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What is the Terahertz (THz) Wave?
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Terahertz wave (THz or T-ray), which is electromagnetic radiation in a frequency
interval from 0.1 to 10 THz (3 mm to 30 um), lies a frequency range with rich science

but limited technology. 1 THz = 300 um = 1 ps = 33 cm""




Applications of THz Radiations

 medical imaging; security technologies; communication; pharmaceuticals
- THz radiation enables imaging capabilities complementary to X-ray imaging

e THz/optical pump probe; THz/x-ray pump probe |
- THz pulse can drive nonlinear response in matter

e Manipulate and control material properties

- ultrashort, coherent light with Ep > 100 kV/cm is required)
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Ref: U. Frihling et. al., Nat. Photon. (2009)



Overview of Available THz Sources

> laser based
* Photoconductive switch (antenna)

. Nonlinear Crysta[ Opitcal pulse THz pulse
- optical rectification (OR) i ﬂm
llH{IN
- difference frequency generation (DFG) l“‘

» Gas or air plasma
» accelerator based

« Single-pass accelerator based
- coherent undulator radiation (CUR)
- coherent transition radiation (CTR)
- cherenkov radiation
- smith-purcell radiation
- free electron laser

- Storage-ring based

- coherent synchrotron radiation




Laser-Based Intense THz Sources

Optical rectification Tilted Pulse Front technique
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Accelerator-Based Coherent THz Sources

1. bending magnet: dipole + edge radiation

Source type: “super-radiant”
sources

Overall properties:

NP >Pulse energy: up to mJ regime (in
2. Coherent transition/diffraction screens 800 — principle massively scalable!)
~metal” foil  Vacuum w0 IR g— .
E — field: 2 o SN - B »Spectral bandwidth: tunable narrow
Electron bunch S i i i i
- g = ( \ T bandwidth or broad spectral bandwidth
' /A Diamond I s | S Wi, o
| wl | | »>Repetition rate: few Hz to MHz
o s V
ThHz radiation’ g ol (depending on rep. rate of accelerator)
3. Undulator  Coherent undulator radiation S o -
g- 7 THz s 197 THz ;: 16.8 THz é /.I 16 THz . . . )
/N; L A \JAL P, \4 Typical application:
s e e o | NOnlinear dynamics, diagnostics
AN f& /A"\ (electron bunch/X-rays), THz control
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ll. Development of superradiant THz FEL at NSRRC

= NSRRC high-brightness photo-injector system




NSRRC high-brightness Photo-injector System -
a Test Accelerator for Light Source Development

Linac solenoid '

,]{diagnpstics - Topics for radiation source R&D

' o « THz CTR and CUR

) ‘ g 1 . « Stimulated superradiant undulator radiation

er-driven S ‘_ « Resonant transition radiation (RTR)
ca thode r | 2 * Inverse Compton scattering fs x-ray source

g NN  Free electron laser




Production of High Brightness Electron Beam

high brightness electron beam - high brilliant light sources q
(short electron bunch, high charge, and low emittance) B = /
gn,xgn,yo-t (O-y 7/)

Free electron laser (FEL)
B ~ 1014-10%® A/m? is required to drive short wavelength SASE FEL

(|p > several hundreds of A, €,< 1 “m) |e THz image of tumor of breast cancer.

[ref] P.C. Ashworth et al., Opt. Express
4 17 (2009) 12444; A.J. Fitzgeld et al.,

THz Coherent synchrotron radiation (CSR), R 0] oo

THz Coherent transition radiation (CTR)
short electron bunch relative to radiation wavelength

— sufficient form factor to enhance CR

The LCLS and a diffraction
pattern of a single mini virus

particle.
[ref] http://xray.bmc.uu.se/hajdu/

Key issue of injector design:
1. beam production 2. bunch compression
3. transport and preserve high brightness beam




