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Fig. 1 Layout of beamline for Hefei Infrared Free-Electron
Laser (FEL) Facility. (a) Conceptual scheme; (b) 3D

configuration; (¢) beamline tubes and mirror chambers in

the light source hall; (d) beamline tubes and mirror

chambers in the experimental station hall

Brewster f (67.2°) %3¢ , A X A GE L IE 7K - I F%
AILLAN [ HTHL T HOG LA 2 1 3t S 40 R 375 2o 4 W A
B o MBI BT D1 R Y I 2140 ' w5 i i 5t 5
M1 [a] & S, R gk ik i T AR I A
M2 2 38 J5 75 B B2 M4 Ak 5 28 1 55 5 M3 R 33 el ok 1Y
LA G IR — RO . HIm LA T AR K M4
BRI OGRS Y 2D A TAERS 5 M4 A% .
i M4/M2 I LA R 2 B 3 B MS S 38 IR € 7, 3 #h
B BE M6 S J A 45 0 D6 IR R T R TR 7 7K F- 5
H R S R i O o i A SEIRRT o T M IR R
Ph HEA SR T B L0 AL R 28 i B B M7 M8 S Gt
J5 WK J7 I A 4, 38 o S5 M9~M 13 114 Y1) 46t )
—FHITHY SA SR B OGSO AR, 150 E ]
A B G, 3 e R T B S a3t 2 500 g A EOL
THROCSER MW . ek bRy S E —
AN B AR B A A) AN 85 19 s ARl T e (O
F9 75 0] FH T ARCEF FAD ) L B T AR O 200 mm, DGR
HE S T 0 AT AR R S T S AN W A B RE . DR
O 52 AU AL A A s (RS R A 023 L
i), U BR 2 B O B 1k 52 56 0 s S loxT B
2 HL 1 I 8 el Ok 0 9 A XU T 4 W A T Y R b
HE— DB AR R G . R 5 BT 1 AT
B L T AR A S oty g T 0 L BT R RUE A
WL HOCR AR R E 2 . I LM a i
1 4b 1) i 0 i 4 2 / 5 THD S 36 0t £ L, DR R A OB
T 38m,
3 et

Yo BT B R i M1~M13 (35 90° & il
3l Wy T S S B Y T B ) A4 R AR (AR B 2 T, i T 2T
Hb P LT AR T A A0 DG TR RE 8 T8 A B OK KR
T U /R Rl o B R M L A i 2181
2T AR 5 A i B0 0 RS RO R S O ROt
PERYESR . R 14 T AR BOZ 2L AMIR 3 & 108 &
LEAR . TR LA BB AT 5 = G R ke G i
JEL IR, T2 21 141 35 a4 A AL AR 08 06 AT LA AL - A7
o 2.3 KA T AL AMR G A A G AL
1 ORI G R WO R SR S SR R
IR-AFM 75 Z V4706 4, Al 4 A~ 52 5 3 1 225K 3R

