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DAΦNE STAY-CLEAR APERTURES

C. Biscari

The apertures of the main ring are computed for structures D13 and D14* (see Appendix).
The allowance for residual closed orbit (C.O.) is not included. Ax (Ay) means half horizontal
(vertical) aperture.

HORIZONTAL APERTURES

In DAΦNE beam lifetime is mostly limited by Touschek effect. The rf acceptance is of the
order of 2%, while the maximum momentum acceptance for a particle Touschek scattered in the
most critical point of the lattice (horizontal betatron function βx ~ 15 m and dispersion Dx ~1 m)
is**:

∆p/p ~ 0.1 Ax

(with Ax in m). For typical values of Ax, it is much smaller than rf acceptance: this means that
most of the Touschek losses are due to particles exceeding the horizontal acceptance. If the
horizontal vacuum chamber size were constant with an aperture Ax = 4cm, the maximum
allowed amplitude would correspond to ~10 σx and to a Touschek lifetime of about 400 min.
Since this is a reasonably good lifetime value, to preserve it we will compute the aperture of the
whole ring with 10 σx scaling.

Since injection is performed in the horizontal plane also injection requirements have been
considered.

- The injected beam emittance is εx ~ 3 10-7 m rad.
- The horizontal betatron function @ injection is ~ 7 m.
- The injection septum is 4.2 mm thick and is placed at 4 times the stored beam rms width.

The maximum residual oscillation is:

Ainj = 4σxstored + Dsept + 2 (3σxinjected) ~ 25 mm ~ 9.5 σxstored

(σxinjected has been computed using βin = 10 m; if βin = 5 m =>Ainj = 8.3 σxstored

Our 10 σx assumption accommodates injection requirements.

                                                                                    
*  DAΦNE Lattice group - Structures D13...D15  - in  preparation
** Bassetti et al. : Main rings optic updating - 3rd Machine Review - July 1992.
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VERTICAL APERTURES

The vertical aperture determines the gas scattering lifetime τsc; τsc has been computed as a
function of the aperture in units of σy in full coupling (f.c.).  (σy @ f.c. = 7 σy  @1%); as
horizontal limitation Ax = 40 mm at the maximum beta (βx = 16 m) position has been assumed,
corresponding to 10 σx. As already pointed out the total lifetime is mainly limited by the
Touschek effect.

In Fig. 1 the total lifetime τt, given as:

1/τt  =  1/τtou + 1/τsc

is represented (all the other contributions to beam lifetime have been here neglected). With τtou
= 400 min a minimum aperture of ~ 10σy  is necessary for not further reducing the beam
lifetime. So, we take a minimum vertical aperture of 10 σy with a vertical emittance of 5 10-7 m
rad.

Fig. 1 - Beam lifetime computed with the only contribution of Touschek effect and gas scattering.

INTERACTION REGIONS

Three different Interaction Regions are foreseen:

a) Day-one : triplet of conventional quadrupoles on each side of the IP.

b) KLOE : detector solenoid containing the permanent magnet quadrupole triplet plus one
compensator solenoid.
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c) FI.NU.DA. : detector solenoid containing two permanent magnet quadrupoles(?), one
conventional quadrupole and the compensator solenoid.

- The maximum horizontal crossing angle is ± 15 mrad.

- A vertical separation Yo = ± 2.5 mm @I.P (corresponding to a total separation between
the two beam centers of 2.35 σx) is obtained with three correctors on each side,
originating a vertical bump starting near the bending magnet through the following three
quadrupoles, the splitter and the interaction region. (see Figure 2).

Fig. 2 - Example of bump in the Interaction Region with the commissioning optics.

The values of the three bump correctors are slightly different in the "short" and in the "long"
ring sections because the arc quadrupole fields are not symmetric with respect to the I.P. The
first corrector is placed 5 cm before the splitter and due to the lack of space its maximum kick is
2 mrad; the 2nd corrector is 20 cm after the splitter and the 3rd 15 cm before the first dipole. Any
change in the optics will of course lead to changes in the corrector settings and in the bump
amplitude. To take this possible variation into account an additional ±2.5 mm  should be added
to the vertical aperture of the splitter, of the crossing angle corrector and of the three
quadrupoles between the splitter and the first dipole, i.e. where the bump passes. A VAX code is
available to compute the corrector settings in any configuration.

To compute the apertures in the three Interaction Regions the following assumptions have
been made.

In absence of solenoidal fields and for rectangular (or ellipsoidal or any shape
discriminating between horizontal and vertical dimensions) vacuum chamber, the maximum
horizontal aperture is given by (see Fig. 3).

Apx = ∆x + Sx

± ∆x being the total separation between the two beam trajectories crossing at ± 15 mrad, and
Sx =10 σx.

