ik B RAH N FEAFIE L5 (2023 F 11 A)

TR AT IR K, FRATIUA [F i B AR s g 4 ) AR e M 1) Physical Re-
view Accelerators and Beams (PRAB) B80T S5, 8 ((HART) St klikE
PRAB ] EZen9iT), Satsr 3k Py2r (American Physical Society, APS) J N #H
BiT|eGE % PRST-AB. Elsevier fU#Z¥HL- 5K Nuclear Instruments and Methods (NIM)
SRS R REVE MDA 7 AR 5. SR LTS UG 3 1 A SR IR SNSRI FR

W LS T H W EE G KA, £ http://faculty.hust.edu.cn/jcytsai/zh_
CN/article/2191806/content/1551.htm#tarticle A LAFE R Ff9 G332 R . BT BAKCE,
SIRIVFZ T AU (IE)o ARTR T FIRANARFRIE AUl WA m, &
A NS e HR U Y AT RERF 58 1

A (2023 4F 11 A) 22RGEH€

Wk SiEsEE BRI
X @] [E] [E] [@] [B] jeytsai@hust.edu.cn
25 G [?77]
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IFemtosecond Polarization Shaping of Free-Electron Laser Pulsesl

B A TR FHRHF [Nature 620]

bcientiﬁc discovery in the age of artificial intelligencej

B R IR B T A [Nature 619]

|Attosecond electron microscopy of sub-cycle optical dynamics{

U X BB RIEE R S [PNAS 117]

IPopulation inversion X-ray laser oscillatmi

b 40Kt LB T th 7 HOE [APL Photonics 7]

Eingle—electron nano-chip free-electron lasel{
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1 HHEBRFHEOUH WEMmRIR AL EE [PRL 131]

Femtosecond Polarization Shaping of Free-Electron Laser Pulses
1.1 EAREE
2K [FBRRATS A B E0E

{EZ : Giovanni Perosa et al. (FEAH|#: Elettra-Sincrotrone Trieste)

eSS

5% https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.045001

1.2 % & 5%

T VB SCER T RN Bl S ] 28 A0 B AR 55 0 B H L 380 (free-electron laser,
FEL) Bkt ayr=4E. o 7 AE SRR RS EScB AR 6], R 18 SO o P 3sg X
D R 7 e 7 A B G S DR 3R B9 A L R 1) e 8% [ s A - Bk e AT #R 6 o 180 A 99
FEH L HT (angle-resolved photoemission) FI1Z{HY E{E LA FHLE (above-threshold ioniza-
tion) KERIBKIPAORIRAITT ;4505 &I B R — L.

207 M ARGUE MEAN PR E 2 i W RGBT e . BB M IZBkiE A R
RIS o WFFSEEFAESE T BT IRAL BIP R JT AR = 70 R AT 2 B4 7
T 77, FFRTRES [ T HNANR A B A% O FE 7 BB A T T A A R


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.045001

Nature S SRR« FEAAHI
H HH: 2023/11/2

2 AT TR [Nature 620]

Scientific discovery in the age of artificial intelligence

2.1 EARER
e 3 HE
o YE#: Hanchen Wang et al. (FEEHM): S TN T 2208)
o FAI: ZEk

o E¥E: https://www.nature.com/articles/s41586-023-06221-2

LTSI “ONS Gl

2.2 %

R SCHIE T AN TR TE A TREE S IR Sk MEE 145 Ak N TE
REMIREER R R, RHAR M REIRRAE T 18 S5 A2 (hypotheses). 5K
Wit ST R N R TN T R4S BRI SRR, ¥ RIRE LA
FIE=

FI, X hsiescthdg b B et E N TR RE T B Ethr e — SRR HANREL, 5
SL TR BRI 2 U I AR i AT DR R BE U EL A B AR A AR (R R s L 0
Seib H LA SEM 7 SR TR It RIS HE ", AATTHE 3R at B (R XU

