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ABSTRACT

With the development of laser technology especially the invention of the chirped pulse
amplification (CPA) technique, ultra-short and ultra-intense laser pulses with unprecedented
intense field strength can be realized by a table-top facility in laboratory, which greatly
broadens the research area of the interaction between light field and matter, entering the
ultra-relativistic nonlinear optics. The contents included in this area is conspicuously rich,
such as laser electron acceleration, laser ion acceleration, high harmonic and attosecond pulse
generation, laser nuclear physics, and even nonlinear vacuum physics and so on. The
corresponding application prospect is also very broad. It not only can provide high energy
particle and high energy radiation sources, but also opens the door detecting the uncharted
ultra-fast physical phenomenon. Among the numerous research subdisciplines of the
relativistic laser matter interactions, the laser-driven ion acceleration is one of the most
challenging issues, depending heavily on the enhancement of the laser intensity due to their
large mass comparing with that of electron. There are a few mechanisms of ion acceleration
proposed so far, such as target normal sheath acceleration (TNSA), radiation pressure
acceleration (RPA), break-out afterburner (BOA), and collisionless shock wave acceleration,
etc. However, there are a few problems related with these mechanisms such as the low
maximum energy, poor energy spectra, low energy conversion efficiency, or excessively high
requests on laser parameters. All these factors put significant limitation of these mechanisms
for practical applications. Therefore, new and effective schemes are urgently demanded.
Under this background, this thesis carries out theoretical and numerical investigation on the
new mechanisms and schemes of laser-driven ion acceleration in direct laser interaction with
ion beams and laser interaction with thin solid targets. Main results are given as follows.

1. We proposed an exact solution of the Maxwell equations based on the plane-wave angular
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spectrum analysis. This solution is applied to calculate the fields of a radially polarized
Laguerre-Gaussian laser beam. It shows that the strength of the longitudinal electric field
near the focus obtained from our solution can be significantly larger than that of transverse
electric field as the beam waist size is less than a laser wavelength. Based on the above
method, a solution valid for tightly focused radially polarized few-cycle laser pulses
propagating in vacuum is presented. The resulting field distribution is significantly
different from that based on the paraxial approximation for pulses with either small or large
beam diameters (comparing with laser wavelength). We compare the electron accelerations
obtained with the two solutions and find that the energy gain obtained with our new
solution is usually much larger than that with the paraxial approximation solution.

. Based on the method proposed in the previous chapter, a solution for the field of a tightly
focused radially polarized (RP) chirped laser pulse is presented. With this solution, direct
laser acceleration of protons by this kind of RP laser pulses is investigated numerically. It is
found that a RP laser pulse with proper negative frequency chirps can lead to efficient
proton acceleration, reaching sub-GeV at the laser intensity of 10**W/cm® from its
injection energy of 45 MeV.

. Currently, most laser ion acceleration experiments are baed on the TNSA mechanism, while
the main problem of this mechanism is its low efficiency (the maximum proton energy is
about 60MeV at present) and usually it can only obtain an exponentially decreasing energy
spectrum. To solve the above problem, we proposed a two-stage proton acceleration
scheme using present-day intense lasers and a unique target design. The target system
consists of a hollow cylinder with conical inner wall, which is followed by the main target
with a flat front and a dish-like flared rear surface. At the center of the latter is a tapered
proton layer, which is surrounded by side proton layers at an angle to it. In the first
acceleration stage, protons in both layers are accelerated by target normal sheath
acceleration. The center-layer protons are accelerated forward along the axis while the side
protons are accelerated and focused towards them. As a result, the side-layer protons
radially compress as well as axially further accelerates the front part of the center-layer

protons in the second stage. 2D PIC simulation show that a quasi-monoenergetic proton
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bunch with the maximum energy over 250 MeV and energy spread ~17% can be generated

when such a target is irradiated with an 80fs laser pulse with focused intensity
3.1x10* W/em®. 3D PIC simulation gives the reduced maximum energy ~112 MeV but

even smaller energy spread ~3% under the same laser conditions due to anisotropic electron
acceleration with linearly polarized lasers.

. The realizing of the radiation pressure acceleration (RPA) usually needs laser intensity
larger than 10* W/cm® which is beyond the currently available one. Meanwhile, this ion
acceleration mechanism is subject to the Rayleigh-Taylor like instability which prematurely
terminates the acceleration process. To solve the above problem, we proposed a new target
design named as Dual Parabola Target (DPT) consisting of a side target (ST) with parabolic
inner surface and a middle target (MT) with parabolic front surface to generate high quality
quasi-monoenergetic proton bunch. In the case of using a plane target, the transverse
distribution of the Rayleigh-Taylor instability appears a Gaussian shape which is harmful to
the formation of a light sail in the central part of the target. While in the case of using the
DPT target, the lateral part of the laser pulse is reflected and focused by the parabolic inner
wall of the ST target and then obliquely incident at the surrounding area of the MT target
that causes the proton kinetic energy thus the surface instability growth rate of the wing
region of the MT target is higher than that of its central region which protects this central
part and enable it effectively to be a light sail. Furthermore, this effect significantly reduces
the requirement of the peak laser intensity. 2D and 3D PIC simulation results indicate that a
quasi-monoenergetic proton bunch with peak energy 262 MeV and energy spread ~13%

can be generated when such a target is irradiated by a 66fs circularly polarized laser pulse
with focused intensity 1, ~9.9x10* W/em®.

. Multi-dimensional effects on proton acceleration by linearly polarized intense laser pulse
interacting with a thin solid target have been investigated numerically. We checked the
simulation geometry effects by running one, two, and three dimensional (1D, 2D, 3D)
particle-in-cell (PIC) simulations. 3D simulation results show that, electrons spread almost
uniformly along two transverse directions in the case of using a relatively thick target (in

the opaque regime). While electrons spread more quickly along the direction orthogonal to

VI



the laser polarization direction in the case of using an ultra-thin target (in the transparent
regime) especially at the early stage. The transverse spreading of electrons strongly
decreases the electron density at the rear side of the target. Such effect makes different
estimation of electron temperatures in different simulation geometries. Usually 1D and 2D
simulations overestimate the temperature and as a result, the maximum proton energy
observed in 1D or 2D simulation is about 3 or 2 times of that observed in 3D simulations.
Therefore, it appears that 3D simulation is necessary if one wants to compare simulation

and experimental results no matter thin or thick targets are adopted.

Keywords: Chirped pulse amplification (CPA), Target normal sheath acceleration (TNSA),

Radiation pressure acceleration (RPA), Particle-in-cell simulation (PIC), Target design for ion

acceleration, Quasi-monoenergetic proton bunch
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Fig.1-1 Schematic diagram of a CPA laser

CPA FiAR (1R W 155 [ 2y Sy iz F B R T S5 O3 B Bl 37 s D 3
A . 4025 [H 1) Texas Petawatt Laser(TPL, 186J, 167fs, ~1PW), [ ] Vulcan(500J,
500fs, ~1PW)%5 & T HAEOEIK e &, M3EE Rochester Y] OMEGA EP(1KJ, 1ps),
NIF(2MJ, 3~10ns, 192 beams), % E ] LMJI(1.8MJ, 0.2~25ns, 240 beams) Ml J& T~ ik
HKAE OGS, BAMEZ ELL A HIPER N J& T8 5803 B (10° ~10* W/em?).
RINF B R B 1R R DR T UL E SCHR[13]
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TATE RS R BRI . AL, FF N T T ERRNT Y, X
I STt R O B TR EL . ORI IA R 107 W/em® ) Schwinger 25 /R
[18], K M BLIE s X722 K 7 06 7 A S R 1 Bl RN, BRI i e B B
I CIRN TN, s AR 39 EAER

