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B [ 20184F 10 A 2 H , Hiy Bt B2 G2 B} 25 Bt 6 7 78 A
IREET AN, B 20184 i Ul /R W) B M % 7 56 H Bl S K Bl
% - BUAT 4 (Arthur Ashkin) . 35 E B} 22 KPR - B0
(Gérard Mourou) fl & KB K K - &2 % % (Donna
Strickland), DA 78 B4 3 AT 1Y 2 B 1 % B
BT A4 1 STk A e B AR A R G N, B
S SR 25 0 Bk A 7 A R SR B A S Bk i . AR
SO TR A5 G e A R 5 R R Y Bk e 1 v A
P2 Z R OC &

F TR 2 2 ) FH Y 2 T B 5 ok - 7 ST 4 1
REE RGBT Sh 12 RS IR A B4 43 37 IR
SCEPEAT DA AR 2 19T 20 LUK & A 52 R e ke ok 1 A
55201 2 60448 H BE A O IR S5 A 1= 4.

MR BRI IEAT 1724 s(Z942 ms) L5648 &0, Fir
PUHR B ] 20 JERE 1 HA 24 i, SR — ¥R 7E42 ms
AT BB A iE shel AR ik, ARG g Ay, &
B 5% 1) A ) B o' e [ 5T ' KT K a2 gl AR R H
T 5 [ 1 R A — A B — R AR A —— T, 43X
$ R ] B AR Iz sl A A/ N BT DL 200, 24— i — i
WU, AATTEE AT LA AR AN S TSR . AR e

T 5 5 2 TS [ A Z8{F (William Henry Fox Talbot,
1800~1877) 7% 185 14F- | F SEMHRAS N Ye AT F 8% T W A e e
R I MACTT IR Y, X JE R RR R < IR BE Y (spark
photography)!'!. 18784F3 [ H A J B9 B 56 [ B4 45 52 Ui i A
B %7 (Eadweard Muybridge, 1830~1904)5 & 14T #1452
M K 3 3 4% (Leland Stanford, 1824~1893, H3H 4R Kk
2 (B 57 ) LE I B B E (Palo Alto) Y By 37 (RIVERL7E i H 48
ARG EDFARE T 5% 5 R 51 B A (Galloping Horse), IESE T
L S B A D s S R e WIS, DL K 2 )R 100
Z 4 6], 803 B (schlieren photography). BH3 BEAH
(shadowgraph) , #e4izUmditsy . ek, BIEEH
i . SRIN B3 (stroboscopic photography)&i— Z 5145 K
ARAE B, WRESERT ] L DA GAT B [ 0 4% ] Bk 3 T R
(1 us=10"° )EEHFA ns=10"" )i . [FNF, ZWizsh
4 3 A A B . BT T R S B T A 2 SR S SR A
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B R TENERAEH
RHEATFER. NEFH L
¥ ALY, BEHE. A
AL R EOE, B ¥
S HWTR R T, REAER
EYNCEY S R h
BLR b B H TR R oo B
FAEAEREARRET R
B BR S #E KT R 4. 2011
EHTEEREE LR ES R 20184 & 4 B IR £
EHRERLER.

THREERY9.58 s, F14910.4 m/s; B S G 50 AL S T
M S ) 400 T FEE 800 m/s 25 A5 AL R 1 s e 3 i
AR IR B 1045 & 5, ORI HEE3400 m/s. LUSE =54
M (16.7 km/s) CiH KBHRMWIRITH — 5761 nsth il
BT 16.7 um, XXFEA LR AR AT DL ZE . B
1o AR Y 57 4 T LAFAS RN AT 5% 22 WA 1A RNz 26

B2, MOk FzEshEEmsL. b FaEFit
BHTFHEHERZ13.6 eV, XTI F2.2x10° m/s, HRkITH—
S T2 ECR G T LA TR B R R 1R (5.3%107 m)
FLREUR TR 1B R R A1.5%107 s, k150 as
(1 as=10""" 5). X AR T o TR E, MAS
s sh . TR PRI, 3% /K (Niels Henrik
David Bohr, 1885~1962)7E 19224E 3545934 DU R My B4 i)
Xof 34— AR A AROUE T SR, 3 SRR LARER 1 0 IR
ST ARER A SR G, BRITATTRE R T, (H RN YEIE
AL N

