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Abstract IlL_ __1-11
The main sources of linear coupling in the interaction re-
gions (IlLs) of the Relativistic Heavy Ion Collider (RHIC) 1500 _uuv

are IR quadrupole roll errors and coupling from the _ '' ./_xPHENIX experiment solenoid. The magnitudes of these == , ,M -- _(X) ,.

effects are estimated. We show that coupling from the ._ 1000 ,"" I/ -- _(Y) i I
IR quadrupole roll errors can be locally corrected with _. 50o ,"
skew quadrupole trims, using the local vertical dispersion ._
in the IR as a convenient diagnostic. Coupling from the m 0 1.0
PHENIX solenoid is shown to be negligible. Solenoidal
misalignment effects are small compared to the effects of A -- _(X) 0.5

a 3.85 milliradian closed orbit angle offset required when _ -_ --_00 1

protons collide with gold ions. These effects are shown to - ------_ 0.0 _"modify local dipole corrector strengths to first order in the -o.5
solenoid strength.
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1 INTRODUCTION AND RHIC IR LongiludinalPosilionit(m)
LAYOUT Figure 1: Optical functions near the 8 o'clock IR and the

PRENIX experimental area for a _ = 1 m lattice. Lon-
Here we evaluate the impact of quadrupole roll and an gitudinal position is measured from the interaction point.
experiment solenoid on local coupling in the RHIC IRa, The positions of IR quads 1-3, IR skew quad correctors

. and show how this coupling may also be corrected locally (next to IR quad 3), and the DX and DOdipoles are also
using measurements of vertical dispersion through the IR. shown.

The layout of RHIC around the PHENIX interaction
region for a low-beta fl* = I m lattice is shown in Fig- 2 VERTICAL DISPERSION AND
ure 1 and Table 1; this layout is also typical of the low- LINEAR COUPLING
beta IR at the STAR experiment. The triplet quadrupoles,
numberedfrom 1 to 3 outwards from the IR, cluster near The differential equation for vertical dispersion T/i tenet-
the beta function peaks, and skew quadrupole correctors ated by a skew quadrupole of strength Ks, or a normal
are located in the spool corrector packages on the inner quadrupole of strength KN rolled by a small angle _b,is
(IR) ends of each quadrupole 3. The triplets axe also 1o- given by
cal peaks for horizontal dispersion -- therefore the vertical

"dispersionthrough the IR is dominated by quadrupole roll r/_'+ Kjv r/y = (2¢KN + Ks)r/=, (1)
errors and skew quadrupole components in the triplets.
These sources, along with the PHENIX solenoid, aie also where KN is positive for vertical focusing. The solution of
the primary local contributions to linear coupling in the Eq. 1 is straightforwardfor each source of vertical disper-
IR region, sion with focal length f:

RHIC operational plans include colliding dissimilax ion rlx0_ [2_b 1]speciesforthePHENIX and STAR experiments.To col- 71y = 2sin(_rQu)cos(lACy[-_rQv)_'N+ _'slideprotonsand goldnuclei,forexample,theorbitmust
be skewed through the common DX splitting dipoles and Hs
the IR, resulting in an orbital pitch of 3.85 mrad about - HN¢ +'_S " (2)

i-l the vertical axis through each interaction point (IP). The

1

effects of this orbit skew on coupling and orbit errors from At the source point, where fly = fly0 and Acy = 0, the
the PHENIX solenoid are also addressed here. coefficients for vertical dispersion generation are:

*Work performed under the aus ' of the U.S. Department of HN -flvo r/_o 1

Energy. _A S "F,I_'_ --" fN c°t(TrQv) ' Hs "- 2fl'° r/;r° c°t(aQ') " (3) _-_ //I _ISTR_TIO_ OF THIS DOGUMENT l$ UNLilVt_
• ' i , _ , , ,i i i , i i i i II I' i i i



Name [m] [m] [m] /2_ /2_ [m] [
IR quad 1 718 668 0,520 0.'2448 0.2433 1.44 12.03 44 m 18.3
IR quad 2 1354 550 0,731 0.2455 0,2444 3.40 -5.25 -117 m -52.3
IR quad 3 575 1313 0,490 0,2463 0.2453 2.10 8.46 116 m 32.7
Skew quad corrector 845 999 0.586 0,2459 0,2451 446 m2 146.2 m

-'PHENIX solenoid" [ 1.0 1 1.9I o.o1':: 0.0I 0.0I 1.oI I ' :

Focusing arc quad.... I 49"6 I 9"8 I 1"843 [ l I 1.11 { -11.02 I -2.5m -0.6Defocusing arc quad 10.4 48.6 0.940 1.11 10.66 6.5 m 0.7

Table 1: Optics of the RHIC IR triplet quadrupoles and local skew quadrupole corrector in the design low-beta storage

lattice, with positive f implying vertical focusing and Qy = 29.185. Phase advances are measured from the interaction
point. The parameters for typical arc focusing and defocusing quadrupoles are included for comparison.