2.3 TTHREAIHT A

o ks NTEBERG ARSI srmk, (875 ok Hofth 7y =047l WAL
s RIS RERI G5 LA, e AR A s R S 25 S T el i e 1 ok
REHHAE O NEIX T, e/ e HL A R BOAR R E e i e
It ) N 2 BT SR F 22 2 22 4 R AERMETFFE TR ST A FH N T e, 3%
72N SN TR REIATELE . REMSAACT X TR T AR
N TR Rekn i ORI TAN I AR AT BE A SR FA U 45 SR 2R 2. BE N LRRE
ARGRI AW, DU AT SE R S R IBUE S RAP ARG, X5 T /M XU
FaEoR s BRER N TR REAHE 78 AT iE i X R RHE A

"https://mp.weixin.qq.com/s/i2fR190RzEzqXPLakXxvQu
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3 FfFbIS )43 HER A 7 B [Nature 619]

Attosecond electron microscopy of sub-cycle optical dynamics

3.1 EARfFE
o I PR TR

o Y& David Nabben, Joel Kuttruff, Levin Stolz, Andrey Ryabov, Peter Baum ({%
S R NS

o BAL: TS, R

o f¥E: https://www.nature.com/articles/s41586-023-06074-9

3.2 fHHE

JLFRrAES MR R RO AR EATE T 9 32 20 B2 AR HE e R OB A 35
A A RUE N R A2t ad Re o DAL, BB ) A ek ) R Ml X EBAO L 22 A0
ARG AR R E R R RAYEA BB (de Broglie wavelength) R/, R LA
BENBIFORT A RUEE, (B P 7 24 (UEM) AIfiT4 (UED) I TR 23 9FRIE 42 IR T
KD (~ 50 fs) BPTRIRUE, X0 TFIo s E il WO R RO B RS A I B2 A SRS Y
PR IE S0 UEM HEBERHOCH — A BN B9 BT A7 I TR 208

T i 18 SO SO R M I R A, U I B FL 7 ik b e o), R RE
JE W AR LA LN SMEST B, TR SRR . EUREREE 0. LIRSS
(dielectric resonator) FIEHA KB KL (metamaterial antenna) AYSZEG 7~ T 1L TH I
(chiral surface wave) HZE A1 &5 B FIVUAR T3 )77 Z BIHYREIR « OG5
% (subluminal buried waveguide field) LR S FRIEAE BT 22 KL )NY. (symmetry-broken
multi-antenna response), JXEELFEELNPK UEM FIFTHOGRIAEEE G, DAER 254k
J&EERARSE S Y ST AR ELAE T B A R R AR E

LA #BAMLE “PhotoniX 28 52,

2https://mp.weixin.qq.com/s/Sgl_iczG507uFil1StLw5Q
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3.3 TUHREAIH A

FENBE TR GIE, TEM EAPRRL 2 RN 15 %, Hh— B2 g2 ot
FOCHEY B RIRMHEAE M . BACkiig 2 TEM WO (Ultrafast laser) 5
FEAAHEAE B RE o XX SE AR R R S HAE IO 6 FL 27 U
FAER N EERNZ L. AT HEDRE TEM 5480 @i 7 45 (Ultrafast
Electron Microscopy, UEM),

MR S-S B 8] A EAE 25 28 NG5 1A B4 o A+
TOOUL ) FE SIS M R SRARE o X i 7 A 25 R _E DA SRR RUBE L I Ti) 2oy
WFAMRE . S FB BA BN — Gk, HAEA BB/ N, A
M TEM SR 565 P A BAE R, B Rl #eR g E8ml. Hir, UEM AR H
PR IET WIS (s, 1071 s)o fERT WDBAUER,  Hedn 580 ~ 630 nm Y3 KTE
100 "KRPHIBKIF N AL 50 A A HEH R, IR UEM BB R 90 B Ia A 2 LATE 5%
YRR ERYEEABPER. o D4 7 A ERIX— A, XA IE SChet 17— R A BTRD i )
PR (as, 1071 s) [HLF RAHIR.