The maximum vertical aperture is:
Apy = ∆y + Sy

where ∆y is the bump amplitude and Sy =10 σy.
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Fig. 3 - Apertures in absence of solenoidal fields.

It has to be noticed that the maximum horizontal aperture is necessary not only at y = 0, but
within ± ∆y , and the maximum vertical aperture within ± ∆x.

For a circular vacuum chamber, the radius is APmax, which is the maximum between AP1
and AP2, being:

AP12 = Apx2 + ∆y2

AP22 = Apy2 + ∆x2

In presence of solenoidal fields the rotation of the transverse plane is taken into account.
The absolute values of the separation, of the bump and of the beam dimensions in the two
perpendicular planes have been computed in the rotating frame (xr, yr) (see Fig. 4).
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Fig. 4 - Apertures in presence of solenoidal fields.
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Figure 4 shows schematically the maximum beam displacements at a given position inside
the interaction region. θ is the rotation angle due to the solenoidal field. The position of the
beam center, depending on the crossing angle and on the vertical separation, is within the
rectangle (P1 P2 P3 P4). The four outer rectangles account for the contribution of Sxr and Sxr.
Apxr and Apyr are the apertures in the rotating frame:

Apxr = ∆xr + Sxr
Apyr = ∆yr + Syr

where the symbols have the same meaning as before but in the rotating frame.

For a circular vacuum chamber, AP1r and AP2r are computed and the larger is the
necessary aperture, APmax.

If the vacuum chamber is not circular the horizontal aperture Px is the maximum between
the projections on the horizontal axis of OA and OB, while the vertical aperture Py is the
maximum between the projections on the vertical axis of OC and OD.

DAY-ONE INTERACTION REGION

In Table 1 and in Figs. 5 the characteristics of the Interaction region and of the arc up to the
first dipole are listed. For the arc apertures up to the dipole the same assumptions as for the
Interaction Region have been done. Both the short arc and the long arc are given.

Table 1a - Day-one Interaction Region and adjacent arc for the short part. Apertures are given in mm

Table 1b - Day-one Interaction Region and adjacent arc for the long part
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Fig. 5a - Day-one Interaction Region and adjacent arc for the short part

Fig. 5b - Day-one Interaction Region and adjacent arc for the long part
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In Table 2 the characteristics of the low beta triplet are given. Apmax is the maximum value
along the quadrupole.

Table 2 - Day One Quadrupole Triplet

Quad z L K G Apmax Apx Apy
(m) (m) (m-2) (T/m) (mm) (mm) (mm)

Q1 0.15 0.30 0.9724 1.65 28 27 19
Q2 1.16 0.30 -4.6001 7.83 52 44 46
Q3 2.08 0.30 2.1961 3.74 91 91 29

KLOE

In Table 3 and Figs. 6 the characteristics of KLOE Interaction Region and adjacent arc are
given.

Table 3a - KLOE Interaction Region and adjacent arc for the short part. Apertures are given in mm

Table 3b - KLOE Interaction Region and adjacent arc for the long part
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Fig. 6a - KLOE Interaction Region and adjacent arc for the short part

Fig. 6b - KLOE Interaction Region and adjacent arc for the long part
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The three quadrupoles inside the detector are permanent magnets. The inner radius r1 and
the outer dimension R2 in a permanent magnet quadrupole are related by:

G  =  
1.82
r1

   -  
2.16
R2

 (Cattoni: M3)

In the quadrupole region the vacuum chamber should be circular, so the necessary aperture
is Apmax; r1 is obtained as:

r1 = Apmax + 12 mm

R2 is obtained with the above formula and compared to the maximum available space,
which is given by:

Rmax = Z tan (9°)

The value of R2 is always smaller than Rmax ; In Fig. 7 the Interaction Region details are
given: Apmax, R2 an Rmax are plotted. In Table 4 the characteristics of the three quadrupoles
are summarized; R2 is the maximum along each quadrupole.

Fig. 7 - KLOE Interaction Region

Table 4 - KLOE TRIPLET

Quad z L K G Apmax r1 R2 Rmax
(m) (m) (m-2) (T/m) (mm) (mm) (mm) (mm)

Q1 0.46 0.20 3.4840 5.93 30 42 57 73
Q2 0.83 0.35 -6.0493 10.29 42 54 93 131
Q3 1.33 0.27 3.1011 5.28 58 70 104 211
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FI.NU.DA.

In Table 5 and Figs. 8 the characteristics of FI.NU.DA. Interaction Region and adjacent arc
are given.

Table 5a - FI.NU.DA. Interaction Region and adjacent arc for the short part. Apertures are given in mm

Table 5b - FI.NU.DA. Interaction Region and adjacent arc for the long part
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Fig. 8a - FI.NU.DA. Interaction Region and adjacent arc for the short part

Fig. 8b - FI.NU.DA. Interaction Region and adjacent arc for the long part
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The characteristics of the quadrupole triplet are summarized in Table 6.

