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Abstract

In order to catch up with the most advanced design technology for the HMBA (hybrid multi bend achromat) storage
rings, the new test storage ring was designed from the lattice of the phase II upgrade project of the ESRF (ESRF II).
Although the original 3GeV test lattice from Dr. Pantaleo Raimondi of ESRF has no problem about the optical and
magnetic parameters including the dynamic aperture, we inserted the short straight sections for the in-vacuum short-gap
undulators. After the optimization of the linear and non-linear optics as the original design principle of ESRF II, the
altered lattice has the circumference of about 600m, the emittance about 300pm-rad with the intra-beam scattering
effect at the beam current of 500mA, and the large dynamic aperture of about 1cm even with the usual magnetic errors.
In this proceedings, we show the selection of the design parameters, the analysis of the ESRF II lattice, and finally the
parameters of the altered test lattice with short straight sections.
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Figure 1: Lattice of the normal cell.
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Figure 2: Optics of the normal cell.

Table 1: Parameters of 3GeV Example Latticel®!

Beamenergy 3GeV
Circumference 523.52m
Arcs 20
Straight sections S5mx20
RF frequency 500 MHz
Bunches 900
RF voltage 1.3MV

47.6, 17.6,0.00384
14600, 20300, 12600

Betatron tunes xy,z
Damping turns xy,z

Beam current 0 200mA 500mA
Horizontal emittance | 145pmrad | 236pmrad | 301pmrad
Vertical emittance 4pmrad | 6.4pmrad | 8pmrad
Betatron coupling 2.70% 2.70% 2.70%
Bunch length 3.1lmm 3.5mm 3.8mm
Momentumspread | 6.6x10" | 7.4x10* | 7.9x10"
Touschek lifetime 11000s 6040s

8&cm % 12cm £ TIIEXT (H‘E IR<7%b) Z LT,
FTT 4 7 AOFERMEN W LT %5, F72, ESRF T
MO R RV RNIZERE L2 T AU DT 720 2 |
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Table 2: Parameters of the Magnets

Bends L[m] angle angle Kl1
[rad] [deg] [m ]

BIDS | 0.413| 0.01990 1.140
Figgre? 3:. Optics of long straight section for BID4 | 0413| 001094 0627
the injection or RF. BID [ BID3 | 0413 0.00827 0.474
5 BID2 | 0.413 ]| 0.00654 0.375
. BIDI [ 0.413] 0.00533 0.305
. BPI1 | 0413 0.00524 0.300
; ; ; ‘ ; BPI2 | 0.413] 0.00632 0.362
3 BPI | BPI3 | 0.413| 0.00758 0.434
2P / BPI4 | 0.413| 0.00958 0.549
1k ] BPI5 | 0413 0.01350 0.774

0 BPI6 0.806 [ 0.05453 3.125 -1.709

0 BPI7 0.704 | 0.01872 1.073 -1.614

BPI6 0.806 | 0.05453 3.125 -1.709
BPI 2.065| 0.04222 2419
BID 2.065| 0.05097 2.920
milio total 031416 18.000

© e 1 i 2 :
Figure 4: Optics with short straight sections at - e Quads Lim] | Kifm ] | B/Bpm ] | BlT/m]

sextupole-side. QFAl 0.250 1.006 4.022 40.223

QDA2 0.200 -0.766 -3.829 -38.292

QDA3 0.200 -0.359 -1.794 -17.938

QFA4A 0.200 0.429 2.145 21.453

QFA4B 0.200 0.429 2.146 21.461

‘ ‘ 1 QDAS 0200 -0.541 2704 27.041

] QFA6 0.335 1.656 4.943 49.428

1 QFA8 0.500 2.318 4.635 46.353

Qs1 0.200 0.010 0.049 0.491

QS2 0.200 0.641 3.203 32.031

QS3 0.200 -0.549 -2.746 -27.465

QS4 0.200 0.004 0.019 0.191

Sexttupoles | L{m] | Ko[m’] | BYBp[m”] | BT/m’]

SDA 0.180 | -12.307 -68.370 | -683.701

Figure 5: Optics with short straight sections at SFA 0.180 12.950 71.945| 719.452

the center of the cell. SDC 0.180| -12.307 -68.370 [ -683.701
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Table 3: Parameters of the Altered Lattice

Beamenergy 3GeV
Circumference 603.36m
Arcs 20
Straight sections 5mx20, Imx40
RF frequency 508.8MHz
Bunches 1024
RF voltage 1.4AMV
Betatron tunes xy 47.58,17.62
Damping turns xy,z 14152, 20266, 12929
Beam current 0 200mA 500mA
Horizontal emittance | 145pmrad | 233pmrad | 296pmrad
Vertical emittance 4pmrad | 6.4pmrad [ 8pmrad
Betatron coupling 2.70% 2.70% 2.70%
Bunch length 3.4mm 3.8mm 4.1lmm
Momentumspread | 6.6x10" | 7.5x10" | 8.0x10™
Touschek lifetime - 3.8h 1.9h
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Figure 6: Dynamic aperture with the magnetic errors

after the COD correction.
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