o BB IXRIRSCE BB EGE A HDE I BT 128 B i - R R AT T AT
Dol TR FEL AR ]l BT B B 2 B i PR ke IXFERRRE S I 2 BP0

Yy R EAE BT R R iRk o BRI 2GR & 1a ko
e e ] AL .
I [y Mosaten  3°7 8 d T&&M
_2_
Field Attosecond \ :

| A IS » '

’} B Specimen ;

~ {At s

Magnification

Al +—>

V)
—— “;"
o 2
-4 4
Energy dﬁ.‘ a
filter g
"ujw M
Screen At (fs) At fs)

B #oMENEFREME. FIAMNEAZHAPEFRPEERTXARRNSENREZ. a. EEESR
(CW, A)EENAZR S RED BT HRBERER (Z)NPAXLFHY(FR). BFRETEREREH RIS
FhoRATHREN . EREECRMEIEEAHNER. b MERESHABFNMBEANEEEE. A
#@A200nmENER. c. BbP1SHM2SHIELKEELAENEEEME. d. AbRAE=hc/A(Z)H
AE=0(A) MR EHE. o EWAGNEFE, A4BANK. SERNVMEME. BN EFih, f. 8
—REWOET: BEBAMPDEFREP., ABAAGHN. EBNHEH. RRENSERIURHBELEHNE
W, roAIERE. o EHARBARERZNENE—tESEREE, BREHRRIE00nm, BREH
*MBpeEgss RN EEME BN EELE,




sk XESIRSCHTH] UEM 2l s BE ST 7 6l (e 40T 183 keV)
FHHEAC 1064 nm HIOEE: (R 3.6fs) 4ke WOGAAY S AR, — Ak
PRS0 8 ) PR o AR BT R R R ks o — AR SE R At (JRFLAKE))
JESRFIEE A B (IR At il AR A kA RO R A RO E
2T, B AnTE] Le Jr7n o XS 18 SCH T L A0 O AR R R 50 nm
XAE A J5 BE— 7 TR HE 1~ RO A RS AT LAZEANTT 5 — 5 T DR LA
P HOE A AL TR AS 2% ARG XS FRIE o L 28 W il fe S Fef 52 280 J S
YCRHIVERT . — 0 BT — v el . AT 5 - 8 A ' T A [ e
ATBTRD L 38 O FEL 7 ik ih o 3K — X RE SR ABL T 8 A5 sk 1Y 28 AT 5 il 3 7
I, ANSOESHEFRTER, MR EL 34° AN BIRER EASEBIROE R o1
AR LAY VERC o

VR B 5B 200 nm JEAYREAE RGN FE - BRI, IR E5 R an &l 1b
£ d fivs. HFRKIPHIIKSELIA 0.7 fs, FHIRZZA 10 pAo FEDIREMIANT, R
e 2 150 nm fUREEE, MEHZRIROL (150 mW) £ xy PRI LL 45° A
Ub, BRI U foR. SEIEUNE T AEIE T RRIIL R . K 1g
Jeon TR 1 TR 2 BT IR AR R TR s A RE e M 45 R 0
RAW R EEETH AT, f£K 1g PRIDVRERIER (F6): FTT
R DT IR RN RE R ARE (). MR LIRS DR RRYRE B TR BT
AT IR A S, ARELH T 8T SR AT LA AR A IR AR . 2N, 18
i NEFRB R BT SR 2l (FRAETE) MO TR B A R (R LA
S R4 o

BE . MEERHTY UEM 858 7 UMLK R 2 et . Hrp i BB e
RET RTINS 22 TR0 A (AIET 2 Brw) A0 BRI Ji-di A S 25 g S OE- (an
B 3 FoR)e SR RUIDCH TR B A S O BRI
PR BT B BT S S AR JiRedis 1Y S 6 = B R K IO 613
HIT VA A 2 OIS e Y AT 5 o