2 R RALZ 7T T8 AR T 52 96 2= A9 4 2 (Theodore
Harold “Ted” Maiman, 1927~2007)7E 19604FE52 3 T 5 I
BT —4L0 5 A (B 5% 0 = A A 2 A ) Ot
o, K 6943 nm™L X — B NG KT R T B TR
o, ke B R ATE AN RS, TR R I, M
S OEI A W OR S BB ) 1 TRER. (HRAE Ry —Fh
T T AN F Y BT R A B R UR, SO A T A Ok
TERWARE, MEEILTRAARYE, WBHE, Tk fZE
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FHEER , BARMEAR, DIEIRATA B H A S —1E i
PLE LA BOEAS . B TTGR & 1 RS L2 B0t .
JGEL 2 AT LAFH R ASOA 57 3 A IR R R i 1) R

OGS B AL 19t 22 R B 201 28 ) & i R 1Y
JE YRR 1, AR R T REAE I . B TERE
] Y BRAE DA RO () 5 F IR BAE . B T X — A ik
A, ZMH(Albert Einstein, 1879~1955)P17E19164F 4 H
T Z 4R J (stimulated emission) F9HES. Z KN HTIH 192148
PAGE DURY IR, R IR K Dy 32 R 5, T2 A R
JCHUON FIEIE YR, B AR R AN TE R G (L A ) |
BER (B ) I HL T BRIT BT RE R (IR & A BUEES) JF ik
—AO6F, EFREES T E TR 2. XK
A AN FET LB R 2 K A=, R H R 5 (spontaneous
emission). £ EF A { RSN, RS TAR TR O
TAE I AT REEAHE Y, (HR AT RS T . ek . AL
SEREHLEY. EECIR, 4 H G JOE  BBET DTS, &R
JE H ARSI, A2 WCRR SRAE H FARTE FREGL, W]
AREEMBIHT ETRRAREE ZMDLTF AN, BTEa—
FE LA BRIE B R AB 2 ) I B A — > AL O 7 — B — 4
BOCF— AR R, T, e . AALSER—HE. O
z’fﬁ%?ﬁﬂ:ﬁt—hght Amplification by Stimulated Emis-
sion of Radiation (LASER), T 134k e 52 4 5 i e oK.
X LRI T AT R S ——HE W OB A 2 A
(7 80 R o7 B8 1 S AR 2. 52 J5CRR S8 7 AR 1Dl 5 A
FRA TR, S U0 RAM T T MR 4 T
RATHTHE, W2 WO HAB R B JE A, A48 7 10 PR e
JBE. AR TR AT DU K O R 4 20 O bk b
BAE R POE T T A

SR, BEARARATSE I BT AR SLis # 0B a, 8
SRR T RO W A, BT AE ERR R T
TRTET RN, FEEOCA RHEA 2 T E T A
R 25/ 2 S B —AS PTHRAE I P v T BRI B A e 2
BT AR A U R S IR T BUR R RE R 0 ECE A
R BLSC B 25 BB Y T R R s AL RE AR 24 ok
[\, AW i 52 O S 7 AR R AR T T, SO ]
PLSEBRAE R BOG (). 58—~ 52 kR 5 a2 58 B #H R L
WK 211 W (Charles Hard Townes, 1915~2015)%%
NPO1953AE MO IY, 386 35 A J5 2 FH S L T 2 3 11 2 4
T(NH3), KRB KRL12 mm, Hi324 GHz, TR EL,
K 8 FR W MASER(Microwave Amplification by Stimulated
Emission of Radiation, ). &3 H T 1954F119554F
K Fe. TRIRBR B 51 0 Py B 5T BT B B2 K R (Nicolay
Gennadiyevich Basov, 1922~2001)F13% 7% 47 K (Aleksandr
Mikhailovich Prokhorov, 1916~2002)"7£19554F 2% T
KTMASERMY IS SCHE . X2 NREAR S — D2 e
SPIR. LA BRAl, 1 A A Rk R —— DR e 2 i
7 (Arthur Leonard Schawlow, 1921~1999)"*17£19584F 4 )
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B 1 (2R E)BOLEEE. 1, BOWEENEG 2, fEBbh - Eu st
MU RE A 3, IERIEIEET; 4, IEIRIE I B BOCH IR ET; 5,
O

