
 

KKKKKKKK

  

DAΦNE  TECHNICAL  NOTE

INFN - LNF,  Accelerator Division

                                                                                                                                                                     

Frascati, June 8, 1994

Note: L-17

OPTIMIZATION OF THE DAY-ONE INTERACTION REGION

C. Biscari

A new layout for the DAY-ONE Interaction Region (IR) is proposed. Relaxing
slightly the transparency conditions it is possible to decrease the vertical chromaticity
which in the previous version1 was higher than in KLOE and FI.NU.DA. IRs.

66 "Accumulator-type" quadrupoles will be now probably purchased from Tesla
Engineering Ltd. We need 54 such quads in the DAΦNE lattice. In addition, if the γ-γ
tagging experiment will run together with the KLOE experiment, it will need 4 "large"
quads, thus leaving 4 more "Accumulator-type" quads available. We can therefore use
12 or 16 of these quads for the DAY-ONE IR, plus four quadrupoles coming from the
ADONE ring. The characteristics of these quads are summarized in Table I.

TABLE I - IR quadrupoles general characteristics

Magnetic Maximum Gap between
length Gradient poles
(mm) (T/m) (mm)

Type 1 (Accumulator) 300 12 100

Type 2 (ADONE) 532 3 220(h) x 90(v)

Along the IR the beam vacuum chamber is common to both rings; due to the
crossing angle at the Interaction Point (IP) the Beam Stay Clear (BSC) increases along
the IR away from the IP: the aperture of the magnetic elements must follow its shape.
Type 1 quads have a small aperture and for this reason they can be used only within
~ 1 m from the IP, while the ADONE quadrupoles are large enough to be used in any
place in the IR.

It has been chosen to add one more quadrupole to each IR triplet, as in the
present FI.NU.DA. design2, so that one more free parameter is available to adjust IR
phase advances or optical functions.

The ADONE quad is used as the last one of the quadruplet. Since the other  three
quadrupoles cannot be placed within 1 m, one quadrupole can be placed exactly
centered at the IP, thus saving space and still leaving four free parameters.
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The IR layout is described in Table II. Figure 1 shows the optical functions and
the separation along half IR. Half IR transport matrix is given in Table III. The main
IR optics parameters are listed in Table IV. The separation and its slope are the
nominal ones. The tunes have been chosen similar to those of the present KLOE
design3, but there is flexibility enough to change them by about 10%, without af-
fecting the matching to the arcs. The vertical chromaticity for half IR is smaller by
one unity with respect to previous design, thus decreasing by 4 units the total ring
vertical chromaticity. The BSC, computed with the usual assumptions4 is plotted in
Fig. 2, and is compared to the actual apertures of the magnets.

TABLE II - DAY-ONE IR elements for half IR

Length Position Center position K2 G
(m) (m from IP) (m from IP) (m-2) (T/m)

Q0 0.150 0.000 0.000 2.866310 4.873
Drift 0.290 0.150
Q1 0.300 0.440 0.590 -0.896576 1.524
Drift 0.300 0.740
Q2 0.300 1.040 1.190 -4.967798 8.445
Drift 0.340 1.340
Q3 0.532 1.680 1.946 1.550163 2.635
Drift 2.838 2.120
End IR 5.050
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Fig. 1 - Optical functions and beam separation for half IR

TABLE III - Half IR first order transport matrix

0.820717 4.700000 0.000000 0.000000

-0.151649 0.350000 0.000000 0.000000
0.000000 0.000000 -5.062550 0.125243
0.000000 0.000000 -1.645972 -0.156809
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TABLE IV - IR optic parameters

@IP

βx (m) 4.5
αx 0.0
βy(m) 0.045
αy 0.0
∆x(m) 0.0
∆x'(mrad) 12.5

@ splitter input

βx (m) 7.9400
αx 0.1945
βy(m) 1.5019
αx 0.6145
∆x(cm) 5.8750
∆x'(mrad) 4.375
Dx (m) -0.040
Dx' -0.020

For Half IR

∆Qx 0.144
∆Qy 0.420
Horizontal chromaticity - 0.37
Vertical chromaticity - 2.46
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Fig. 2 - Quadrupole apertures, BSC apertures (solid lines) for 10,12.5,15 mrad crossing angles,
 and corresponding beam central trajectory (dotted lines)