H ArHOE S 55 B AR BAF 2RO TR R 24T BOGIKEN 5 £ A% R AR A
KWEFL[20]. WL IREN B RERL T IR A% BN S BT A G 7L . Ob S 5 B AR A
AR AR SR A AR KW T [21-24], ARG WAL 2B, A RB I AAHXS 18
JCH R, WOCRKMLAR ML RN T, 184 B AR A A T T S WOt kR e
FR TSR mEEHR TSR TR RIS IS, BRI S & TR
HAFR P AR B FAFEVESESE o HEANERE IR O 5 55 B 74O T A AT R A R
FLR AL B A A ik, Hon] R BEATE IR AL T ATI I T . a4k, BRI EOL
FERT A A a2 R A 55 B RIS W] DR BEATHOL T I . WotsIE . BSOSy
T AIRE T H R, A OGS R 7 AR AR HORA UL SEELR AR V) B 51 1) S8 == RARY)
BT SR IR SRR FUE AT . T T R 2 AR L R AL L v R 1 Ik 2 A4
SR 10 2 B P AT TE AR o
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1.3.1 Z4FRME L RAAAIRE

SR AL TR AL T S B R B A L — MR T AU B N SR SCI I A 2
ke, NN RIE I 7 SRR . SR AL S Re i E T A AR A R . Xy,
AT REIEAT R TF KA B2 L RBR K, A 1 S B v] R & T I i v o AR R A R v
PR IR RS G IR SR 2 4 AR A PR B O R 145 T T B BN B S I A AR R R
WIALRRURWURAE . KBE KPHBESE — 7 T 32 B AR S AR RBR 1, 55 — 0 T ks I
Ao, FIHACRL, RAERETSBRERET. ZRTRAT L M2 mEE, 7E
RZ EF OB HERRIR I E AN e . SR, BTk B R SRAEAE A m] (R i 28 AR K
RHngh P45 G R ik AT IR ELT AR A BE RO, HL2RAR I PR S IR A 3 A E 5 TR A
R FE AR H SR A IR R K P A% S St B e IR BRSO AE R LA 2
AR RE AT RE A N AT LK e R b 2h . DRIL, R 3—Fhisyd . R &k
fiti B & IR IR AL T 4 A B I YIFK

B ERE T, SRR BN A B IEE# . RN EE LR AW AL
F—— (D) AU CT), XEGERER/KPEEMCAES, BNE, MK heE
A 0.03 5T, FTUAHER EACEK A 45 TR 1 FHEKR TS IR, SR
AR R AR 2 T 300 FHAMBARE S R e . HBR T 2R B A% SR AR R 20 9 2R 1 T gk
ATHAS LR FITRERR U 4304 AR RE Y 1000 Jif5. BTN, BARARATALAE, AT
R SEERGIS, KPS ERENEITER . R R BOEA 2R
Mo BEBEAEAN G RS YR TSR PR 72, DRI R TE A 1 o RIS 324584 SR AR e 7 7]
DATERR 0 S R R el AR e dhdh AT, DRI 2 41

NTEIZRAR, DB B — IR B R A — BOR KR [a]
BV /2 57 A AHE (Lawson Criterion, nzT >3x10%'m™-s-keV Do I8 K RETIA 55 AR H)
WA NE— LR T RZRE AT, HAr, SR =Ry, —msl
JILIRIRAR , UnE Bl R MR EE L BRI 51 74 P 2 SRFC2H R ) o S5 30 SR AR F It DR 2 £
Fait o Sy AP N LS AT 4EA% SR AR K iR Ay B R i 07 2, B L0 SRR AE (Magnetic
Confinement Fusion, MCF) [25] I 14 Z) A5 AE (Inertial Confinement Fusion, ICF) [20].



FIRAGE R A R

T 24 AR R AR e ) ) K I FLUR B B0 7 A IO R I 0 45 B T4 (~ 4% 107" gem™ ) BEAT 23R
(10s), fi 2 o /2 AR KA TSR RAR L. A RBEAM AR ERITL RS 5
(Tokamak), PEZI R RALZM A = RE BN, WHEEBOL. By, Z-pinch SEEMHK
T PRI 8] PR PR R 45 . A i RO URLEE. (10KeV ) FIBE (300~1000 gem™ ),
AEIRBHE L FP i A2 R KSR T R A R K HE T SR TR AR M o

PVELI R IR A FHS R N4 miK s PR E RREA R =B BL. RS SRS Y
PR 4B AL 5 SR AS R 20 O B SR S AN (] i SR s P . B R A 1 E B RN (1)
WOt B2 B0 A BRI )RR IR AT TTURA B AUHE AL, R #E 7e ) i i B 72
R R AR TR Q) ARG, RIHESE H BT B =y IR A 8 TR U AN AR A, A
FI IR SR ALHEAT )00 SR, FEARKE IR (< 107'0s ) K H 4 3 v i s 25 BEIRAS s (3)
RAZ K, BE R AR AT R, JTOMRE D et s S JBE A DAASE L A2 57 AR P 9 OF
SKHLRA L (4 RAZ B FRRARE, RIVEEARE U T 2828 S N A B S e & i 3 RS,
MM SEBLAE R G 2 [20]. 1B 1-4 Bom 7 HAERIKEN 7 AN EO e L R R AL 1 L

4,
«— ¥
Yea?

Bl1-4 EHIREN 7 A HORI 2 R A i 7 )
Fig.1-4 The process of the direct drive laser inertial confinement fusion
BHEIRE) 7 IR AE SR T IR YRR AR A S AR, X b A R AT LA
bl AR 10 88 o A [ 4 R A A 2 ) A7 ZE I A P B (6 000, P e Ak ST b 2 % A i il
Rayleigh-Taylor ASf25E 7% (Rayleigh-Taylor instability, RTD) [26], XfhANfa e 4155
JBORAE Fe 4 72 e R A AT BN AN S S0, A R4 AR R, kT ikl 3 5 A8 4%
o DGR FH B B2 Rl 5 2 AT 1R R A% IS I A RS ffy (U A AL P 35 50 P D e R 35
SIME, DABR I RTL W RARSEIL A REI o (A1 Hz 3R 5 1E 2 A ok ik B4 0K 1) RTL 5200 17
27 %7 RS, WOtk RAA SR TR R, WO RIEEEEH A
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X B2k, X GTERTENEEE A O 2 R AR IRTERE AL b, i TR i3 P, BRI X4
28 (158 UK A 350 50 1, DRI R St 48 AL P P 48t A 34350 11

Toie & HE KA R IR 0R Bl , AR RS 2 5 A S R K, A RE S R RAR 8
RIS AR, RO SRR R K e D s OR AR B AU ) O R A
TE O B el e 3 BE (AR, BRI R R B S S SR IO BE, 1 5 SE IR B
FERRE . IX B Sk O ST BRI 35 5 PEANBE LI ER G R M B 1 T 12 R, HL
NT LR IIERE R R, BT SRR E TA R MI 0. N T BRI AU AR
A, Tabak %6 N7E 1994 E32 H T a0l 1-5 Fosi“ B sk ” (Fast Ignition, FI) 77 %[28],