A 2 YRR AR A R A PR AE Y A B E A B R, R IROE 45° A4,
A 2a ARG R & 2b BASCHriE HAETARL UEM RO E5R, [ARErT LA
AR ERG I E R, A heiUih B R EE RIVE T T, A e £
PRSI QAL BT A REANAT HERURH A SRR AR BE A B AN AUy
FHRREEN (1.4 £ 0.1)c, AREBHINLZE (1.0 £ 0.1)co X—IMR AT GERZRFT LI
SRR ORI WU R ST B R L = A EAE AE B o 18 2 R ARET
HE R R ae MRS AR, XA 2b m Ei—A7 5 IR A RO e L 3. anls
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L

i

Propagation time (fs)

'S ~ (=]

05
Time (fs) Distance (um) x (nm) g (eV/E,,)

B2 FERENRHREASBFERIE. o REEMAB. b, ZIE(L) WA (T) B EE RN 845
R, AMELCEE)RTE T HESYE, BE (D), #R(E). c. BbLE-ENTREELLMEEER
mw., HHd<ORTBATH, d>00E LR, BEREENRBKENUE, THAREBEE. d. WEECHRE
HZE, ReHRMARE, BIERNAEE, d<0BRTHNEBEcCHNERMMEE, J>00ETAEYRN
HiE., TELEEFENERAEHR(I=0), MEBEREL. o TWIRMNEESRN, ATEERE
MFEHEHBROE, PeEBRRRGRARMNBEIESRE,, BN RANIEENANEREAD, K
MEBELARTANEBEFRAEAMBy, WRATEMEBENRRUE. f SH8o(IREEXL)EE
BIEIEEfL A, BANNEFRANNEAISIENES,

2d ffzR, IIEXTER (d = 0 nm) ENBT &S BN, 1 KB
LB TR RIS A R d &~ —200 nm ZhRgREE (EIFR K G T7HY .

A 3a 7R T BRAKIE IR S50 B T AR GE T PRt il (200 nm JEAYAER) o A
SR Zmiot, HIRRERIELTT MiRs. NS 45°, %R 1.3 W, & 3b f&
N T RE R ER T 3 AT BER TR AL O o 18] B R 1 DUAR - LR A A AR 1 FE 1
YRR AT . PIRRI R 5 L B (AR AU Y - e & IR 2 A, InIEl 3d s, B
F 2 a1/ 800 £ 100 as FIHTZE

3.4 HE

R T8 SR BAT W R ORI 6] UEM Ao i 7 AOR LA O BT T
DK BE RS bk b o AEDEEER B, AR FE R kb SR IR0 B A AR R
JEX— 0%, RGO ARG, BB G I NITHE At SRA5 L1
BRI RDE R IR PP 28, RSl 1 a5 M O ELAE I R A D 20 3 0

FESRBTTI, RXREIESCHE M THERH 7 RE R B A RIS R AR (., Wi ff F AT RE
FRFHEaE BCRE (AR > 1 eV) R FIREAE 25 MUR . fdm 7 LI a RAXS L
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B3 TEESKIERASZLI. o MEHKERSE. b EREHO—TEER, WEAEFEE SR EMEE
MEANER. c. BbHt=0.6fsfMFNBRFEMt=1.8fsBHOUEFE, d. @RFEFNOR TR
EZEEMMESEZ DT, e FOKBERBZIRMME RN ZIRES.

JEo ZlidEsENE (B 1 2 3 fUNRRREAEE 4 28), S 7 xDe 5P A
YRR AR A SIS R U TR (05 1024 < 1024 23K, B IOLRHIN 10 2 15
1) o RXREIE SCRRRHEE Y A BAFHF SRR EIE T A IR ROHESI T, ARt
S IR TEM R e TG U R ST R B B & T
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4 X BHREOURG B R R [PNAS 117]

Population inversion X-ray laser oscillator

4.1 FEAFER
o 3 FPAESTS H R TREOL

o YE#: Aliaksei Halavanau, Andrei Benediktovitch, Alberto A. Lutman , Daniel
DePonte, Daniele Cocco , Nina Rohringer, Uwe Bergmann, and Claudio Pellegrini

