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DESI(::\ STATUS OF THE 2.5 GeV NATIONAL SYNCHROTKON LIGHT SOURCE X-RAY RING.ji 
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Abstract 

‘The present state of the design of the 2.5 CeV 
electron storage ring for the National Synchrotron 
Light Source is described, This ring will serve as a 
dedicated source ?f synch;otron radiation in the wave- 
length range 0.1 A to 30 A. While maintaining the 
basic high brightness features of the earlier devel- 
oped lattice structure, recent work resulted in a more 
economical magnet system, simplified chromatici ty cor- 
rections, and improved distribution of the X-ray beam 
lines. III addition, the adequacy of the dynamic aper- 
ture for stable betatron oscillations has been veri- 
fied for a variety of bctatron tunes, 

Introduction 

A 2.5 GeV electron storage ring is being designed 
for the National Synchrotron Light Source facility at 
Brookhaven National Laboratory. Storing 0.5 Amp at 
2.5 GeV this ring yill provide X-rays in the wave- 
length range l-30 k from the 12 K$ bending magnets, 
and usable intensity down to 0.1 k from superconduct- 
ing wigglers located in the matched insertions. Fun- 
damentally the lattice is that proposed by R. Chasman 

and G. K. Green (1) with small electron emittances re- 
sulting in high brightness optical sources. During 
the course of detailed design the symmetry of the lat- 
tice evolved from six-fold to eight-fold. This re- 
sulted in a reduction in the number and the cost of 
the magnetic elements, in a more favorable distribu- 
tion of the X-ray beam lines on the experimental floor, 
and in an increase from three to five of the number of 
insertions available for wiggler magnets. The bend 

angle (22.5’) of the dipole magnets is larger in the 
new structure than in the original six-fold lattice. 
Because of the greater bend angle the sextupole magnet 
downstream of the dipole no longer obstructs the X-ray 
beam line originating from the dipole center. The dis- 
persion function at the positions of the sextupoles is 
increased relative to the original lattice, resulting 
in a decrease of the chromaticity correction sextupole 
strengths . The increased bend angle resulted in a 
somewhat larger electron emittance, but since its val- 
ue is still very small this has been considered accept- 
able in the light of the advantages of the eight-fold 
structure. 

One octant of the ring is sketched in Fig. 1. The 
gradient of the quadrupole QF is adjusted to make the 
arc achromatic, resulting in zero dispersion in the in- 
sertions, This implies that the operation of the wig- 
glers will have a minimal effect on the damping proper- 
ties of the ring. The gradients in the quadrupole 
triplets Ql, 42, Q3 bounding the insertions can be ad- 
justed to obtain the small values of Bx and By at the 

insertion center (IC) appropriate for wigglers with a 
small number of poles, or to obtain larger values of B 
needed for the operation of coherent wigglers. In Fig. 
2 the F-functions and the dispersion \ are plotted. 

for a configuration having low-p insertions. The cor- 
responding excitation strengths of the magnetic ele- 
ments are given in Table I, and some important machine 
parameters are presented in Table II. 
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In order to perform experiments requiring high 
spatial resolution, it is necessary to have an X-ray 
source with high central brightness. A high bright- 
ness will result from the small damped emittance of the 

electron beam, Ex=8x10 -a m-rad and Ey-8x10 - 10 m-i-ad, 

assuming 10% coupling, and from the small vnluc~s of th(s 
fi-function at the X-ray source. ‘I’hib electron beam has 

a damped energy spread of o /E-8x10 -4 

2 2 5 !; 
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half-widths ux=(Cxl<,+‘< L /I:“) .ltld c 
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properties of the X-ray sources at 3 typical location in 
the bending magnet and at the wiggler pas ition are com- 
pared in Table III. 

