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Abstract

The KEK-LS is 3 GeV storage ring light source with about 140 pmrad emittance and 570 m circumference. It adopts
HMBA (Hybrid Multi Bend Achromat) type normal cell developed by ESRF. The many simulations and design works,
for example, the effects of the random magnetic errors on the dynamic aperture and the design of the typical magnet with
required field strength, are already finished. The project seems to have enough reality and no critical problems for the
construction. But the present CDR version design has some shortages; the relatively short Touscheck lifetime about 2
hours due to the smaller momentum dynamic aperture comparing with other similar 4th generation projects including
original ESRF lattice and the large emittance growth from the insertion device installed in the straight section with residual
dispersion function. In order to compensate these shortages and improve performances, we install the new two quadrupole
magnets in the short straight section. We call this improved lattice as DQBA (Double Quadruple Bend Achromat). In this

presentation, we show the detail of the DQBA lattice.
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Table 2: Parameters of Typical Insertion Devices

Periodic 4 Peak
length Period ID length | magnetic
field
1y, [mm] Ny L [m] By [T]
For long straight (5m)
UL20N250 20 250 5 1.13
UL48N104 48 104 5 0.9
UL160N31 160 31 5 0.5
UL12N416 12 416 5 0.8
MPW 120 42 5 1.8
For short straight (60cm)
UL20N30 20 30 0.6 1.13
IV MPW 60 10 0.6 2.2

(a) Present CDR version
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Table 1: Parameters of the Ring s W
E . i
(@) () © | f =
Residual dispersion (5m) [cm] 2.5 0.0 0.0 o
(short straight)| [cm] 2.0 3.0 0.0 ol f N " . =t
RF voltage Vre[MV] 2.5 b lily llgrry
Bucket height % 4.5 4.5 4.0 (b) 5m section achromat for DQBA
Energy loss MeV/rev 0.30 0.26 0.26 R : : : ‘ ~—
Momentum compaction | g, [x10_4] 2.2 2.4 3.1 E TW
Betatron tune (hor.) Vx 48.58 47.10 o ; ; ; ; ;
(vertical) vy 17.62 17.15 g W
Damping time (hor.) [ms] 29.3 21.5 23.4 s o ) ) ) ) ]
(ver.) [ms] 38.3 431 431 i
(longitudinal) [ms] 22.6 43.4 37.2 :
Beam current [mA] 500 500 500 % 5 10 m 20 25
Hor. emit. (no IBS) [pm-rad] 133 121 i I dluturh l
(effective, Sm sec.) [pm-rad] 160 253
(effective, short st.) [pm-rad] 225 204 g
(500mA with IBS) [pm-rad] 315 228 366 <
Coupling (500mA) [%] 2.6 3.5 2.2
Vertical emittance [pm-rad] 8.2 8.0 8.1 g
Momentum aperture [%] 2.8 4.0 4.0 $
Horizontal aperture [o] 150 200 200 -
Touschek lifetime [h] 2.4 17.0 27.0 ‘i’
Energy spread (OmA) <10™ 6.4 7.2 6.7
(500mA) x10™ 7.9 9.7 8.5
Bunch length (OmA) mm 2.7 2.8 2.9 Figure 1: Optics of the normal cell.
(500mA) mm 3.3 3.8 3.8
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Figure 2: Emittance growth. & Y P
Table 3: Analytic Estimation of the Synchrotron Radiation Integrals
Rin UL20N250 | UL48N104 | UL160N31 | UL12N416 MPW UL20N30 | IV MPW
g Sm Sm Sm Sm Sm 60cm 60cm
1) [m'l] 2.62E-01 3.19E-02 2.03E-02 6.25E-03 1.60E-02| 8.10E-02| 3.83E-03| 1.45E-02
14 [m'l] -8.08E-02 -3.10E-09| -7.18E-09| -7.60E-09| -2.80E-10( -7.18E-07| -3.72E-10| -4.81E-08
CDR
@) 15 [m'l] 3.44E-06 4.00E-07 2.02E-07 3.50E-08 1.42E-07| 1.76E-06| 2.21E-07| 1.63E-06
is0 [m"l] 3.99E-07 2.02E-07 3.46E-08 1.42E-07| 1.61E-06| 2.21E-07| 1.63E-06
is) [m"l] 3.88E-10 7.17E-10| 4.22E-10 2.49E-11| 1.43E-07| 1.38E-11| 3.47E-09
1> [m']] 2.24E-01 3.19E-02 2.03E-02 6.25E-03 1.60E-02| 8.10E-02| 3.83E-03| 1.45E-02
14 [m']] -2.26E-01 -3.10E-09| -7.18E-09| -7.60E-09| -2.80E-10( -7.18E-07| -3.72E-10| -4.81E-08
DQBA
((:)b) Is [m'l] 4.13E-06 7.04E-08 3.64E-08 6.69E-09 2.48E-08| 5.01E-07| 1.57E-07| 1.17E-06
is0 [m‘l] 6.98E-08 3.53E-08 6.05E-09 2.48E-08| 2.82E-07| 1.57E-07| 1.16E-06
is1 [m‘l] 5.93E-10 1.09E-09 6.44E-10 3.80E-11| 2.19E-07| 2.24E-11| 5.63E-09
1, [m'l] 2.24E-01 3.19E-02 2.03E-02 6.25E-03 1.60E-02| 8.10E-02 3.83E-03| 1.45E-02
14 [m'l] -1.89E-01 -3.10E-09| -7.18E-09| -7.60E-09| -2.80E-10( -7.18E-07| -3.72E-10| -4.81E-08
DQBA
C(?c) 15 [m'l] 7.91E-06 2.84E-10 5.24E-10 3.08E-10 1.82E-11| 1.05E-07| 2.57E-11| 6.47E-09
is0 [m'l] 2.90E-22 1.47E-22 2.51E-23 1.03E-22| 1.17E-21| 4.51E-20| 3.33E-19
is [m'l] 2.84E-10 5.24E-10 3.08E-10 1.82E-11| 1.05E-07 2.57E-11| 6.47E-09
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