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Abstract

We are exploring a novel method to fabricate undulator magnets having a very short period length. Plate-type
magnets 100mm long with 4-mm period length have been successfully fabricated. Undulator field of approximately
3kG is obtained at a gap of 1.6mm. A method connecting these magnet plates has also been successfully developed to
fabricate longer undulator magnets. A prototype undulator based on this technology has been constructed. Field
measurements and characterization show that the quality of the undulator field of these plate magnets is sufficient for an
undulator light source. Beam development based on the laser wake field acceleration scheme and test experiments for
light generation have been carried out at an experimental platform at the RIKEN SPring-8 Center. Observation of the
undulator radiation in the visible region was accomplished successfully by using an accelerated electron beam up to

100keV and an undulator with period length of 10mm.

1. [FC®IZ

THET 2 1T, RO L — O IR IE ST BT
b, IVERDOT P2l —F LT, JuEno=2
N =D OERbE BILT, “MEHH" T
TVal—HDIO DO E{T> TEE [1-6], 22T,
WA R LiTm s T Y al — 2O EHIE (3 cm)
DF) 1/10 DFEHIE i mm) &5, ZOHFZETrE)HE

10 T T T T T T

E Out-of-vac @ 6.5GeV AR
£
- ;
100k Out-of-vac @ 2.5GeV PF e
P g
=)
i~
2
] In-vac @ 6.5GeV AR
E Target of PMM-U:
2 Au=4mm
= lop In-vac @ 2.5GeV PF
=
3 4 .
=
5

PMM: Plate Monolithic Magnet
L

1 1 1 1 1 1
1985 1990 1995 2000 2005 2010 2015 2020

Year of Make

Figure 1: Development of reduction of undulator period
length of over the years at the Photon Factory (PF), KEK.
Red lines indicate the history at the 2.5-GeV PF, and blue
lines indicate the history at the 6.5-GeV PF-Accumulation
Ring (PF-AR): Green line indicates the target of the
present research[14].
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Figure 2: (a) Schematic illustration of multi-pole
magnetization employing a linear motor, where
perpendicular geometry is adopted, and (b) Formation of
an undulator field in perpendicular magnetization[14].
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Figure 3: Magnetized plate magnets 100mm long, 20mm
wide and 2mm thick with a period length of 4mm, which
are coated with TiN. A pair of these plates is opposed to
form the undulator field[14].
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Figure 4: Result of the magnetic measurement for the
plate magnet 100mm long; (a) undulator field with a
period length of 4mm measured at a gap of 1.4, 1.6 and
2.0mm, and (b) orbit of an electron with energy of
2.5GeV at the same gaps[14].
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Figure 5: (a) Undulator field 500mm long with a period length of 4mm measured at a gap of 1.2mm. (b) Orbit of an
electron with a 2.5-GeV energy. A series of five plates is connected longitudinally and magnetized to form a field
500mm long. It is then opposed to the other series magnetized in the same way[16].
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Figure 6: The spectrum calculated on the basis of the
measured field (Fig. 5(a)) compared to that of the ideal
field for the 2.5-GeV electron beam with zero emittance
and zero energy spread for the 500-mm plate magnets
[16].
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Figure 7: Photograph of a mechanical frame of the very
short period undulator which can be equipped with the
plate magnets 500 mm long.
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Figure 8: Beam line and optical system for measurement
of undulator radiation.
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Figure 9: EM-CCD images focused on the exit of the
very-short-period undulator at several magnet gaps. This
undulator has a 500mm-long magnet with a 10mm-long
period length.
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Figure 10: (a) EM-CCD image displaying distribution of
radiation intensity at the exit of the very-short-period
undulator at the gap=9mm with the period length of
10mm. (b) Distribution of the magnetic field intensity in
the gap of this undulator at the gap=9mm.

