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I. Introduction

P res e nte d i n t hi s pape r i s  a l at t i ce for  a t hi rd-ge nera t ion
VUV  and s oft  X- ray l i ght s ourc e1,   whi ch i s  a fut ure  proj e ct  of
the Institute for Solid State Physics (ISSP) of the University of
Tokyo and i s  bei ng des i gne d i n cl os e  col l abor at i on wi t h t he
P hoton F act or y of KEK .  The  s t orage  ri ng has  an ene rgy of 2
GeV,  a circumference of about 400 m,  an emittance of less than
5 nm  ra d,  four  13 m  l ong s t rai ght  s ec t ions  and t wel ve  7 m 
s em i -l ong s t rai ght  s ec t ions .   We  fi rs t  pre s ent  t he l at t i ce des i gn
of t he ri ng,   t he chr om at i ci t y cor re ct i on and t he dynam i c
ape rt ure , and next  pre s ent  a new  l at t i ce whi ch i s  now under 
study to improve the performance.

II. Lattice Design

Ta ble  1 s hows  t he funda m ent al  par am e te rs  of t he ri ng, 
whi ch has  a ci r cum fe renc e of 374. 14 m  and an em i t t ance  of
4.88 nm.  The ring consists of 16 DBA cells.  Each cell has two
s t rai ght   hal f -s ec ti ons   for  i ns ert i on devi c es  at  bot h ends .   The 

num ber  of t he s t rai ght   s ec t ions  ar e 16.   F our of t hem  ar e 13 m 
l ong and t wel ve  of t hem  ar e 7 m  l ong.  The  13 m  l ong s t rai ght 
sections are arranged with a four-fold symmetry.  A cell with 7
m  s em i -l ong s t rai ght  hal f -s ec ti on i s  ca l le d N or mal  C el l  and a
ce l l wi t h 13 m  l ong s t rai ght  hal f -s ec ti on at  one end i s  ca l le d
L ong C el l  (s e e Ta ble  2).   The  l at t i ce conf i gurat i on of a Long
C el l  i s  t he s am e  as  t hat  of a Nor ma l  C el l  exc ept  for  t hre e
quadr upol e m agne ts  (Q 1L, Q2L,  Q3L) ,  whi ch i s  us ed for 
m at chi ng of t he bet a tr on func t ions  i n t he 13 m  l ong s t rai ght 
s ec t ion.   F igur e 1 s hows  t he bet a tr on and di s pers i on func t ions 
for  an oct a nt of t he ri ng.   We  have  us ed S AD2 code  for  t he
lattice calculation.

Table 1:  Fundamental parameters of the storage ring

Energy E [GeV] 2.0

Lattice type DBA

Superperiod Ns 4

Circumference C [m] 374.14

semi-long straight section 7m x 12

long straight section 13m x 4

Natural emittance εx0 [nm rad] 4.878

Energy spread σε/E 6.66x10
-4

Momentum compaction α 7.13x10
-4

Horizontal tune νx 18.410

Vertical tune νy 9.800

Horizontal natural chromaticity ξx -49.98

Vertical natural chromaticity ξy -17.75

Horizontal damping time τx [msec] 23.26

Vertical damping time τy [msec] 23.35

Longitudinal damping time τε [msec] 11.69

Revolution frequency frev[MHz] 0.80128

RF voltage VRF [MV] 1.4

RF frequency fRF [MHz] 500.0

Harmonic number h 624

Synchrotron tune νs 0.007

Bunch length σz [mm] 4.04

RF-bucket height (∆E/E) 0.028

Fig 1: Optics for an octant of the ring.



IV. Chromaticity  Correction and Dynamic
Aperture

The  hori z onta l  chr om at i ci t y of t he ri ng i s  -49. 98 and t he
ver t ic al  one i s  -17. 75.  The  chr om at i ci t ie s  have  bee n cor re ct ed
by us i ng chr om at i c s ext upol es  (S F0,  S D0) l oca te d i n t he
dispersive region of the cell.  The strengths of these sextupoles
are ′′B =498 [ / ]T m2  for SF0 and ′′B =-392 [ / ]T m2  for SD0.

The se  s ext upol es ,   howe ver,   i nt roduce  nonl i near  ef fe ct s 
which limit the dynamic aperture.  In order to obtain a dynamic
ape rt ure  as  l ar ge as  pos s i ble ,  t he har m onic  s ext upol es  (S F1, 
S D1, S F1L,  S D1L) have  bee n i ncor porat e d i n t he
di s pers i onl es s  re gi on of t he l at t i ce.   The  hori z onta l  dynam i c
ape rt ure  m us t be l ar ger t han t he hal f  wi dt h of t he vac uum 
cha m ber (40 m m ) at  t he pos i ti on whe re t he hori z onta l  bet a tr on
function is maximum,  while the vertical dynamic aperture must
be l age r t han t he hal f  hei ght  of t he vac uum  cha m ber (10 m m )
for an insertion device.  A wide momentum aperture (≈±3%) is

al s o re qui red t o obt ai n a l ong Tous che k l i fet i m e.   B y
opt i mi z ing t he har m onic  s ext upol es ,   we  have  obt ai ned a
sufficiently large dynamic aperture as shown in Fig. 2. Here the
dynam i c ape rt ure  i s  def i ned as  t he s t abl e re gi on  i n whi ch a
particle can revolve the ring over 1000 turns.