Figure 1 (Color online) Schematic of a laser cavity. 1, Laser medium;
2, pump to drive population inversion; 3, cavity mirror; 4, cavity mir-
ror/output coupler; 5, laser output

T LA FR] DO B a7 R O B A, IR R
“infrared and optical masers”. {H & AfT5 4k T332 LASER
XA, AWK —ARBAE T T k. 19644F, T .
[ 3R A3 S v R L MRS DUR B2 3. Mgt T
198 14 A M 0661 2+ 5 A B {A AR (Nicolaas Bloembergen,
1920~2017)— 2 3153 DUR Py A2

HFAAMFEPF DR, ko E o R, A
VTR T S Sk i (438 SR DGO L S IR A 1R 1961
4F, [VRELE PR T 5256 2 T 4E 9 McClung Al Hellwarth ' fi
TH—GIHQEILA. M1 AT AWOLH MIBIRIE B &
BT —ATORE, RS AT DA g SR e R,
R HIR s i 3 25, DRL O 25 I Wt e vk M 4, OGH
MEAET. XENEWESESE, NP TR RS
KO8, AR A A KA ik — R R TR A
LR, TR B 14 25 RSB B ST, A0 BT P A A Y B R
AL BB G K b i, BRAF AR TR RIBOK . XA Ik
ENT 120 nsHYBOGIK R, SS B Fr 08 QIO 25 i fg i
H B B S Dk R 29 2 10 ms.

19644F, & [ Il /RS2 %8 i) Hargrove & A T4
— G PR ES. N, BIRIE AR B AT 3RAS 8k v
HAFE. EiREE D, BE A2 M RGN ERHN
BTl IR S . TR T R S R Y 6 B 25 A BT Kk
TRV HR I L — P I 1T 38 348 25 A IS AR LA AR, AT DA R4k
BN F R TIE BHOE. XSRS, (HR %
SLIE G, M Z A B e R B R L A X
FHOL R RE 2k, 2 AW 3R 3 HLAE A 22 B2 i AL mT
VLA B 5 TV TR e kb s AR B i 2 sl 5 4
FIDEIE s, T AR kAT vl RE R, CADGIE OB
B 58 43 A0 ) A5 61 B A R AR A7, W] LASE 3o 7 57 AR 4
T T E R E A A, TSR Bk e ERE . A
T Ay AR 22 B B, ko iR S, R R ST AR Al



FR (transform limited); Ab 2% 3ot BR bk w6 Jik 58 A1 1% 5
JE B e BB Rl S8 B B B /ME. IR M A E AN E,
A Ty S8 AR 2 B, S Dk b Bk A WA ORK VK . A L AR 4
% PRk o, R WK ik o PN 45 S AR Y Bk B TR 22 5, K
LRI T

DUJR SE 56 253X 5 0% 10 3 25 A 2 AU TR & AU,
BRSSP R R g R A . AR IR S i AR A A
VG PE %) 180 ] 350 238 A5 AS [7) 265 B8R o7 AS [ S8 149 01 38 B 43 R
PR R R ABEW L, XA 2P, A4
633 nmH0 KR T EEMHES6 MHz, 2.5 ns [ 5
Jok v .

19654F, 2 [E Honeywell 2y 7] A Mocker Fl B JE 75 ik K
2411 Collins 76 215 A1 OB 1A i P A e i SE B T
S — RS AR A A P R I A T R M e M A
55 B e T — B A AT DL T 22 O R B AE Y
4% AT A ) 34 25 80, TR T b B A6 A A 0] ey 1451
FER KM, SR B PR B . 5HMnREIESm
F WAL, RSB, X AEEIR R
YIRS g, Jf B R 2 QR B Sh B AL ROt &, B
B ST QML T R 22 Ik vp P 5. 35— RSk
0 S BB B AE 197248, B DURSEIR E 1
Ippen e NS . AT A8 GRS T OG ZE 00 19 YL RO
a5 LR A YR AT & AR AR T a0 R4 600 nmAE A Y
1.5 psHl sh AR bk wfrdd th . 19814F, DLJR 55 56 % Y Fork
N — e o 1) A s B Ay o —— il R Ak o i A, 2
BT 90 fs(1 fs=10"" s), LS nmHEIL A oAl L ik b
Hth. 1985%4F, SR DUR 9286 % (1 Valdmanis 5 A 7E i
B E YORHEOE I IE AR T — R BRI A, M
M43 17634 nmfH T A927 fshkif.

