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1. INTRODUCTION

The definition of the DAΦNE main ring lattices is presently completed. Each ring is
composed by two arcs1, short and long, (see Fig. 1) and shares with the other ring the two
Interaction Regions (IRs), where the central beam trajectory passes off-axis in all magnetic
elements and intersects the opposite beam trajectory at the IP, with a nominal half crossing
angle of 12.5 mrad.

Fig. 1 - DAΦNE layout

The crossing half angle can be changed from 10 to 15 mrad tuning the splitter field
and switching on an horizontal correcting dipole placed near the splitter2 .

Two experiments will be installed in the two DAΦNE IRs: KLOE3 and FINUDA4.
Their size and magnetic fields deeply interfere with the machine structure. The mechanical
constraints on the size and position of the low-β quadrupoles are faced with permanent
magnet quadrupoles. Due to the relatively low particle energy the solenoidal fields of the
experimental detectors strongly influence the beam dynamics. The two detectors having
different geometry and parameters the machine has no symmetry.
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The commissioning will be accomplished without solenoids and with electromag-
netic quadrupoles for the low-β triplet.

To work with different IR configurations an approach which we have defined
transparency  has been adopted in the ring design: the structure of the regular lattice, the
arcs, remains as much as possible unchanged whatever is the experiment or the magnetic
structure in the two IRs because the IR designs have almost the same transfer matrix and
are easily interchangeable. Almost the same phase advance between sextupoles is kept in
all the different lattices, in order to have similar sextupole configurations and dynamic
apertures even with different chromaticities.

In all the IRs there is the possibility to create a vertical orbit bump and separate the
two beams. This can be used at injection, for more than 30 bunches, in order to avoid the
beam-beam interaction at the parasitic crossings. Moreover, when only one experiment is
running, the beams can be separated at the other IP to optimize the luminosity.

The optical functions in the short and in the long arcs are plotted in Figs. 2a and 2b.

Fig. 2a - Optical functions in the short arc

Fig 2b.- Optical functions in the long arc

In Section 2 the IR designs are described. In Section 3 the different lattice
configurations are listed with their main features. In Table I the DAΦNE single ring
parameters are summarized.
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TABLE  I - DAΦNE single ring parameters list

Energy  (MeV) 510.
Circumference (m) 97.69
Dipole bending radius (m) 1.4
Wiggler bending radius (m) 0.94
Wiggler length (m) 2.0
Momentum compaction .0059
Energy loss/turn (keV): Bend. magnets 4.27

Wigglers 4.96
Total 9.3

Damping times (msec): τs 17.8
τx 36.02
τy 35.73

Natural emittance (m rad)    10-6

Natural relative rms energy spread 3.97 10-4

Natural bunch length  σz (cm) .48
Turbulent bunch length σz (cm) @ Z/n = 1 Ω 3.0
Turbulent rms energy spread @ Z/n = 1 Ω 10-3

RF frequency (MHz) 368.25
RF harmonic number  120
Maximum number of particle/bunch      9.1010

Maximum bunch peak current (A) 57
Maximum total average current (A)      5.3
Maximum synchrotron power/beam (kW) 49
VRF (kV)     254
Parasitic losses (keV/Ω) @ σz = 3 cm  7

2. INTERACTION REGIONS

Three IR configurations have been designed: KLOE, FI.NU.DA., and the commis-
sioning (DAY-ONE). The FI.NU.DA. IR has been designed on the basis of a preliminary
scheme of the experiment. All the IRs have at the IP βx  =  4.5 m and βy  =  0.045 m.

Recently it has been suggested to use four of the old ADONE quadrupoles for the
DAY-ONE configuration. They could be placed as the third quadrupole of each triplet,
with respect to the IP, as their dimensions and maximum gradients fit all the requirements.
A version of this lattice with the ADONE quadrupole has been designed (DAY-ONE
ADONE), and a detuned version, i.e. without low-β, has been also computed. For this
option the transparency criterion is  of course not completely fulfilled.