Photocathode RF Gun

e Designis based on the 1.6 cell s-band rf gun developed at

BNL DUV FEL.
* Copper (Cu) photo-cathode

* Operating at temperature 55°C, vacuum <5 x 108 mbar

Parameter Value

Frequency 2.99822 GHz (@55°C)
Q -8000 Fosr;/vard and reverse power of the Gun
Coupling coefficient 0.7 . N
Peak field at the cathode 55 MV/m S ., |
Beam energy after gun 2.5 MeV ? 2o
UV laser pulse duration 3 ps ) o |
Cathode quantum efficiency ~1x10° 0.0

1.0 14 1.8 2.2 2.6 3.0

Time (us) I




Drive Laser for the Photocathode RF Gun

- .. ﬂ | UV laser
:% ' 266 nm, 220 pJ

0.8~ 10 ps @10 Hz

regenerative .
amplifier
— o

 Compressor Stretcher |

| Jose| 4TA:PN
UonNJOAT

797 nm, 85 fs
@74.95 MHz

UV stretcher

oscillator
Mira-900

CCCCCCCC




Pulsed Klystron System for the Photo-injector

< JT B ‘\wﬁlﬂ.( | |

: 7 theThalesTH2100A
3 GHz, 35 MW pulsed
klystron

The ThalesTH2100A in focusing magnet Modulator
with X-ray shielding.The background is a Voltage
80 MW home-made line-type modulator. . -




Canon Pulsed Klystron System

Canon E37310A klystron Canon klystron Homemade line-type Modulator

AT Klystron voltage (kV) 281 9 sections PFN network
Klystron current (A) 307 PFN voltage, max (kV) 40
Output power (MW) 35 PFN character impedance (Q) 2.8
Pulse width (ps) 2 PFN capacitance (pF) 0.1x9
Tek Run _| by - ] Trig'd Pulse width @ 50 % (LIS) 6.5
f v PN e e
. ﬁ\: — /e ““‘ Repet]tlon rate (Hz) 10

Homemade Modulator

M2.00ps| A| [xt J —800mY)

i+~ [B.80000s

Ch3[ 10.0vV | 500V |

>

The Thales klystron system was replaced by

that of the Canon company to offer higher
rf power in 2020.



Photo-injector Linac and Focusing Solenoid

Homemade solenoid

solenoid

e 2998 MHz, DESY-type 156-cell copper, constant
gradient

® accelerating gradient >11 MV /m, total length: 5.2 m

® Linac solenoid for more beam size and emittance

control!



Bunch Compression Scheme

/ » Magnetic Bunching \ » Velocity Bunching
« Step 1. RF chirp » 1 step in accelerating structure:
« Step 2. dispersive section acceleration + compression
« space for two-stage process « compact and simple operation
» wide range of adopted beam energy » suitable for low energy beam
< Issue > < Issue >
* nonlineartity * nonlineartity
« emittance degradation...  emittance compensation...

= g o OOO

= / Vi /
—

= = — I —

K Linac 1 Linac 2 Chicane / Linac 1

2///
|




RF Bunch Compression in an Accelerator - Velocity Bunching

* Proposed by Prof. Serafini and Ferrario in 2001 for photoinjector system.
 DUV-FEL facility at BNL, SPARC in INFN-LNF, PLEADES facility at LLNL, FLASH in DESY

1.Beam injection near the rf zero crossing phase

2.Phase slippage due to velocity difference between electron beam and rf field
3.Rotation of longitudinal phase space

4.Compression and acceleration simultaneously in the accelerating structure

»>Velocity difference of energy modulated beam - velocity bunching

1. 2. 3. Tail 4.
(faster)

o
6T /\ /\ A
Head
— > ¢ (slower) \f t
Head | Tail \/ |
vp,beam < vp,RF =cC

- phase slippage Compressed and
accelerated beam

Vv




Velocity Bunching in an Accelerator

Velocity Bunching
- the deformation of longitudinal phase space during phase slippage
- bunch is compressed and accelerated simultaneously through the accelerating structure

E=15MVim,L=3m,2856 MHz

60 :
: : 35
\ bunch length [ps]
50 ................ .............. ...... 3
40} X
®
> 30 o
o
(V5]
20 |
10 A
-100 -50 0 50 100

¢ [degrees]

V = ,BC _¢c h= i « For high energy beam (y >> 1, f~1), the particle velocity is saturated to c. There is
o B 2
N\ 7

no velocity difference between electron beam and rf field. It means this scheme
works only for low energy beam (f<1).