Table 6 - FI.NU.DA.  TRIPLET

Quad z L K G Apmax Px Py
(m) (m) (m-2) (T/m) (mm) (mm) (mm)

Q1 0.46 0.20 2.5653 4.36 29 29 27
Q2 0.85 0.30 -6.1900 10.53 40 34 40
Q3 1.424 0.20 3.3020 5.62 58 53 38

SPLITTER and CORRECTOR

Nominal values of the splitter correspond to ±12.5 mrad crossing angle. They are the same
for the three different interaction region configurations. The crossing angle goes from ± 10 to
±15 mrad changing the splitter field and switching on the corrector.

Crossing angle (mrad) ± 12.5 ± 15 ± 10

           Splitter

Horizontal separation(mm) 58.75 70.50 47.00
Trajectory angle (mrad) 4.375 5.25 3.5
Arc length (m) 1.4500 1.4493 1.4508
Bending angle (mrad) 152.7046 141.7751 163.6179
Magnetic field (T) 0.1792 0.1664 0.1919
Bending radius (m) 9.4955 10.2224 8.8668

        Corrector

Arc length (m) 0.25 0.2498 0.2502
Bending angle (mrad) 0. 10.0545 -10.0383

In the splitter the maximum vertical half aperture is 21.2 mm + 2.5 mm (accounting for
bump dimension changes), i.e. 24 mm.

The horizontal apertures must take into account the inner trajectory, corresponding
to ± 10 mrad crossing angle, and the outer one, corresponding to ± 15 mrad. In Fig. 9 the
necessary total horizontal aperture without c.o. is sketched.

At the splitter input the trajectories corresponding to ±10 and to ±15 mrad are separated by
a distance ∆xtr = 23.5 mm and at the output they are 9.6 mm apart. So the total aperture at the
input is:

2Ax = 2 Px +  ∆xtr = 87 mm

and at the output:

2Ax = 2 Px +  ∆xtr = 74mm in the hypothesis of circular vacuum chamber.

At the splitter input the distance between the splitter center and the vacuum chamber is
15 mm.
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Fig. 9 - Splitter

ARCS

The optical functions of the main ring lattice for which the apertures have been computed
are represented in Figs. 10 and 11 for the short and the long part respectively from the splitter
output to the center of the straight sections. Since the optics is not completely frozen, we point
out the limits on the maximum beam sizes fitting the requested apertures according to our
hypothesis. The arcs have been divided in three parts: a) the section between the splitter and the
first dipole, b)the zone between the two dipoles, and c) the straight sections.

Section a )

For the section a) the apertures have been calculated together with the interaction regions
specifications, as can be seen in previous tables. If the vacuum chamber is circular a minimum
radius of 40 mm is needed, so that possible variations of the betatron functions up to a
maximum of 16 m in the horizontal plane and 18 m in the vertical plane can be accepted. If the
vacuum chamber is rectangular ±40 mm in the horizontal direction are needed, while in the
vertical ±30 mm are sufficient apart from the central quadrupole where the bump dimension is
higher and a minimum aperture of ±40 mm is necessary.
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Fig. 10 - Optical functions in the short part

Fig. 11 - Optical functions in the long part
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Section b)

Dipole characteristic are listed in the table below. The apertures correspond to a maximum
horizontal betatron function of 12 m and the same for the vertical one.

DIPOLES

    Type Arc length α ρ B 2Ax 2Ay
(m) (°) (m) (T) (mm) (mm)

Long sector 1.210 49.50 1.40056 1.2146 74 49
Long rect 1.210 49.50 1.40056 1.2146 74 49
Short sector 0.990 40.50 1.40056 1.2146 74 49
Short rect 0.990 40.50 1.40056 1.2146 74 49

(+ C.O) (+ C.O)

In the wiggler the vertical beam dimension is small; the necessary aperture is   2  Ay  =  16
+ C.O. (βy = 1.2 m).

In the horizontal plane the central trajectory is not centered around the magnetic axis of the
other elements (see Fig. 12), so that the necessary horizontal aperture is larger on the outer part
of the machine.

2 Ax  =  100 + C.O.  (centered around x = 12 mm).

Fig. 12 - Central trajectory inside the wiggler

The vacuum chamber between dipoles and wiggler should be:

Ax > 40 mm
Ay > 21 mm

Section c)

The maximum considered betatron function values are βx  = 16 m ; βy = 18 m
corresponding to Ax > 40 mm - Ay > 30 mm.
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APPENDIX

The lattice characteristics and the optical functions of the structure D14* are listed in the
following from the splitter input to the center of the straight sections for the short and the long
part.

SHORT ARC
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LONG ARC
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