Table I. Magnetic Elements ~- Preceding 
Name lJ& Length EQ’, or B!li’: Drift Length 

IC DRIFT 0 

Ql QUAD 0.45 Fl -12,hii Ti/El 2.25 M 

42 QUAE 0. 80 11.64 ‘r/b! 0.70 

43 QUAD 0.45 -11.78 T/N 0.30 

1113 DII’OLI: 2. 7 1.Ll:, 1 U.705 

SD SEST 0.2 -256 T/hi2 0.80 

SF SEXT 0.2 160 T/?12 0.70 

QF QUAD 0.45 10 I79 ‘T/N 0.15 

i: 
.G k = 83,5KG-N 

Chromaticity Correction 

For a ring with an 1bvc11 nllmber of supcrperiods, 
the momentum dependence of t.ht> I$-functio wi 11 bc wt-Jak- 
ened if the tune change per superperiod 87 is near 
(2nt1)/4 with n being an integer. In accordance with 
this suggestion we have chosen an operatin!; point with 
v /8 ~1.21 and vy/ii~l.~l. T!it> vat ur;il t:itr’~>m?ti~it) 

(%dv/dp) of the lattice is $= -27 and ;z- -19, Since 

the dispersion is zero outside of the arcs, the choicr: 
of location for the two families of chromaticity cor- 
rection sextupoles is very limited. 6ith the srxtu- 
poles in the positions as indicated in Fig, 1, the ex- 
citation strengths (B”) needed to obtain a chromaticity 
of 5,=x,=+3 are presented in Table I. Including the 

effects of the sextupoles, the momentum dependence of 
the betatron tunes and amplitude functions 
studied using the computer programs SYNCH id 

as been 
and 

PATRICIA(4), The resulting nonlinear dependence has 
been found to be satisfactorily weak, The limiting 
amplitude of stable betatron oscillations has been stud- 
ied from particle tracking using PATRICIA, and the re- 
sulting aperture is sufficient. 

Injection 

Injection into thi, S-ray ring will take plac<: at 
an electron energy of 700 lIeV. The single bunch circu- 
lating in the booster synchrotron will be transferred 
into one of the 30 buckets of the storage ring, and this 
operation will be repeated once per second. The design 
current of the booster is 20 ma, corresponding to 3.3 
ma in the X4:-ay ring. Therefore, a charging time of 
several minutes is expected. Preceding the arrival of 
each bunch from the booster, the closed orbit will be 
brought near the septum, and the orbit bump will col- 
lapse before the injected particles make three revolu- 
tions. The septum is located on the inside of the ring, 
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in the triplet between the quadrupoles Ql and 42. The 
injected particles proceed in the direction away from 
the nearby inserlion. 

Table II. Machine Parameters 

Energy range 

Design current 

0.7 GeV - 2.5 GeV 

1A (2.0 GeV) (3.9x1012e-) 

0.5A (2.5 GeV) (1.9x101*e-) 

Circumference 

Number of superperiods 

Long straights 

Dipole bending radius 

Nominal tunes vx) v 
Y 

Minimum B,, p 
Y 

in long straights 

Px) 8, at dipole center 

Maximum F,, B 
Y 

Maximum dispersion 3, 

Momentum compaction a 

Radiated power (0.5A at 2.5 GeV) 

Orbital period 

RF Frequency (harmonic number) 

0.7 GeV 

170.08 M 

8 

4.5 M 

6.875 M 

9.7) 5.7 

1.4, 0.3 M 

0.8, 14.0 M 

26, 28 M 

1.4 M 

6.5 x 10 
-3 

252f9NWIG (KW) 

568 nsec 

52.88 MHZ (30) 

2.5 GeV 

800 KV 

0.20 msec 

5.6 msec 

2.8 msec 

0.015 

8.2~10-~ 

10 cm 

RF peak voltage 50 KV 

Synch. oscillation period 0.38 mse 

Damping times rx 2 T 0.26 set 
Y 

T 0.13 set 
e 

Energy aperture A Emax/E 0,015 

Energy spread uE/E 2.3~10-~ 

Natural bunch length 2cL 5.4 cm 

Horizontal emittance 6.5x10wgm-rad 8x10e8m-rad 

Instabilities and the Touschek effect are expected 
to be more severe at 700 MeV than at 2.5 GeV. A third- 
harmonic cavity is planned to reduce the microwave in- 
stability and to provide Landau damping against coupled 
bunch instabilities, Bunch lengthening and multiple 
scattering effects will tend to increase the Touschek 
lifetime, and a lifetime at 700 MeV of at least 30 min 
is expected. An effect important during acceleration 
is the generation of magnetic field perturbations due 
to eddy currents in the vacuum chamber. Calculation of 
the resulting tune shift suggest an acceleration time 
of approximately 3 min. 