1 LAMI AR A L I X R 3 R
Table 1 Corresponding relationship between coupling diameter

and wavelength for far-IR oscillator

Coupling diameter /mm FEL wavelength /pum

1.5 40-90
2.5 70-150
4.0 100-200

0818001-2



#5514 £ 8HI/2024 £ 4 B/ E# N

2 PELAMIRD AR A LR IR 0 RO AR ROHIH T IRALIS & RO B R SR BE o O 1 AR BT
Table 2 Corresponding relationship between coupling diameter ST AN R AR AR 25 L R s Y 4R AR (TR %
and wavelength for mid-IR oscillator 7 ) H S 150 mm., MR R A R 4L & B e
Coupling diameter /mm FEL wavelength /pum o /S 2T AN B B SR AE 98.4% ~99.1% Z 1] . & 2
1.0 2.5°10 SR RS BR B o R A HEAE 2 E  R T R
L5 5-15 b VAT R AL A B AR A LAYk 22 B R Rl 22 R
2.0 8-20 LR A RS o R B0 5| Tl 2
3.5 15-50 2 PR AR R OB . Herh, M4 RL M9~M12 AT 7k
T N &l /\é‘ 5 o ) o
Table 3 Beam parameters for mid-IR oscillator 5 90" Hhh M i Bz 5 4 i S 8
Parameter Value Table 5 Parameters of 90° off-axis parabolic mirrors
Coupling diameter /mm 1.0, 1.5, 2.0, 3.5 Mirror Mirror tvpe Projection Focal length
YP diameter /mm /mm
Radius of beam waist w, /mm 0.78-3.5
Radius of beam spot at cavity 9-42 Ml Parabolic 150 820
mirror 3.5 @,, /mm M3 Parabolic 150 590
Divergence angle at far field w; /mrad 1.02-4.55 M7 Parabolic 150 7200
Fd LLAMIR G f I 9 OGRS A Kz 3 e B T AR SR Y M9 Parabolic 150 1000
AR
' Zit , M10 Parabolic 150 1000
Table 4 Variations of beam waist radius and divergence angle
at far field with FEL wavelength for mid-IR oscillator M1l Parabolic 150 1000
M13 Paraboli 150 1000
FEL wavelength /  Radius of beam Divergence angle at arabotie
pm waist /mm far field /mrad Others Planar 150 oo
2.5 0.782781610 1.016599493
5 1.107020369 1.437688791
7.5 1.355817519 1.760801973
10 1.565563219 2.033198986
12.5 1.750352891 2.273185572
15 1.917415524 2.490150031
17.5 2.071045470 2.689669442
20 2.214040738 2.875377581
22.5 2.348344829 3.049798479
25 2.475372797 3.214769866
27.5 2.596192892 3.371679081
30 2.711635038 3.521603946
32.5 2.822359231 3.665401599
35 2.928900592 3.803767003
2 B 8 B o () B R 90° 55 il 41l 4y 1 Sz 5 5
37.5 3.031700138 3.937272907 2w %E%E? " H, S )i She %f M
HR R (b) 2 35 78 22 2R 4% 15 48 1 0% BOS  BR
40 3.131126439 4.066397972 Fig. 2 Photographs of the off-axis parabolic mirrors.
435 3.965240978 4240572698 (a) Photograph of two pieces of 90° off-axis parabolic
mirrors; (b) photograph of a mirror mounted on a
45 3.321061106 4313066372 multidimensional precision adjustable stage
47.5 3.412065932 4.431254456 — . P RN
TE /I8 21 A BE , AT S 800 2 5 Wi D' TR B 1) e
" »-o00TooTe ORSTI TR F IR EDEH MK L B A O AR
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Fig. 3 Beam diameter varies with the propagation distance for far-IR oscillator coupled with 4 mm hole
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Fig. 4 Beam diameter varies with the propagation distance for mid-IR oscillator coupled with 3.5 mm hole
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Fig. 5 Beam spot diameter at the focal point of surface/
interface experimental station varies with the wavelength
for far-IR (the three sections correspond to the three
coupling holes of far-IR oscillator and there are overlaps

between the sections)
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Fig. 6 Beam spot diameter at the focal point of surface/
interface experimental station varies with the wavelength
for mid-IR (the four sections correspond to the four

coupling diameters of mid-IR oscillator and there are

overlaps between the sections)
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Fig. 7 Typical IR focal spot pictures. (a) Spot recorded with an
IR-Viewer at the exit of the beamline; (b) spot reshaped

with spatial filtering at experimental station
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Fig. 8 Transmission efficiency varies of surface/interface

experimental station with wavelength for far-IR (the

three sections correspond to the three coupling holes of

far-IR oscillator and there are overlaps between the

sections)
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Fig. 9 Transmission efficiency of surface/interface experimental

station varies with wavelength for mid-IR (the four

sections correspond to the four coupling holes of mid-IR

oscillator and there are overlaps between the sections)
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Fig. 10 Layout of the laser diagnostics. The inset at low-right

corner is the photograph
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Fig. 12 Mid-IR spectrum (the fitted central wavelength is 16 pm
and spectral width is 1.8 pm)
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Abstract

