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DESI( STATUS OF THE 2.5 GeV NATIONAL SYNCHROTRON LIGHT SOURCE X-Pa¥ RINC.fr

S. Krinsky, L. 3lumberg, J. 3iccner, J. Calayda, ?

abscract

The present state of the design of the 2.5 GeV
electron storagze ring for the National Syachrotron
Light Source i3 described. This ring «ill serve as a
dedicated source of synchrocron radiation in the wave-
lengch ranwe 0.1 A to 30 ». While maincaining the
basic high brightness features of che earlier devel-
oped lactice structure, racent work resulted in a more
economical magnet syscem, siaplified chromacicity cor-
rections, and improved distcributzion of the X-ray beam
lines. In addition, che adequacy of the dynamic aper-
ture for scable betatron oscillations has been veri-
fied for a variecty of becacron ctunes.

Iacroduction

A 2.5 GeV eleccron scorage ring is being designed
for the Nacional Synchrocron Light Source facility at
3drookhaven Yational Laboracory. Storing 0.5 Amp at
2.5 GeV this ring will provide X-rays in the wave-
lengcth range 1-30 « from the 12 XG bending magnecs,
and usable fnransity down to 0.1 a from superconduct-
ing wigglers lccated in the matched inserzions, Fun-
damencally the lactice is chac proposed by R. Chasman

and G. X. Creen(l) wizh small electronm amittances re-
suiting in high brightness optical sources. During

the course of detailed desizn the symmetry of the lat-
cice evolved from six-fold to eighc-fold. This re-
suited in a reduczion in the number and the cosc of

the magnecic elements, in a more favoradle discribu-
tion of che X-ray beam lines on che experimencal {loor,
and in an increase from three to five o< the number of
insertions available for wiggler magnects. The bend

angle (22.5%) of the dipole magnecs is larger in the
new scructure than in the original six-fold laccice,
Because of the zreacter bead angle the sexctupole magnet
downsctream of the dipole no longer obstructs the X-ray
beam line originacing from che dipole center. The dis-
persion function at the posicions of the sexcupoles ia
increased relative to the original lactice, resulting
in a decrease of the chromacicity correction sexctupole
screngths. The increased bend angle resulted in a
somewhat larger electron emitcance, but siace its val-
ue 18 scill very small tails has been considered accept-
able in cthe light of che advantages of the aight-fold
scructure.

One occanc of the riag is sketched in Fig. l. The
gradient of the quadrupole QF is adjusted co make che
arc achromacic, resulcing in zero dispersion in the in-
sertions., This {mplies <hat the operation of the wig-
glers will have a minimal effect on the damping proper-
ties of the ring. The zradients in the guadrupole
criplets Ql, Q2, Q3 bounding the insertions can de ad-
jusced to obtain che small values of sx aand & ac the

insercion center (IC) appropriace for wigglers wich a
small number of poles, or to abrain larger wvalues of 3
needed for the operation of cohersnt wigglers, In Fig.
2 the 3-functions and the dispersion ix are plottad.

for a configuration having low-3 insertions. The cor-
responding excication strengths of cthe magnecic ele-
ments are gziven in Table I, and some imporcant machine
paramaters are presented in Tadle II.
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In order to perform 2xperiments requiring hizn IﬂASTl R

gspatial resolucion, it is necessary =0 have an X-ray
source with nign cencral drigzhtness. A aizh drighc-
ness will resulc from the small damped emitzance of the
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elaczron beam, Ex-BxJ.O-'3 m-rad and E, #3x10 a-rad,

assuming 107 coupling, and from the small values of the
3-function at the X-ray source. The electron beam has
-4
a damped energy spread of 7 _/£=3x10 , and spacial
22,3 % 5
- 3 =f3 E +«""3°) s 3z .t
half-widchs T e E<)*® and y'(pyay) he
nroperties of the X~ray source at a cypical location in
the bending magnec and at the wiggler position are com-
pared in Table III.