Sadl buming

.‘_I’q __.ﬂ' C:;'\'s ':{-'r
SN g

compression ignition burning

I1-5 P kO R A i AP
Fig.1-5 The process of laser fast ignition

AR TTEAT LI A =AB B (DZ BTSSR ns KK EOG AN BT FL#E4T A
BRIEAE, o2 O X, (H R AN R UG IR AR N . B B 77 100KT 3
JtRERE: Q)M — WK TE 100ps, FEAGIE~ 10" W/em® FIBO'S kv JE 76 15 4 J R AL E&
1, HAER R FE SR TAREX, ERER B AN m o 48 X A EE: (3)
= AR A E5RIE ~ 10 W/em? i) ps RIBOGHTIEIE NG FIFE AL O 48 X, 5065 i
WEHEEETRER, A KE MeV BHH T (1MeV, 100~1000MA, 10ps), XL
R 2 T e T 4 X Lk 5 e vy RS R R 70 BE S UAR L, DT 3 R U
(e 2 KR, GIURFRAR RN, o & SR B A RE[28]. PRATKTT
FHECH O i K 7 SRAE N R IR I BOR F B U R 4 B B, B sl i, KR A
TR BRI S BB AUAS B BRI (KSR, HLAE 1% 0T 28 e AR AT R T IR A2 5RO
5 [ A8 PR o s 4 DXAH LA FH 7 A R A P A RS R BE R UOAR, T A A R R i B
A R AT R SRAR B i, PRI KR BRI 1 % SRS 0T e S 2K
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SRR R KT SRR 051 KON TR T B 40 3o — B P25 B TR X A R I 2 Aoty
Re AL AT, fEAEMEREY, ML SR TR, KAERN. A%
L R IR, EREOsHEA R SOt v T REE, AR T
DURAERELS AR E AR, BUE S kK. 2001 4F, Kodama 25 A$2H T 25O ES] SH S
KTTE[29], RERE—A28 0 @G e SR AR b RUKBOGIE & R #EL 1 0T S
BEAE P A AT, R 7 A B A 1 VR R T AR i B AL TAE T SR, g e =
DURAEREH T ke BT UKo R EENAL R, FLE G | 5105 B %0 X 45 B TR I A
HAEH, MIReA RR fe EAL 4 A T. 2001 4F Roth ¢ Niddgth 7 RHAE T1E
PR ECK I RENYR[30], & 5 AR L LA B9 R I RE R DT, REE— B PRI s
JHTERINERRE FIER, MR, BT UK BB TR TR R, X2
WO RS 1A B 1 N gtk 32 2 SCyE 1 SR R 22— o AR AR ST () 32 EE5HT e ok AE
THRAL T 2R T %, JUHOR IS AN AR R A R T R, AR HIE
BB K B

HAG, AR EE P HIR 2 B AR A AR 2 0 FOO6 I M 2 A% R A8 5 Z ]
171, tnsEEE S S kB E (National Ignition Facility, ICF), EEJKEH EO: LMT 3 &
5o FRETEVY )47 PE G b E AR EL SR AR T SR A DS RT T, MU T AR 2 [ bR
SRR . BIVEL AR R A T R IEB D e fa A 2 6

1.3.2 B EhE sE R F iR 25 FniE &tz

1.3.2.1 BB F MR

MG £, B 5Bl B2 Ja 3RS A s B 5 b O AT AME IR 3K
H B 3R43 i e s FUORE 1 1 07 v 32 22 A2 A0 FH B e I ook 85 B[] g n ke 2 o) s FokE 7 AT 2
ZNNE . SR, AR G I & FRIEAR B2 52 IR AR B S AR BIAE, BRIV i asf 2 A R
HI7E 100MVm™ ZiA7, DRI EER b T RS B A AN KO 2% (A, SR AL N i
RGN E, SR EAE LR . HAET, USSR R R LA BRI
MATE YT # Y & T AR g R # H
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RS BOEHAR B R R IR T A . BB 2 PR, s AR RSO
LT HEAT IR . R B B0 T i R0 B4 oh BB A F T I T AT [31,32] . %K
DT AT A RN 5, — R SO F 3 B R T HEAT N, 207 vk ) 5 B
ERHORL T RE R, SRTTTHCA ROhnsk IR, AR I K B sk T 4k, R TR
LT AT OIS o 0 SV B P P SRS S N B0 L3 PO 3L 2 1,
WHUR T T SO B R B . 55— P R WO A 53 30 J7 0045 HURE 73647 I3 [33-35],
{5 1 TR A R 3 1 F, o (1 p)VE? , Horh y 2l 7 I A WP 24 7, % T
TE HL T I A o — K, X MR H R T A R 3 AT A

1979 4, Tajima 1 Dawson B {2 155 & 114K 2 I % MIE ML & (Laser wakefield
acceleration, LWFA)[36], #&H T HOCREME. 127 EH, AREOCHEEENH
THEAT NG, T SR S TARE N IE A, RO 30 ) 7E S8 T b= i
o e e 3 (A s R o AR P2 RS as, X — s R BRI
. B, SETHEANRITE, LOKTEERE, AMEEREFRRB, LK, &
D5 AT DL A AR B TR R, A R e v I T A R T TR B4 A
EwmmmW%mz%ﬁ}Eﬁ,ﬁ$m%@%ﬁmﬁ§,m%@%%a,e%%%%

CREANIE, o, = J4zn.e’ /m, fE B TEE T W%, ERTEE (n, ~10%m?)
Se g TR £33 E = 96GV/m (I . A AN HOC EE N AR L, TR R,
BRI NAZL y B THIRE, FATESE TR Ty ~ 1. Bk, ETHORSET
AT LA FEY AT L 30 PR MO 25 8 1 B i A T S R —

HRT, WF 55T B e O FE e i T I 7 28 b R R . TR AR
SR AT RO B B 25 = AN T T TF R AR 5. 6 T 3R R A WOR AR AR [ I S0 B
RETRIRIEDL, NS T AR F R RS8R 7 5 Wi SOR 371 3 18R 138]
kbSR30, FIAT, B BRSO HOR IR, BSOSk R 5 R ©
FCNTTRE, 2002 4F, Pukhov 25 A\ FH =4 PIC Ri 140 & TN 43037 R 08 SR, oG
1 B0 I HE A O A B B LT, 7RSO R — MY B TARE R T T
SR, Y TR S S R NHE NS, R I e e R R e e B
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X2 T I 25 N WL (Bubble regime acceleration) [40]. 2006 4, 5E UCLA ()
B NI T IR = Y2 18] o A Y R H T I K e bR I B s e, IRLE
G FAR AR D ] TeV [41]. X FRFEN, XA AL A F T R G
BEPER, DWARIER Z 8B TR R MM FEAEA . B 2 DUHIE I seEEN, HEF
PRI B2 BT RARKE o X t, AATTHRH T 2007 %8, 8 55 5 4Bt B EAN
WOEMIAEN . B 2 HREN . S PR RGN AN mE BT
NEEEE[42]0 &5 BH FIE R BOCM & S TS HEE R . 3T KA o E 2,
SETREIE . BOLHREHEE. BAESELSMHES T REER T 2R,

FESESR IS UE T T, FoAT AR S SEge 45 2 K 32T 2004 4 9 H 30 H iJ{Nature)
& MR SE, EE=AF B SERTRA R . KA SEER Geddes /NAF]
JHI TS 120 -l 3 5 5| e i e O o DA SE K O A U PR RS, AR AT IAR 2 T R B
it 80MeV, fHEHLE 1.8MeV, KHLUAM 3mrad FIERRER T H[43]; F[H 1) Mangles /)N 1@
I S A S B A R AU LT R ARG B, fATIAR B T RE R AE T0MeV, REHUN T 6%
FIAE SRR FL TR [44]: VA Faure /NHFI K 55 5 55 B 1R 0% A AH 2 AR SR 0 SE L
TN, A 1EE] T ROKCREEIA 170MeV HIHESAE BT IR[45]. IL/EIR 2058 /INA
WHEAT THISRHISEYS, JRRIE T EREE R TR E RS R . 2009 4F Davoine 55 A4 H M
R RO S IR G N LTI ) E[46]. TEIX— 7, MR EEOE
BRI TESS B IR PR L R s, (AR A N BB B, B8 A AR 3R ik
WOtk 5 E W8 & ST B, SEES T 25 5 3 71BN R
TR, XFEATT RN FFEN, O OIS R  pe e . HodE i ik
AR O ke i H T A X B AT RN TR . [A4F, Rechatin 28 AHEAT T
RICEENB T I RIS, /58] 7S BAT & 11pC, fE & 178+ 2.4MeV, REHUEAN 1.3%,
KEF 3% Imrad FFIHE SRS FL 7 AR [47 ] SX B8 S200 25 A FUR S N E & [0 B I 8
() H BASTEAS AR SRAS B SEIL,  HLP= A2 10 i 5 P RO RO M HE B R PR 7 AT 5
KA X GFERER AT H O A Y S R R
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1322 BEFMiR