The IR has been matched to the ring (D19 optics). The total ring main parameters
are listed in Table V. Figure 3 shows the optical functions in the short and in the long
arc. The quadrupole gradients and the optical functions are listed for the short and
long arc in the Appendix I. The dynamic aperture computed with the DAΦNE code5 is
shown in Fig. 4; it is larger with respect to the previous one by about 4σx in the
horizontal plane; the tune behaviours with momentum and amplitude are given in
Fig. 5.
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TABLE V- General lattice parameters

Qx 5.18 Qy 6.15
δQx*(hshort) 1.1896 δQy*(hshort) 1.5599
δQx*(hlong) 1.4004 δQy**(hlong) 1.5154
βx**(short) (m) 6.19 βy**(short) (m) 0.66
βx**(long) (m) 8.20 βy**(long) (m) 1.32
Cx -8.5 Cy -18.8
αc 0.0062 Sextupoles families 8

  * From IP to midpoint of straight section
** At straight section midpoint
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Fig. 3 - Optical functions in the short and in the long arc
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Fig. 4 - Dynamic aperture of the lattice for ∆p/p = - 0.5%, 0., 0.5%
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Qx  vs  Nx Qy  vs  Ny

Fig. 5 - Tune behaviour with amplitude in units of σ's for ∆p/p = - 0.5%, 0., 0.5%
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Fig. 6 - Fractional part of tune versus momentum
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Compatibility with the compensators

The superconducting solenoids which will be used to compensate the solenoidal
field of KLOE6 and FI.NU.DA2. detectors can be installed in the DAY-ONE IR since
they are compatible with the quadrupole layout and vacuum chamber apertures; this
will make installation and commissioning of both experiments easier.

The compensators can be also turned up to study the effect of the solenoidal
field, of the residual coupling and of errors in the compensation on the machine and
on beam dynamics.

In this case the two compensators installed in the same IR should be powered
with opposite currents, so that coupling is canceled outside the IR. In between the
two solenoids, the seven quadrupoles should be rotated by the same angle, corre-
sponding to the total rotation introduced by each solenoid:

Θrot = 
⌡⌠Bs ds

2Bρ  

Due to the focusing effect of the solenoids the optics inside the IR changes; two
solutions are presented, one for the nominal current of the solenoids, corresponding
to Θrot ~ 22°, and one for half its value. The gradients of the quadrupoles with the IR
layout are listed in Tab. VI, the optical functions shown in Figs. 7 and 8; the optical
parameters are given in Tab. VII.

TABLE VI - DAY-ONE IR elements for half IR with compensator on

Length Center position K2 (Θrot=11°) K2 (Θrot=22°)

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

Q0 0.150 0.000 3.20 3.35

Drift 0.290

Q1 0.300 0.590 -0.85 -0.80

Drift 0.300

Q2 0.300 1.190 -4.86 -4.70

Drift 0.340

Q3 0.532 1.946 1.38 1.15

Drift 1.273

Compensator 1.150 4.060

Drift 0.415

End IR 5.050
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TABLE VII - IR optical parameters with compensator on

Θrot 11° 22°

@IP (normal modes in the rotated plane)

βx (m) 4.5 4.5
αξ 0.0 0.0
βy(m) 0.045 0.045
αy 0.0 0.0
∆x(m) 0.0 0.0
∆x'(mrad) 12.5 12.5

@ splitter input

βx (m) 8.7228 9.8601
αx -0.1047 0.1702
βy(m) 1.3421 0.9840
αx 0.1703 0.2717
∆x(cm) 6.4902 6.6924
∆x'(mrad) 5.5388 2.8920
Dx (m) -0.032 -0.029
Dx' -0.020 -0.030

For Half IR

∆Qx 0.159 0.164
∆Qy 0.415 0.421
Horizontal chromaticity - 0.32 -0.45
Vertical chromaticity - 2.48 -2.52
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Fig. 7 - Optical functions and horizontal projection of beam trajectory for ±12.5 mrad
crossing angle in half IR with compensator on and Θrot=11°

The BSC with the compensator on are compatible with those corresponding to the
layout without compensator. Fig.9 shows the BSC corresponding to the case with
maximum compensator field (Θrot = 22°) (solid lines), compared to the BSC without
compensator (dotted lines), already reported in Fig. 2. Both are computed for a
crossing angle of ±15 mrad and a vertical bump of 2.5mm at the IP.
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Fig. 8 - Optical functions and horizontal projection of beam trajectory for ±12.5 mrad
crossing angle in half IR with compensator on and Θrot=22°
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Fig.9 - BSC with compensator on (Θrot=22°)  (solid lines) and BSC
without compensator (dotted lines)
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APPENDIX I

Short arc
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Long arc
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