WREREEITHITZOIT, gap=9mm (ZHMNT DRI
FREESARIZIE R T %, ZO0MIE, Fxy T NOWS 7
i DT DIl ECIIHEN OB B ka2 133 561%
R % (R 72012, E T oRcA mIr< (L0 i
B) TSN AR O BN BRIENAZ L2k,
EUDHEEZBND, K10 1X gap=9mm (T T DRES 7>
i & O BRI 53 AR OFEA A, im“\étkfrbm\é.
10(a)bi«*\:ﬂ¢‘y7°lj\]@7i&§ﬂ§f§§3\?ﬁ%, 10(b) 1%
Xy T NOWE D AiE R~ T,

X 10 1%, Fvy7’ O L TEELY 2.9mm ONLE Tt
DAHIBEL, £ TOMSEEIL 1100G THHIEERL
TWD, ZONLE T, B RENZIEIZIKE TLTNDD
EMD, ZONLE TOE OB EH EM-CCD D[R
S (350nm) [IZXH T 5 EE 2520 kD, Fiz,
ZORARIEE (350nm) LT Y 2L —ZEHE (10mm)
M, ZOBRFEOE £ — AT FLX—|T 61MeV &
HESND, JVEG LDy L FEEYD 2.9mm
OFEIETIE 350nm LV &K o al R aEk O fogd s
FAELTWLERERmTITHI5, 61MeV VIR TE—
AT R — LB A AT b A= LA E LR
Thd, \_OD?E 1%, gap=8mm 23\ T [FEIKED ikt
FREESAAN RSN (Frvy 7O E LD 3.2mm OO &
THURDEIR) , ZORUIEIED, vy 7 Wi A0
RN D IR — ORGSR (1100G) THELAZENDL IE
Yibansd, £72, Bl 2iE gap=3mm TiL, F.LE
(B=0.47T) \ZA N TA=383nm DN FEAEL TD,

PASJ2020 THOT10

4. BiEF

AAFFEIL, —EBIZIBWT JSPS BHEFE 24651107 3
KO 26246044 DBEE ST ELTZ, ABFEIL, Fo—
FIZBWT, ARSI A /=T a I L0
f“ X B SV TR SR B R HEEE 7 1 77 A (ImPACT)

W28V, B R RS A - Rt e T E L, £
72, ABFFRIZE UL —EIC BT, Bh i fhir i B A -
KFAHSANEFE, IPMIMIITAl OXEAZITTOE
7T

S5 3

[1] S. Yamamoto, Journal of Phys.:
2013.

[2] W& #5510 [\ B AI#HER
A, SAOTI11, 86-89, 2013.

[3] S. Yamamoto, WEOAAO02, Proc. IPAC2014, 1845-1857,
Dresden, Germany, 2014.

[4] S. Yamamoto, Synchrotron Radiation News Vol. 28 No.3,
19-22,2015.

[5] W& #5512 B B AI#HE
A, FROMO04, 187-190, 2015.

[6] S. Yamamoto, AIP Conf. Proc. 1741, 020029, 2015.

[7] WA #t, %5 13 \A RIS E DAL T T —F ()
A, TUP066, 1035-1039, 2016.

[8] A #, L—H —HF%, Vol. 45 No.2, 82-86, 2016.

[9] S. Yamamoto, et al., Rev. Sci. Instrum. 63, 400-403, 1992.

[10]S. Yamamoto, et al., J. Appl. Phys. 74, 500-503, 1993.

[11]S. Yamamoto, et al., AIP Conf. Proc. 705, 235-238, 2004.

[12] S. Yamamoto, et al., AIP Conf. Proc. 879, 384-387, 2007.

13]S. Yamamoto, et al., AIP Conf. Proc. 1234, 599-602, 2010.

(4] 1L 8, fih, 5 16 18] B ANERERER T 00—
VA, THOI14, 170-174, 2019.

[15]1IA BRI OwH #, FraTss 6393929 =

[16]S. Yamamoto, WEXGBDI1, Proc. IPAC2018, 1735-1739,
Vancouver, BC, Canada, 2018.

[171#%=%# 14—, J. Plasma Fusion Res. 95, No.10, 490-492, 2019.

[18]4% M fH—, J. Plasma Fusion Res. 95, No.10, 493-497, 2019.

[19]iH+ZR 1, fth, J. Plasma Fusion Res. 95, No.10, 498-503,
2019.

[201#0FHIEYE, J. Plasma Fusion Res. 95, No.10, 504-508, 2019.

[21]1LUA 4, J. Plasma Fusion Res. 95, No.10, 509-513, 2019.

Conf. Ser. 425 032014,

mTRY—T T

mTR—T T

- 149 -