Table I. Maznetic Elemencs

w Preceding

Jame Ivoe Lenzeth  B8,3', or 3" drifc lenzth
Ic DRIFT 0

Ql QUAD 0.35 M ~12.64 T/M 2,25 4
Q2 QuUAD 0.30 11,04 T/ .70

Q3 QUAD 0,43 -11.78 T/ 2.30

38 DIPOLE 2.7 L.2ls T 0.705

SD SEXT 0.2 -256 Tt 0.30

ST SEXT 0.2 160 T/MZ 0.70

QF QuUaAD 0.43 10.79 T/ 0.15

v

"3z = 33,5KG-M
Chromaticity Correccion

For a ring with an even number of superperiods,
the momencum dependence of the E-Eunc:iogs will be weak-
ened if che tune change per superperiod" ™’ is near
(2a+1)/4 with a being 2n inceger. In accordance with
this suggestion we have chosen an operacing poinc wich
ax/S =1.21 and ayao.7l. The ratural chromacicity

(pd/dp) of che lactice is ;:= =27 and :3- -19. Since

the dispersion is zero outside of che arcs, the choice
of location for the two families of chromaticity cor-
rection sexcupoles is very limited. Wich che sexcu-
poles in the positions as indicaced ia Fig. l, che ex-
citaction screagths (3") needed to obrain a chromatici:cy
of §x=§y-+3 are presenced in Table I. Including the

effects of the sextupcles, the momencum dependence of
the betatron tunes and amplicude Eunctionssqas baen
studied uging che computer programs SYNCH'” and
PATRICIA(SY) ., The resulting nonlinear dependence has
bsen found to be sacilafactorily weak. The limi:zing
amplitude of stable betacron oscillations has been szud-
ied from particle tracking uasing PATRICIA, and the re-
sulting apercure is sufficient.

Inteccion

Injeccion iaco the X~ray ring will take place ac
an electron energy of 700 !feV, The single dunch circu-
lating in the boostar synchrocron will e cransferrad
iaco one of =he 30 bucke:zs of the scorage ring, and chis
operation will be repeated once per second., The desizn
current of the booscer 1s 20 ma, corresponding =o 3.3
ma in the X-ray ring, Therefore, a charging time of
several minutes {s expecied. Pra2ceding the arrival of
a2ach bSuach from che booscer, che closed orbic will de
brought near the sepctum, and the orbit bump will col-
lapse before the injacced parcicles maxe tarae ravolu~
tions. The septum is located en the iasice of the riag,
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in cthe triplet dDetween the guadrupoles Ql and Q2. The
injacted particles proceed in che direction away from
the nearby insertion.

Zapble 1T, Machine Paramecars
Znerzy range 9.7 GeV - 2.3 GeV

2 .
Design current 14 (2.0 GeV' (3.9x10%%e7)

.34 (2.5 GeV) (L.9%1012e7)

Circumierence 170.08 4
lumber of superneriods 8
Long straights 4,5 M
Dipole bdending radius 6.375 M
Nominal tunes Y ¥y 9.7, 5.7
Minimum Sx, Ey in long scraighcs 1.6, 0.3 M
Ex’ Ey at dipole center 0.8, 4.0 M
Maximum Sx' Sy 26, 28 M
Haximum dispersion -x 1.4 M 3
Hdomentum compaction x 5.5 x 10
Radiaced power (0.5A at 1.3 GeV) 152+9NWIG (XW)
563 nsec

Jreical period
52.38 ¥Hz (30)

2F Freguency tharmonic numoer)
D.7 GeV 2.5 _GeV

RF teak voltage 30 KV 800 XV
Svnch, oscillacion period 0.38 msec 0.20 msec
Jamping times = -y .26 sec 5.5 msec

e 0.13 sec 2.3 msec
Inergy apercure 4 E:ax/E 2.015 0.015
Znergy spread 5 _/E 2.3x107% 8.2x10”%
Nazural 3unch l;ng:h ZcL 5.4 cm 10 cm
dorizontal emitcance 5.5x10"%m-rad 8x10"3n-rad

Instabilities and che Touschek affect are expected
9 %e 7qora sevare at 700 MeV than at 2.3 GeV. A chird«
hnarmonic savity is planned to reduce the microwave in-
scability and to provide Landau damping against coupled
sunch iastabilities. Bunch lengthening and mulciple
scattaring effects will tend to increase the Touschek
lifecime, and a lifecime ac 700 MeV of at lesasc 30 nain
expeczed. An effect important during acceleration
is the generation of magnecic field percturbations due
to 2ddy currents in the vacuum chamber. Calculation of
cthe resulting tune shif: suggest an acceleration time
of approximately 3 min.
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3eam Diaanoscics and Correccion

