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Abstract

In the synchrotron light source PF-AR at KEK, a single bunch of electrons is stored to provide users with intense pulsed
X-rays. Due to its high bunch charge of ~63 nC, the parasitic-mode losses limit the maximum beam current at the PF-AR.
We tried to determine the total loss factor by measuring the beam loading power as a function of the beam current. As a
result, we obtained the loss factors of 25.3-25.6 V/pC at a beam energy of 5 GeV, and 24.4-28.4 V/pC at 6.5 GeV. We
also measured the shifts in the synchronous phase of the electron bunch as a function of the beam current using a streak

camera, and estimated the loss factor.

1. [XL®IZ

ﬁ&%ﬂz)/ﬁ“PF AR TII REFMOBE— U FHUL T
FREL | W ASEIRSOR 7 FE RS A TR AT DI L
éﬁwt‘ [ZHER L CUVB[ 1], PF-AR O 87285 A—
X% Table 1 (2759, A-fE1#9 3,000 HFE OIERREER DY
F3EE— AT RILF—6.5GeV TEIRL, 7RV Y45%
5 GeV TIEHZL TV, PF-AR [ KR N F &R L
1T TCNWAIZD, 7R VA X fa LB LT Dy
EIFEBRD 2 —— I E0 b H RN THD,
PF-AR T34 63 nC £V KEM DN TFE2EFETD
720 BN TF NIRRT AR E ZE T = R — DGR
B /e E a3 BRIy = — VR R T HI LI
SO EE N (FAET—RNEL) BEHICREW, fil 21X
g 22 /HT XA B BN @ IRE—F
FEAEROLEFTH 30 kW OERE—REHNGIEH
ézhfb\é[ Jo FEEZEF = N—DIIREHEC /N
T BT A — R\ HHDOAN) 7T A BRI 8 T4
F—RERIZIDREDRHY, 77 TEHEZELTND,
ZDEHIT, PF-AR TIIFAEET—NEILBE —L&EG

Table 1: Principal Parameters of the PF-AR with Middle-
low-emittance Optics

Beam energy 6.5 GeV 5 GeV
Radiation loss/turn” 6.661 MeV 2.332 MeV
RF voltage 16 MV 8§ MV
Natural bunch length 51.7 ps 48.1 ps
RF frequency 508.57 MHz
Harmonic number 640
Momentum compaction 0.0115

Beam current 50 mA (top-up)

* Without insertion devices
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Figure 1: RF powers (P, P., and P;) that were measured at
a beam energy of 5 GeV of the PF-AR.
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Figure 2: Beam power (Py) as a function of the beam
current at 5 GeV. Solid line denotes the fitting result.

DIA% Eq. )&l 3 i, 1 A ToEEIELT
Upmeas = 2.380 MeV 55105, — 5, ZOARZT ARED
FHASIROX v 7 EL BB LT GHE RO F E M
Upcale = 2.383 MeV THY, LEFLOREMEITZERL—
HLTWD,

%2, Eq. (@) AIL T/ =R —LERD 2 Fl
tmﬂbm\éiﬁ I FEE—FHEEDHEELEZLND,

ZOX%A Eq. (3)&LbkL | R To=1.258 ps & A
HE VT DEFHBART 77 H =1 Thioss=25.3 V/pC 3
Bohnb,

HHMZ BA57-0, FEEORIEZER D BRI T-7=,
S 2 [ O E S FeA Table 2 12 FED 7=, 2 [B] H O]
TECIIHI R Uy DIEDFHEMEEK 6% T T3,
27772 —(% 1 [BlHOREMIZIEY VE (25.6 V/pC)
NELNTZ,

Table 2: Summary of Two Measurements of Loss Factors
at a Beam Energy of 5 GeV

2nd measurement
(June 3, 2024)

1st measurement
(Feb. 13, 2024)

kioss 253 V/pC 25.6 V/pC
Ub (meas.) 2.380 MeV 2.194 MeV
Up (calc.) 2.383 MeV 2.335 MeV
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Figure 3: RF powers (Pg, P., and P;) that were measured at
a beam energy of 6.5 GeV of the PF-AR.
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Figure 4: Beam power (Py) as a function of the beam
current at 6.5 GeV. Solid line denotes the fitting result.

Table 3: Summary of Two Measurements of Loss Factors
at a Beam Energy of 6.5 GeV

2nd measurement
(May 9, 2024)

1st measurement
(Feb. 28, 2024)

kioss 244 V/pC 28.4 V/pC
Ub (meas.) 6.661 MeV 6.154 MeV
U (calc.) 6.719 MeV 6.666 MeV
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Figure 5: Longitudinal bunch profiles observed at beam

currents of 20 mA and 50 mA. For each beam current, five

traces were overlaid. Beam energy: 6.5 GeV.
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Figure 6: Measured rms bunch length as a function of the
beam current. Beam energy: 6.5 GeV.
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Figure 7: Measured shifts (black and red circles) in the
bunch-center position as a function of the beam current.
Beam energy: 6.5 GeV.

5. APS ZTROMOORI7HE—DETE

PE-AR Tid 11 fHDI#E /L %#F> APS (Alternating
Periodic Structure) N Z2][[6]% 6 Jﬁ‘fﬁﬁﬁ LT, =
NHDOZERIL PF-AR ORRT 772 — I KEH G535
EEZLNDID, EORAT 74—k FE LTZ, APS
7]1]3_ Sl (ERA4y) ONTHI KA Fig. 8 127, &

ERHT—R MAFIA %V CL 2 WocHhRF IR
xﬁ“éﬁf"ﬁ G R A T 7o 1, 2z HEb Ay 2t A

A% 0.5 mm &7z,

N F K 144 mm (48 ps) (2K DHEST 1A wake
potential DFFHE % Fig. 9 (2R3, ZOHITIL, 22D

294.74

WL

Figure 8: Inner shape of the APS cavity. Only upper half
of the cavity is shown.

W, (V/pC)

Charge density A (C/m)

0.10
s (m)

0.05 0.15

Figure 9: Calculated longitudinal wake potential (black
line) of the APS cavity for a bunch length of 14.4 mm.
Assumed charge distribution is also indicated by red line.
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Figure 10: Calculated parasitic-mode loss factor of the
APS cavity as a function of the rms bunch length. Solid
line indicates a result of interpolation.
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