(FEZHLH: SLAC)
o B HEIE. B

o ¥ https://www.pnas.org/doi/full/10.1073/pnas.2005360117

4.2 %

e ROt G IRL, SRIE ML A R (transform-limited) Ak
o BIHATALE, BOCIRG A UELLANE ] WOETIRE AN (near-UV) SEIETE N AT H .
RXRIR IR T —UHE 5-12 keV S 7 REETE B NIBTIUIRGar it 58, FH IS B
BV Koo SEEAENRa/ 0, X G4 B - ROCa N RIS, LARAT s
AL, ATEME= AR AL seaet M2 AR BRIk Y X S Edikar. LA
S AEI R I i /B JR Bkar o] Aplk A2 2 5 x 1010 A6, ikafHCEE 37 fs,
IR S 48 meV, JGFRENA 8 keVo XIS ML ARG T T HIB BT AL,
ZEREIR, T HRYGEE R R R, IR AR R At sk B AT
et BATTE T X GHEoles s LRIk e SEELFT B H B B B I AT PR AT
i O RET X IR SO MY HTRETTIT 1 i 2.

4.3 TTERE AR A

o GPFTRG ANET HAFE AT BRIk 6y (XFELO), HIfi A Foh i
THREW G XRESCRHIME N RREE S, A Ko 52AF A8
Jit, SRS Bk g s o B RCK H &8 5T (SASE) 749 X ST4aiot,
i Koo IEG AR ENR -, FEIRGaNEIRRS . R, ElEE R,
L AR B0
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o ok JFREUREEINE L RS SASE FEL /8 SMBATH . ARG (liquid jet)
IR E B 2 o

Excited state
gt
- "'._x-

Delay T Auger
KB mirrors b

Liquid jet
Ground state

@ Excited State
O Ground State
- Sample

woaélo O4 _7""---_ s
® .E§ -~ -
K

Fig. 1. XLO schematics. A train of SASE pump pulses with spacing = passes
through a semitransparent crystal and impinges on a liquid jet sample, cre-
ating population inversion. The first pulse generates ASE of the K« line,
which is recirculated through a cavity with a roundtrip time that matches 7,
seeding the stimulated emission in the subsequent passes. When saturation
is reached after four to eight passes, the XLO pulse is outcoupled by rapidly
switching the outcoupling crystal into an off-Bragg condition. Note that in
the figure, the separation between X-ray pump pulses and the cavity size is
not to scale. The energy diagram for population inversion (top right) and
principles of ASE (middle left) and seeded stimulated emission (bottom left)
are shown.

R, 20 AT SASE FEL Stk S Koy 405 ERDCEIRRIE T2
el -

— X BRI, TR R TIE EA h E R SR, A0 AR AR A 1-s
BUBREZL. Auger HILF RS [AISF. A XATOM REfptifllsh ot i, %
two-point correlation function {571k [Iil] 0

= X EZIR, Koy AR B RS SR EH T B BRI 580
/IMFZ W] 200 ST IR A 2t A B A T AL IR, SRAEUER A — 4k Maxcwell-
Bloch J5 %,

— JCYAEE IR AL e S A A SR ST B E RO A, IR X BBl oA AT
e, ok XOP Rfy.
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RIS A2 H TR TIT %A XLO (x-ray laser oscillator) 5 H Fi-& i HF5EAY
XFELO $irti A RE S Ik en 28 L, 32, AT LAE 2 LAEr i M 222 =
FRITERE], XLO (UHRRAR (120 Hz) B9 48988 XFEL Fia), ffif XFELO
— B O A R A E A T R B) FEL.