Ultrashort Bunch by Velocity Bunching

Phase space at L, Exit w/o linac solenoid

35.0

position=5.5478, ls=0

34.51

o, = 82.9 fs,

E =33.6 MeV, o,/y =0.80%

W

Phase space at L, Exit with lin

0.0 0.2
t (ps)

0.4

35.0

posttion=5.5478, 1s=40000

o = 61.3 fs,

E=33.6 MeV, o,/y =0.64%

0.0 0.2
t (ps)

0.4

x' (mrad)

%

0.6

0.4

0.2

0.0

-0.2
-0.4

-0.6

ac solenoid

position=5.5478, ls=0

€=2.75 mm-mrad

-10 0 10
X (mm)

position=6.5478, Is=40000

sr;x= 2.56 mm-mrad

Gun condition

Ep = 65 MV/m,

Dp=10 deg, Bp = 1300 Gauss
Laser condition (uniform)

Tewum=3 Ps, r=1.0 mm,

Q=100 pC
LINAC L, condition
Ep =15 MV/m,

Bs = 502 Gauss, 3 m long solenoid

Power Power Cooling
Supply Supply Water

1%t Solenoid Set 2 Solenoid Set

Power Power Cooling
Supply Supply Water




Commissioning of the High-brightness Photo-injector System

- ' P &5 ~ -

subsystem Parameters | The first beam
RF Gun Peak field 50 MV/m observed in 2015

Electron energy 2.5 MeV

Laser Laser pulse length (FWHM) 3 ps
UV energy 110 pJ (@cathode)

Linac E field gradient 12.5 MV/m
Electron Energy 60 MeV
Bunch charge Up to 600 pC

SN EET Bunch length (rms) 240 fs

Repetition rate 10 Hz
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ll. Development of superradiant THz FEL at NSRRC

= Superradiant THz free electron laser




Accelerator-Based Coherent Radiations

electrons radiate electrons radiate
incoherently coherently

W P(w) = Py(0)[N(1 — f(w)) + N*f (w)]

W incoherent coherent

P,(w): radiated power from a single electron

N: electron number
f(w): bunch form factor

radiation power from a bunch of electrons

bunch length o, << radiated wavelength A

2

1

flw) =

j eikﬁ-f'S(F)d.’:’r

o
0

S(r): 3D particle distribution
for a Gaussian bunch
f(w) = |exp(—2m?af /A%)|?

Form Factor
=
[e7]

o
[N

The power of coherent radiation will be about
NZ times larger than that of one electron.
(~ 10" times enhancement for 100 pC bunch)




Coherent Transition Radiation

« Transition radiation (TR) is emitted when a charged particle \ Backward TR

passes through the boundary of two media with different .~

dielectric constant. Forward TR and backward TR occur ~Y

simultaneously. v - -j:";rl
« Spectral angular distribution of the emitted TR is given by P =S A

: & Forward TR
aw _ e*B?sin’ 6 & orwar
- . _ 5e-035 25 Me
dwdQ m?c(1-L? sin? 0)2 : e
= 4e-035
6 is the emission angle with respect to the electron 2 e -
beam axis. E
2 2e-035
_‘_: 10 MeV
 The radiation intensity increases from zero in the forward 2 "’ ey
direction to a broad peak at an angle 6 ~ 1/ o I e
y -0.4 -0.2 0 0.2 0.4
O (rad)

 When the wavelength of the radiation becomes larger than the bunch length, the radiation
becomes “COHERENT”. (1 > p,)

« Measurements of the radiation spectrum give the information about the bunch length.

