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" FEL Oscillator
' Optical resonator
 Seeded FEL

¢ Self Amplified Stimulated Emission



Undulator radiation characteristics

» Radiationwavelength or frequency (1 = c/f)
v" Length contraction =1, — A4, /v

v' Doppler Shift = /Y — Ay

Au K2 AuB
v Agz—yz(1+7) (K = 2L ~ ) [em]BIT])

2mme

Joaz=o uulgi by,

15 dsgd g aiond > b L6

Gl 9 2l wys s 0liugs (el L8

L5l dmwgi g Gadoes s o (gjlasl ol sl L8

LIea adglslga

L 95 Gob jl &S cul Gedls lacdSe Gk ojgr (1210 jl 390 pao Oliug dlo |l
510 5l g aiblas ols Gl 8jgp (ol 5o 5 g0 Wliugm g olgo plw (1l .o amlgs (4ol

ol (ol 189S
ZHb 839ux0 g B
pow s yod ladadiz 9 ST gy il sleyjud Sl cawlio joillgaiT sl g > bbb ojgp (ol Bum
bl o o Olasin b
Ay = comm
Gap =10 — Fomm
B=\T

Length = oo cm



Ol Ol ga=a g dliwe Cizmivo Cumdg g Cuodlaol> o

09l a5yl g wiiws ST gl 6Lt g pgay b yod (S daidiz o Lalall Uik Lyg il g
h 3e2 il Ui ol 0 29)9 bl saims Ol b (y9,9g)S i (sl e dim a0l )0 418)S Ol
Gl ool g o8ole a6l gy (ol 115 o @bl undolisea )il Gug et (Sl il Wygo
0ol 005 b8 Gups 3yge ST (oSl Slayid 5 yoi Sladadiz Slad,)S cul ) juges
29 ol wluSy5 g JSib w9 Jeloe yleislu aellae Sl aiedld (Bl Sy gy Sia
Gy «S0ju8 50§35 9 Hlasind alits Sading )0 &S ol (Hlowd GlayiiSly plin
bz pole Sho UgpigfSizew Linli jloslaiwl . o)y 3B g Lulid gl pulib ) (weio
aloz Vg0l LgigyigySism . cuwlos;S dpyod psl ams wiz jo |y Gloaislié wiy (535 lagyslid g
Jos B wsldidly Lizio 38 (3950 i azo dw jl & wiiws glopls glasainaulid
Gy e0lga g oo @ilus «uujbauso ( Soju8au (698 ) «(5ja)9iSiaiU ) (1gp59,Sinu
9 5Yl9a 40 5 Gulidliwl pale 50 jui g W Glaglos wdei g cslid o S, 5)loppuse o

Yo 38 las mlis g el o

gl Wilde (ygiSU (gollie piuuny (48 pxiz a0 jlwgibi 5o sumlite | JSib )0 &5 job (les
Jlo o allaa 3 jl g ol aiils inliol (6ol cueyun b egyigySiza pinli b blg)l s e s
Uil @lie Guuwl (o iuli8l wigy ol Judo .ol suguwy) Pold Jlw jo dllas Fodlo 4 19Y0
jlooltiwl 4y glad=o (1958ljg, L gzl Sl Jlw )0 (le> caliea (5l 9dS g Loy ) (1g)TgySias
oS Ll .l Gimiuo g Slasd=d wle gubga o Jluo jl )l = 50 (T GYL 2Ulsd g (6)9U8 (1
L g ouds Bao il i) (ol 094 5o i uing el 30 By ) Lo Hldsd=d )il S0 (g 3g) S

-l i Lol gl audy Gy g)dgySinm ilie gh1o Shhe ol yad 009591 L

032 (959w X Linli caliza (5o (5)9Li8 jl aS PolA Jluw jo o uds Ol Ligiy 0l P S 5o
s4i@ (i (XRD aiile ) (5)glis I (o3 50 s slepimgiy g nallis . cowl aual S e
Ll [y calia (sladinaj jo (59l (T jogo dH)lSH

¥ ain



Yhsoo

Yoo
3
3 e
n
3

Qe

V4o Vag. 'ay. V4A. 144, Yooo Yoy Yer. YoY.

st Jle

55 Yo A Jlo sl 61800 JLu 31 el Slasl oV Y S
L w};}&l Cole sl oMbl D) Q‘,JS‘,JKI.:..J ot L bl
o JS 53 srscew L "synchrotron” (salS &S I esliz

(ol sdal s 4 dJlia

" FEAF
=§ Fosa
2
é Beee
3
j ¥
2 Ty
q v Tafy e
2,
1AB¥
J r.
= Yee VATV AY.
=
o Yees saf
far ¥ HP
\ra “ ' L a .
_»:-‘...«‘..a' FFEFLL & & “‘Q‘-*
xL.\.-;w-.'-a:- *-.-.: " L
_,a“-
+
sagsd

OBl eslizad L oYedA Jle s aml Ll oV Y JSS

Sheslial b gy Sl 51 DMl i) (555l SIS 4 0555 S
33 s> s> L 5 "synchrotron” & e 4 g, 5ks pbosals olls

(ot adal s 4 SVl (kS SllS 5 00 Ol s sla isu

D axio



001 01 1 1m° 100
Photon Energy [keV]

