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The previous proposal for a 1 GeV damping ring
(M. Preger “A positron damping ring for the SuperB
 injection line”, available on the SuperB website)
has been updated to smaller emittance and shorter
damping time.

The old lattice was based on a FODO scheme, while
the present one adopts the same cell structure of the
SuperB main rings. The cell consists of a dipole, splitted
in two parts with a horizontally focusing quadrupole in
between, surrounded by two quadrupole doublets. The 
phase advance per cell is 0.75*2! in the horizontal plane
and 0.25*2! in the vertical one, as in the main rings,
which helps in making the aberrations introduced by the
chromaticity correctiing sextupoles less harmful



The main improvements are:

Equilibrium emittance reduced from 100 nm to 23 nm

Horizontal betatron damping time reduced from 8.4 ms
to 7.3 ms

Momentum compaction reduced by from 0.056 to 0.0057,
!3 times shorter bunch, compressor at extraction 
strongly relaxed

Dynamic aperture doubled in both planes, from !10 mm to
!20 mm horizontal and from !15 to !30 mm vertical



Basic cell



The ring consists of two identical parts: each one hosts
three basic cells, with half dispersion suppressor on
each side.

There are therefore two dispersion free long sections
for injection and RF. Each one has a 2.0 m straight for 
the injection septum and two 1.0 m  straights, one on 
each side, for the kickers, with 90° phase advance
between kickers and septum.



Full ring



Parameter list

-8.7-8.1Uncorrected vertical chromaticity

-11.5-7.3Uncorrected horizontal chromaticity

0.770.90Maximum dispersion (m)

7.311.2Maximum vertical beta (m)

7.99.1Maximum horizontal beta (m)

90136Vertical phase advance per cell (deg)

270136Horizontal phase advance per cell (deg)

0.00570.056Momentum compaction

2.724.57Vertical betatron tune

7.404.57Horizontal betatron tune

51.150.4Circumference (m)

1.01.0Energy (GeV)

NEWOLD



Parameter list (cont.)

0.50.5RF voltage (MV)

0.481.36Bunch length (low current, cm)

8180Harmonic number

475476RF frequency

0.0620.057Equilibrium energy spread (%)

3.704.24Synchrotron damping time (ms)

7.368.44Vertical betatron damping time (ms)

7.268.37Horizontal betatron damping time (ms)

23100Equilibrium horizontal emittance (nm)

NEWOLD



The beam emittance at extraction is given by:

! 

" = "
i
e

#
2t

$ + "
o
1 # e

#
2t

$

% 

& 

' 
' 

( 

) 

* 
* 

where "i is the emittance of the beam from the Linac
(2.5 m, scaling from DAFNE), t (20 ms) the injection
repetition time, # the betatron damping time, "0 the 
equilibrium emittance of the damping ring.

The first term gives 10.1 nm, the second 23.1 nm, yielding a 
final emittance at extraction of 33.2 nm. After acceleration
to 4 GeV, the emittance becomes 8.3 nm, !3 times larger
than the emittance of the beam stored in LER.



Magnet system parameters

0.10.1Sextupole length (m)

NEWOLD
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18.2

16
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12.2

0.3

30

1.495

0.70

20

2Number of independent power supplies

20.9Max. integrated gradient d2B/dx2 (T/m)

24Number of sextupoles

8Number of independent power supplies

23.3Maximum gradient (T/m)

0.3Quadrupole length (m)

50Number of quadrupoles

1.745Dipole field (T)

0.75Dipole length (m)

16Number of dipoles



The phase advance of the basic lattice cell ensures
complete cancellation of the aberrations induced by the
sextupoles if they are separated by two cells. Due to the
small number of cells (3 in each half ring) only two
sextupoles can be used to correct chromaticity in each
plane in a non-interleaved scheme, leading to extremely
large required gradients.

An interleaved scheme with 8 horizontally focusing
sextupoles placed at the boundary of each cell and 16
vertically focusing ones inside each quadrupole doublet in
the cell has been adopted, obtaining a smooth distribution
of moderate gradient sextupoles.

Chromaticity correction



Tune dependence on energy



Tune dependence on amplitude



Dynamic aperture



Chromatic functions sextupoles off



Chromatic functions - sextupoles on



Phase space plots
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Phase space plots
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Phase space plots $p/p = +1%, -1%

X/%x

10÷60

Y/%y

20÷120



Phase space plots $p/p = +2%, -2%
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Main Rings Injection

S. Guiducci, INFN-LNF

17 June 2009



! Minimal aperture needed at septum to avoid losses on stored

beam Ax:

! To avoid losses on injected beam:
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                            is the minimum injection aperture

                       is the injection aperture measured in %x! 
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Minimal requested aperture

for safe horizontal injection

• Assumptions:
– Emittance stored beam (LER): "x

stored = 2.8 nm

– Emittance injected beam: "x
injected = 8.3 nm

– DC septum thickness: $s = 4 mm (as in DA&NE,
thinner is possible but difficult, needs to be AC,
less stable)

– Distance injection orbit to septum = 4 %x
stored

– Injected beam size: 2 k %x
injected, k=3 is 99%

– Stored beam size: %x
stored=0.46 mm with 'x=75m



assuming 

it is

and we have in terms of %x:
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Horizontal injection - Example 1

Kicker angle:
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Injection issues

• Ax~20 %x compared to BSC=30 %x, is it
safe enough?

• calculated with linear optics

• tracking simulation is needed including:

– Nonlinear magnetic fields

– Beam-beam kick

– Energy error in the linac

– Orbit errors



How to reduce Ax?

• Increase !x
injection  =150 m

• Reduce septum thickness "s=1mm?

• Use k=2 (loss 4% of the injected bunch)

collimating at DR exit

• Reduce DR emittance #x
injection = 4.2 nm

(LER)



How to reduce Ax?
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Injection rate
single bunch in DR;  25 Hz/ring

3.8 ·109  (8%)$N /injection pulse

69.6$t fill all bunches once @25Hz (s)

9.5·1010N injected/s (s-1)

14Beam lifetime (min)

7.8·1013NtotTotal numb. of part.

1740Number of bunches

4.53·1010Nb Particles/bunch



Super-B Parameter Options

•



Kickers parameters

241511Tot. pulse length (ns)

111525BSC @kicker (mm)

454545Voltage /strip (kV)

1.621.030.73Strip length (m)

740.51E (GeV)

0.80.95Deflection (mrad)

HERLERDAFNE



DAFNE Septum parameters



DAFNE Septum



Septum parameters

740.51E (GeV)

0.110.110.11Peak field (T)

2.8 + 44.8 + 41.2 + 4$x (mm)

2.02.00.6Length (m)

2.84.838Angle (mrad)

HERLERDAFNE