Beam Diagnostics, and Correction 

An nns quadrupole displacement error of 0.2 mm and 
an rms dipole rotation error of 0.5 mrad will result in 

Table III. Experimental Parameters 

Energy E = 2.5 GeV, Current I = 0.5 Amp 

Magnetic Field 

Critical Wavelength 

40 
4 

N,$h) (ph/s/mrad/l% AX/h) 

an rms closed orbit displacement of Ax=12mm and hY=13mm 
at a $-maximum. Roam position monitors will be placed 
at six positions per superperiod, each monitor determin- 
ing both the horizontal and vertical position. The po- 
sition monitors consist of pairs of “button electrodes” 
in the top and bottom of the vacuum chamber. Each of 
these electrodes is sequentially sampled by means of a 
tree of coaxial relays and converted to digital form. 
The relays are arranged so that the signals from the 
four electrodes at a single location are also available 
simultaneously for analog viewing. There are five hor- 
izontal and five vertical correction dipole magnets per 
superperiod. The maximum strength (BL) of an individu- 
al corrector is 64 G-M or 45 G-M depending upon its lo- 

cation. Calculations(5) indicate the feasibility of 
achieving a corrected orbit with a maximum deviation of 
1 mm. In this case the vertical dispersion at the in- 
sertion center should be no greater than 1.5 cm, so we 
do not expect it to be necessary to correct the verti- 
cal dispersion separately. 

Betatron tune measurements will be made by exciting 
betatron oscillations using an RF tickler, and the reg- 
ular position pick-up electrodes at a single location 
will serve as a detector. The possibility of including 
the pick-up electrodes and the RF tickler in a closed 
loop of variable gain will be investigated with the 
goal of continuously monitoring the tune while exciting 
oscillations of only small amplitude. A toroidal beam 
transformer will be used to monitor the intensity of 
the circulating beam. Beam intensity, position, and 
fast bunch structure will also be monitored by observ- 
ing the visible part of the synchrotron radiation at 
one azimuthal location. 

Vacuum Sys tern 

The vacuum chamber will be fabricated from an alu- 
minum extrusion, alloy 6063-T5. An aluminum extrusion 
was chosen over a fabricated stainless steel chamber 
because : (1) it makes possible a design that minimizes 
changes in chamber cross-section that tend to excite RF 
losses, (2) it simplifies the cooling by incorporating 
cooling channels in the extrusion, and (3) aluminum is 
an excellent UHV material having a low outgassing rate 
after conditioning. Argon glow discharge conditioning 
is planned to reduce the gas desorption coefficient bc- 
low the value achieved after bake-out. Where possible 
the chambers will be welded together in-situ, to reduce 
the number of flanged joints. Aluminum to stainless 
steel transition material will be used to join stain- 
less steel flanges and bellows to the chamber. Distrib- 
uted ion pumps will be used in all bending magnet cham- 
hers, In order to increase the pumping speed downstream 
of the bending magnets conventional sputter-ion pumps 
will be used, and provision will be made for installing 
titanium sublimation pumps. Cooling of the general run 
of the chamber is via two water channels in the extru- 
sion. (Fig, 3) To allow the X-radiation to pass into 
the experimental beam-line, a slot is cut between the 

Dipole Wiggler 

1.2 T 4.0 T 

2.5 i 0.74 i 

1.6 mm (typical) 1.3 mm 

0.5 mm (typical) 0.06 mm 

3.2~10’~ (A=& 1.ox1o12 (h=O. 18) 

2. 5x1014 (h=lOll) 2.2x1o13 (h=0.2A) 

6 ,0x1013 (h=4000i) 2.2x1o14 (A=l,OA) 
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two channe 1s. At the corner at the downstream end of 2. R. W. Chasman, E. D. Courant, and M. Month, IEEE 
the slot, there is normal incidence of the synchrotron Transactions on Nuclear Science, Vol, NS-22, 1429 
radiation, and a water cooled copper block will be (1975). 
used in place of the aluminum extrusion which would 
melt. 3. SYNCH written by A, A. Garren and A. S. Kenney, 
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Fig. 1. One octant of the ring. 
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