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Abstract

PF-AR (Photon Factory Advanced Ring) is 5 or 6 GeV light source, and is running about 2000-hour user-run in
a year. Until FY2022, the emittance was 293 nmrad, however this could be suppressed to 163 nmrad as a half of the
original to adjust the phase-advance of the normal cell optics to the optimum point. In the early 2000s, some study were
tried to realize this low-emittance optics, however some trouble like a vacuum-leak and a breakdown of FB amplifier
happened and this made us give up continuing beam-studies. Since 2017, the beam transport line (BT) of PF-AR was
separated from the one of SuperKEKB so that the full-energy injection with 6.5 GeV was realized. Thanks to this, we
became free from the instabilities due to an energy ramping-up, and the feasibility of the low-emittance optics became
stronger. However, new masks were installed an upstream of RF cavities that prevents vacuum-leaks due to synchrotron
radiation as a measure against hardware failures that occurred in the early 2000s. This reduces the sufficient physical
aperture for the original low-emittance optics. Therefore, taking into account the presence of this RF masks, a new optics
called “middle-low-emittance optics” with a moderate low emittance between 293 nmrad and 163 nmrad was considered
and applied to practical user-run. In this paper, we will report on the detail of this optics and the trials for the practical
application, and the current status and the future tasks.
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Figure 1: Conventional normal-emittance optics of PF-AR
(293 nmrad).
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Figure 2: Layout of PF-AR.
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Table 1: Physical Aperture (PA) and Horizontal Beam-size in Conventional Low-emittance Optics and New Middle-low-

emittance Optics

Optics Position PA, [mm] | o, [mm] | PA, [0.]
. . New Injection Point 28 1.5 19
Conventional Low-Emittance RE Mask 7 51 31
. . New Injection Point 28 2.3 12
New Middle-low-emittance RE Mask 7 3 04

Conventional normal emittance optics

Conventional low emittance optics

New middle-low-emittance optics
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Figure 3: Comparison of /3, 1., o, in conventional normal-emittance optics, conventional low-emittance optics and new

middle-low-emittance optics.
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Figure 4: 3., 8, and 7, of new middle-low-emittance op-
tics.

Table 2: Parameters of Each Optics in 6.5 GeV

Conventional Normal-emittance ‘ Middle-low-emittance
Circumference [m] 377.26
RF voltage [MV] 16
Energy loss [MeV/rev.] 6.66
Natural Emittance [nmrad] 293 245
RF Bucket height [%] 0918 0.960
Momentum compaction factor 1.26 x 10~ 1.15 x 107~
Betatron tune (v, v,) 10.14/10.21 10.26/10.05
Damping time (hor./ver./long.) [ms] 2.47/2.46/1.23 2.45/2.46/1.23
Energy spread o/ E 114 x 1077 115 x 1077
Natural Bunch Length [mm] 16.0 154
Touschek Lifetime [h] 118.5 71.1

Table 3: Parameters of Each Optics in 5 GeV

Conventional Normal-emittance \ Middle-low-emittance
377.26

Circumference [m]

RF voltage [MV] 8

Energy loss [MeV/rev.] 2.33

Natural Emittance [nmrad] 173 145

RF Bucket height [%] 0.860 0.899
Momentum compaction factor 1.26 x 10~ 1.15 x 10~
Betatron tune (v, V) 10.14/10.21 10.26/10.05
Damping time (hor./ver./long.) [ms] 5.42/5.40/2.69 5.39/5.40/2.70
Energy spread o5 /E 8.79x 10°7 881 x 1077
Natural Bunch Length [mm] 149 14.3
Touschek Lifetime [h] 224 17.2

3.2 Dynamic Aperture Survey
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Figure 5: Horizontal dynamic aperture of new middle-low-
emittance optics.
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Table 4: Comparison of Designed and Measured Beam-size in Light Profile Monitor

energy [GeV] H optics H £, [nmrad] H By [m] 7, [m] o, [mm] ‘ measured o, [px] H By [m] o, [mm] ‘ measured o, [px]
conventional normal-emittance optics 295 3.99 0.767 1.40 57 10.5 0.176 20
6.5 middle-low-emittance optics 253 5.07 0.668 1.37 54 10.2 0.161 21
ratio (middle/normal) [%] 85.6 - - 97.7 95 - 91.3 105
conventional normal-emittance optics 169 3.13 0.656 0.927 43.7 18.2 0.175 19.2
5 middle-low-emittance optics 143 3.35 0.650 0.898 42.5 10.9 0.125 18.6
ratio (middle/normal) [%] 93.5 - 96.8 97.3 71.2 96.9

Table 5: Result of Bunch Length Measurement with Streak Camera

energy [GeV] optics bunch length calculated by SAD [mm] measured bunch length [mm] @50 mA | ratio [%]
6.5 conventional normal-emittance optics 16.2 15.3 94.5
i middle-low-emittance optics 15.5 14.5 93.7
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Figure 6: Transition from conventional normal-emittance
optics to new middle-low-emittance optics in 6.5 GeV.
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Figure 7: Transition from conventional normal-emittance
optics to new middle-low-emittance optics in 5 GeV.
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Figure 8: Image example of streak camera and its projec-
tion.
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Figure 9: Dependence of bunch length on stored beam cur-
rent in middle-low-emittance optics.
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