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Abstract

It is well known that the pulse length of seeded free electron lasers (FELs) roughly scales as that of the seed light, and thus
shorter FEL pulses are available by using shorter seed pulses. In an extreme condition in which the seed pulse is ultimately
short, e.g., few-cycles long, this is not valid any longer; the FEL pulse is stretched by the so-called slippage effect, in which
radiation overtakes electrons moving along an undulator. In a previous paper, we proposed a scheme to counteract the slippage-
driven pulse stretch in FELs and reduce the FEL pulse length ultimately down to a single-cycle duration; this is based on a
concept of “chirped microbunching” (CM), or an electron density modulation with a varying period of modulation. Toward
realization of FELs based on the CM scheme, we carried out experiments to demonstrate its fundamental mechanism in the
storage ring of the NewSUBARU synchrotron radiation facility, with an ultrashort seed pulse with the pulse length shorter than
5 cycles. Experimental results of spectral and cross-correlation measurements were in reasonable agreement with the theoretical

predictions, which strongly suggests the successful demonstration of the CM scheme.
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Figure 1: Accelerator layout for the experimental demonstration of the CM scheme.
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Figure 2: Spectra of the seed pulse without (black) and with
(red) the hollow-fiber compression scheme.
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Figure 3: Screenshot of the time-resolved spectrum of coher-
ent and spontaneous radiation measured by the streak camera.
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Figure 4: Spectra of coherent radiation for the 6 different con-
ditions summarized in Table 1: (a) experimental and (b) nu-
merical results.
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Figure 5: Cross-correlation measurement for SFG signal be-
tween the seed pulse and coherent radiation, with (blue circles)
and without (red squares) the CM scheme. The dashes lines
show numerical predictions in the same conditions.

4. FmeFEED

BEIZ. CMEEO#EHIZES a3 —L Y MDDV
AEBIZOVWTEHRT D, 774 T —XTHEBEI N
72 E 400 nm DIk — L > bYEIE, YEEHHIRISET S

PASJ2023 WEOA2

Bz, &) v VB0 aN— )L H 5 X (BERES ik
5%&%&%%%74/®W ([E 500 fs2) ¥\Ww5 2D
DOEDHIEEZEET 5, D7, JEEHIETHAM
Ehdab—L Y bROSIVAE (FEROVAE) I
TTFAT—RERNIBITSae—L Y MOV AE
(WA SOV AE) IR TKIBIZMS 5, HlZIX, CM 3%
WAL WSSOI L 2 EE 48 fs. ER/L A
Flisafs Lt N5, — /., HEEZEMAL -GS,
SV AREIX 126 THEIDIZH L, EOVAER
350 fs & —HTLA MO S Z E DHETHRINT WS
B> T, EBMIZHIMASVAERHET A Z ti\%
ICMERZBEHUZIAESa e — L Y N TIRREET
Hb, ULrURaDS, KREFEERIC BT 5 ARl
R BB AR NOVEHA & A EAHBEHE 0 B AR Tl &
DEELMEIX, RFEHEROKESE LY b7 v T HETF
i, ROBUEGTROZ Y2 RTEDOTH D, CM I &
a3k —L v ROV AHE O % B EERIZ FEEE
THMERTH D LHERTE S,

B

AAFZEIE ISPS BRI E TP18H03691 DR % %13 CT17
HLFE L7,

SE M

[1] T. Tanaka, “Proposal to generate an isolated monocycle
x-ray pulse by counteracting the slippage effect in free-
electron lasers,” Phys. Rev. Lett. 114, 044801 (2015).

[2] T.Tanaka, “Difference frequency generation in free electron
lasers,” Opt. Lett. 43, 4485-4488 (2018).

[3] H. Zhang, W. Wang, S. Jiang, C. Li, Z. He, Q. Jia, L. Wang,
and D. He, “Generation of frequency-chirped density mod-
ulation electron beam for producing ultrashort thz radiation
pulse,” Phys. Rev. Accel. Beams 23, 020704 (2020).

[4] Y. Kida, R. Kinjo, and T. Tanaka, “Synthesizing high-order
harmonics to generate a sub-cycle pulse in free-electron
lasers,” Applied Physics Letters 109, 151107 (2016).

[5] V. A. Goryashko, “Quasi-half-cycle pulses of light from a
tapered undulator,” Phys. Rev. Accel. Beams 20, 080703
(2017).

[6] T. Tanaka and P. R. Ribi¢, “Shortening the pulse duration in
seeded free-electron lasers by chirped microbunching,” Opt.
Express 27, 30875-30892 (2019).

[7] B. H. Schaap, P. W. Smorenburg, and O. J. Luiten, “Isolated
attosecond x-ray pulses from superradiant thomson scatter-
ing by a relativistic chirped electron mirror,” Scientific Re-
ports 12, 19727 (2022).

[8] P. R. Ribi¢ and T. Tanaka, “Isolated single-cycle extreme-
ultraviolet pulses from undulator radiation,” Opt. Lett. 45,
5234-5237 (2020).

[9] T. Tanaka and P. R. Ribi¢, “Proposal to generate a pair of
intense independently tunable attosecond pulses from undu-
lator radiation,” Opt. Lett. 47, 1411-1414 (2022).

[10] S. Sartania, Z. Cheng, M. Lenzner, G. Tempea, C. Spiel-
mann, F. Krausz, and K. Ferencz, “Generation of 0.1-tw 5-
fs optical pulses at a 1-khz repetition rate,” Opt. Lett. 22,
15621564 (1997).

[11] T. Tanaka, Y. Kida, R. Kinjo, T. Togashi, H. Tomizawa,
S. Hashimoto, S. Miyamoto, S. Okabe, and Y. Tanaka, “De-

221 -



Proceedings of the 20th Annual Meeting of Particle Accelerator Society of Japan
August 29 - September 1, 2023, Funabashi
PASJ2023 WEOA2

velopment of an undulator with a variable magnetic field
profile,” Journal of Synchrotron Radiation 28, 404-409
(2021).

[12] T. Tanaka, “Major upgrade of the synchrotron radiation cal-
culation code SPECTRA,” Journal of Synchrotron Radiation
28, 1267-1272 (2021).

-0



