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Summary





I have computed the dimensions of internal absorbers for the new triplet design as presented by Sylvain Weisz at the meeting on low-beta optics on 29 October.  With a 27 mm ID liner, as was proposed for use in the previous triplet[1], there is room (at 10 sigma according to the method of calculating physical aperture limits given in the Yellow Book[2]) to operate at injection at b* of 8 m and with a beam-beam separation up to 8 sigma through the IR (±0.13 mrad crossing angle), as compared with 6 sigma (±0.10 mrad) in the Yellow Book design.  I have now included a vertical beam separation at the IP.  It has almost no effect on the minimum (10 sigma) absorber diameters -- less than 1 mm increase required for the front absorber and essentially zero for the internal absorbers. 





I also looked at the use of superconducting dipoles.  The single aperture dipole D1 is placed 2.2 m behind Q3, as it is in the Yellow Book, its aperture is set to be 100 mm and its field to be 4 T, corresponding to a large aperture RHIC dipole, and set its length is set to be 7 m.  It is currently planned to use two such modules in each half of IRs 2 and 8.  With one 7 m long superconducting dipole, the back of D2 is 142 m from the IP, compared with 165.8 m in the version with resistive magnets that Sylvain presented 2 weeks ago.  This yields an additional 23.8 m for placement of an additional quadrupole.  In this configuration, the inner radius of an internal absorber inside D1 can be as small as 29.5 mm, yielding a thickness of up to 18.5 mm.  Based on previous calculations by Nikolai Mokhov, this seems to be quite adequate to limit the peak power density in the coils to an acceptable level.  Thus it appears feasible to consider use of superconducting dipoles at the high luminosity IRs.  Nikolai will run his simulation code to verify this.





Details of the Calculation





The quadrupole lengths and positions are set according to values given by Sylvain Weisz:  Q1 and Q3 are 6.3 m long and the two elements of Q2 are 5.5 m long; Q1 starts at 23 m from the IP, there is 2.5 m between Q1 and Q2a, 1 m between Q2a and Q2b, and 3.5 m between Q2b and Q3; all quadrupoles have a strength of K = 0.0086 m-2, corresponding to a gradient of 12.9 T/m at 450 GeV and 200.8 T/m at 7 TeV.  Figure 1 shows the beta functions between the IP and the new quadrupole (Q4’) for b* = 8 m, the smallest value Sylvain said one might use at injection.  (His design is actually based on b* = 10 m.)  





The Yellow Book sets the crossing angle at ±0.10 mrad, which yields a 6 s separation between the beams away from the IP.  At injection, the beams must be separated at the IP as well.  With b* = 8 m, E = 450 GeV, and the nominal emittance of 3.75 x 10-6 m rad, the rms beam size is 0.25 mm at the IP.  A ±0.75 mm vertical separation, together with the horizontal crossing angle, maintains a 6 s beam-beam separation through the IR.  Figure 2 shows the vertical and horizontal orbits for the incoming and outgoing beams, as well as the radial excursion of each beam.  Beyond about 20 m, the radial displacement is dominated by the horizontal component.  Therefore absorber diameters are not much effected by inclusion of the vertical separation.  Figure 3 shows the envelope required to include the beam orbits plus 10 s for each beam, as well as the beam-beam separation in units of s.  Figure 4 shows the same quantities under collision conditions, demonstrating that the same beam-beam separation exists and the same physical aperture is required as under injection conditions with b* = 8 m.   





Following the Yellow Book layout, D1 is set 2.2 m behind Q3.  With D1 and D2 strengths set to 4 T and lengths to 7.0 m, positioning the far end of D2 142 m from the IP gives the required beam-beam separation of 194 mm.  This is 23.8 m closer than in the design Sylvain presented at the 29 October meeting.





The minimum absorber diameter is that which is obtained by inserting 10 s into the equation on page 38 of the Yellow Book in the section “The mechanical aperture.”  Specifically, one computes the mechanical half-aperture A 





A = (10 s  +  dpDx) *kb  +  (CO  +  dsep)  +  (dal  +  dtol)





where 	s = 	√eb,


dp = 	1.0 x 10-3  is the fractional momentum spread,


Dx=	0.2 m is the dispersion,


kb = 	1.1 accounts for b- and dispersion-function modulations,


CO 	is the residual closed orbit error (see below),


dsep 	is the radial displacement of the design orbit from the quadrupole axis,


dal = 	0.6 mm is the alignment error, and


dtol =	1.0 mm is the tolerance on the manufacturing and placement of  the absorber in the magnet bore.    





The half-aperture so calculated is one which ensures that, after accounting for all the various errors listed above, particles out to 10 s will clear the absorber.





With the exception of the closed orbit error and dsep, values from Table 5, page 39 of the Yellow Book have been used.  dsep is calculated from the actual beam orbits as shown in Fig. 2.  The closed orbit error is assumed to be 1 mm at the IP and grow linearly to 5 mm at 264 m from the IP, the beginning of the dispersion suppressor in the Yellow Book design.      





Figure 5 plots the minimum half aperture A through the inner triplet and D1.  At each point the larger of bx or by is used to calculate s, and the larger of dsep for the incoming or outgoing beam is used.  The positions and apertures of each magnet are shown as well as internal absorbers that come to the limiting aperture.  The minimum internal absorber radius in Q2-Q3 is 25.2 mm, which is smaller than the 27 mm calculated[2] for the previous design (due to the larger b* at injection).  The case in which the beam-beam separation is 8 s through the triplet, corresponding to a crossing angle of ±0.13 mrad and a vertical separation at injection of ±1.0 mm, is shown in Figure 6.  Here the absorber diameters are almost the same as previously computed.  Table I compares the absorber minimum radii for the Yellow Book optics and the current design for both 6 s and 8 s beam-beam separation.
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