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Abstract operation of the insertion devices once they are installed in the

o ring, specifically the expectation that gaps will be scanned during
The Advanced Photon Source (APS) storage ring is @ daeration. This places significantly tighter constraints on field
GeV light source with forty straight sections. Intense X-ray, ity than for the fixed gap operation, and dictates to a certain
beams will be delivered by insertion devices installed in theggent how the field quality specification should be written. The
straight sections. Installation of insertion devices in the APQqjirement that the interaction between a given insertion device
storage ring produces several effects which can degrade ovegall other heamlines be consistent with beam stability criterion
performance. Rigid ring performance requirements exist whights the allowable field errors in that device. The maximum
can be used to set limits on insertion device field quality, i.e. th@qaple changes in beam properties caused by insertion device

first- and second-field integrals of the transverse magnetic ﬁeJﬂJeration place the strictest requirements on field quality.
Individual multipole error specifications can be determined by

considering the lifetime of the beam. For nominal operation
of the APS storage ring, the vertical aperture corresponding to
a 10-hour lifetime is approximately 3.35 mm, which limits the Since in an ideal insertion device (ID) the first- and second-
level of multipole error. We find that the skew-octupole errdiield integrals vanish, the device does not distort the equilibrium
has the most significant effect on the reduction of the apertumgpit. However itis well known that IDs have a vertical focusing
the reasons are discussed in this paper. effect on the beam. This can be illustrated by writing the Hamil-
tonian with respect to the oscillating equilibrium orbit suggested
by L. Smith [1] as

[l. Effects of an Ideal Insertion Device

I. Introduction

Installation of insertion devices (IDs) into the APS storage
ring produces several effects which can degrade overall per-
formance. Rigid ring performance requirements already exist K2 K
which can be used to set limits on insertion device field quality. +—2y4 + 5
Shown in Table 1 is a list of insertion device properties and the 120 90p

storage ring parameters affected. wherek = 27 /A, A, is the period length, anglis the radius of

curvature in the ID peak field. If we neglect the fast oscillating

. Table 1 . . (compared to betatron oscillation) term contained irksinve
Ring Performance Par_ameters AﬁECIEd by Insertion Dev'cemaytreatthe ID as along quadrupole with all nonlinear elements
Field Quality. lumped at the center. The tracking studies [2] based on this
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Insertion Device Property

Ring Parameter Affecteg

Field Integral,
11y x = [ Bydl

Horizontal/Vertical Beam
Position Stability

Second Field Integral,
12y x = [ [ By xdldl’

Horizontal/\Vertical Beam
Position Stability

Quadrupole Integral, Tune,
[ dB,/dxdl Beam Size
Skew Quadrupole Integra Coupling,
/dB,/dxdl Beam Size
Sextupole Integral, Dynamic Aperture,
[ d?B/dxdl Lifetime
Octupole Integral, Dynamic Aperture,
[d®B/dx® Lifetime

It is important to take into account the anticipated manner ﬂB

model showed identical results from the full-blown numerical

integration through the ID field. The same study also showed
that the ultimate dynamic aperture is limited by the nonlinear
effects of the ID.

For the Type-A undulator which is one of the major IDs in-
stalled in APS storage ring, the effective integrated focusing
strength is equal to 242 Gauss, which is two orders of magni-
tude smaller than the typical quadrupole strength in the ring.
Thus, the perturbation of linear lattice functions due to the ID is
negligible. However, the effective integrated octupole strength
is equal to 600 Gauss/énwhich has a serious effects on the
dynamic aperture. Inthe specification of multipole tolerances of
ID, the allowable multipole components will be compared with
these values.

. Field Integral Specifications

A. Beam Position Stability

The fundamental beam performance requirement from which
field quality specifications can be inferred is beam position
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in Table 2.



Table 2 or 0.001 Tesla-rh
APS Storage Ring Beam Stability Requirements The results of this section are summarized in Table 3. Specifi-
AX AX/ Ay Ay cations both before and after open-loop compensation are stated.
Clearly, it is desirable to have insertion devices whose first- and
second-field integrals do not require compensation. This may
not be realistic, because it is extremely difficult to measure the

) ) integrals ofBy in the presence of largB,.
These requirements are derived from the need for the beam to g X P %y

be stable to within 10% of its emittance, which translates to 5% Table 3
of its rms size. Table 2 assumgg = 14 mandfy = 10 m, First- and Second-Field Integral Specification.
which are the values at the IDs.