Y ‘
(» waisS o3 b, o) - -
’b’!’a i . )Q‘é!t‘P)l?J—‘-'

yeo¥o sled
ey O 59250 slo 5
VAA- o . Y ..
. 25 e pg Jus ) s,
55V 50l (s IS5 0assS 05 (5L o5o1) YoV
oA s,
® v
9 s ) 10"
‘:’-" \:)’:d p &!L;‘ J" VL_;' Critical ener
Vol el (eaS o> by o2l) . E 9y
V40 Ve ity \
4y

Flux [Phot/sec/0.1 % bw]
3

01 ; 1'0 160
Photon Energy (keV)

395 Uin U glie Calisen gl s £ S

S (0 o dliig a5 j9b (jlad . Cuwl ol caliza (Lo s o olio (libig) jl glawalia & Sy
uiliel led ygoas ji5e248 Gladus @ Cuwd Wi gledus o Rile (il Uinl wad

Camino 5o dliuwe §)9Ud Cuenl g 8>
b udg culbld T g yiSl slayjud Glol gl cuja jleid gopiis (b8 sl i) jo aS)9b ylen
lofag ol ouid Cucly oS Wbl o jpel Zloal U pusul asedljl pub lizag Sl sl in U jl S50
29 4alol )3 . aiSlagy (6)9lid g pole Lalits Slaojo> 50 aifping Sl s)lososugmad o lajUT plowil o

dle> Cuzo () Gl 34 g Sl cab a3gae j3 ST (gyiSdl Glayjod (5)9lid yoguas

§ axin



U G530 00gaxa )y &S gdie @b Gunblizeg Sl cab I dlasb 4 el (iul
558 58jL Vgm0 Lol )las aiBS Canpmi Symlys aib (1 JSi) 1o )8 & ung)8 5 0z g0g)Se
.V (19398 (5]l 9 (509,540 oo (g0 o Uolso jiymlyd S5 e s o o (ST |y jsalyT 1o o)
9 wdoi lo b 58 Golaie ladlw ghy aSil Julsas aibise cdgyorsile
Wopma jod il BB 4 a5y Sedgame (ol cublas 9929 joald piul (§luy Sl

ool

e
Radiowaves

Laser

THz gap m E

300 MHz 3 GHz 30 GHz 300 GHz 3 THz 30 THz 300 THz
im 10 cm 1cm 1mm 100 ym 10 ym 1 um

Sy jap8 aa>Ujo 5l zlgal - uadbliagyiSl Zlgal ok (5oL :I-Error! No text of specified style in document. J<.is

liols s aSud wlblegl (T GluSs S diels Ll @S> dedsUse Lilgs @laylis
@ azgi L.yl b8 jimls GaU o g bl pl (50l BB daliluydass o Gaib (gyo sleyldS
Olaiile 18 Slga g 205 dlga jl 6yl Sl eSSl 51 ghlo LMol jisalys Zloal e Sag 1
GHOE 9 8 jut Blga (b I aibb e jTplyT U o e yuilS)s oy )0 g iz Ghls
23 i 43S e Glazge Job o Vgeno S ...g Suolw gz« Sutwlly (bl dels uiil
Oligs Glagi oS Gulul (93 b ailite ooy S )0 j5salyi Zlgsl aitue Blad j5els au>U
b e e gl e caiiue

aiilem 4>l (ol )0 Gegilo Gyl (b ;53 18 Givk jo oS jieli Zlgol Gla S 4 azsi b
G2l S 3153929 0lga Gazllbn g Cuial (Sibjp wmio Glaojg> )5 §)lo jwgad g L Laib
JUe plgicar. ol 0,5 YL 0,y B L (559l o (inils Jétuo 5jo> So @y (bl |) iS50 (55
BnS )0 (5)l05529100 iz g ke 9 0y2xbia Slge BLLISI Sl j5al5 Zlgal jl cuial (Sje= 50
Sl -3 oyl 1 (P Hled 9 Ylbojuw peusdis 4 Glod oo GRbja (§8j9> )0 -9db e sl )il
szl jl eolatwl Ll jl S0 a5 a4i8)S J18 Ly 3590 (6L) sl gy (19iSU j5yml)S zlgel aules
b 50105950 Blojug Cuesl il aS cuwl Pwl)d

")l Gimbo (50je )3 3yl asllas o 'ale sl Ltk 90 @ (lgie Gl (lgicay
9 (Gxiz=T 390 4Ly (5j9d9. 5 el derd GoiuS Eimlio (pele allan ik )0 090 o)Ll

' Microwave

" Infrared

Y THz gap

* Finger print

* Non-invasive

' Particle accelerator
" Sceintific study

" Industrial and commercial application
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¢ Material processing

' Cutoff wavelength
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B=\T

Length = loo cm
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View into the PITZ
extension with the THz
laser. The undulator for

generating the laser
radiation is mounted on
the yellow frame, the

electron beam comes
into the beamline from
the right

The FLASH ) undulators
a YV m long undulator

made of permanent
NdFeB magnets with a
fixed gap of \Y mm, a

period length of yv.y
mm and peak
magnetic field of -.fv
Tesla (K=).YY).

The Undulator tunnel
Shanghai Soft X-ray

Free-Electron Laser
(SXFEL)
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