Ref: C.S. Thongbai and T. Vilaithong, Nucl. Instr. And Meth. A. 581 (2007) 874



Coherent Undualtor Radiation

Coherent Synchrotron Radiation Coherent Undulator Radiation (CUR)
(CSR) Superradiant Free Electron Laser

radiation wavelength

e VUSRI
critical energy = 22 STV
3hcy? i :
e [keV] = hw, = °r Ay undulator period
EB[ZG'DV] K: undulator strength
e 2N
=228 K = 0.93378 [T] A, [om]

 —




NSRRC U100 undulator

| U100
A (mm) 100
i Nperiod 18
£ L (m) 2.2
g a, 1.02
gap (mm) 24
. B, (T) 0.945
0 0.5 1 1.5 2 2.5 Kymax 88
1 . : . . . 10
B, = 2.93"expl(-g/% )(5.08-154g/2. )]
08F . K=93_4*By*7\,u.. s s .18
Gap = 40 mm
= :
-_; : X
m
04 14
The U100 undulator built by the NSRRC magnet ol 1,
group more than 25 years ago is used for the '
superradiant THz FEL (pre-bunched THz FEL).
% 4I0 SIO 8I0 160 12iO
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TLS 1.5GeV
Storage Ring

NSRRC THz User

Facility

TPS 3GeV
Storage Ring




Accelerator Test Area

First operation of the photo-cathode RF gun in 2013 at
the TLS Booster.

Construction of the photoinjector system at the
Accelerator Test Area since 2014.

In 2015 the 60 MeV photoinjector is in operation.
Demonstration of generation of coherent THz sources
in 2017.




Layout of the Coherent THz Radiation Sources

UV Laser Faraday Cup

Photo-cathode : 0
RF gun &
(N & 4l
- A i
&l ' N X

- panoramic view

Vil =

Solenoides

Al foil

U100 undulator

o ||, N
o T m——

Test BPM

CUR
Y— dia

o

@
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gnostics




Output Diagnostics for Superradiant THz FEL

o () o © © Q ®

THz diagnostics station
= ,~‘ - : - “‘\,“

THz spectrum

motor Golay cell

S -

i controller

: THz
: diagnostics
station

---------------
----------

THz Si wafer

undulator Lens




Setup of THz CTR Measurement

e-beam i i AI fO//

THz window
off-axis
parabolic
mirror
[ ; Bunch Length
""" Interferometer System
Golaycell | | - S A—
detector -. :Imotor :
controller
THz \ : i
PESERNS IR
""" - Golay cell i v oy NI N
detector : . : .
: : i Measurements of the CTR interferogram give the information
3 THz Diagnostics Station | about the bunch length.




THz Material - Tsurupica

* has extremely higher transmission and lower absorption at the wavelength of VIS and THz than
conventional material such as polyethylene.

« is made of transparent material and has the same refractive index at both THz region and visible
wavelength. So the beam propagation of invisible THz wave can be visualized and traceable by
He-Ne laser.

« isinvented by Tera-Photonics Research Team Photo-Dynamics Research Center at RIKEN.

transmission spectrum in the THz range transmission spectrum in the visible range

100

Tsurupica (2 mm) 100
Polyethylene (2 mm)

50 _- Spectra include reflection loss K
80

60 /

g

20 j/

o]

TSURUPICA (3mm slab)

60

40

Transmission (%)

20 4

TRANSMISSION (%)

200 300 400 500 700

0 ' 5 ' 10 ' 15 i 20 WAVELENGTH (nm)

Frequency (THz)



http://www.mtinstruments.com/downloads/THz Lenses and Windows Datasheet.pdf
http://phluxi.com/P91-2-002r4.pdf

THz Detection Technology

1

Photoconductive antenna . .. I=t1
Electromagnetic field EOcrystal - A/4plate e

detect ulse[”
etector Withoutfs pITB I O L AI=0

Electro-optical sampling Electromagnetic field THepulse | P
Glow discharge detector Electromagnetic field 2
Al = Iy+ A®
Surface plasmon detector Electromagnetic field
Golay detector Thermal effect
Bolometer Thermal effect
Thermoelectric detector Thermal effect
Pyroelectric detector Thermal effect
Barrier detector Photonic property

Ref: J. Li and J. Li, Electrical Science & Engineering 2, 11 (2020)



THz Power Measurement - Golay Cell Detector

The Golay cell detector is a type of opto-acoustic detector
mainly used for infrared spectroscopy.