V. New Lattice

We  ar e m aki ng s om e m odi fi ca ti on t o t he l at t i ce des c ri bed
above to improve the following points;

(1) quadruple magnets should not be C-type,
(2) the access to the BPM should be easier.

F or (1) ,  Q3 and Q3L have  bee n s hi ft ed aw ay fr om bendi ng
m agne ts  not  t o t ouch t he bea m li ne s  for  t he s ynchr ot ron
ra di at i on (s e e Ta ble  2).   F or (2) ,  eve ry dri ft  s pac e bet we en a

F ig.  2-a :  Hor iz ont al  dynam i c ape rt ure  ver s us 
momentum deviation

Table 2:  The lattice of the Normal Cell and Long
C el l .  The  el e me nt  l engt hs  of t he new  l at t i ce
different  from those of the old one are listed in the
t abl e.   *1 i s  t he s ym me t ri c  poi nt  of 7 m  i ns ert i on
s ec t ion,   *2 t he m i rror  s ym me t ri c poi nt  of t he
norm a l ce l l,   *3 t he s ym me t ri c poi nt  of 12. 5 m 
insertion section.  *4 the point where the long cell
i s  conne ct e d t o t he m i rror  s ym m et ri c poi nt  of t he
normal cell.

Normal Cell Long Cell

Element L [ m] Element L [m]

old new old new

*1 - - *3 - -

3.5 3.3 6.62 6.26

Q1 0.4 Q1L 0.4

0.15 0.2 0.15 0.2

SF1 0.15 SF1L 0.15

0.15 0.2 0.15 0.2

Q2 0.6 Q2L 0.6

0.15 0.2 0.15 0.2

SD1 0.15 SD1L 0.15

0.15 0.2 0.2 0.2

Q3 0.4 0.6 Q3L 0.4

0.5 0.95 0.95 0.95

B 1.3 B 1.3

0.9 0.9

Q4 0.4 0.6 Q4 0.4 0.6

0.15 0.2 0.15 0.2

SF0 0.2 SF0 0.2

0.9 0.7 0.9 0.7

SD0 0.2 SD0 0.2

0.15 0.2 0.15 0.2

Q5 (half) 0.2 Q5 (half) 0.2

*2 - - *4 - -

F ig.  2-b:  Ve rt i cal  dynam i c ape rt ure  ver s us 
momentum deviation



quadr upol e m agne t and a s ext upol e m agne t has  bee n
lengthened from 0.15 m to 0.2 m.

In order to keep of the betatron functions of 7 m semi-long
s t rai ght  s ec t ions  t o al m os t  t he s am e  val ues  as  i n t he ol d l at t i ce
and t o obt ai n a fl e xibi l i ty of opt i cs  for  l ong s t rai ght  s ec t ions , 
t he pol ar it i es  of t he quadr upol e m agne ts  (Q 1, Q2,  Q3)  have 
bee n cha nged.   S inc e t hi s cha nge ca us es  t he m agne ti c  fi e ld of
Q3 to be saturated,  the lengths of Q3 is increased from 0.4 m to
0.6 m.

With these modifications,  the circumference of the ring has
bec om e fr om 374. 14 m  t o 388. 45 m ,  t he har m onic  num ber 
from 624 to 648.  However long straight sections have become
a l i tt l e bi t  s hort er ;   fr om 13 m  t o 12. 5 m  for  l ong s t rai ght 
s ec t ions  and fr om 7 m  t o 6. 6 m  for  s em i -l ong s t rai ght  s ec t ions . 
The  new  par am et e rs   of t he ri ng ar e l i st e d i n Ta ble  3.   The 
bet a tr on and di s pers i on func t ions  for  an oct a nt of t he new  ri ng
are shown in Fig. 3.

The  dynam i c ape rt ure  for  t hi s l at t ic e i s  now under  s t udy.
S o fa r,   t he hori z onta l  dynam i c ape rt ure  i s  30 m m  at  t he
m axi m um  pos i ti on of hori z onta l  bet a tr on func t ion,   whi l e t he
vertical dynamic aperture is 13 mm at the center of the insertion
devi c e.   It  i s  expe ct e d t hat  t he dynam i c ape rt ure  i s  fur the r
improved.
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Table 3: New parameters of the storage ring.

Energy E [GeV] 2.0

Lattice type DBA

Superperiod Ns 4

Circumference C [m] 388.45

semi-long straight section 6.6m x 12

long straight section 12.5m x 4

Natural emittance εx0 [nm rad] 4.582

Energy spread σε/E 6.66x10
-4

Momentum compaction α 6.87x10
-4

Horizontal tune νx 19.410

Vertical tune νy 11.200

Horizontal natural chromaticity ξx -44.1

Vertical natural chromaticity ξy -42.9

Horizontal damping time τx [msec] 24.17

Vertical damping time τy [msec] 24.25

Longitudinal damping time τε [msec] 12.14

Revolution frequency frev[MHz] 0.771759

RF voltage VRF [MV] 1.4

RF frequency fRF [MHz] 500.1

Harmonic number h 648

Synchrotron tune νs 0.007

Bunch length σz [mm] 4.04

RF-bucket height (∆E/E) 0.028

Fig. 3: New optics for an octant of the ring