Table 2. Comparison of some XLO and XFELO parameters at

LCLS-1I

Parameter XLO XFELO
Gain per pass Up to 10° 1.2t0 1.5
Cavity length, m ~10 >260
Lasing medium size, m 3x 104 ~100
Angular tolerance, prad 1 ~0.01
Number of photons (max) 5% 10 10"
Peak power, MW ~270 ~4.7
Pulse length, fs 37.4 530
FWHM AtAw, fs-eV 1.8 4.4

FWHM, full-width at half-maximum.

e E PN

[1] A. Benediktovitch, V. P. Majety, N. Rohringer, Quantum theory of superfluorescence
based on two-point correlation functions, Phys. Rev. A 99, 013839 (2019). https:
//journals.aps.org/pra/abstract/10.1103/PhysRevA.99.013839
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5 Yk LT B B FE06 [APL Photonics 7]
Single-electron nano-chip free-electron laser

5.1 EAfFE

2K [FBRRATS A B E0E

{E# : Yen-Chieh Huang, Luo-Hao Peng, Hossein Shirvani, Wen-Chi Chen, Karthick-
raj Muthuramalingam, Wei-Chih Wang, Andrzej Szczepkowicz (ZEZE A4 : NTHU)

o BAL: TS, R

o 4fF%: https://doi.org/10.1063/5.0097486

5.2 i

fRGE H H L HOoCay BARSRK, BREZ A S REARXS I F 7 AOR K. R B
CAF M keV H-FHORIUA MR R B SEar A s, (BB SRIBSRBEA HUAH T4 ST Ay
FrRGEFE B0 AERE, RH B R Ot inE s (dielectric laser
accelerator) [HixX2t keV Lk S dvii i HAESR BT HESHus sl f M bs LRt
K (pm) BECHCK

N T RIS A RGF R B B ROGEHE N BRI TR, XIS 1 HRA
HL AL T 9RO o5 B B F - MRS TR SE R O CHR S - AELLBEsE .
T RURESH TR B P SRR G, B 50 keV HELFAETC 31 pm JE 400 nm
FARE) 310 nm AYREIEHIY Bragg HRAL 4 T 1.5 pm RO . HHEE 0.1 PHz
R ERAS FE BB BIRT . AR S AE TR AR A — IR A= A SR AU RO AR ST o B
1 BT MO S T i 3 AP Y Smith-Purcell 485 BT EUIGE, Xk
BRI S BT R EL S 2SR o IR 58 8 e B 5% e 5 L DG IR A
MR T2

5.3  TTRRERAIHT

o I3 “An accelerator chip could function as a radiation chip.” H g2 i 55%
NAER IS BB iy, foad kAR, HSih e i it BRI X
R SCET HR A ZE A X 7 B B R SE, AR E— Ok i
PR, PAHREZ) 0.25 ps,  RI5 R& B H 1~ B G A BOGHIt Y R AT L
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o S T BOBH (MEHER . S8 H5E (substrate), fff
BAHFEER, MRS, 17 Smith-Purcell, Cherenkov &, mATEAIR
KA FOEHHH T332 200 THz YRS . A IRESHEARRSTZ) 31 pm, &
PTRRNNRE 28 R P g . BT R R 0 R BT R

Single electron | A
—_— Vacuur,n_:/ "
il
| [ | ! I Te |

film layer fr
film thickness

|
ny f1

“4

FIG. 1. A proposed dielectric-grating waveguide as a nano-chip FEL driven by a
single keV electron. The distributed optical feedback and the guided field in the
grating film increase the electron-wave coupling for the radiation process. (a) A 2-
D configuration used in our theoretical modal analysis. (b) A 3-D configuration
used for our time-domain radiation simulation. (c) Scanning-electron-microscope
images of a fabricated silicon grating with 300-nm period and 4 pm width for an
on-going feasibility study.

DUk IX A8 3L Section IT 25 H T3 BOCHEES I HESCH) — LE M BRUERE, e /v
JRPES (film, grating waveguide) 55 i (substrate) [F)F5 25 225, NA

sinf > sinf,. = N
ny
HHr, ng oy substrate BT, nyp o film SOGHHE S BEITHE. (KREHT

(ZhAEZY 50 keV) LA il 347 4E Cherenkov $&4f, fFAEMTFRAR




He, 05 ¢ IR EZSH# Fig. 1. A EHRGHHEFHE 8. AR

H R MR THIRY S 3 H AR P~ AR PR V& I (evanescent wave) i 2 U1
HHOER

(w/e0)” = (w/ve)” — o
L2 H T LTRG24 (impact parameter)

1 @ﬁ)\o
P « 2

Hrp oy~ 1 AEKIA 7, Ao NEZEFRYARST B

e R A L ARASE— T A e S48t (distributed optical feedback) Hlifil. %
SR PIIE R SRR A, MIERMOEREST, MR ¢, RIAG S T4 H

- >\y o )\O Be)\ﬂ

g Z_4nfsingb:4\/Wa
BB PR ERE DL, ERSI ¢, B9 SFE A
Ao

2y/n} —n?