DL b g0 0 O R AR AR B W R RO =0T
KO WA BWIRASRE, POV ROtIRG .
Tt e b N AR AR RO IR 5 e R R A (R
A, FE MR OB Il i A S5 R B 2 81
B AR RO A BT A TR BB Rt B 2
BT T ROG RSN A e A B bk L =B R A2 RE S
PR T AR SR GIR, EAREOREOR . SR S R
. X —RANM R, U EBOGOR, M T
RO ik ) B R R ) T ) R R

B R IRAR R 1 K v &0k © & AR B e 1)
1 25 A0 T DA T 5 0 A X v B8 it IO K b Hh L 3k AT DA
FH IR I (AR OO W AT LU I (Z#R). FAE 19694
I [ I R 2 55 40 0 4 S S 0 2 (B AR M - AR R E K
S 2 BT ) I Swain A Rainer! SV S g 3 45 14—
ATAEWOR AR, T8 B 4 Bk Oy « 22 38 JEHR O I K 4% (many-
pass resonant laser amplifier)”. 19704 & KT AL = A
Buczek® A'HE @ T — G A RO, - HAM
RS LT AT B F-A R R 19804 i M K 2= 55

TR - R 3 5K S0 8 (76 57 10 T i 5 S0 96 = 2 )5 i 95 46
Hr - A PR B R SR % A RT ) A Murray FlLowdermilk!”
FIHINA: YAGBB L A2 5 A A1) SE B . 19814F, 9716
Hr - A Bh B R [ 5 9006 % B9 Murray 2 AU R T — R )
2238 BRI AT IR AR ) S0 B IR RS 0 i i1 ok o
AT 32 B3O A T L K A G 27 I 2 1 B U 19 AR 7 BR o
A RER .
19854F, 5[5 2 YT 24 A S0 3 22 R i 6 T WA
Wk Bk ohosc R B ScEE N AT NG Y AGHR T A i A9 150
pslk (G 765 nm, ELEWRIKeh THZ 1.4 kmAyGLF
FEFE300 ps, RJEE AR BAE RO, FEAS ki
K230 IR K TR LS N HERE2 m). FHEk
MRS = T O IR TEL.06 umAg 1.5 pshikih. X HLK
i A BE B S ECEEARSEA A, (B3] A 6 L i sl
R Rl F ek bR B T vk 2 B T ROK A bk e
B BRI R 2 PR B A Pk o i Y 2 BIOAS 2 ik oo B R AR
B, W6 R R, k2 BB LUK o 5 B BEBR UG BE
TR TR B OE BT BOR A A5 4% A 5 N L b 9 B G
7, REFETEAEN TSI RIS, 2T,
HLES DL T A AR IR A BE 0. ZEARD R R, 0k
CE T SEA A i I NI NN € NN 2 R G
St MR AR WE L B, wha & A A
S AR R S R et B, T RE TR
P Pk b ) N s ) A AR EE BREIR, PR, e ek
AR B BRI, BRI M &M T, SHXT
RSO b, A B AR K AR Bk ed, R B O BE R
AR A 2 T A A BT L BRI R G ) R, IR O
TIOR8 v B 88 25 A BRI Al e on 0, BRI T Ho B
B S AR 2 B G A W K DK e R SO G A TR 9 4
SN FE I R SRR, Bk e S, SRR R AR T2
RAEHE, T B A R L e R B A AR (K
SR A Tk gl o] LA 25 A b B EOE Z A0 RE . 24K
R A [ ) AP D 2R 2 BE IS, 330 RE A ikl T A8 7 8
LR, P2 T B 0 Y R 40 ik T LA 3R A5 I ) o
15 LL TR R (A Jok o (P 2). W WK Ak v R e AR A 38
SETHORFE B Bk P R LT B0 T ERR, o 244 e
Jik i I i g SRR T, 3 TE SR S R S RN B AN AE 334E 2 )R
ARAS VA DL JR ) B 2 2 1 B DR ——<< 7 A T o B R 6 2 Ik
LY R
JLF R, 55— 4RO ARG FE K
MR R BAE19864F Bl 7. SEEGE LK HEIEA R B
Moulton"VRTER 3 7 [ I3 £2 K2 1) Albers % A P[] IRF 20 #i
T — ROt Bi— 8 E A (Tit AlLO;, BE=F L=
B, 34FJE, e E AR EG E 2 B A French % A2 S x4k
TAELI T AN E S BIEL. 19914F, JhAk 22 Rk
2 Spencedi A\ P IL T B sh B IEART560 fs Ik rhi
H. 5RIEARFE M E, Spence®s A ML s B ¥ A i Fn g
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(compressor)fH 1] {5 i 1 149 52 ik b i 4

