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4. Short pulse

New HV circuit

IR-laser heating
with AIST
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Solenoid dynamics
Hybrid magnetic lens
with Uppsala Univ.
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2
slices of real charges O pr=f() l_i_pl“r[l?‘(z) ; Py = erB;/2;
dz P,(r)
cathode £, K A ‘ A p? =ps — vt -}
2 =
slices of AT (YY

beam

\\ if\

prcpagatlon
Y

Tl

v - v ' '
[EColoumb

phase space
< 0(r) + o(r?) solenoid ,pr)
B,(z)
’” 1+ rlz ') X 'v ¥’
'+ —— = [k (2) - k; (r)]r k =0,
K 21
;= (7 R alay K= —
k=eBi2pm k=g LG3- 12



FTLLWSEERD Y — FOEER
(Single-crystal Celr,)



EADE E3

Celreh Y/ — FlE, 1990F K ICEBISHABE FRA Y —F& L TR T IL—
IR Y FERINT-.

TER%A2.5 eV & CeBy & RIFEE (TR <, Fap 40,0005 & FFF ICR LR
WEHhY—FTHBEEHONTWS

SuperKEKB)\ET%EOJ RFEFHAE 74+ bHY— K& LT, AISTIEREE KK, KEK
SHEEESICLE > TERELINLTWS

XFELD SE E AL (208 L /- EfE @M A rIge iRk Id Celr, T % 7Y, fE@RAERD
HCHPRFAZERLCERO 7 IVL—THHE—Z ORIz FD.

HLELH /— NE L CHEBRCenICEB L, AIST PR, 2HEKX (BF
BAER) & HRFR % FA.




BFRFr o NN—D5ERL
(Super-clean titanium)



MEDORE

o FAVIIZREFHMERBOEI L, NEEFOFWVWERMEE L TEHN
T/ (BEFBEWHME £— Lt/ XL —&% ERLAEFir) .

« BEOFE2EMF A VEHIT, REESARICIAINDS EBERIENED & &
TS LS RIYEEH S AR

SACLAEE T 5 D

-ﬁt@ﬂ&ttf?iwﬁm%WUkﬂﬂ%éﬁ5_

1) NEDN D I WFRESNDFEF 2 > 2 B8 & L ’Cﬁﬁﬁ.

) FRUVEMZFTOERREICHT Z & THEEIVELEINT 52 &z
5 L, NI/ ICHIPALEE (Ar gas, 120 MPa, 920°C, 2 h).

3) MM T ICIZIMBEDRE & I 2IERIATRE L AW & 5 N TR IL1T
HT, F X UEROICEHEILIE.




X y 1) R
20

(1T

j
[
—
|
|
VA

o A

performed at RT

The remaining stain seems not to affect.
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The remaining stain seems not to affect.
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Round edge region
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(Surface and material investigation)
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(Short-pulse HV power supply)
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Present SACLA
238 MHz 476 MHz
Buncher
Gun Chopper —— Booster

___ L-band Corrector L-band APS (standing-wave)

FRE- ”:Jl ..... |||£} ......

* Not to produce backward electrons to protect cathode (SW—>TW).

* Adapt high-repetition rate.

* Keep longitudinal bunch acceptance.

* Tunability for velocity bunching (ex. half-wave bunching by Vitaliy G).

First consideration for high-repetition rate

A few-cell
238 MHz 476 MHz L-ba?nd Cavity
Buncher (solid-state RF)
Gun Chopper — Booster

—— L-band Corrector Travelling-wave S-band

RN ”]l ..... |_._|__|._[ ___________________________________________ ).




Schematic of the Next SACLA Injector

@ Thermionic gun l
*  Small cathode (CeB,/Celr,) !
* High-gradient electrode
* IR laser heating

*  Short-pulse HV circuit

O Bunching booster

*  Symmetrical rf coupler

=

—— - o - —
)

O 238 MHz buncher
* Same model of SACLA

@ Chopper

* Wide-band solid-state rf amplifier
_* _ Highimpedance chopper_

I Upgrade for sub- nanosecond

@ Hybrid lens

* Conventional solenoid + permanent magnet ring
e With backing coil for gun

|

. . |
Spoke cavity / 3-cell conventional I
Conventional solid-state rf amplifier I
* Solenoid for emittance compensation |
|

|

|

1

Vitaliy G. proposed 3-cell low-frequency booster.

@ Longitudinal diagnostics
* Rf deflector

* Beam dynamics

* Optimization at linac exit

O Travelling wave S-band structure with long solenoid:

(O X-band correction cavity
* Conventional structure
* High rep. rate rf source
*  Symmetrical rf coupler
@ Wall-current monitor
* Same model of SACLA

0 CT/Screen monitor
* Same model of SACLA
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Design study of a high-brightness high-repetition rate thermionic injector for Free-Electron
Laser applications. I. The architecture

Vitaliy Goryashko, Kazuaki Togawa, Peter Salén, and Anatoliy Opanasenko

Phys. Rev. Accel. Beams - Accepted 28 July, 2025 Export Citation

DOI: https://doi.org/10.1103/b7sd-jvxq

Abstract

SACLA is the world’s most compact hard X-ray Free-Electron Laser and has been successfully and reliably operated for over a decade. To meet increasing user demands, an
upgrade of the SACLA linear accelerator is planned in order to achieve a kHz-level repetition rate and enhanced beam brightness. A key component of this upgrade is a new
injector, based on the existing pulsed DC gun with a thermionic cathode, which has demonstrated high beam quality, excellent stability, and simple maintenance. In this
work, we present an in-depth beam dynamics study of a highly promising new SACLA injector architecture. A multistage velocity bunching combined with one stage of
magnetic compression and a careful control of emittance growth allow for up to three orders of magnitude bunch compression while keeping the emittance growth on the
sub- m level. Our optimization approach utilizes a genetic algorithm coupled to 3D space-charge-dominated beam tracking to refine beam performance and identify
optimal injector parameters. Thus, we demonstrate that the proposed injector can deliver electron beams with bunch durations and emittances comparable to those
produced by the state-of-the-art -band injector based on an RF photocathode gun [A. Giribono et al., PRAB 26 (2023)]. Additionally, our extensive beam dynamics analysis of
the DC electron gun (see Part 2) provides valuable insights applicable to low-voltage continuos-wave very high frequency guns and superconducting radio-frequency guns.
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