It consists of a gas-filled enclosure with
an infrared absorbing material and a flexible diaphragm or
membrane closed by a rigid blackened metal plate.

When infrared radiation is absorbed, it heats the gas,
causing it to expand. The resulting increase
in pressure deforms the membrane.

Light reflected off the membrane is detected by
a photodiode, and motion of the membrane produces a
change in the signal on the photodiode.

gas-filled cavity

IR window membrane housing

IR absorber I optical read-out

system
compensation leak




THz Spectrum - Interferometer

Michelson interferometer motor
Moving mirror bl controller
X movaple
v mirror

fixed
mirror

X Stationary mirror
Source and h2a 3 " .
collimating Incoming

IF_,&.A‘.!\: Interferogram THz pulse
¢ . pellicle

¥
Focusing —p{ Fourier = ' ' '
optics and transform E OAP

Spectrum A

Golay cell

» The incoming coherent THz radiation initially splits at the beamsplitter. The transmitted component
reflected by a fixed mirror and then recombined with the other initially reflected component which has
subsequently been reflected off the movable mirror mounted on the translation stage. Then the combined
radiation can be focused onto the detector by a focusing optics. The path-length difference between the
two arms can be varied by moving the translation stage and then the interferogram can be measured.

» THz spectrum can be obtained from the interferogram via Fourier transform.




THz Signal vs. Electron Number

coherent transition radiation coherent undulator radiation
08 T T T T T T T T T T T T
e raw data | 20F = raw data n
N? fit i — N fit
0.6} ]
S S 15F -
© ©
S04 F - S
I ‘% 1.0F ]
N N
T T
— -
0.2 i 0.5 .
0.0 s ! s ! s ! 0.0 s ! s ! s !
0 1x10° 2x10° 3x10° 0 1x10° 2x10° 3x10°
electron number electron number

e As expected, quadratic dependence of the THz output signal on the electron number is
observed for both CTR and CUR.

P(®) = Py(@)IN(1 = f(@) HN¥ ()]




Interferograms of Superradiant THz FEL and CTR

0.3 |
= ozl superradiant THz FEL gap: 40 mm
= i
5 oal | K~ 4.6
¥ i
S o00F MWWVV\IV‘ N/WW
> .
2 .01}
2 I
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= -0.2 +
_0.3 i 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
-20 -15 -10 -5 0] 5 10 15 20
path difference (mm)
o2}
2
: CTR
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& 01}
c_CU i |
>
wn
N 00 ’\_AMW \/FJ\"VH/\/\V—\
l_
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path difference (mm)




THz Spectrum - 2018

1.0 .

T~ 0.62 THz

_08F —— CUR 1 o In contrast, the superradiant FEL
g — CTR - spectrum is narrow band but the CTR
> spectrum is not so broad.
S 0.6 | i
©
= o The central frequency of superradiant
Boal _ FEL is measured to be 0.62 THz,
2 corresponding to the electron beam
= energy of 17.7 MeV.

0.2 -

0.0

2 3 4
frequency (THz)




Retrieved the Electron Bunch Length - 2018

CTR

o
(N

| » assume Gaussian distribution

| | FWHM = 2v2in20,

intensity (arb. units)
o
|_\

J

i i bunch length o, ~ 147 um =490 fs

| L
15 20

» The measured bunch length is longer
than that of simulation. This may
cause by the lower linac field used
in the experiment.

intensity (arb. units)

ath difference (mm




Linac Injection Phase vs. Bunch Length

1400 — - . - . - .