B3 4 kl

B2 (048 RERS ) WA BRI b Je R it B 1 B ik Uk 1 28 B B 8% (stretchen) R DK BE, 28 K &% (amplifier) £

WHOKR, RIG&E &

Figure 2 (Color online) Chirped pulse amplification. A weak laser pulse is chirped and stretched in time by the stretcher, so that it may be amplified
to much higher energy while maintaining a relatively low intensity in the amplifier. Then, an optical compressor is used to remove the chirp of the

pulse, producing a high-energy short pulse

WA T, Bk BB 58 A R SR AR = A TP — R RR O R
BT B AR AR S BLRY. 19934F, S5 [ 48 BT M 37
K 2 Kapteyn Fl Murnane 3¢ I () #F 53 40 3 52 90 1 8k 5 17 IR
Gitwll fsHYBUBI K el il 20014, FEE-R/RIE LKA
S (BN S A POR R 52 A R 2R 4k TRk BES fs, Ot
T S5 — R O K b . SRR B R R 2 R
FAR B, Jo X 22 A B ek, BOH
TR Ak R AT 1) 4 ] 2SR A T AR s o R OG AR
TR R TR, XL YeRl, ShE AR ERR R A K | A
WE e, A AT RE S, R, SE5a
BA TR I — M S | e 0 R B A I B 1
JCHZARH S8R SCRI A 63E, T LASCRRES tshik; BRI
i 5 0 2 1 AR EOE A B EH S 850 52 5 H A
55 W WK K bR RN SR B B BB R M A S, KE
AL TG R R, B AN B H AT R LR 7R SRR SR Ot
Jok b 4503 1% FH B )12 B . 19914F, 7 95 [ 2% B K
AR SN T R R B AR A R 2 PIVR I K 2 A v A 4y
1 POV, 28 K 5 A0 TR 35 s AR 2% 76 B AR Y B A R |
(10 Hz)3K 19 T HkFE100 fsZify . RER AT 1 mIAYHOEIK i,
o H I K 247 5 R o 1 Y Bk v i B 2K B T 450 mI™l,
199545, HEBEG M <7 K 2E7E10 HzEEHRTE 126 fs, 60 m]J
f Bk o PO B, O O BOR K2R R R A kR TR
23T A el P S A2 P4V L ) 4l 0 Bk R 2 Bl
FERE ARG MRS A T L EE M RIS T e
WA B ARG ROk . 1995~20004F,
LR 2B [ Bk B 7 22 52 s s LA 9 B 8 VR v
B} 2 e ) BRI 5 B PO A0 B SE B T 20 s e A7 BB R A
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BRI fe bk v Y, 5 kHz, 50 fs, 0.1 mJFI10 Hz, 25 fs,
36 mJ 1k A R A% ik

