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Abstract

Duringthe seven-yearconstruction of the Relativistic
Heavy Ion Collider (RHiC), more than 1700 superconduct-
ing dipolesLquadrupol~ sextupol% and multi-layer cor-
rectors have been constructed and installed. These magnets
have been sorted at several production stages to optimize
their performance and reliability. For arc magnets, prior-
ities have been put first on quench performance and op-
erational risk minimkm “orLsecond on field transfer furtc-
tion and other firstader quantities, and finally on nordin-
ear field errors which were painstakingly optimized at de-
sign. For Meraction-Region (lIt) magnets, sorting is ap-
plied to select the best possible combination of magnets for
the low-~ interaction points (F). This paper Summmizes
the history of this real-world sorting process.

1 INTRODUCTION
‘he RHIC magnet system consists primarily of supercon-
ducting dipole quadrupol% aextupole and wmector --
nets for guiding, focusing, and correcting the counter-
ciretdating ion beams into the design orbits in the regular
am of the machine lattice. A large complement of spe-
cial superconducting magnets is also required for steering
the beams into collisions at the six interaction regions (IR)
where the ion beams interact. During the seven-year con-
struction cyclq more than 1700 superconducting magnets
have been conmmxL measurecL installed and tested. In
order to optimize the performance of these magne@ sort-
ing has been applied whenever pmsible.

For a majority of the arc magnets, priorities have been
put tirst on quench performance and operational risk min-
imization and second on field transfer function and other
first-order quantities. Since nonlinear field errors were
painstakingly optimized at desigtL and their sorting prior-
ity was low. For JR magne@ sorting was applied to select
the best possible combiition of magnets for 2 out of 6 IRs
where & will be lowered to 1meter for high luminosity ex-
periments. In order to minimize the relative misalignment
between magnets in a common cryos% sorting was also
applied both Ix?foreand after cryostat assembly. In contrast
to an ideaked magnet sorting, sorting in a real world is
often constrained by tbe assembly and installation sched-
ule, available storage spacq etc. This paper summarks
the history of this real-world sorting process. In Section 2,
we review the overall procedure of xnag&t artrdysi$ accep-
tance, and sorting. In Sections 3 and 4, we summarkm the
actual sorting experience for arc and IR magnets.
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2 MEASUREMENT DATAANALYSIS
Besides reaching fields with substantial margins above the
required range, all of the RHIC magnets t meet sttin-
gent requirements for field quality, rep “

*#plong-term reliability. In order to fulfill this g , -

- %&E@g:
mittee of magnet division and RHIC aced
personnel jointly reviewed the field quahty, q
perforrnarteG survey and other engineering

l%slmagnets. After individual magnet elements
are measured and @s@ the magnetic field quality da@
including transfer functiom field angle, muhipole harmon-
ics, magnetic center offsets, etc. at aU the test currenm
[1] are recorded along with the warm mechanical survey
measurements of the fiducial positiou sagit@ mechani-
cal length and field angle. The data are transferred from
the magnet division into the RHIC SYBASE data- and
then analyzed by studying &en& comparing with the ex-
pected val~ and evaluating the deviation from the mean
using the computer program MAGSTN [2]. As shown
in Fig. 1, after their review and acce@ancG magnets cort-
tained in their own cryostats (e.g. arc dipoles) are sorted for
their candidate installation locations. Magnets belonging to
a common cryostat assembly go through a second stage of
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Figure 1: Magnet acceptance and sorting procedure.
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ing the length of the arcs fixed. Fig. 4 shows the effect
of adding length AL to the drifts. An important figure-of-
merit here is the/3maz/~minrstio,which shows ody small

variation over the range of +4 m. We are currently study-

Figure 3: Doublet/TODO hybrid lattice.
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Figure 4 Variation of hybrid lattice parameters with AL.

ing the relative sensitivity of the hybrid lattice to random
and systematic magnetic errors and are developing a cor-
rection scheme similar to that of the nominal lattice [6].