BT OGS R T B U7 S84 FE - gy TH T AR AR R RCR, AT R R,
BT RAAT B TN A AT B . (B IOG S B 1A T BRI 7T R LA
HNERG 2. FRTHERY, HASE0GREREE10* Wem® i, &1 4 8t 1
KM EEERTN A BERE3). Xl 17 IA MEOERE &M, s, BrHwiEMEE
BT IR0 5 55 8 M EAE TS R b BrisCR K R Ik, IR O e e O AH i 15
Oy ~C, M T ASBELERLIN (0] YA I BRI 6E, AR R adisk. Bk, H
A AH AT 58 T 2 L ARG 55 B 1A B - ndk U7 R A TR b )y 58, RLE R 1 45 5 114
HH R R AN S 5 1) TR RS LT 0 B A R I o TN T B I HO6 bk o
5 BRI EAE PRSI, X5 oIl 248 RS, RO AR,
BOCAE SRS A AR I 5 S5 3 1A T = A B A L AR S T R EIOR, ANBE T B IS
[ %) Jey S ) s et L 3 o R FHVROG S [ A5 B AR FH R RE P A s RE S 1, s L 2 PEAG
K, BNEOLE B G Bk i 2 CERE, sht gD RS TR, B
T A FEAC HE eV P — 8070 B A3 B (B XA 7 S Inad A5 2 1) & 11 7 ) 1%
Bz o WOt BARSEA TAE F A 5 IdEA LR ARYE & T RIER AR, 322G N g A
BTN, Frb S S AL ) 32 S A SV R S I (TNSA), 17 2 AT A AT i ) 3 22
SRR IS INIE (RPA) e AT 1.7 1R PR 411X W A OGBS 1 I AL i i ik J 2

1323 HERENHIF B RS IR

WOC RS T R AR SR R0 7T T AR T AR S . BT Bk b & THz &5 F i
T A S ERJF BE R T

MTZ AT RETED (107%s) Fkii4mst I, 2 KA BT AD & 5 4% R B i B 73h 7
IS TA) A, A ) R e 2 IO Bk b A e R B W R 2 ) i FRORBE B i1 R
FIHLTE s fE, WORS RIS I 2 SN . BEARAF R RD & 2 WO Ik, & S B AR ey 1]
R BT IR A AR S (R AMRNER X SR B 7 5. BNt kb 220 &
A=, BFTUBOCA S Rt 2 R Bk K R E R &R . Tk, ZERAE
LRSS, — M RO 75 V22 A R TR0 R D' 1 e B J T WU IO A 31 g e )
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PR SR R, TR e AR i A o A0 AT 4 A Tk, IRy R IRCA e T U

WOt 585 B A AR 7= A v RV I 1) U7 SR AE 3 3 T2 R R e SR O s 5 1
YERARIER . HOd KRB AU R T SR 2E B T 7EWOE FB AR 1T AN TR A
JGHLIA R T BN, LR 5 A A B A R, 7R R T IR S R R ik
K [48,49] JE I BB AL AL R e O S BAT A0 R s DR SR BE B A A AR
X 30 T R, 7R B B X e o AR, BEAN B RS I B Bk, AR RE
U =1,+3.17U,[50], A1, FIU ;535 J5 - o 4 RE IR0 G Rl i34 6e . H il
FESREG b 2 U0 3 (98K 55 1) e U e B 5006V, X I8 1 33t A S I8 B 4509 il
N 2.48nm Al 300[51]. 2001 4, Hentschel 5 A fS256 R F AN [H] (SR FH S DASE  HaL 8
BIE 1, , WE] T REEN 90eV, FkFEJy 650as [ EEANE K IF[22]

B T SR FSOG 5 SRR P 77 R4, B SR ki 5 i % R A5 RS A SR T
R A e R I - 1996 4F, Lichters 55 A i H 55 B TR e [ 9 % £ 84 ( Oscillating
plasmas mirror model) SRAEREX —HL G [52]. ZBALNN, HEOCAS B EA St IE
LB PR B TR B ISR, WORAE BN S0t BT AT R AR T R e A R T R4S,
T4 EAEA R B 1RG5 TR F R TR R 2R o Bl S NSO A
P BT I ST, T 22 8 SRS SR 77 A i U o 4R35 B AL ) RE 7= 2 1) e e o S
IEEN Qe =AY e @ 5 T Y B @ 53 51 AR5 558 B DR 355 35 P55 P 5 466 25 DR 1 RN 38
JEATEE, T A 0 v U I A A (R 0 S R R . 2006 4, Dromey %%
NI B b 0R &6 B T B T 4R 5 ML e P AR e il KeV B s ot 7
[53]. 2003 4, Bulanov 5 A i F LLOGIE & AT B4 TR SR SR AR ) 4% 5 B 0" ik
T DA B e R A [54],  BAA T R WOCTERM S B TSR B, 1R R A b
IR A I, X v v o R X AT U LI G W O ik A% 3 05 138 3l 1 1]
T4, (A AR AN SR 53— A0, A0 R BT T S I S AR A A1 3 e R 1) i A
HE4T . 2009 4, Esirkepov &5 N J& T OGRS I INE FOMES:, 1R HE Rk RPA B B v
S5 AR I BT I, R P XA R AR SO A ) NS 3 — RO ke, R
A LAFS 3 58 i S [55] o
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WOCIKEN FPF ARG IR T, A — R ARG, PUE IR 51K 2 R i dE S ——
THz %4, THz(10"Hz), JLHTXIRAIBE K298 300 um. THz 4 55 5 (976 Bl 78
0.37THz~10THz Z [f], FHBKA TR BNAAME 2 7] . THz fE 5 2 FifE Rk 51 i
MR Z W ITE, 2 DR Rk Al S (077 A 52 BR o6 727 R0 H 14 R A PR 1 T 5 = A7 2%
(= AR ARy 58, BRI R e — BEAL TS AIRES, BIETE “THz 2BR7. BTk
i S BT TR (R 5 B TSR A AT R TS 7E THz B A, R G s 25 85 - MohE A6 114
TP T PR A THz S8 AT PR 82— 1993 4, H.Hamster % AFF 58
10"°W/em®, BkTE 1208 (RIS o B 1E F TR R 25 BE S5 B -4k, SN T AR T
THz %@ 5§ 77 E[56]. BEJG, 2 AN F0/NHAR) i BEAR S B R X 0T, BDERSIURT — A%
Sk, fE2 SRR RIF R A0 T AR S TR, EROEIE S 5 R b R
Y 3P T ISR TR KV/em [ 95 1A THz 48 51[57,58]. T 30O6 S B 74440 HAE H
THz /=B R B, 2004 4F, M.Kress 25 N Jei@ H R BOL B =0 T Al T
K, Bl RO 5B TR EAE 4 T THz 5851, 3R AT IR ARZR E DY IR AL
(59 I [KIHH IS0t R I, 7 B 8 T SO Pk 7 2 /5 P A T J 5 B TR IR
X FE R A RHER AT BT RS THz 3855, = AL AT i 7 R - U
RNR S A8 KB IR FEES FLIR SR AR AR RE[60-62] 2005 4F, HRHRT
PR P IR R B AR T — Pk TR MR U Al = A THz 3R S 10 U7 %6240 %07 1)
AR HE OB RN BB — o % R A AR S R A BR, BT
N [ 5 R R %o I 1) 56 B AR ANIR] Al 85 B AU R K BN )R 2% ) R AR AR A, e
F %Ik =0, W25 85 T Ui Bl 1 8 BE 3R @° = @) + 3K 0] R LRI 7 25 85 Tk o 1 £
LR 0" =0y + K AR, Hfo, RETHRAGEE, Mo=0,, S5 7 ARk 6
FEA BB, o AHPERN 0 IEA R R R A e 1 e — 5 AF o F T 56 B AR FRLE R
W, T RGN, AR, AR IR T FARIEI, AT HIg T e et e A L
(), BRI A RE P AR R MR 4. DRI, A MO NS U7 1] 45 55 1 85 FE R 82 2 (1]
RSN, WOCHIMEE TR B A F BT &, B L A fek
Ao FRBTFEERD], KSR N~10"W/em® [ NBHEOE, W LA i aR ik GV/m,
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I I Th 218 MW = 2% [ THz 5857 .