" _1 '_2 _3 fco_r rlyl Y/y2 _y3 _y,corr AQmin

[mr] [mr] [mr] [km-1 ] [m] [m] [m] [m]
0.0 0.0 0.0 0.0 0.0 0.o 0.0 o.0 0.0
i_0 0.0 0.0 0.0 0.044 0.040 ().063 0.055 0.018
0.0 1.0 0.0 0.0 -0.138 -0.125 -0.193 -0.168 0.052
0.0 0.0 1.0 0.0 0.085 0.077 0.118 0.104 0.033
0.0 0.0 0.0 -1.0 -0.718 -0.649 -1.001 -0.872 0.157
i'10 -'J.O '1.O 0.0 0.339 0.308 '0.474 0.414 0.106
1.0 -1.0 1.0 -0.7 -0.004 -0.002 -0.004 -0.003 0.000

Table 2: Dispersion and coupling from quadrupole roll errors in one low-beta triplet of the RHIC lattice, from simulation.
Horizontal and vertical fractional tunes were adjusted to be exactly Q = 0.185, so that AQmin is solely due to coupling.

These coefficients have their ring-wide maxima in the IR triplets at low-beta operation; fortunately vertical disper-

triplet quadrupoles at low-beta storage, sion may be used as a diagnostic for adjusting the strength
Another first-order effect of rolled normal quadrupoles of the skew quad correctors in each IR triplet.

and skew quadrupoles is linear coupling. A standard mea-

sure of coupling is the minimum fractional tune difference 3 LOCAL TRIPLET CORRECTION
that is possible when coupling alone is present. It has

been shown [1] that this minimum tune split, AQrnin = Table 2 shows results of a numerical experiment to test
IQr - Qyl, is the above predictions. Minimum tune split values are in

good agreement with those predicted by the coupling coef-

z_kQmin _-_ GN¢ + _ (4) ficients, except in the fifth row where one of the eigentunes' approaches the integer resonance. The measured vertical
dispersions at the locations of each single source are also
in good agreement with those predicted by their respec-

GN = _/_r.ofl_o , Gs _ X/flr0_y0 (5) tive coefficients. It is worth noting that vertical dispersion
f Nr. 27r is not affected by the fact that all these tests are in fully

for coupling induced by rolled normal quadrupoles and coupled machines, except again near the integer resonance.
skew quadrupoles, respectively. These decoupling co- The last two rows show that a single skew quad correc-
efficients also have their ring-wide maxima at the IR tot in each triplet very effectively compensates the local
quadrupoles at low-beta storage, coupling caused by 1 mrad roll angles in all three triplet

The coefficients listed in Table 1 show that linear cou- quads -- this makes a good deal of sense since there is

piing is a much more serious problem than vertical disper- little phase advance across the triplet. Vertical dispersion
sion generation. It would be convenient to set the triplet is also almost perfectly compensated by this setting.
quad roll angle tolerance such that the minimum tune split Vertical dispersion is therefore a convenient diagnostic
caused by a single triplet quad is much less than the nom- for local coupling in the IRs. There is a dispersive dual-
inal tune separation of AQ = 0.01 in RHIC, and the verti- plane BPM located in each triplet that is able to measure
cal dispersion created is much less than 0.1 m. Using quad vertical dispersion to better than the 0.1 m criterion men-
2 as a worst case exantple, the coupling condition leads tioned above. Variation in vertical dispersion through a
to a practically unattainable roll requirement of ¢ << 0.19 low-beta squeeze will allow measurement and local correc-
mrad, while the dispersion constraint leads to a more tea- tion of vertical dispersion and coupling without concern
sonable constraint of ¢ << 0.85 mrad. A direct conclusion for other sources of vertical dispersion, such as arc quad
is that local coupling correction is necessary in the RHIC roll errors.
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PHENIX Solenoid A small-angle approximation of the transfer matrix for

[ ] _.__......_ p-Au orbit a thick solenoid with edge effects is [2]"