An rms guadrupole displacement arror ¢f 0.2 mm and
an rms dipole rocation error of 0,3 mrad will resul:z in

an rms closed orbic displacement of ix=12am and Sy=Li3mm
at a 3-maxinum. Beam p0sition monizors will Se placed
at six positions per superperiod, each monitor decemmin-
ing both the horizontal and vertical pesition. The po-
sition monicors consist of pairs of "butzon eleccrodes”
in the top and bottom of the vacuum chamber. EZach of
these electrodes is sequentially sampled by means of a
tree of coaxial relays and converced co digical form.
The relays are arranged so that :the signals Irom the
four electrodes at a single locacion are also available
simulcaneously for analog viewing. There are five nor-
izontal and five vertical correction dipole magnets per
superperiod. The maximum strength (3L) of an individu-
al correcctor is 64 G-M or 45 G-M depending upon ics lo-

cation, Calcula:ionz(a) indicate che feasibility of
achieving a corrected orbit with a maximum deviation of
1 am, In this case the vertical dispersion at the in-
sertion cencer should be no greacter chan 1.5 cm, so we
do not expect it to be necessary to correct che verti-

cal dispersion gseparately.

Betatron Cune measurements will be made bv exciting
betatron oscillacions using an RF zickler, and the reg-
1lar position pilck-up electrodes at a single location
will serve as a detector. The possidility of including
che pick-up electrodes and the RF tickler in a closed
loop of variable gain will be investigaced wich the
3oal of continuously wonitoring the Zune while exciting
oscillations of only small amplitude., A coroidal beam
cransformer will be used to monitor the iatemsicy of
the circulacing beam. 3eam intensicy, posicion, and
fast bunch structure will also be monitored by observ-
ing the visible part of the synecnrotron radiation at
one azimuthal location.

Jacuum Svstem

The vacuum chamber will be fadbricated from an alu-
minum extrusion, alley 6063-T5., an aluminum extrusion
was chosen over a fabricated sctainliess steel chamber
because: (1) it makes possible a desizn cthat ainimizes
cnanges in chamber crosse-section that cend to excite RF
losses, (2) it simplifies the cooling by incorporating
cooling channels in the extrusion, and {3) aiuminum is
an excellent UHV material having a low outgassing rate
after conditioning, Argon glow discharge condicioning
is planned zo reduce the zas desorption coefficienc be=-
low the value achleved aftar bake-ouc. Where possibla
the chambers will bYe welded togecher in-sicu, co raduce
the number of flanged joints. Aluminum Zo scainless
steel transition material will e used co join stain-
less steel flanges and bellows to che chamber. Discrib-
uted ion pumps will be used in all bending ~agnec cham-
Yers. In order to increase the pumping soceed downscream
of the bending magnects convencional sputter-ion pumps
will be used, and provision will be made for installing
citanium sublimation pumps. Cooling of the genmeral rum
of the chamber is via two water channels in zhe ex:zru-
sion. (Fig. 3) To illow the X~radiatiom to pass into
the experimencal beam-line, a slot is cuc between :the

Table III, Zxvaerimental 2aramecars
Energy E » 2,5 GeV, Current I = 0,5 Amp
Dipole Wizgler
Magnetlic Field 1.2 T 4.0 7
Critical Waveleangth 2.5 A 0.7% A
-, 1.6 mm (cypical) 1.3 m
., 0,5 mm (cypical) 0.06 =m
¥, (V) (ph/s/mrad/ 1% /A 3.2xxo;f‘ Gt 1.0x10M* (120,14
‘ 2.5x10% (ual0d) 2.2x10% (a=0.20)
5,0%10*3 (1.340004) 2.2x10% e1.0)



two channels. At che corner at the downstream end of
che slot, there is normal incidence of che synchrotron
radiation, and a water cooled copper block will be

used in place of che aluminum extrusion which would
melt.,
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Fig. 1. One octant of the ring.
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SYNCH wricten by A. A. Garren and A, S. Xenney.
PATRICIA wricten by H., Wiedemann.

We have used the computer program CLSORB written
by G. Parzen and K. Jelletct.
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