The KLOE and FI.NU.DA.  IRs have similar magnetic structures, since the total
integrated field of the detector will be the same, so they have been designed to have the
same first order transfer matrix in both planes. At the splitter entrance the beam central
trajectory and angle (∆x, ∆x'), the phase advances from the IP (δQx,y) and the optical
functions (αx,y, βx,y) coincide (see Table II). The dispersion and its slope, created since the
main trajectory passes off-axis in the magnetic elements, are slightly different and are
matched in the arcs. They are computed as derivatives of two trajectories at different ener-
gies. The optical functions are of course different inside the IR but they are nearly the same
in the arcs. The chromaticity also is slightly different for KLOE or FI.NU.DA. and the
sextupole strengths will be readjusted to optimize the dynamic aperture switching from one
experiment to the other.
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In Table II the main parameters of the IR designs are listed. In Table III the transfer
matrices from the IP to the IR end are reported.

TABLE II - Interaction Region main parameters summary

KLOE          FI.NU.DA.        DAY-ONE     DAY-ONE          DAY-ONE
      ADONE      ADONE Detuned

@ IP

βx (m) 4.5 4.5 4.5 4.5 8.78

βy (m) 0.045 0.045 0.045 0.045 8.0

@ Splitter entrance

βx (m) 9.385 9.385 9.640 9.147 6.765

αx .256 .256 .264 .248 -.326
δQx .129 .129 .126 .131 .128
Dx(m)* -.035 -.037 -.040 -.033 -.003
D'x * -.020 -.021 -.020 -.018 0.0
βy (m) 1.000 1.000 1.107 1.255 6.923
αy .374 .374 .445 .557 .167
δQy .412 .412 .389 .374 .093
∆x (mm) * 58.75 58.75 58.75 58.75 69.30
∆x' (mrad) * 4.375 4.375 4.375 4.375 13.23
Cx -.5 -.6 -.4 -.3 -.1
Cy -2.7 -2.5 -3.4 -3.5 -.1

* for a half crossing angle θ = 12.5 mrad
N.B.: The Dx and D'x are negative entering the SHORT and positive entering the LONG.

TABLE III  - Half IR first order transfer matrices

KLOE  IR
Horizontal Vertical

0.9974 4.6999 -4.0137 0.1113
-0.1385 0.3500 -0.9720 -0.2222

FINUDA  IR
Horizontal Vertical

0.9973 4.7000 -4.0137 0.1113
-0.1385 0.3499 -0.9721 -0.2222

DAY ONE  IR
Horizontal Vertical

1.0253 4.7000 -3.7949 0.1436
-0.1364 0.3500 -1.3572 -0.2121

DAY ONE ADONE
Horizontal Vertical

0.9704 4.7000 -3.7133 0.1689
-0.1405 0.3500 -1.3445 -0.2081

DAY ONE ADONE DETUNED
Horizontal Vertical

0.6101 5.5439 0.7755 4.1104
-0.0639 1.0587 -0.0929 0.7968
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2.1. KLOE

The magnetic field of the KLOE detector solenoid (Bz = 0.6 T) is extended for a
length of ±2.10 m around the IP (total integrated field 2.56 T m). Since a very large solid
angle is required for the experiment, the machine components must be installed within a
cone of 9° maximum half-aperture. The low-β is obtained with a permanent magnet
quadrupole triplet on each side at a distance of 46 cm from the IP, immersed in the
solenoidal field. A compensation scheme of new conception5 has been adopted to locally
decouple the transverse planes, consisting of rotation of the low-β quadrupoles and two
compensating solenoids.

To cancel the coupling the total field integral along the trajectory must be zero. Two
compensating superconducting solenoids, placed on each side of the detector, will produce
a total magnetic field integral equal in magnitude but opposite in sign with respect to the
detector. The quadrupoles will be rotated, following the rotation in the (x-y) plane due to
the longitudinal detector field Bz, by the angle:

θ(z) =⌡
⌠ Bz

2Bρ dz 

where the integral is performed from the IP to the quadrupole longitudinal position z. This
means that each quadrupole should actually be rotated as a helix; since this solution is
technically difficult to realize, each quadrupole is rotated as a whole, by the average angle.
To eliminate the small residual coupling, due to this approximation, three independent
supplementary rotations plus a correction in the compensator field (which can be seen as
an angle δθc) will be applied.

The complete IR layout, proceeding from the left to the right side of KLOE, is as
follows:

- a compensator, rotating the phase plane by -(θc + δθc)

- three quadrupoles, rotated by - (θi + δθi)

- the IP

- three quadrupoles, rotated by (θi + δθi)

- a compensator, rotating the phase plane by -(θc + δθc).

