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Development of novel very-short-period undulators by the multi-pole o
magnetization method and its characterization as a light source in the existing
accelerators.

Yamamoto, Shigeru
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We are exploring a novel method to fabricate undulator magnets having a
very short period. Here, “ very short period” means periods one order-of-magnitude shorter than the
ordinar% period of several cm. Two types of the magnet plates 100mm and 152mm long with 4-mm period
length have been successfully fabricated. A connection method of these magnet plates has also been
successfully developed to fabricate Ion?er undulator magnets. Prototype undulators based on these
technologies have been constructed. Field measurements and characterization show that the quality of
the undulator field of these magnets is satisfactory for a very short period undulator.

Test experiments for light generation using a real electron beam were made at an 50-MeV S-band
linac of Tohoku University, and the first blue light was observed successfully. We made design
studies of the storage ring which allowed a minimum undulator gap of 1.5mm as a compact and low-cost

synchrotron light source facility.



1/1000
10 keV
ERABAR(CLDRIREE DR
6-8 GeV
3 cm
3
3-4 GeV
[1] 2.cm
== ((—
KEK PF ) N
1-2 cm Short Gap
Undulator PF 2.5 GeV 1.(a «“ ” (b)
X
[2]
(1)
[3-6]
Nd-Fe-B
“ JSPS
24651107
1/10 N- S
4 mm la
[3, 4] 4 mm 1b
2.5 GeV
12 keV 1
(2)
3
/
3)
(1)
2
X
2 mm
N S 4 mm




[7]

Au/2 L.
Magnet (NEOMAX) i Magnetizing head
= L [71 8]
Stepwise scan of hu/2 —— - Linear motor 2.5 GeV
Au scan = 1* step of Au/2 - +  2"step of Aw/2 -

SRS LIRS SO L 152mmRH#E

1o T T T T I T
sl AHE du=4mm
10 o HE R = 152mm | 4
" BHBN =38

ideal . = (3800G)
Real E1E2

Photon flux density [phs/s/mradz/()‘] Yobw]

i

“HHHH: i

4

Mm

(b) EREEOREAMN: 152mm x 20mm x 2mm; 38 periods

IOIXU,OO() 15,000 20,000 25,000 30,000 35,000 40,()0 45,000
) (b) ENERGY [eV]
3. TiN
E1l E2, 152 mm x 20 mm X 2 mm
5. 4a
3 2.5 GeV
152 mm [7, 8]
100 mm [6, 7] 100 mm 152
TiN mm 200 mm
3 E2 2 mm
4mm 38
“ ” RS R E OFER; 100 + 100mmEHWE
éoo‘w Gap=1.2mmic & % SRARES; 1 = 4mm I FSF10 FIF8 virtual By 20151015
40001 =
£ 2000 4
BEHSENEORERE 152mmEHA 2 o Il
-20001 4
4000:| Gap = |.ommlc #5175 FARUS; u = 4mm i E‘EZ-Z““"”B_ ol |
%2000 | 3 -6000L_1 ! L Lgap*=1.2mm_1_|
& (a) 0 50 10 7 (mm) 150 200
5 0 5 0_05_| IRLF—25GeVieB B BTHE F9F 10 F7F8 virtual orbit 20151015
-2000 L <) ‘E‘ i
4000 | : ; : / gap = 1.6mmd é
(@) 400 450 7 (mm) 500 550 z ¢ 7
5 0 TRAF—25GvEBWABTIE § 01 Electron orbit @ cnergy of 2.5GeV :
Z‘? 0.051 %’;"5 b 3 160 2 (mm) 755 200
5 oot _ ] 6. 100 mm+100 mm
% " " 4;0 Electron orhlt@szzergy of 2.5GeV 55.0 4 mm 12 mm , (a)
®) (oot (b) 25GeV 2
4. 152 mm 4C) 100 mm
1.6 mm 4mm 200 mm
(b) 2.5 GeV
4 [7, 8]
152 mm El E2 3
4a 1.6
mm 4 kG 4b [7. 8]
2.5 GeV

4b [7, 8]




[9, 10] 6 2
100 mm
6a 1.2 mm 6b
2.5 GeV 6
6b

200 (=100+100) mm

RIS SRS £ D ELEL; 200 (=100+100)mmER R

10"

B2 3cey A& Lu=4mm

10" ima G & = 200mm | 4
* FE#A#N =50

10" 3

ideal = (4720G)
Real FOF10_F7F8

Photon flux density [phs.’s!mradz/o.l%bw]

10°
10,000 15,000 20,000 25,000 30.000 35,000 40,000 45.000

(b) ENERGY [eV]
7. 6a
2.5 GeV
200
(=100+100) mm 6
7 200 mm
2
500 mm
4 mm [11]
200 mm
[10,
11]
Imicron
(2)