HRT, Bk A ok a8 vl DU L K SE /N T 15 fs, REHE
0.2 J, IR T 10 TW(1 TW=10"2 W)RI ik (20134E,
2 [ 2 LA R )0 sk R T 192 U, Bk EE/N T
30 fs, MU (E I 2SS PW( PW=10"" W)ty k(2015
4E, R B B IEOG RS E AL 5 D). iF = A,
PLBK A R OEA I, R S0 R 3 B R SR 1%
I, I FH WA Bk e AR AT B A ) A R ok b O
TR TIEF Y BPOE . B Bk
T SRR BOLR PN . B S R
SR E KRG HL . OGRS *%%ﬁ#%ﬁ J K R Y
B & i e IR SO, 7R AN ﬁmﬁﬁ%
AR WA WK Jok v Rk 3 % 0 T v, %zaﬁﬁm
ﬂ%ﬂmﬁﬁﬁ¢ﬁﬁﬁfm,ﬁﬁ%%@mﬁwmk*
BEMSEE. WX — S, LRTEX 30245 R S M sk ik
Sk AR5 A 16 R 19 EL RS R, 20184F (134 DL
IR B2 AT DL S 2 44 1.

AR AR SR TRk o, ORI S, IR
PR T AT LAXHOU I B AT WA BE AR AY IN R AT, i oR
FEATTR B #5310 53068 B T — R B O bk b o B4 Bk o iy
TR A BB T2 s i — R PG, ki . i, 7%
RS R Eh AR A, WY TR TN T — &R
AR B . NI RUEE B, A % i 4R 3h | ks
FNE, B S /NGy T B SO Ry T R BR R K, AT DA R RS
WO K I ;b 27 B /N o3 I 31 20 ) R AR AR RORD
G i PRA R TE S, TR K b A BE o B, T



Jok O BRI PO R VR B X AL R TR Sk 1.

TE O & W 2 B AT B 2 TIF WA HF 58 MO R T 1938 3h
AR T . 19504EFi e, & [ SUMF K 2% B9 Porter™ il A1 FH
INFEIT 5 Ak 2% BT, SR B I 44000 1 7 3 30 o 00 o v )
TR T Sk I R R B, RS BT LLGA B R K.
T X A2 SO AFSE T AE, ] fiManfred Eigens)52
T 19674F 13 DR fb 2 2.

FEWOC R W Z 5, Ik i ot s b g i 38 i
Yh, BAE19674F, 36 R IBMAE A B 58 w0 4 Shelton il
Armstrong! i it 0 f5 37 G 25 i A ] 9 728 Ak R T YL R
TR B Bt 4 B 8D, o B R FRJ225~35 ps. #E - ilad
ENER, TR B RO 38 5 o F 8 208 kAT
TREMBIF TAE, SRR RSO0 /RBON . B8 E
By WAFRE . /- FGER B . 5 Fish
HHRSN . o> F AR AE 55, (RO R - B &
TR BT | SR L B R 5 T T
BEZEILTHD, 2L, LHIEEEMMNE TR
P4k /K (Ahmed Hassan Zewail, 1946~2016)19854FE k% T4
FFALMLA T B R SCEE M LR 19884F i 5 AT 56
P BN B DRIE T A SO 40 S 27 AR T R R
2 BT R, R PO A AT IS 4 3] T RRD R
YRR U TR 19994E 3R 1545 D1 JR A28 4.

XoF FRACTLACN) A9 i B B, 3 28 K 9 500808 o0 i
B, RREUR B R A AE200 s P, A A ) A Ak oy
Tz Qg T7°. WU, 7 R RE L, M
18005 F R S LT R 45 T 33X 1 2 R R T oK 4
15 B 8 M AR R B R T DL s A LAy F A
200 fsPA fif 2 A9 3 AR — T — WA R SR EAT 24T, SRR Y 43
T h A A B R R AR 4, X T AR R Y
Bl Jy 2 R R S DL AT SR AN W] i B

WEEANTEE WY FRATIE H 4 ek 30 0% B A Ak 2
%, ARSI WIEEINEH, EAEE TR aEH
AR B, SR R AL B fh 2R AR RTE )
PR A2 R W AR B AR R R PR O . SRR
JG. MM LHENASWRAHE M, flatE sk
BE . 25 RIS S . AR 2R AT, X SIS 1 )
Tl 2l R A AR F R 2 Bl o 28 DL s L
T i f/ N, R B S AR e e O L R T
MM S 2, Wik, g fl 7+ XE e 2T
P 2 R AL A O B B B R B RD R AP R Y A
NFEsHEEAERTiEZ)E, RETEmE R
fian, 78 XUFE 53 F 1 C R B B, B RANE BT
WO FRRERIA R E N REERS, RFESFHRimA
R AR T iz A 0w, BT EIE s EYh T
fiff 3 g T 2 10 A R