Superimposed is the KLOE solenoidal field that rotates the normal modes by 2θc. To
take into account the fringing fields each solenoid is simulated as 3 uniform solenoids: a
central one with the maximum field and the two 0.3 m long on both sides with a half field.

The main characteristics of the IR elements, including the rotation angles, are listed
in Table IV. In Fig 3 is a sketch of the KLOE IR.



L-9  pg. 6

TABLE IV  - KLOE IR elements for half insertion

Element Length Position K2 B θ dθ
(m) (m from IP) (m-2) (T) (deg) (deg)

KLOE solenoid 0.460 0.000 0.6

Q1 + KLOE solenoid 0.200 0.460 3.483964 0.6 + 5.66° + 0.31°

KLOE solenoid 0.170 0.660 0.6

Q2 + KLOE solenoid 0.350 0.830 -6.049274 0.6 + 10.15° + 0.02°

KLOE solenoid 0.150 1.180 0.6

Q3 + KLOE solenoid 0.270 1.330 3.101060 0.6 + 14.80° + 0.27°

KLOE solenoid 0.350 1.600 0.6

KLOE solenoid 0.300 1.950 0.3

Drift 1.205 2.250

Compensator 0.300 3.455 0.7438

Compensator 0.540 3.755 1.4876 - 21.22°* + 0.18°*

Compensator 0.300 4.295 0.7438

Drift 0.455 4.595

*  Corresponds to the total compensator rotation angle
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Q3 Q3

Solenoid

Fig . 3 - KLOE layout

The optical functions and the beam horizontal half separation for 12.5 mrad crossing
half angle in half IR are plotted in Fig. 4. The optical functions are computed in a frame
following the rotation of the normal betatron modes.

Fig . 4 - KLOE IR optical functions and beam trajectory
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2.2.  FI.NU.DA.

The preliminary characteristics of the  FI.NU.DA.  detector are a magnetic field of
1.5 T for a total length of about 2 m, so the integrated magnetic field, 3 T m, is of the same
order of KLOE's one and the lattice design is very similar.

The last quadrupole of each triplet is placed outside the detector. The solid angle re-
quired by the detector will be much smaller than in KLOE, so leaving more space to the
machine components.

The total first order transport matrix of the FI.NU.DA. IR is the same as the KLOE
one (see Table III); to match this transparency criterion the compensator length has been
used as free parameter, so that it results longer than the one in KLOE IR.

Table V summarizes the characteristics of the IR elements. Detector and compen-
sator are represented, as in KLOE, by rectangular solenoids. Fig. 5 shows the IR layout and
Fig. 6 the optical functions and the beam horizontal half separation for a half crossing
angle of 12.5 mrad.

TABLE V - FI.NU.DA. IR

Element Length Position K2 B θ dθ
(m) (m from IP) (m-2) (T) (deg) (deg)

FINUDA solenoid 0.460 0.000 1.5
Q1 + FINUDA solenoid 0.200 0.460 2.565280 1.5 + 14.15° + 0.14°
FINUDA solenoid 0.190 0.660 1.5
Q2 + FINUDA solenoid 0.300 0.850 -6.190030 0.75 + 23.37° + 0.13°
Drift 0.274 1.150
Q3 0.200 1.424 3.302029 + 25.26° + 0.41°
Drift 1.329 1.624
Compensator 0.300 2.953 0.7491
Compensator 0.696 3.253 1.4983 - 25.26°* - 0.31°*
Compensator 0.300 3.949 0.7491
Drift 0.801 4.249

*  Corresponds to the total compensator rotation angle
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Fig . 5 - FI.NU.DA. layout
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Fig 6- FI.NU.DA. IR optical functions and beam trajectory

2.3. DAY-ONE

For the machine commissioning a symmetric configuration of the two IRs has been
adopted, with electromagnetic quadrupoles which can be tuned to optimize the beam sizes
at the IP and the luminosity.

The DAY-ONE IR has no solenoids. The horizontal separation at the splitter
entrance is the same as the previous lattices, while the IR transport matrix is slightly
different, with beta functions and phase advances very similar to the KLOE and
FI.NU.DA. ones (see Table II).