SPring-8 KEK-cERL

S-band

SPring-8
KEK-cERL

»
- Very'preliminary
6/ Dec./28

10mm
PM4. URI1 gl.7
8.
50
MeV S-band
[10] 4 mm
100 mm
2Hz
1 macropulse 5700 micro-bunch
3.5 pC/micro-bunch
1mm mrad 3mm
mrad
35 MeV
2 Hz CCD
8
=1.7mm Bo=2740 G
A=433 nm
E=34.9 MeV
[10]
3)
2-6 mm
10
1.5 GeV
60.12 m 23.9 nm
rad [12]
9 3 =6, 4, 2 mm
0.7m 300 mA xy



0.5% [12] 14
1.18% 0.423 m THOL12,
6 mm 1018 phs/s/mm?2 221-225, 2017.
/mrad?/0.1%bw

3 keV 2 mm
10 kev 106
8

1019 of \I’ery-SImrl-Period Unldulalars on the Mudell Storage Ring 14
- 506, 700 2017, pp.
. | e (521656, L 00w 221-225, http://www.pasj.jp/
E e O i L=700mm web_publish/pasj2017/proceedings/PD
E | [t e F/THOL/THOL12.pdf.
L,
FIRT k=0.5%coupling  1:=0.423m
g 10"
z 14

105 4'5600 10,000 15,000 —=— 20,000 2017, pp.

’ Energy @) ’ 216-220, http://www.pasj.jp/web_

publish/pasj2017/proceedings/PDF/TH
OL/THOL11.pdf.

[12] Vol.45, No.2, 2017, pp.
82-86.
S.Yamamoto, Development of
undulator magnets towards very short
period lengths, AIP Conf. Proc.,

Vol. 1741, 020029, 2016, doi:
10.1063/1.4952808.
[12] i 13

2016, pp.

1035-1039, http://www.pasj.jp/web_
publish/pasj2016/proceedings/PDF/TU
PO/TUPO066.pdf.

[1] S.Yamamoto, et al., J. Appl. Phys. 74,
500 (1993).

[2] S.Yamamoto, et al., AIP Conf. Proc.
1234, 599 (2010).

[3] S.Yamamoto, J. Phys.: Conf. Ser. 425, I 12 2015
032014 (2013). _ -2 PP
[4] 10 187-190, http://www.pasj.jp/web_

SAOT11 (2013) publish/pasj2015/proceedings/PDF/FR
[5] KEK Proceedings OM/FROMO4.pdf.

S.Yamamoto, Undulator development
towards very short period lengths,
Synchrotron Radiation News,

Vol 28, No. 3, 2015, pp. 9-22, DOI:
10.1080/08940886.2015.1037677.
S.Yamamoto, Development of the very
short period undulators, Proc.
IPAC2014, WEOAAOQ02, pp.
1845- 1857, Dresden, Germany, 2014,

2013-5 (2013).
[6] S.Yamamoto, Proc. IPAC2014,
WEOAAO02, 1845-1857, Dresden, Germany,
2014.
[7] 12

FROMO4, 187-190, 2015.
[8] S. Yamamoto, AIP Conf. Proc. 1741,
020029, 2015.

[9] 13 .
) https://doi.org/10.18429/JACoW-IPAC
216 TUPO066, 1035-1039, 2014-WEOAAQ2.
[10] 14 14
THOL11, 216-220,
2017.

[11] S.Yamamoto, Proc. IPAC2018
180604_0618, WEXGBD1, Vancouver,

Canada, 2018. 2018.




@

S.Yamamoto, Development of a novel
undulator with a very short period
length, Third European advanced
accelerator workshop, Elba Island,
Italy, 2017.

14
2017.

14
2017.

S.Yamamoto, Development of a novel
undulator having very short period
lengths, IPAC17, Copenhagen,
Denmark, 2017.

S.Yamamoto, Very-short-period
undulator  development, 1D2017
Undulator Workshop for Multibend
Achromat Rings and Free Electron
Lasers, Berkley, USA, 2017.

30
2017.

1 13

2016.
\Y 29

2016.

1 12
2015.

S.Yamamoto, Development of

undulator magnets towards very short
period lengths, The 12th International
Conference on Synchrotron Radiation
Instrumentation, New York City, USA
2015.

v 28

2015.
S.Yamamoto, New type of short period
undulators, Japanese-French
Symposium on Advanced Compact
FELs, Tokyo, Japan, 2014.
S.Yamamoto, Development of the very
short period undulators, Proc.
IPAC2014, WEOAAO02, 1845-1857,
Dresden, Germany, 2014..

YAMAMOTO, Shigeru

@

*

20191405

OHKUMA, Haruo

60194106

SOUTOME, Kouichi

20416382

TANAKA, Takashi

30321780

ADACHI, Shin-ichi

60260220

ADACHI, Jun-ichi

10322629

HONDA, Tohru

90181552

OBINA, Takashi

60290855

HAMA, Hiroyuki

KASHIWAGI, Shigeru

HINODE, Fujio

MUTO, Toshiya

NANBU, Ken-ichi



