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Abstract

Development of the nanometer level small beam have been conducted at the Accelerator Technology Facility (ATF)
of KEK. We call this small beam “nanobeam” and this development is targeting a colliding beam of the International
Linear Collider (ILC). A small beam at ATF is realized with a low emittance beam generated by using the damping ring
and passes it through the Final Focus System Test Beamline (ATF2). We have two major development goals. One is the
realization of an ultra-small vertical beam size of 37 nm, which corresponds to the colliding beam size of 8 nm at the ILC.
The another is a stabilization of beam position in nanometer level, which is expected to realize a stable beam collision of
the ILC. We have achieved a beam size of 41 nm in the vertical and have confirmed a fast position feedback technique
that can stabilize the position at the nanometer level at the beam focal point of ATF2. With the progress of the small beam
studies, the effect of wakefield on a nanobeam below 100 nm is recognized as the important study target at ATF2. The
ATF2 (1.3 GeV) is a suitable facility for this research because it has a laser interference fringe type beam size monitor to
enable the measurement of nanobeam below 100 nm. The wakefield effect on ILC (125 GeV beam) is evaluated with the
results of ATF2 and expected to be small. Further study of wakefield at ATF2 will push forward the nanobeam technology
and contribute to make better the beam of ILC. An upgrade plan of the ATF2 final focus beamline (ATF3 project) is
proposed by the international collaboration to push forward these R&Ds.
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Figure 1: Layout of the ATF. 100m x 50m.
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Figure 2: ATF2 beamline (Final Focus System).
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Figure 3: Schematic configuration of the nanometer beam
size monitor at ATF2.
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Figure 4: Setup of the EXT-FONT feedback.

% Fig. 5 IZRT, T TRELDIZY v & —MEH
SNIIRETOIP CHEINL E—LNEY v § —
THH., AEFEREL S I nm BELFHMEINTED
HifE% @R L TWwb,

H 9 1 AT, ATF2 AT Intra-train feedback
DB A LN T WS, ILC LIFEALD | ATF2
TIFINHAICBPM Z{EL 2 &3 TE S0, HET
J A — F U/ NE — 2T D Intra-train feedback % 2
LIEMNTED, L IDDHICIFE nm DHLE
IfEREZ S 5 BPM BHFEDSMAEE L 72 5, JL4 ATF2
T, PORRICFIR 2 2R BPM Z B\ T /) X —
FOE— L ZEBZEEERT A L ZHIBLT
W72[10], <@ BPM Fa%E BRIk 2 B2 alibazs ©
H B0, Z & FH L T Intra-train feedback % il %
EWVIHDBDTH B, BIEE TIZZDBPMBFIZ R
HE 20 nm ¥ CiHED 541, ZIUI)G U 7 feedback PERE
PESND Z EEMERL TV 5, HHIZBPM D5 fEfE
R LIV E ZAED, EEDLE A ILC Tl
DRWBPMEFETH D, HOLREH TR 2
EDS, TN EDOBERIZED STV,

- 1116 -



Proceedings of the 19th Annual Meeting of Particle Accelerator Society of Japan
October 18 - 21, 2022, Online (Kyushu University)

Bunch 1 Bunch2

—FBof 2. P3
? IFBon

§20
%15
10
5
0
. 9 8

5 -4 A5 4 8 2 A 10 9 8
Angle [urad)

8 7
Angle [urad]

15 16 17

19 2 21 -20 -9 18 16 15 -4

18 -7 -
Position [um] Position um]

Figure 5: Intra-train feedback at ATF2. Bunch 1 shows the
input of feedback and bunch 2 shows the result. Upper
plots are for angle of bunch trajectory and lower plots are
for bunch position.

ATF2 EJiEBD Intra-train feedback SRERDFER b &b
T, FEARWIZ Z D feedback FATHIFEIEZ N T3
EHIFTL T3,

Intra-train feedback 12 X % B — & DZEAL THER X
NBEELGERID 5, 2/ E— 234 X
N9 % — LB EOEBOMRTH 5, R
% Fig. 6 [T, AEYy ¥y —DWFEICkD, B —
DRPERAAE DR S 05 2 & Z2HER L 72111,

300 800
_ —e— FBoff 700 — FB off
E20[  _o-FBon i [IFBon
° /,/ 600
& 2%° t % ,, 500
E 50l /%/ } b 1 2400
E; %/ig}%/ 3 &g z

— ——3
goo i é‘ 3t 300
£ H 200
> %0 100

o 0 L
o 1 2 3 4 5 6 7 8 1000 -500 0 500 1000
Q 0% el IP vertical angle [urad]

Figure 6: Improvement of beam intensity dependence by
the Intra-train feedback.
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Figure 7: Beam size measured at the focal point of ATF2,
before and after the reduction of wakefield sources.
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Figure 8: Reduction of the wakefield effect on a small

beam at ATF2, by optimizing the position of an

additional wakefield source.