In Table VI is the lattice structure of the DAY-ONE IR. For the three quadrupoles
the radius of the equivalent gradient bending magnet, used to simulate the off-axis
trajectory at 12.5 mrad, is also given. The optical functions are shown in Fig. 7. In Table
VII the DAY-ONE ADONE IR characteristics are shown. The quadrupole strengths for the
detuned version are also given. As shown in Table I for the detuned IR the beam separation
at the splitter entrance is different from the other IR's, so a small angle (5 mrad) in the
corrector after the splitter is necessary to bring the trajectory on axis.

TABLE VI - DAY-ONE IR

       Element Length Position K2 ρ eq

(m) (m from IP) (m-2) (m)

Drift 0.150 0.000

Q1 0.300 0.150 0.97243 277.25

Drift 0.710 0.450

Q2 0.300 1.160 -4.60014 13.32

Drift 0.620 1.460

Q3 0.300 2.080 2.19612 10.14

Drift 2.670 2.380
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Fig. 7 - Day-One IR optical functions and beam trajectory

TABLE VII - DAY-ONE ADONE IR

    Element Length Position K2 ρ eq

(m) (m from IP) (m-2) (m)

Drift 0.170 0.000

Q1 0.300 0.170 1.015843 (0.877372*) 248.99 (359.80*)

Drift 0.710 0.470

Q2 0.300 1.180 -4.619404 (-1.403966*) 13.15 (55.97*)

Drift 0.490 1.480

Q3 0.532 1.970 1.280745 (0.293000*) 17.89 (135.03*)

Drift 2.548 2.502

* Detuned IR

3. DAΦNE RING CONFIGURATIONS

The different ring configurations which have been studied in more detail are listed
below. Total tunes and phase advances for half-short and half-long, chromaticities,
momentum compaction, number of sextupole families are listed in Table VIII for each
lattice. For the asymmetric lattice (D17) the phase advances for the two different half-short
and half-long sections are given.

In Appendix A a list of the optical functions and a table of the lattice elements and
in Appendix B the dynamic apertures and the sextupole strengths are given.
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TABLE VIII -  General characteristics of DAΦNE configurations

D13 D14 D15 D16 D17

Qx 5.18 5.18 5.18 5.18 5.18

Qy 6.15 6.15 6.15 4.15 5.15

δQx(hshort)* 1.17 1.17 1.17 1.17 1.17

δQy(hshort)* 1.569 1.569 1.569 1.069 1.069

δQx(hlong)* 1.42 1.42 1.42 1.42 1.414 /1.426

δQy(hlong)* 1.506 1.506 1.506 1.006 1.009/1.003

Cx -9.3 -9.2 -9.0 -7.9 -9.3

Cy -23.0 -19.6 -20.0 -8.6 -14.3

αc .0059 .0059 .0059 .0053 .0060

NFsex 8 7 7 6 6

*   From IP to arc symmetry point.

D13: the DAY-ONE

This lattice is dedicated to the commissioning phase. It is symmetric with respect to
the axis intercepting the injection straight section (LONG) and the central quadrupole of
the SHORT. The low-β quadrupoles are conventional. The IRs are the DAY-ONE
described above.

The dynamic aperture6 using 8 sextupole families is quite good for off-energy
particles also, the smallest being at +1%. The dynamic apertures with systematic and
random errors have been also computed 7,8.

The dynamic aperture sensitivity to quadrupole gradient errors has been checked.
Several machines have been simulated assuming different sets of gradient errors,
belonging to a Gaussian distribution, in all machine quadrupoles including the low-β
triplets. A value of 6x10-4 [T/m]  has been used as sigma of the gradient distribution. No
substantial variations of the dynamic aperture have been observed.

An analysis of the orbit distortions due to magnet displacements, rotations and field
errors has been carried out using the computer code MAD9. Ten different machines have
been simulated using the following errors (rms):

displacement   ∆x=∆y 0.15 mm

rotation    ∆θ = ∆φ 0.5 mrad

error field ∆B/B 5x 10-4
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In each ring there are 54 monitors (horizontal and vertical), 22 horizontal correctors
and 30 vertical ones, including those used to create a vertical orbit bump at the IP. The
layout of monitors and correctors is shown in Appendix C.