L 32 Bl 1 i IR RO SR AE BT R . BT SR K o
RO IR A T WLBE DA B, A L~3 s, G

TRARAF0.1 Akl ARAT BTRD Bk ol B4 I 05 2 b AL
T 1 13 7 1 A% B B VR SR A H: 3 XU AR I B

B 5 SO AL AR 0 g, T L R K oo K B R 1
HE, ATHE KR EOE ke R S 2 T Z AL B L
T EILCR I Bk b it e IR, A A 1 A (T H %
ol HL 7 3 B T L5 T Y R A T R R A . A
P AT, Tk T DA R T A R S A AT
R, 19634, FE MK Z MM L K2E M Damon Al
Tomlinson“" LA K Bt 45 KAT 4 5280 % i Meyerand, Jr.fll
Haught""*1 53 5 R FH LT 52 A OGRS AT T AR B 5086, X
A P EOR B B T ST . 1987119884, 32
] (7 AR 2 2 i aF 43 42 B McPherson s A MRk [ J
01 2 T M B 5T BT B9 Ferray ML Huillier &8 AP 5]
WEE RO L B B O R S — R YO b, R R
JUTaK, A T4 BE. 19934F, & KEZE 5 &
B3 i Corkum VM ) 18 T 3 377 FL B 0 2 20 Ml = D AR
B T RGO ELA JEEE. R4E, Corkum®E A2
T R O I 7 A ST BT R Bk e (X ) T A i &k
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The Nobel Prize in Physics 2018 was awarded “for groundbreaking inventions in the field of laser physics” with one half
to Arthur Ashkin “for the optical tweezers and their application to biological systems”, the other half jointly to Gérard
Mourou and Donna Strickland “for their method of generating high-intensity, ultra-short optical pulses”. The latter
method is, in fact, the chirped pulse amplification, which is one of the key technics for ultra-intense and ultra-short pulse
generation and has been playing a critical role in the advancement of modern ultrafast optics. The time scale of the mo-
tions of microscopic objects, including molecules, atoms, and electrons, extends from nano- to attosecond. To acquire
details of such ultrafast dynamics on the atomic scale requires a physical process as the tool which should take place on a
similar time scale if not shorter.

Ultrafast optics is the short-time scale frontier of physics. The essence of ultrafast optics is the generation of ultra-
short optical pulses and the investigation of molecular, atomic and electronic motions with such pulses. Time-resolved
spectroscopy with optical pulses as fast as or even faster than the microscopic dynamics under investigation promises a
formidable tool to enhance our understanding of ultrafast processes. An essential target of such studies is to explore col-
lective electronic motion and correlation mechanisms in multielectron systems, which represent fundamental problems in
both theoretical and experimental researches.

Since the laser was invented in 1960, a series of breakthroughs have been pushing the laser pulse shorter and stronger,
including Q-switch, mode-locking, and laser amplification. Furthermore, the combination of Ti:sapphire crystal,
Kerr-lens mode-locking, and chirped pulse amplification paved the way to not only even shorter laser pulses but also
high-intensity ones never seen before. Such high-intensity and ultra-short laser pulses have made researches in
strong-field ionization, high-order harmonic generation and eventually the production of attosecond optical pulses possi-
ble. Along such an improvement of the optical pulse width and energy, ultrafast optics, as a frontier of physics research,
has also made significant progress in the past years and stepped into the attosecond regime. By now, attosecond optical
pulses have permitted researchers the capability to resolve electronic dynamics in real time. As the source and the foun-
dation, the continual development of ultra-short laser pulses is expected to open new avenues in ultrafast studies in the
future.

In this article, we are trying to follow the history of the rapid development of high-intensity and ultra-short optical
pulses in the framework of atomic structure and light-matter interaction, and to present an intuitive and comprehensive
review of the evolution of lasers and ultrafast optics, as well as their substantial impact on physics research in general.

laser, chirped pulse amplification, ultrafast optics, ultrafast dynamics
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