BT LA LU, T Table 1 251 124025 19 PO S50 7%
e E

tf<

TABLE . The first-order design parameters for a 1.5-zm nano-chip FEL with a silicon
(nf = 3.4) grating waveguide on a glass substrate (ns = 1.5).

Design Electron Grating Grating  Film Impact
wavelength  energy  period  depth thickness parameter
(um) (keV)  Ag(nm) f; (nm) ¢ (nm) lip (nm)
1.5 50 310 160 240 100

I e S — MR B B Rl oA RS -
— Bragg J:4¢ (Bragg resonance): ZFif. IE[AIFTHES R IA] S IR & 052

16



— BIEIRY (backward-wave oscillation): Ff# &5 H 1R 3E 77 17 FH 52

RRIESCHILHIAE T LA EPE . J8 Bragg 3k, (HEZEZHFREFTAHATE
EAEH . HyHY Bragg LRk R B R U1K Fig. 2 451, _EH% PTB
HIRTHE, THHRYE COMSOL Ailgathy, BRIl Arr R L
TR R 1] DA A -5 F 8 BIOR AR A BE ALe

04 . ¥ T - —T
(al substrate light Line . substrate light Line
(backward), n,=1.5 - (forward), n,= 1.5
= 0.2008 PHz
= 0.2085PHz
= 0.2900PHz

0.3 /.\
4 \r(\\o.zdss PHz

=
)
5 0.2 - ’v _9.3123 PHz
= 0.2028-PHz
0.1
film light line film light line
(forward), n,= 3.4 (backward), n,=3.4
0 . . " .
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FIG. 2. The dispersion diagram calculated by (a) the PTB model and (b) COMSOL
for the TM modes in the dielectric-grating waveguide specified in Table |. Both plots
show the first Bragg resonance at 1.5 um (0.200 PHz), intercepted by a ~50 keV/
electron line. In (a), the red dashed curves are low-loss leaky modes predicted by
the PTB moadel. In (b), the zero-loss mode curves and the electron line match very
well with those calculated by the PTB model. The insets show the Hy field patterns
at the Bragg resonances, indicating strong guiding in the grating region. Outside
the region boxed by the light lines, the mode is lossy and is not guided.
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FIG. 3. Single-electron excited TM (H,) field patterns calculated by CST for (a) a
bulk grating with t; = oo and (b) a waveguide grating with fr = 240 nm when the
electron is still in the grating at 0.2 ps and has left the grating at 0.6 ps. Colored dots
are field probes recording the signals in Fig. 4. In (a), the electron generates scat-
tered Cherenkov radiation and Smith—Purcell radiation. In (b), the electron excites
strongly guided radiation and the stored quasi-coherent radiation emits from the
waveguide output. Inset for (b-1): Guided Bragg-mode field satisfying the Bragg
condition in Eq. (8). (c) Ring-down of the H, field from the downstream waveguide
output for (b-2).
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FIG. 4. (a) Fourier spectra of Hy (a-1)
emitted in the dielectric of the bulk grat-
ing and (a-2) in the vacuum above the
bulk grating. (b) Fourier spectra of Hy
(b-1) emitted in the forward direction
and (b-2) in the backward direction of
the waveguide grating. Insets illustrate
the locations of the field probes (col-
ored dots) recording the H,-field signal.
All the amplitudes are normalized to
the peak value of the cyan curve. For
clarity, the Fourier amplitude in (a-2) is
enlarged 10 times. The spectral ampli-
fude of the forward radiation from the
grating waveguide is the narrowest and
strongest.
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