Itis important that these stability specifications be interprete
as the maximum amount that the beam position can change with 11 y 100 Gauss-cm 10 Gauss-cm
time. For examplg, it i_s acceptable.to in;tall a device which has 12,y 100,0000 Gauss-cén| 10,000 Gauss-cfn
a relatively large field integral, provided it does not change wit
time. Ifit does change appreciably with time, for example when
scanning the gap, several things can still be done to stabilize @eG
beam. First, because the amount of field integral change with ] ) o
gap is approximately known, one can introduce local steeringThe valueg in Table 3 give the Qllowable f_;lmount of variation
compensation which tracks with gap, producing a net field int¥ith gap of field integrals for particles moving along the geo-
gral which is independent of gap to the first order. This type Sf€lric axis of the device. An equally important concept is the
stabilization might be called “open loop” compensation. allqwable variation in field mtegral_over a.“goo_d field reg_lon"

It would be imprudent to assume that the open loop corfit fixed gap. A reasonable “good field region™$ mm hori-
pensation of ID steering can be done significantly better tharf@ntally, and=2 mmvertically. Considering that the horizontal
factor of ten. Therefore, to generate an ID field integral specifind vertical beam sizes asg = 330 um andoy = 89 um, re-
cation guaranteed to meet beam stability requirements withGRECtVely, this allows for 16y y plus a missteering allowance

being overly restrictive, the following procedure is propose®’ 2 mmhorizontally and 11 mmvertically.
First, compute the amount of field integral for one insertion de- I 0n€ could specify that the first field integral not change by
vice which will move the beam around the ring at most by th&0ré than 10 Gauss-cm over this region, and that the second field

amounts in Table 2. Ifwe allow the uncompensated field integ/gf€9ral not change by more than 10,000 Gauss-énwould -
to be ten times this amount, stability requirements can be i insured that the compensation would not have to be modified

since it is safe to place a requirement of a factor of ten reductijfiien orbitchanges are made. This represents the ideal situation,

from open loop compensation. because it is extremely dlfflcylt Fo constr.uct such a device, or
In fact, the APS storage ring will not have one ID, but rathefVen to confidently measure it without using beam.

thirty-four IDs. Because the contributions of these devices to theSINCe insertion device photons will be accurately aligned rel-

overall orbit motion is quasi-random, one would expect the n@tive to beamline x-ray beam position monitors and held fixed

orbit motion to be on the order af34 multiplied by the effect of With @ high degree of reproducibility from fill to fill, one can

a single ID. To compensate for this, we will rely on the real-tim&P€cify @ more relaxed tolerance, and perform careful first- and

closed orbit feedback system using the photon beam positigond-field integral compensation vs. gap for a signal trajec-

monitors. Since/34 is less than ten and we can assume thigry through the device. Forthe APS, the tolerances will be fixed

the feedback system will reduce the orbit distortion by a fact@t 100 Gauss-cm and 100,000 Gauss-aeross+5 mm hor-

of ten, the requirement still can be met. Also, it is unlikely thdgontally and+2 mmvertically, including variation with gap.
all 34 beamlines will scan their gaps simultaneously, improvirlg terms of the normakt,) and skew §,) multipole coefficients

16um | 1.2urad | 4.4um | 0.45urad

Quantity | Before Compensatiorh After Compensation

ood Field Region

the situation further. efined at APS:
Of all the quantities in Table 2, the restriction on vertical beam B+ Bl L = bt N 5
motion forms the tightest constraint. Specifically, a change in (By +1Bydl = Bo ZO( h Flan X +iy) (2)
n=

insertion device field integral, gap open vs. gap closed, of 11.2
Gauss-cm (11) will produce 4.4um of vertical beam motion These requirements translate Bgl. b, =100 Gauss-cm, 200
somewhere around the ring. Horizontally, one arrives at 263Uss, 400 Gauss/cm, and 800 Gaus$/fon n=0, 1, 2, 3,
Gauss-cm of I3 to produce 16:m of motion. A conservative respectively. These tolerances should be compared with the
specification for the uncompensated field integral, as descrif@fice magnet tolerances and the effective strength of the ID
above, is therefore 100 Gauss-cm. itself. For example, the tolerances on the quadrupole magnets at
Similar arguments for the second field integral indicate th&PS areBoLby, =58 Gauss, 12 Gauss/cm, and 6 Gaus$fom
11,200 Gauss-cfof 12, will produce 4.4.m of vertical beam n:_l, 2, 3, respectively. Recalling the effective strength of the
motion. Also, 37,400 Gauss-&nf 12, produces 1umof hor- 1D is BoLby =242 Gauss an@Lb; =600 Gauss/cf we can
izontal beam motion. A reasonable requirement for the uncofft reasonable tolerancestg b, =100 Gauss-cm, 50 Gauss,