1200 {

—

o

o

o

1
-@—
N 1

bunch length (fs)
-

800 I { ; 4

600 - o ° i

400

108 112 116 120
Linac injection phase (degree)
o The result shows that electron bunches in the linac can be accelerated and compressed
simultaneously by velocity bunching.




Shorter Bunch Length Achieved with Higher Linac Field

0.10
===
—_ |
C I |
S I I ] . e
g % Lo > assume Gaussian distribution
= Lo
= |
2 AN FWHM = 2v2In2g,
*é‘ 0.00
bunch length o, ~ 72 um = 240 fs
. 1 . 1 . 1 —'L__|___‘ 1 . 1 . 1 .
-20 -15 -10 —,-5’ 0 \\ 5 10 15 20
——,—’ path difference (mmy\\\

0.10 —N

» The compressed bunch length
becomes shorter from 490 to 240 fs
when the linac field increased from
8 to 12.5 MV/m.

0.05

intensity (arb. units)

0.00

N 1 N 1 N 1 N 1 N 1 N
-15 -1.0 -0.5 0.0 0.5 1.0 1.5
ath difference (mm




CUR Spectra after upgrade

0.6

2018
linac field: 8 MV/m
bunch length: 490 fs rms

«— 0.62 THz

intensity (arb.units)

O -

A 1 N N
0.0 0.5 1.0 1.5 2.0
frequency (THz)

1.0

2021 )  0.94THz— \+—1.25 THz
linac field: 12.5 MV/m !
bunch length: 240 fs rms E

frequency (THz




CUR Spectra with Different U100 Gaps

radiation wavelength

_ Mg L K2 292
A—2y2(1+ -ty 04)
A, : undulator period

K: undulator strength
K =0.9337B [T] A, [cm]

intensity (arb. units)

intensity (arb. units)

1.0

o
3

gap: 40 Imm |

K~ 4.6

1.0
frequency (THz)

1
1.5

2.0




THz Laboratory Measurements of Atmospheric Absorption Between 6% and
52% Relative Humidity (Sept. 2006)

—
—

Abstract
Atmospheric transmissions of terahertz radiation were ‘% |
measured over 0.3 - 3.9 THz spectral range at sea-level o i Th ’I LT T |
over 1.7 m path length for relative humidity values 0.0 “ “ kY IR
ranging from 6% to 52%. Absorption coefficient values RE | w Al A m
were calculated as a function of relative humidity, for ﬁoe v
the atmospheric windows in this region. E e |
» Water vapor absorption has a serious impact 03’

on THz light sources. 02

0.12 '
10 . . . | U il

03 05 07 09 11 1.3 15 1.7 19 21 23 25 27 290 31 33 35 3.7 39

linac field: 12.5 MV/m
| Frequency (THz)

bunch length: 240 fs rms

Figure 1. Measured atmospheric THz transmission at
different levels of relative humidity. Blue, red. green.
purple, orange, and black lines correspond to 6%, 12%,
22%, 26%, 40%, and 52% RH, respectively.

0.5

intensity (arb. units)

0.0 . . .
0.0 0.5 1.0 15 2.0
frequency (THz)

Ref: A. A. Danylov, J. Waldman, internal STL Report (Sept 2006). 44



THz Diagnostics Station with Purging Dry Air

: % \\ |




CUR Spectra after Purging Dry Air
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Performance of NSRRC Coherent THz Sources
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Outline

[ll. NSRRC THz user facility




Infrared/THz Free Electron Laser Facility Worldwide

N, . -
" 4n" I H! FEL i
ALICE FEL  FELIX ? PITZ THz FEL

FLASH THz NovoFEL
FEL® FELBE

CLIO FEL

FELiIChEM

T

. 3 \z”"k g

FEL SUT

LEBRA
KU FEL

UCSB FEL 5 JLbFEL

SPRAC INFN

PCELL FEL »

(under
development

.



