energy	
  	
  

� Continuous	
  work	
  is	
  spent	
  in	
  optimizing	
  the	
  beam	
  
properties	
  and	
  luminosity,	
  and	
  in	
  maintaining	
  all	
  
hardware	
  components	
  performances	
  at	
  their	
  best	
  

� Optimizing	
  the	
  collider	
  performances	
  is	
  generally	
  a	
  
difficult	
  task,	
  but	
  in	
  DAΦNE	
  one	
  has	
  also	
  to	
  cope	
  with	
  
the	
  reliability	
  of	
  hardware	
  systems	
  designed	
  and	
  built	
  
almost	
  20	
  years	
  ago	
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