_----L-lm----_ _/ 2 0 -0 0 1 // 1

Figure 2: Orbit through the PHENIX solenoid, for proton- ( D2 0D_ _ x'
proton and proton-gold collisions. The orbit skew angle is = k-0D2 D2 / Y , (8)
¢ = 3.85 mrad. Y_ 1

where D2 is the 2 x2 transfer matrix for a drift of length L.
4 SOLENOID COUPLING The orbit skew has the effect of introducing a horizontal

orbit offset of xl = L!b/2 and x_ = ¢ upon entry to the
For the PHENIX experiment solenoid with longitudinal solenoid. Propogating this through Eq. 8 and comparing
field B_ = 0.5 T and length L = 1 m, a cenvenient dimen- to a drift of length L gives an orbit error from the skew
sionless measure of strength is given by orbit in the solenoid of

BsL (Ay) =(--_OCL) (-0.015mm'_e = 21Bpl' (6) Ay _ _ -0¢ = _,-0.009 mrad] (9)
at injection, with no horizontal orbit error to first order

where IBpl = 97.5 T- m and 839.5 T- m, and O = in O. The change in linear coupling from this orbit skew
2.56 mrad and 0.30 mrad, for RHIC injection and storage is also of order 0¢, and so is a small perturbation on the

respectively. The solenoid strength 0 is the angle by which already small coupling from the solenoid.
the transverse coordinate axes are rotated by the solenoid The general closed orbit offset created by a single orbit
field. Solenoidal effects are stronger at injection rigidity, error (Ay, Ay _) at a point with beta function f3v0, and
in contrast to coupling and dispersion from IR quad roll. observed at phase ¢_ and beta function f3_is
The design horizontal dispersion over the solenoid length

dispersion.iSnear zero and the solenoid contributes [ittleto vertical yco(¢y) = 2sin(rQ_)_ [ A_0sin(TrQY-¢Y)+
The minimum tune split from a solenoid is given by [1]:

ny' cos(.Qv-¢v) ]. (lo1
AQmi n gO = 8.2 x 10-4 (7)= 2-"r This orbit error is worst at injection, giving a closed orbit

error in the IR triplets of 0.75 mm as compared to 0.28 mm
at storage, where g, an optical factor, is 2 at an IR with at low-beta storage; this scales linearly with the solenoid
equal beta functions in both planes, independent of hadron strength and is locally correctable near the IR.
species and 1/*. This tune separation is an order of mag-

nitude lower than the RHIC design fractional tune split 6 CONCLUSIONS
and more than two orders of magnitude smaller than the

coupling expected from triplet quad roll errors. This cou- The dominant source of coupling in the RHIC interaction
piing therefore need not be considered in the local coupling regions is quadrupole roll in the IR triplets at low beta,
correction scheme at low beta, as it can be handled by nor- which may be corrected locally by correcting vertical dis-_
mal global corrections. The coupling at injection, while an persion in each triplet through the low-beta squeeze. The
order of magnitude larger, is still small compared to eou- variation of vertical dispersion in the triplets with fl* is a
piing from skew quad components of the RHIC arc dipoles convenient diagnostic for the presence of local coupling in
which dominate dynamics at injection, the IR. Coupling from the PHENIX solenoid is negligible

at all RHIC energies, as is vertical dispersion introduced

5 SKEW SOLENOID EFFECTS by this coupling. The orbit skew through this solenoid
when colliding protons and gold ions in RHIC creates an

The counter-rotating beams of RHIC pass through com- orbit error of 0.75 mm at injection in the triplet quads,
mon splitting magnets (DX magnets) in each IR; since dif- and is correctable by standard techniques.
ferent ion species with the same relativistic velocity have

different magnetic rigidities, collisions require an orbital 7' REFERENCES

tilt around the vertical axis when colliding different ion [1] S. Peggs, "Coupling and Decoupling in Storage Rings", in
species. This orbital skew is 3.85 milliradians for proton- IEEE Trans. Yucl. Sci., Vol. NS-30, No. 4, August 1983,

: gold collisions and is shown in Figure 2. Here we examine pp. 2460-2464.
the effect of this skew on PHENIX solenoid orbital effects

through the IR. [2] R. Larsen, SPEAR-107 (March 1971).
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DISCLAIMER

This report was preparedas an account of work sponsored by an agency of the United States
Government. Neither the United States Governmentnor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product,_,_
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Governmentor any agency thereof.
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