Comparison of Exiting THz Sources for Users

104 I 1 rrrrrrj 1 ] rrrrrrjy 1 ] rrrrry 1

10° -

KU THz FEL -

Laser-based THz Sources

Energy/pulse (uJ)

low rep. rate
Storage-ring THz
sources

------- high rep. rate -

1 L1 1 13l 1 L1 1 11l 1
10 100

Frequenc



NSRRC THz User Facility

C3
radiation

e e e S S
S S S S S
N
NN R NN R NN RN

@0 @) i Klystron & Laser clean E'“*L'fd' B Deionized
Modulator room :| m‘:':or'n"e water
control oo
Instruments
center
2 [ ] 1 1 i | 10—

The Accelerator Test Area was transformed into the THz user facility since 2022. It is planned to be two stages
for user experiments.

In Phase |, the user experiment is conducted inside the accelerator tunnel.
In Phase ll, a THz beamline is under design for maintaining the quality of the THz FEL and can be transported to

the rear space of the tunnel for user exeeriments.




Radiation Safety
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Phase | User Experiment by Using Superradiant THz FEL
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In Phase |, the superradiant THz FEL was already served for user experiments from this March.

A 100-fs, 800-nm laser pulse from the photocathode drive laser system is used as the probe
pulse for the user experiment.




Phase | User Experiment by Using THz CTR
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Recently we also plan to construct the user experimental station with using the THz
CTR, which provides shorter THz pulse.




Phase Il User Experimental Area

* In Phase ll, a THz beamline, maintaining the quality of i

the THz sources, is under design to transport the THz
FEL and THz CTR to the rear space of the tunnel with
an experimental area of 13-meter long and 5-meter
wide.



Phase |l User End Siaiions
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* An optical switchyard will be con5|dered for dlrectlng 'rhe THz FEL and CTR to dlfferen'r end s'ra'rlons.

For Phase |l, multifunctional user end stations with different scientific research purposes will be expected to build for users.




Enhanced Superradiant THz FEL by Magnetic Bunch Compressor

Design Parameters
Beam energy [MeV] 40

UV laser

Cocatnode |
. screen Bunch charge [nC] 0.25
Screen + bunch 0 Bunch Iengih []J,m:l 250
length monitor %\;\ Peak current [A] 500
: V T ittan
. 03 (B3 2\ ransverse emittance
Nonlinear dogleg compressor to compensate s & - o : ﬂﬁ__ [mm-mrad] 3.0
rf curvature effect for shorter bunch length ! U100 Superradiant '
* Space charge dynamics in electron beamline TzFEL Beam sizes [mmo] 1.9/1.2
is simulated by IMPACT-T Energy spreac! [%] 3.5
* Superradiant THz FEL simulation is done by Undulator period [em] 10
PUFFIN Undulator period number 18
Current Distribution @ Undulator coefficient 4.6
Radiation Profile @ 3 THz Undulator Entrance Radiation Spectrum Pulse energy evolution
20 1 - : - : along undulator
12 T r T :
40 8 10t
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20 -1._5 -1 -0..5 6 05 0 ' ’J L " : 0 . . . .
— x (mm) 2 (mm) 0 2 4 6 8 10 0 05 1 15 2 25 |E—
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Self-Amplification of Spontaneous Emission (SASE) FEL beyond 3 THz
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Design Parameters .

Beam energy [MeV] 25 Pulse energy evolution Radiation Spectrum
Bunch charge [nC] 0.5 2 along undulator 1
Bunch length [mm] 1.75 30 o8
Peak current [A] 50 3 o5l §
Slice transverse emittance [mm-mrad] 2.0 ézo %0'6 -
Slice energy spread [%] 0.1 451 zoar
Undulator period [cm] 3 5 10 02
Undulator period number 150 °r o . . ,
Undulator coefficient 1.0-3.0 % 1 2 3 4 ° 9 0 105 "

Frquency (THz)
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