The residual maximum orbit distortion after the correction along the machine is
reported in Table IX, for both transverse planes, together with the corresponding corrector
strengths:

TABLE IX -  Residual orbit after correction and corrector strengths

Xmax(mm) 0.98 ± .35 Xrms(mm) 0.23 ± .08

Ymax(mm) 0.88 ± .53 Yrms(mm) 0.21 ± .10

Θxmax(mrad) 1.33 ±.53 Θxrms(mrad) 0.49 ±.12

Θymax(mrad) 0.93± .53 Θyrms(mrad) 0.37 ± .21

D14: KLOE + FI.NU.DA.

This lattice has the two experiments in the IRs. The arc lattice is nearly symmetric,
with small differences due to the different dispersion behaviour in KLOE and FI.NU.DA.
The tunes are the same as D15 and D13.

The dynamic aperture10 is practically the same as the D15 lattice.

D15: two interaction regions with KLOE

This lattice is symmetric. A study of the dynamic aperture has shown that a horizon-
tal phase advance between the arc sextupoles (SD and SF) closer to 180° gives better re-
sults. The largest possible phase advance is 110° in the SHORT and 130° in  the LONG.

The dynamic aperture10 with 7 sextupole families is good. A study with systematic
and random errors has also been performed7,8 and shows satisfactory results.

A version of this lattice with a lower horizontal tune and the same emittance has also
been studied. No dynamic aperture studies have been performed yet.

D16: detuned DAY-ONE

A detuned version of the DAY-ONE ADONE lattice has been designed for early
commissioning. It is a symmetric lattice with high beta values at the IP. This lattice has
been designed with the same phase advance between sextupoles as in the D13 except for
the two IRs where the vertical tune is lower by one integer due to the higher βy  value.
Therefore the vertical tune is 2 integers lower and the vertical chromaticity is much lower
than the DAY-ONE lattice.

The dynamic aperture10 with 6 sextupole families is quite large for off-energy
particles too.
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D17:  KLOE + detuned

This  configuration  has the KLOE IR on one side and the detuned IR (no low-β) on
the other. It might be adopted if only one experiment is running: the beams would be
separated in vertical to avoid crossing in the detuned insertion.

The dynamic aperture10 is large for particles with ∆p/p = 0 and +1%, while is slightly
smaller, but always larger than  10σx  for particles with a  2σy  vertical amplitude, for
∆p/p=-1%.
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APPENDIX A.1.a

D13 Half-short optical functions and lattice elements
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APPENDIX A.1.b

D13 Half-long optical functions and lattice elements
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APPENDIX A.2.a

D14  Optical functions and lattice elements for the half short arc close to the FINUDA IR
(the half arc close to KLOE is the same as DIS, see A.3.a)
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APPENDIX A.2.b

D14  Optical functions and lattice elements for the half long arc close to the FINUDA IR
(the half arc close to KLOE IR is the same as DIS, see A.3.b)
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APPENDIX A.3.a

D15 Half-short arc optical functions and lattice elements
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APPENDIX A.3.b

D15 Half-long arc optical functions and lattice elements
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APPENDIX A.4.a

D16 Half-short optical functions and lattice elements
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APPENDIX A.4.b

D16 Half-long optical functions and lattice elements
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APPENDIX A.5.a

D17  Short optical functions and lattice elements
(from the detuned IP to the matching point)
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APPENDIX A.5.b

D17 Long optical functions and lattice elements
(from the detuned IP to the matching point)
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APPENDIX B.1

D13 Dynamic aperture without errors
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D13 Horizontal tune with amplitude
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D13 Vertical tune with amplitude
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APPENDIX B.2

D14 Dynamic aperture without errors
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D14 Horizontal tune with amplitude
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D14 Vertical tune with amplitude
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APPENDIX B.3

D15 Dynamic aperture without errors
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D15 Horizontal tune with amplitude
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D15 Vertical tune with amplitude
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APPENDIX B.4.

D16 Dynamic aperture without errors
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D16 Horizontal tune with amplitude
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D16 Vertical tune with amplitude
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APPENDIX B.5

D17 Dynamic aperture without errors
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D17 Horizontal tune with amplitude
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D17 Vertical tune with amplitude
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APPENDIX B.6

Horizontal and Vertical  fractional tunes with particle momentum deviation

D13

D14

D15
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D16

D17
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APPENDIX B.7

Sextupole tables

D13

D14
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D15

D16

D17
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APPENDIX C

Layout of elements for closed orbit correction