14 MAFETHMEMRG A

KAV BOCEE TR BT 7% 5 ARG B AR R R, R
JHEAE ST BRI SR LR B = KSR IX =R EE A
FANRFEYHIERNIR, R SRR ZEZ D R R . (o St i, SEIRw TRt
LR B R, B AR AT 052 NAT TR I 505 5 P B 0 0 BELAS I R A AT 2L
IS 251 Bt BT WK AR, 1T T SN LA ASOURI 7 ] 5 S B8 Bk 7 A B A AT
FOAHES & IR 7%, SRR RN T B a2 . ER SR & 5t aicE
NS AT, HERMTE TEEN, SUEBRAU AR B E e R,
ot B HE N R AN RO 1R

BARBNBOCE B AR M S, SCIRPT T, T OGS E FRR w
SR AP A, A BERL TR, DAL T LS5 88 144 ROt A2 s ik
#AIEH . BAEMASMECE T B e TERE GG, s s ek, W
TR T RBAREF LSRN T % . BEE B BOCHK ORI RE, 04 AT DLAESESS:
iz FH AR AR IR BRI [ 70 5 A S5 RN vt 2 T vy I 1) 20 9 (R 0 6 55 18 1 A AR

BRIt FUNE DT, H T B A BRSO S B A AR Y & A AR L
RO B BT MT B BE E A EDUL AR, DRI R AN PT Bh o SRTIT R TR0 SR Tk
FEAFFARENE RN R 25, b BARAEAE R MR 2 I A B, i 5 ARk
T, O SENE S T RORESH AR EROBI S 4S5 . SAMIER
JEEREERCKIITE O, B0 S 5 B A EAF R — N R S . BT SR
T SRR 2 AR BAE R SR AR AR &R, ARRMET 2 e 8 B A RE S
R R PR B ox B » T IS IR S IE, WARIER I . vo 55 .
IR LEARLR AL T A L8 A AR A ) B RE AT A b PEAR AL BE o RIAL D BE S B S PR A
()24 JEE (R R BE S NAR 22 AR ER A RONE , S5 i AR R AR Al 320 SI s B ) P A 1) S5 AN
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M TINRY ISR

THEH LA B 787 VAR OGS 88 O AR B F R AR 0 o h O R P R o 8 2
IVER o« BB R FE KRB AR CAN B e, XS B B2 A0 70 1 i) 23 B 1) 32 22
S DRI 2R AR 2O LR 21, G ST A N A B AR AR R, My HL BN e DT AR AR S
I, g S EUE T AT, I8 TR R BT BUE SR AR T B A4S BT R ) B A,
HICT S BETREE BAFAEMNT A . X BRI R AETH RN AT s, HiX
FERSEIG AR, S, W50 mlZeE, v DS 31— S0 50 0E 1) 5L 50 AR Xl & 11 ) 21
&, PSSR LI EIS BT — E SRR R E . BOGSEE TIABUERI 2
73 NN AR FIGAR D) A B K2, b B 73 27 B8, S o3 A fidt i FORL T3 AT R
Fokker-Planck ¢ Vlasov J7 R [RIHRAL 7% K T il MR 112 3 7 R BTRE T ARA0L . T 4F
KILKJE T — LRk T 5 LR AR ) A A S5 & IR S BAUFE 7 . T faEn 24—
B SI2ERAUAN Particle-in-cell i AR AUL (K4 BR AR A

HE TS F—FRLT a (50 B £, = £, (r, p, 1) AR 0ot 28 G Al 0 252 B 1Al
(IR, % BR R BB T K E 7N 2 23 1) -3 Bk 2 18] P 5 %0 4 3 25 (r, p) I3 B
fio f R N3N FE:

0. f,+V. - (f)+V_-(Faf,)=0 (1-1)
ﬁ*@:@wmﬁhﬁﬁﬁi%%ﬁ%%%ﬁ,ﬁﬁﬁﬂ%ﬁ%ﬁ?aﬁﬁ%@¢%ﬁ
SEVETTRE . B TAN Viasov BLIGBW Fa 21622 I Fa=FL=q,(E+vxB/c), HHf
Ridn AT Maxwell J5 241 B IAHAF R B TRITUR AT 5 FE p(r ) = Y a,n, FIHLIRZFE
Ir=> dnoa, Hdin, =[fd*p, va=n'[ofd*p. KB IHAQ-DRE
B4 F AR Viasov J5#E: 0. f,+0-V f,+q,(E+oxB/c)-V f, =0, %52 e
%(ﬁgﬁﬁr%g,%ﬁﬁ%ﬁ%%%%%,%ﬁ@%ﬁﬁ%%ﬁﬁﬁﬁ—@ﬁK

AL, AR PR e T, A 2R T — I (1-1) 3. Viasov-Maxwell 77 12 BRI LLEUA
R A S5 B T AR RS B AR B, AR TR T 20 A1 bR BT AE A 2 (R =4[], =
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YEh EAN—YEmE], RVRL 70 A0 R 802 — BRI R SRR+ R %, WitE
PURAF i BB PR 1 R 2SR, DSl e L P RE T 7 AR 400 RUE AT 18] 90 AT+ A PR
FUREF-0 A1 bR KRR SR AR ZEAEAR 22 [R) hdE AT B AR R, 5 S NARD BRI 2 R, X0
SN T 27 AT R AT N P v

i LR IR

T 3 R T4 B R R ) ey R
A{ I A A
(E.. B))= (Ex, BY) (. 0)=(p,. J))
Maxwel 1 7R ff
(p,. I)=(E,. B)

K1-6 Particle-in-cell ¥ FAEFLTHELIE I~ B K

Fig.1-6 The schematic diagram of Particlr-in-cell simulation process

LT, B TRRC AU 7%, B2 44 1Y Particle-in-cell #5405 %[63-65], A& —
A — PR SR R0 U702, FL I PR 45 B b 1) F T AR AN FEURE SV ROk T FE,
AR ELAE R (38 SR S0 30 55 B9 1 AE ELAE I R SR BOR ARG R 1 B 1-6 FTR
HRAEHOE S E T RNVISRAS S, GREEBORRE, K, SETRER, BE
25 SR IG BB R kL TAE R E L R s s A RS EIRL T N — P IS IRAS, I & .
HPESE, RIERL A E . A B S E I 7V H A T AR ) BB AL AT I Y
FE A H DO F LT R IR TS R AR AT LIRS B Y Maxwell U5 REZH A HY
Win(E B, Bt—RIEH 5, FH B E BRSERE T —2h 1 1E3), KK,
HEBHEI G2 R Be] W, KB ER TR R 2 R = A, B8R
FEAH X R PR AORL 32 3l 7 REAS B KL 7E FRL G 1E L R 2 s 00 il FRT J59E 8 )
A 225 4310 SR A 2 [R) LA A, e B SR SR BT EE AL B AL R . AR T ig 31
Dot SR A% 1) H gy T FL I 2 B A0 A
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PIC FiF 540 5 A FOAL B ) j E Ry 2 A, X B PRAS LM, REATFR K
ZINRE TR 2 I B B A B AT AT R0 o 1 S BROK/NRL A B R, X2
Tk INELLL BT R A E T SN . SEPR S B TR S S K E A BT, Wl
T P S B AR T LA R T B H BN 1. 1x10% em™ / A% um , BAR{E ] B SR R
FHH BATHEA LT RATTREN, A 5= BIAH 4R f kL A0 HL 32 I A ELAE S 170 26
AL, FLAFF 5 Hrod 8 0 K TR B R A 1) TG Rl 4 55 B AR R AR R SO R, Rt 5%
2] DL AR AR N AN R F — A BB R ARER o SR TR 5 sk N g i T k7 (R 3
FEA A Py R A K e s, HL O AR 0 AN RS0, SEE B kL1 [T 2 TR R A ELAE
T4 SR FORL T SO F AT 72 23 8] o — 5 A AR IORL 7 2=, AT DAAR B S BEADL S2 okt
TRIAHEAER . WnfE—4EBA b, R F = TR BT DLy = M TR B T . FLUUE S
BB AL TR, BB T3 75 18] 73 ORI 1R /NI R A%, FH 23 B KD 223 1) I A e A 1
HUR AR A NLTE 23 18] L S U I B, 1X KOKkD T e v S i s, 3
(7 AN, 2200 /I T Do v T BEL PR A R 40057, S AR A0, o B A 100 B R/ 7 8 H it 2>
A T RE ST N R