3. ZFOfhDEMFRAFE

CERN ¥ LHC % (2035 ED) ORERGHH & L <
FCC-ee & CLIC. DD HEZKHL T3,
CLICIZILC £ D EWIZ RV F —TdH % 3TeV % HiA
AR =Z7a74 ¥ —Gtlichh, I5IKHER
E— AEMINERINT WS, IS D%
HED % T ATF2 TOIMFEFAIEE L INTWVWS,
ILC DEEIZ & 5T CLIC DEifHF s n s
MBEZERTHD ., MOHBEMESIHEEI NS,
CLIC DREINKE —LTIE, ILC D 5 fFRE W
Chromaticity ZffilE$ 2 WM BAHETH D, %
T ATR2 I2BWT 20 nm DE— A ¥ A4 X B2 HEHT
52 EERERT S, ZORMOM/NE — LB

D7-®1Z CERN %*5 Octupole magnet % Hf5IAA,
ATR2 E— A 74 v TOE—LFIERERDMED & i
TW3[12], 72, HLVIEREAIC— 2494 XE
=% — & L T Coherent Cherenkov Diffraction Radiation
ZHM$ 2 €= —bAFE13]HET L T 5,

4. SBROMRMAAECEITT

2020 £ 9 HiZlZ, ATFATR2 ICBIF3F / E—2L4
MO G ZEXZHEL. 5% D
ILC FHHOMEREZE L 22036 F / ©— L HiffiBa s
DOEBEMLT E LTD ATF SEGATES G255
I 72[14, 15], CERN ZHDETHMMTIEHAK E
DMMEEREMBIFE %2 FEi T 2 720 DL FHHE
EAJADE MR E 41, 2023 £ 1 H S BB I N 5,
ZDOHIZIE ATF3 GHHSFE AR MERHE L L TR E
INTEH, SBIGHLILFRMAEIPFIN TS,

5. F¥&&

SEIm IR S B R AT T3, EEY =7a 3
A —(ALC)THHEE INDF /) A — bV E — 24
DOEMiBIF 2D TS, B — MR E —
LIA4 Y ATF2 Tl, 41 nm DE— LY 4 X2 FEH
L. ILC THAT % £ — 2RI R 241 %
FIZHEEL T3, 72, HENICEB TS A—
F VAT ETIREIE B TD . PRI NI LRV ET
E—AaEEH ZELIEIEET 4 —F Ny 7
BN FIE ST w5, R FEELET—<F,
o DL L EMDOBKL - EEAICAZ, F/ A —
FUIBINE — M2 RS 2 wakefield D SEIZE 03251
5%, 100 nm BT O/ E — L4 X% MfE—HE
T&E2 ATR2 IFEHEZHENSE ER>Tnw5s, 5%
bEEEaI R L —>a vz LgkHo T,
ILC $MiD 7% 2 EELZH > 7AW /) A —
L E— AT 2 HE D TIT <,

SE R

[1] https://arxiv.org/ftp/arxiv/papers/1711/1711.00568.pdf

[2] "ATF2 Proposal", KEK Report 2005-2 (2005).

[3] P.Bambade et al., Phys. Rev. ST-AB 13, 042801 (2010).

[4] V.Balakin et al., Phys. Rev. Lett., 74 2479 (1995).

[5] T. Shintake, NIM A 311,455 (1992).

[6] T.Sueharaeral., NIM A 616, 1 (2010).

[7]1 T.Okugi et al., Phys. Rev. ST-AB 17,023501 (2014).

[8] G. White et al., Phys. Rev. Lett. 112,034802 (2014).

[9] P. Burrows et al., Proceedings of IPAC2014, TUPMEO09
(2014).

[10]S. W.Jang et al., IEEE TRANS. ON NUCLEAR SCIENCE,
VOL. 64, NO. 8, 2353-2360 (2017).

[11]T. Okugi et al., 5 16 A HANEER#2%, RP1023, Kyoto
(2019).

[12]R. Yang et al., Phys. Rev. Accel. Beams 23, 071003 (2020).

[13]R. Kieffer ez al., Phys. Rev. Lett. 121, 054802 (2018).

[14] The ATF collaboration, “ATF Report 2020”;
https://agenda.linearcollider.org/event/8626/attachments
/35702/55436/ATF_Review_Report_2020_0831.pdf

[15] ATF Review;
https://agenda.linearcollider.org/event/8626/

- 1118 -