pensated second field integral is therefore 100,000 Gauds-cAPO Gauss/cm, and 600 Gaussfcrt this stage, the tolerances
on skew components can be the same.



Physical Aperture

This requirement places bounds on allowable multipole com-
ponents which are necessary, but not sufficient. 40 ‘ ‘ =

IV. Multipole Tolerances

In the previous section we considered the constraints on the Bolb,=200 Gauss/em
field quality based on beam position stability. The other require-

ments listed in Table 1 will also limit the multipole tolerances¢ 2.0

These tolerances should be compared with the allowable multj-

pole components specified in the previous section. Bolo;=600 Gouss/cm2 |
Since the lattice perturbation from the effective quadrupole 1ol ]

strength of the ID is negligibleBoLb; =50 Gauss is acceptable.
The requirement on the vertical beam size is that the change

of beam size should be less than 5% of the natural beam size, o.0| |

B,Lo,=200 Gauss/cm
|

BoLb,=600 Gouss/cm2
o

=

assuming 10% emittance coupling from the lattice magnets. The 0 2 4 6 8 10
corresponding skew quadrupole strengtBjk a; =157 Gauss. 7 (mm)
Thus BoLa; =50 Gauss specified in the previous section also Figure 1
satisfies this requirement. Physical Aperture with Multipole Component.

The design beam lifetime atthe APSis 10 hours. The study [3]
showed that the required vertical aperture is 3.3 mm during hom- . o
inal operation. Even though the vertical vacuum chamber siJB0l€ tolerance is also satisfied.
(half gap of the ID chamber) is 4 mm, a particle with horizon-
tal oscillation amplitude of 5 mm should be stable within the

required vertical aperture of3.3 mm. ) , . [1] L. Smith, “Effects of Wigglers and Undulators on Beam
In order to determine the physical aperture including the in- Dynamics,” LBL ESG TECH Note-24 (1986)

tegrated multipole components in the ID, a tracking study wa ] Y.-C. Chae and E. A. Crosbie, “Tracking Studies of In-
done. We first studied the effects on the physical aperture due sertion Device Effects on Dyn:';\mic Aperture in the APS
to the individual multipole components, whose strengths are Storage Ring,Proc. of the 1993 Part. Accel. ContVash-
specified in the previous section. The result obtained by us- ington. D. C. i1993) also in ANL Report LS-196 (1992).
ing the program RACETRACK [4] is shown in Fig. 1. In the {ﬁ] H M. éizek, private ’communicatior(,1994).

track_ing studies, we assume 34 ID.S inst_alled in the ring an 4] F.lazzourene, etal., “RACETRACK User’s Guide, Version
consider the particle lost if its amplitude is larger than 4 mm 4 Sincrotrone Trieste ST/M-92/7 (1992)

at the ID section. From the figure we find that we need to
tighten the skew multipole tolerances. The skew multipoles
have more effects on reducing the physical aperture because the
lattice tunes are close to the sum- and/or difference-resonance
line caused by the skew multipoles. After a few iterations we
found that the aperture requirement can be m&yatd, =200
Gauss/cmBylLa, =100 Gauss/cmByLb; =300 Gauss/cA)

and ByLaz =50 Gauss/ct Taking into account all effects,

i.e. tune shift, beam size change, dynamic aperture, and beam
position stability, we arrive at the reasonably consistent set of
multipole tolerances shown in Table 4.

V. References

Table 4
ID Integrated Multipole Tolerance Specifications.

n | Normal Componen{ Skew Componen

BOLbn BoLa,
100 Gauss-cm 100 Gauss-cm
50 Gauss 50 Gauss

200 Gauss/cm 100 Gauss/cm
300 Gauss/ch 50 Gauss/ch

WIN|FP,]|O

A conclusion is that, if the requirements on the first- and
second-field integrals are satisfied, the requirement on the mul-