PIC FiF 5400 AT DA VA SRAR S 5 TR 12 S A LA A O, IR G s ik 55 1
TARAPB-0, BRI, BRSO B B 2R RN, HAEME S b, Sk AR
WE, a4 OB RO R BRI 5 B TR EAE R A ) L H.. BATEBR b
BB T H & BB IEE K PIC KPR F . FEENIMN KFEEZIL R
(UCLA)JF &[] OSIRIS F&/F7 & — A =4, X, T, BRxligal, B8 sih at
B A KR AR P [66]. AR T R B T RO B I AT, el T
65 B AR ELAE R A0 At S . A [ o TR SUAT Y Pukhov FFR T
VLPL(Virtual Laser Plasma Lab)#2 7 th3EH 35 44 [67], pukhov A N &R # 12 FiZ A2
TEROL BB TN . WO B R S5 T0EE Y Betatron 4R INid &5 77 T IS
T ERR I TR 5 4% 7T Lichters FF & 7 1D3V (kL FHLFEF LPIC++H68),
X H A BN 2 FIIEARRS A FF I PIC R FAHUFERE . HpoRHSE L AT (1 BRI B 2033
2 [ N g g 5 RS A PIC R BUDFR 7 I 78 8 2 —[69], fhlT ke T 2 44T
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F£/7 KLAP(Kinetic Laser Plasmas), {8 FIiZF27 45 TR 20 FU R

AR AV ST 5 DY 75 0T R AR SO Jik e 5 o] A S AR ELAE F 0 B 1 mdd AR ¥ PIC
R AEAUN R v AR O HEAT T I o T 2 D 5 R 5F 3 8 PIC BB 78 WO 45 88 714
A ELAE T ) BS 0k e AR A 11

15 BFRINESHARREN

Wt FC R 5 O S5 YA AR — e WIT O 5 AR A AR T, 15
ARSI, IR 2 H RS E TR RRIE IS .
BT RAEARA IR R R AOTE 00 AL AE SO P AR R igsh . i 2 e

A AEZRPE RN, AT x il 39 1) P THT U 10 P 3 227 D SR i 1 202 U7 (1
E=E(xt)=E,e" ™, B=B(x,t)=xxE , HIELMPRERIFERFIOLIH. Hi
k=w/c RIEK, ¢RERMBERE, WX FIHY Mok z mROLRIRE,
=y or z; T TERIRE, W e=(y+iz)/V2, “=7 SRFRAIGEBEMIRT
PN VR I A T A N LIS £ e %

HFIESN N : mdo/dt=—e[E(r,)+oxB/cl, Hotp=dr/dt. ELIEME
XML R, [o]<c, MTRKO<BIL #: o=—ieE/mo, T=cE/mo’, HH
S P 4R 3 T E PRI IR 0, = @B / Moo << C TR0 T4 55 1) FEL 37 9t B ARNESE vy () 4R 9 A
e L Y .

A R LT R B AR N T B O, A RA% 5 i e 1. RH
EARER BT HESN: v=0+0,» Ko MEIRGEED 1Mo, 250,/ ¢ BIELK
—B I, MHEFE RSN mdo /dt = —eE(r,t) fimdo, /dt =—ev;xB/c. f£
W e=y MR T, BFMT x=04a4, 4 a=u/c=eE/mac, &
o1 =-acysin(wt) , WHTHy 77 RS IEEHHE N y = -a,ccos(@t)/ @ . N p, [1iE

HITFEA . mdos /dt=e’E2xsin(wt) cos(wt)/ moc , fEFSHTVE x 77 [ 11138 2 B A
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v, =—alCcos2at) 4, EHHLIE Ny x = —alcsin2et) /8w, AT I EN AR
“87 FiRiasiEE, RIZHFRE Ky, B E T RIREG TR AR, ik
e X a, =€k, /mac 5 1 [ FLEER 2 A 78 B0 FL G A N (IE AR X e s
ENAFE XS VEB B I 5 A
H1 Poynting J% & HIRELESIR 37 i 31 A0~ S48 5 SCrRB I3 9 1
| =([s[) = (c[ExB|/4x) =c|E,[' /87 = c(m,cca, /0)? /87 (1-2)
WG AL R FR I IR I -
a2 =7.3x10™"°[A(um) | (W/em?) (1-3)
TEB AR HI I LT, XAk 30 a MIRIEh a, /N2 o 8, RSB0 S B TR LT 7%
R4 BRI R T ENALROG R BV
HUE HORE W AEAD Ve P51 T A RV E Y N 0323l SR NLASE AR PR H
FiEFN 7 dp/dt=—e(E+uxB/c), v=dr/dt=p/my, d(mc’y)/dt=—ev-E. 3
NEH AR B, BAx=0, A=A, i “ L7 RSN R

F X AR B4R, WA E=—-0,A/c, B=VxA. HE&F(xB), =-00,A,
f3: dp, /dt=e@,A+v,0 A)/c=(e/c)dA/dt), Eﬂﬁd(ﬁi—%ﬂ)/dtzo, B3 —

ANEKR R P, —eA/C=p, | .
WA, EWCF W ML 7 b, A . dp/dt=—e(v,0,A +0,0,A)/C,
d(mc’y)/dt=e(,0,A +v,0.A), SLFRAR, 13:

d(px_meVC)__E l l -
— 5 - C[Uy(aﬁcat)Ay +Uz(ax+cat)Az] (1-4)

R R IEI x B IE T AR AT A(x—ct), T d(p,—myc)/dt=0, fikares
B ANFIEHRR po—MyC=a . MR HARERN TR, HBrymibe, S8F
Pulo=0, a=-mc, Bip, =mc(y—1). FIFp +mic> =(myc)’ K p =pl+p.» Ui

p, =(eA/c) /2me . MEAERIAE, (LR @ P Bus S B FERRER A=, A3
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p,=p, =0, BISPHIM ARG I Bk, X—45 0 F A Lawson-Woodward &7

SR BT B ST T  P IE BB, IR 25 A B it R R
A= A[Scosgy+(1-5%)" singz] (1-5)
Hpg=ke-ot, k=w/c, &<IHRKEMIFIRE: S=1or OXFRFTHy or z KL
W&o s=1/2 X B R AR, B AE W R R B R R . AT dg/dt=-w/y ,
p=—maodr/dg. HE:

P, =(p,, pz)=%(5cos¢,(l—52)”2 sin ) (1-6)
P, =21+ (257 - 1)cos29) (17)
mcC ¢

Kb P, LEHR S A SR T, T (p,) = (6A /¢)° / 4mc , BIJHLT-ZEY LRI 1445 77
EHAERER . T ERR, A 252-1=0, WIkR p =(p,), HTIE B
HERETT I R SRS . Hp. =eA /c)/2, p =pl+p K7 ENHE, X%k
St oF 1 U e L 08 1 5 0 TR AR S R AR B . p, A p X SR TR T
S BT

um=—%§§pﬁ¢wy—%nmw] (1-8)
ww=—%ﬂﬁ5mw (19)
zwrrgita—éﬁmam¢ (1-10)

fE B, A BRI A LA L/ k= A/ 22 F1/ 0 =T /22 VA—4k, WA =kr »
t=at, g=x—t, EXa=eA/me, MR

~ 1 N ]

X=—a][g+(5" —)sin2g] (1-11)
y=—3sing (1-12)

z=a,(1-5%)"* cos ¢ (1-13)

ATULEH, P AR A TReshil BG R 5 a = fgEm, |
(x/a2,y/a,,2/a,) BAANBHIER, W 1-7 R0y FTFRIE (5 =1) K T,

21



g sIE R R

ky/a0

2
kx/aO

B1-7 F 7R AR R0 P 2 (i IR T T P8 R R AR P i da s ik

Fig.1-7 The trajectory of an electron in a monochromatic plane wave of dimensionless amplitude a,
SR LSE T B RES,  AnBOC Ik IR AR R P, 2 B A IR A s 18] RO A [ 58
FEo — e, OGNk PUS s 2% R U S R R SRAR ,  H R 2% ok O] IR ik
AR g AT [0 9 70 AT, B

E(r,t) = Re(E(r,t)e ™) = % E(r,t)e ™ +cc., (1-14)
B(r,t) =Re(B(r, t)e ™) = % B(r,t)e ™ +c.c. (1-15)

F b B A . 4% R BB T A LA X T L B R 5 P I T = 2/ oo T 5 0B AR 1 . —
Mt B TE— ARG A B0 0, BI(E(LD) =0, 47T, %t Fta%
BRI (E(T,0) = 0 o b i B 5 o s L O B B TR AT T B o8 T8 3043

PR S AT AN 1O = +To®), (T®)=0, (F(®)=Ts(t). ki3]
H T IR RS S T B BT
N R AR ISR R S O A BB ARk, BURE B ~ o/ ¢ < T T
BB 1 2 (R B8 AE — AR5 A S P 1R A0 PT L2 . A5 i e R T
E(r(t),t) = E(rs(t) + ro(t),t) = E(rs(t),t) + (ro(t)- V)E(rs(t),t) (1-16)
ST BRI, R IR RS 18 3 1 BT g B T R A
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dmm

Do(t) = E(rs(t),t)e ™ +c.. (1-17)

e = = e
——e E(rs(t),t)=— o

e

fift 3 ro(t) =Re(ro(t)e ™) »  vo(t) =Re(o(t)e™) , 3t Fo(t) =eE(rs(t)/m’ ,
Do(t) = —i€E(Fs(1) / My o XT HL T 09 AR 32 ) 7E 5 395 J 391 7 R o 401 249 7T 75

d Us (t)
M dt

HorAr s B 3 ) B TR] -~ 38 ] AR R R
<E(F(t),t)> = <E(Fs(t),t) +(Fo(t)- V)E(Fs(t),t)>

= e<E(r(t) t)>——<z)>< B(r(t), t)> (1-18)

:i(?;(t)-V)E(Fs(t),t)+c.c. (1-19)

=2 (B (rs(t).1)- VIE(Ts(t).t) +Cc.
Idm.w

e

HCVXE=-0,B, BIcVxE=iwB, ¥Rk I1EF I [ P85 8 ] 1 i F @I«

% E (s (1), ) x(V x E(Fs (1), 1) + C.C.

e

<B>< E(F(t),t)> -

(1-20)
CRe LR 7 i3 71 r et (R E A e AR IR AR B B T RN

med‘)s - (B (Fs(1).1)- V)E(Ts(t),) — E (Fs(t),))x Vx E(Fs(t), 1)) + ..
dt 4m,w
: (1-21)
e =2 - -
= v<E (rs(t),t)>: f,

e

R TA RSN IIE L HAaid 1 TR i s i R s), B

me%qt?p =-VO, (1-22)

Hrp @ BN B 5. ERY], B E S RO AR RIS, Hok I B8
R R BRI B A, T T, SRR T A K, BRI T I L B T
FIRERST. AR T T, [t 53 HORE 7 () B R b, BRI ES T BT 32 3 I S5 3 )
TEFHARE T Ha 71 5 e ) LRI ANTE . 534k, ATLAE AR Eh RV R 1
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—

HU I KR 508 sh R 2 IR R 2, DB ARl “ I x B force”s
A9 R B JAE AL R IR SO 555 B 7 Ao ELAE R 1204 . T DA B bt 2 A
. FRE ST T R AR IR R RN (TP K SRR . X T AR R LR (9 5330 0,
RS B T AR AR, RS T JE 55 B PR A T 5 A A0 R IR AR IE 3l 7 2
(§+B-V)6=q[—%%tj—v¢+%x(vxﬂ)] (1-23)
Hrb B M 3 A NG H ¢ %R, E=-Vg-9,A/c, B=VxA. A LRIk
TN N: b=0/c, p=p/mc, a=qA/mc’, p=q¢/mc’, T[f5:

%gxﬁ—é—ﬁxﬁh«ﬁ—én=V¢—vw—n (1-24)

A U 2 S S T AR A 1 LB B TE R, B B R p, =a, X

FEI A 0,p,/C=Vg-V(y-1), Hrliy=\le|p, [ +|af =1+[af . WG

WP AT S B TR RS NN T, = mev( e <a >-1) - WEARE &
PERVEETAR ORI, ELATBMOR AT, 6 T4 B 9 oS3 DL e
B L2665 S TP H B VR (P, 17E RPA I LR 1%t 7R 3

PERCEA 80 0 0 TGRS MO L < 7 0 BRI RAT X, BIRIFL 0 5 it
KA BRI . Al T T RS A E = E, () sin(@,)y » [l
I RS 0 E = By (N)[sin(@q)y /2 + cos()z/ V2], N RE) S ik A,
BRI T IT: i =~ VE, (0T —cosCe )]/ 8,5 RO A R -
fyoronar = ~€VES () 4M,a} . WTLATE th, SedRAOCH RS 40 PGy, B S5k
4 I GRS 9 BB T OB B B R 5 693 T B RO 450 17 2
A ESUR ST, 4 I — M B oL TS, 475 17 ik
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1.6 B EFEFHHEEIERANELXYESL

AT A E R RO SR A BAE R, RS R AR R KR
TR TR M b v WA R, R T 2 TRD R FE AR ELAE R g B — 2 s B e
ek, EVEAEARN . ARG — B0t 555 5 A0 BAE LAY 458 .
1.6.1 EEKE

i FEK FZ (Debye length)2 H 12 % R 25 B TR SEARIZ B AN 2 A RS . AEZE 1
PR BN AN 372 5] 45 B 1A P 360 B Ay PR B8 o0 A, U9 A N B 3 % 45 B AR 11
HRTEE, XFRNE R TR A =k, T, /4re’n, & TAFEK R, HARFERRA M
HLFHH Np =470, A2 /33 KT 1 28 S5m0 B 464

162 BFEETHRREETHER

WO 5 B T AR TLAE T R B B DIRY, B T TR RS T
T BT U SURR RS2 (Langmuir wave), EL 26 5 Tk o4 SR 40 B0 51 AR £
RO . S5 TR AMEIRS R o, = J4rne® /m, , Fork m, 0, 505152 s 72
BERURTRE, € R THURL, SR AR S B R IR S R BB, SRR R
REEAEAE, ST EARIE IR, TR A S A TS B Tk, AR R A
0 = @ (14KA2) o LT TR 70 5 B T e L R g o B, DR
KT

