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Abstract

The damping ring (DR) of the Accelerator Test Facility (ATF) at KEK generates low emittance beam, required by
ATF2 project realizing nano-meter beam. Accurate measurement of 3 functions in DR is important as a diagnosis of the
ring optics and for producing extremely small emittance beam. The g functions at a quadrupole magnets are evaluated
from change of tunes due to strength (k-value) change of the magnet (Dtune-Dk method), while strength of each magnet
can be controlled independently. However, this process is time consuming. Also, the ring optics can be disturbed during
the measurement due to hysteresis of the magnets. Faster and non-invasive method is desirable. Since turn-by-turn (TBT)
beam positions can be measured at all beam position monitors in ATF DR, we have setup a tool evaluating the 3 functions
from harmonic analysis of the TBT data. In this report, we describe the method and comparison of the measured results

with Dtune-Dk method.
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Figure 1: ATF-DR layout.
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Table 1: ATF-DR Beam Parameter

Parameter Value
Beam Energy [GeV] 1.3
Beam repetition frequency [Hz] 3.12
Revolution frequency [MHz] 2.16
RF frequency [MHz] 714
Circumferance [m] 138.5
Betatoron tune (horizonta) ~15.2
Betatoron tune (vertical) ~ 8.6
Synchrotron tune = 0.005

Table 2: DR Installed Equipments

Component Amount
Bending magnet (combined function) 36
Quadrupole magnet 98
Sextupole magnet 67
BPM 96
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Figure 2: Dtune-Dk results @2020/06. Red: horizontal
function, Black: vertical § function. Points: [ function
measured at each Q magnets, Lines: fitting result given by
SAD.
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Figure 3: DR BPM system overview. [7]
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Figure 4: Block diagram of the ATF digitizer firmware. [7]
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Figure 5: Stlipline kicker installed in ATF-DR.
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Figure 6: Example of horizontal TBT data. BPM26 in-
stalled in straight section. BPM44 installed in arc section.
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Figure 7: Amplitudes given by NAFF from TBT data of all
BPMs.
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Figure 8: Basic 1 cell optics at arc section in ATF-DR.
Combined function bending magnet (BHIR), quadrupole
magnet(QF2R,QF1R), sextupole magnet(SFIR, SDIR),
stearing magnet(ZV1R, ZHIR).
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Figure 9: SAD fitting result to Dtune-Dk result. Red dot:
measured value(Dtune-Dk), Green dot: 3 function given
by TBT method, Blue line: fitting result give by SAD. Up-
per graph: horizontal 5 function, Lower graph: vertical 3
function.
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Figure 10: Model [ given by SAD vs amplitude
x;%(horizontal), y;%(vertical) given by NAFF. Red trian-
gle: horizontal, Black dot: vertical. Line: fitting line of
horizontal, Dashed line: fitting line of vertical.

PASJ2020 THPP67

2020 4 6 HDMEIE OB IcE S 117 DR 7 — 7 ¥
D B BEEMER R E Fig. 11 127”7, Bz —2a7
4 V& [m], fEfliE g B% [m'/?] 27" L, Bk SAD
MPoBoNTT7 4 v T4V IRERE, HITTBT LD
Bonl B TH B, TBT Ik % 5 B HlE
FERIZAKFE M B, 1B L T3 Dtune-Dk ¥ & —3(L T
v5, —H. BRIEAI B, ICBIL TIE—EL Twiw,
Figure 12 124 BPM i T SAD I k> Tk 7z B B4
& TBT MIERS R OEE AB/B 2R T, T IT, e
Aﬁ/ﬁ = {/Bmodel - ﬁTBT}/ﬁmodel &L Tw3s, ATF-DR
Pi7 — 78Iz 8T, TBT % & Dtune-Dk %0 JllE f5
3R |AB/B = 0.2 OHIPHITIZ T 5 L 2HERL

oo L2LARDIS, SBEBOBIEEE L TEET S0

I 2 DRI KE V, HIEDRFERAELIHREICH W
AMEMOOME EP L TuRWLWI ERFEKFE LT
EZz25N%, TBT HBICHBWTIE 5 B L BB S
BN BRI z; DI Eq. 3 DBERH 2 EEZ2 7, L
L., TBT BEOSREA BB TIFY R Z2EE L 7255
749 T4V ITREDNS K %5 (Fig. 13, 14), ZOH

Do bEONIFERICERHNZREREGE TN TS L
A%, HE, FRRIZOWTEiRETTH %, 5%, &
W o {Jlm'ﬁo) il D - Mooz, BB O EXR L
. JIVRAIC K 5 F 2= v 7 OREA L LR
95,
4.0
—— model-Bx
3.5 O TBT-px@BPM
3.0 1
§ 2.5
<
§ 2.0
23 15
1.0
0.5
0.0
4.0
—— model-By
3.5 © TBT-By@BPM
3.0
g 2.9
E 2.0
E: 1.54
1.0
0.5 -
0.0 T T T T T T T
55 60 65 70 75 80 85
sim]
Figure 11: Measured S in ATF-DR west arc section

@2020/06. Blue line: S function given by SAD. Green
dot: TBT g function. Upper graph: (3,, Lowwer graph:
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Figure 12: Residual between S function given by SAD
and TBT g function at BPM in ATF-DR west arc section
@2020/06. Case of not considering the fitting offset.
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Figure 13: Model 3 given by SAD vs amplitude z;2 (hor-
izontal), y;2(vertical) given by NAFF. Red triangle: hori-
zontal, Black dot: vertical. Line: fitting line of horizontal,
Dashed line: fitting line of vertical.
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Figure 14: Residual between (3 function given by SAD
and TBT 3 function at BPM in ATF-DR west arc section
@2020/06. Case of considering the fitting offset.
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