Objective

Infrared (IR) spectroscopy has several applications. Hefei Infrared Free-Electron Laser Facility (FELIChEM) can supply

bright mid/far-infrared radiation to users and provide energy chemistry research with a powerful infrastructure. A beamline must

connect the free-electron laser to the experimental stations. The beamline not only efficiently transmits infrared radiation from the laser

to the experimental stations but also performs focus and diagnosis during the transmittance. This paper describes the design and

performance of a beamline for a Hefei Infrared Free-Electron Laser Facility, including the general requirements, design scheme and

layout, optical design, beam evolution, beam transmission, laser beam splitter, online synchronized measurement of macro pulse

structure, and laser wavelength.

Methods

As shown in Fig. 1, the vacuum/prop subsystem contained 25 pieces of @200 mm stainless steel pipes, 12 sylphon bellows,

The beamline consisted of vacuum/prop, optical/focus, and diagnosis subsystems.

15 mirror boxes, and the corresponding support frames, pumps, and gauge valves.

0818001-8

The optical/focus subsystem contained two diamond windows, 13 pieces of @150 mm 90° parabolic/planar off-axis mirrors, two
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beam splitters, and five exit windows (CsI/PTX). The far- and mid-infrared lasers passed through the diamond windows. The 0.5 mm
thick diamond plate was placed at the Brewster angle to avoid refractive loss because the refractive index of the diamond was
extremely high and the laser was fully polarized. They were then reflected by mirrors M1 and M3 to exit the electron beam.
Subsequently, the far-infrared laser was reflected to the right and merged into one beam with the mid-infrared laser reflected by M2 at
M4. The beam was further reflected upward by mirror M5, to the right by mirror M6, and penetrated the shielding wall into the
experimental hall. In the experimental hall, the beam was reflected upward by mirror M7 and directed forward by mirror M8. The
beam splitter reflected approximately 5% for diagnosis. Mirrors M9—M13 distributed the laser to the corresponding experimental
stations. All mirrors were first mounted on multidimensional fine adjustable racks, and the racks were then fixed on the flange of the
mirror boxes. The focal lengths of the mirrors were optimized using a limited screen function model so that every experimental station
could obtain the smallest beam spot, except for experimental station M12, which preferred a parallel beam. The beam transmittance
was also optimized. A compromise between focal spot size and transmit efficiency was considered. There were approximately 60 %
and 50% losses for far- and mid-infrared lasers, respectively. These losses were mainly caused by the absorption of the windows and
the beam splitter.

The diagnosis subsystem consisted of two beam splitters (one for far-infrared and one for mid-infrared), four mirrors, one
pyroelectric detector, and one spectroscope equipped with three gratings and an arrayed pyroelectric detector (Fig. 10). We developed
two synchronized data collecting/transfer circuits for the detector and an arrayed detector to meet the specific macropulse structure.
The detector monitored the laser intensity to resolve the macropulses (Fig. 11). Because the bandwidth of the detector was 250 MHz,
the detector could “see” the micropulses, but could not fully resolve them as the measured width was larger than the actual width,
which was several picosecond. The arrayed detector recorded the spectrum of the laser pulse using a pulse (macropulse). The
diagnostic data were transferred to the EPICS, between the intervals of the macro pulses, and provided to the controlling system and
the user to calibrate their data.

Results and discussions The study was conducted in 2015. The vacuum/prop, optical/focus, and diagnosis subsystems were
installed in 2017, 2018, and 2019, respectively. The first project commissioning was conducted in 2019. After several adjustments,
the designed performances were achieved, and the beamline has been stable and in operation.

Conclusions After eight years, we constructed a beamline compatible for far- and mid-infrared free-electron lasers. All the

designed objectives were achieved. Part of the fine adjustment and calibration may be performed further in future machine studies.

Key words laser optics; beamline; free-electron laser; mid/far infrared; laser diagnostics
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