3 ALTERNATIVE INJECTION SCHEMES

The long drifts of the hybrid lattice provide the necessary
space for a future laser-unduktor charge-exchange tijec-
tion scheme [4, 5] such as the one depicted in Fig. 5. Pos-
sible foil injection schemes that would fit in the same space
are shown in Figures 6 and 7. The scheme of Fig. 6 is the
same as that of the nominal lattice except that the beams
emerging fkom the foil must pass through a triplet instead
of a single horizontally focusing quadruple. Here one

must be careful that any excited Ho beam emerging from
the foil does not pass through fields greater than 2.5 kG in
the triplet. (Keeping the field below 2.5 kG ensures that HO
atoms with principle quantum numbers of n = 4 or less
will survive the field [3]J In both the nominal scheme and
that of Fig. 6, the 8 fast kickers (shown in green) produce a
closed orbit bump (used for tmnsverse painting) that is off-
center in the central quadmpoles of the injection straight.
This couples the injection setup with the tune of the lattice+
which although not a problem in principle, makes tuning
more complicated in practice. Chmplete decoupling can
be achieved by housing the entire injection scheme m one
drift space as shown in Fig. 7. The magnitude of the kicks
required in this case is 12 mill- twice that of the
nominal scheme.
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Figure 5: Doublet straight with laser-undulator injection.
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Figure 6: Doublet straight with foil injection.
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Figure 7: Doublet straight with decoupled injection,

In all of the injection schemes Ccmsi- the bending
magnets break the four-fold symmetry of the ring. In the
nominal scheme, where the bend angles are small (less than
2.40), a small amount of dispersion (0.3 m) is introduced
in the long straights and them is a small perturbation (0.5
m) of the beta functions. The same is true of the scheme
in Fig. 6. However, for the Iaser-undulator scheme, where
the bends may be as large as 8.5°, and for the decoupled



scheme, where the central bend is 4.9°, the perturbation of
the symmetry is more severe. (For the decoupled scheme,
a dispemion of 0.7 m is introduced in the long straights.)

4 EXTRACTION

The extraction scheme of the nominal Mice [2] is shown
in Fig. 8. Here the fast kickers ptovide a vatic.al kick that
allows the beam to clear a Lamb@son magnetic septum.
‘l%eLamhertson magnet deflects the beam by 15.5° with
a field of about 5 kG, bringing the beam into the Ring-to-
Beam-Target transport line, A possible extraction scheme
for the hybrid lattice is shown in Fig. 9. Here the kickers
are located close to the central triplet so that the effect of
the lattice tune on the extraction setup is minimal.
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F@re 9 Extraction scheme for the hybrid lattice.

5 SEXTUPOLE OFF-MOMENTUM
OPTICS MATCHING

In recent monm we have been studying the potendd ben-
efit of arc sextuples in minimihg off-momentum optics
mismatch and improving off-momentum dynamic accep
tance P]. Using 16 sextuples of moderate strength (3 kG
w10a)_ti4ftia ti~ti~oftieoff-
momentum beta wave can be reduced fimn +1270 to less
than *3%; thiS is ShOWUin Fig. 10. (b~lleIltly, the Off-
momentmn dynamic apertme can be increased by as much
as 3070. The chromatic tune variation can be adjusted as
desired across the entire range of beam momentum. WM-
out enhancing the nonlinear chromaticity, the linear chro-
maticity can be either reduced or enhanced fortune spread
optimization and possible instability damping.

6 CONCLUSIONS

Although the nominal lattice has a simple ITX3G structm
that allows for considerable flexibilityin tuning, it does not
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Figure 10 Beta-wave cmection.

have thelong drift spaces required for the Iaaer-undtdator
charge-xchange i@ction schemes which may become a
realhyinthefuture. ‘lhehyixid latdce considered here
employs doublets to open up the necessary dirft spaces m
the long straights. Both the Iaser-unduhttor and foil injec-
tion schemes can then be wmmmo&d Thelongdrifta
can also possibly acwmmdate the entire dynamic rnjee-
tion bump so that injection painting and lattice tuning am
deCOUPld Fti_~ the hg drifts maximim the flex-
ibility of the collimation device arrangement [m. The ac-
ceptance of the hybrid lattice is mnp$rable to that uf the
nominal Mtic% but sensitivity to magnet errors remains to
be examined.
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