BT AR AR A IRENNY, GHCE R 0/ K = (kT + 7k, T, /m) =, , Hork 7, A0
TRE T HH R BS TAREE, 7, AT, R T B AT THRLEE, C, 288 775 W O AT«
T TR — R K T BT, AT, ~ kT, /m,, BV TR, 5T A
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163 HAFETHEEEREELRE

WOt 5 55 B 7 b 1 FRL T AR ELAE AR AT AR Maxwell J7 FE ANV AG %65 72
KAftfid, KA LA IR T 5RO EAE R 2k . FEFHEROL 5 5 & TR
HAFAR, 3R HX TR, AT R T RE, BTER TR as KER T
B, b B RARRN, BIansit, AT R . B, 7Rl AL (cgs)
N, Maxwell J5RE2H J s A8 257 RE A 5N

VxE=-—-2 1-25
c ot ( )
vXB_4”j+laE (1-26)
c c ot
V-E=4mp (1-27)
V-B=0
d(myv) _ —e(E+2xB) (1-28)
dt c

HAASHEE Ty =1/1-(0/c)? » e THME . 5 NKH A FIFRH ¢ KAk i,
HB=VxA, E=—(1/0)0A/at-Vg, NEIEEITERT:

—(;/U)+(U V)(yu)_%‘zt—ﬁ € V¢——CU><(V><A) (1-29)

s BB RO R EE: a=eA/mc’, p=ep/mc’, f=v/c, p=yp,
t=at, r=pr/c, W EXFHN:

——(IO) (B V)(p)——aa—t+vf/> Bx(Vxa) (1-30)

o ERHE—BRH: 0 (p-a)-Ax[Vx(p-a)]=V(p-7) . HWILIFIT, BT
e, BVx(p-a)=0, WHO(p-a)=V(p-y), P =p-a T EHiE
By B EEOCIK T BSOS B TR R, AR A IE N Sh B Py SR iE,
W TR L, WA p, =a, JEH)L
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on,
ot

o py R TR EA N IR . KRS A RIFRS ¢ 15 N (1-26)30 1T 0L TE S 3 T4k
HH ) A 1 T R

=V(p~-7) (1-31)

1 0’ ~ 4z~ 10

¥ Possion JTHEV @* = —dzp WA SR ARG, FE¥ AT SFIE T RO, 0+ V- = 0T
13 atv¢:4ﬂ'j\\ ’ ;H\:':Ijj=j|| +jl , E‘V'jj_ =0, m\U(S)ﬁﬂ’f{j"j

1 6° 4 —

S —-VHA=—"=7J, 1-33
(G VA= (1-33)
ISR ER G R EWA RIS PAF
on, +V,-(nvy)=0 (1-34)
K (1-33)RIF 1L, FEHA p, =a {5
1 0 _,- 4zne’ -
—Z __V)Ha= e -
(Cz pYe )a smc? a (1-35)
Hepn B FEE. 4, Possion HFEH I L ENM NI F K.
Vip=2ZE (N, -N,) (1-36)
mc

\

Crf N, RIS RSB TR . (1-35)RAI(1-36)70 % p, Fil p, FIARBEAAER, HILHt
T RO 5 S B A AR A T

164 M SHEEETAREIERNASSERNE

CEARHIXHE IR R, EDWORHE | <10 Wiem® , SUERAMLHOE RS 2, <1, Xt
FHIBHEE Y E20, THOMER: o =0l +KC. B4, BEEEESE Tk
g, Jekk = K| B AU, LT 0> 0, ISETR i PR A
B 0 LR VLT . X — A 2 MUK @, 3% — S48 th S TR TR
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2
n, =22 _1.1x10" em® (4 / ym) (1-37)
4re

XTI R B I R, SR TR R TR N, <n I, AT SEE T
PR L%, JXFRA underdense [); 124N, >N B, JTETRAE SR B, FRAR TCIETE
SR T ETLSE, XA overdense .

R BOCHE RGN BRI SR, RIEOEREZ | 210" W/em® , BUEENHOLR Y
a, 21, HIEIAXR RN LA . SR, BT SR E M T sl S L
FERAEGME SR p=myv, AT 7 5800 B o R IR, Bo/Es:
BT AR A B U OR R B HR A R

Xt T B IR T LI 5, AR AR R R EOC R AR

2

w
8NL(a)):nilL(a)):1_ 2p (1-38)
oy
o
o =—L+k*c? (1-39)
4

HI AR E RO R 5 I AR B B9 EEAT 0%, HL SR A0 ik b A A ) R 2 ] b
HAEA PR, DR AR e P ) A i S (S ok 2 X L RIS T AR EAT M. 534,
KAWL W2 L WIRE, 28t 5 ERARKKMAR, HInELMIRCER T, B
T 7 AFREE, TR RIS R 2, e Furier 7y A& 28 T80T e O IR
gy, XA AR TR 2 IR IR TG 1R 55 21 A b B 38R 2 A s . R
RSy, W5 RO SREAN F 10 4 B A, 1577 LK 7 8 oA LR T S48 1 ()
RAEAT G LA . EARE BESF B TR, EIRARZRE G 2 R BLRE 51 kS — LT A RO
WEOEEFIEY, A ERE, s REBOCEA AR B AZRESEE. 1
e EEAE B TR N 2 R AR FLRN, WOtRER MR, Mg 172k, sag
i3 P A A5 N

1R 2 STHR AT IIE 7E BCR ] Paticle-in-cell RS T 78X 06 2 B 5 ANidE B 5 2 B
G5 BRI [ 70-73] . FE RS T [ EASI TS IL T, Kaw A1 Dawson 15 HiXS T2kt »
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WA ay, =40,/ (Zn), TR, BERNag, =0, /n)* —1[70]. SRifi{E— T
WA 2 RO T BN 10 S5 B A B ) o X L RS e ] e R F AR TR N S 2
BE bR SR RIS R, HAR T FH B B S e HR GNAARR X (1) ek £ [ 74].
T R EREEER, XEARRE T RASIIEBRAE 5. R0t 555 TR
HAERMEEATTRE, 4 B mik B R HN:
A=A DRe[(Y+iz)exp(iot)]/ V2

UPEGERAS IR SR PSE

dp dy
—_ = 1-40
dx dx ( )
d’p
=n,(n, —1 1-41
. o(Ne=1) (1-41)
d’a n
+(1-n,Ya=0 1-42
dt2 ( e ]/) ( )

Hrra=eAX)/me’, y=+1+a’>, N=N./Ny, n,=N,/n, n @2p-rkisH 5.
(1-40): RS TH AN 0 XN, a1 RES f T 70 =7 2L A A
VAT ARSI T HEAN SR TR X #0, RO <X <Xy X, HFE
n,=0. fEX=X 4A d(X;)/dx=—nyX,, HIET]7S:

_ ldyl+@®
TTh x| (1-43)
XFF x> X Xk, (3)AAT 5.
2
d—?— a2(%)2+(l+a2—n0x/1+a2)a:0 (1-44)
dx~ 1+a” dx
fit LIRITRE, FIAHEOGRE RS T A AL I TR
a, :%[Zne(l+aj)(«/l+aj ~1)-a,] (1-45)

ﬁtlﬂaj:ne(gne—uE inj—ne+1), W 1-8 Fis .
8 2\16
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60

— Electron compression
50l=--No elelctron compression

40f
o 30}
20

10}

Kl1-8 E & T HERRUN, (ZLEs2s) 5AEEE THERUSR CRESHRIZ) ME N T H0E B &E Y BIE
S FEF 5 4 L 1 %5 8 -k g U
Fig.1-8 The threshold of induced transparency of considering electron compression (red solid line) and not
considering electron compression (black dotted line)

FF L L4518, Robinson (1) 1D[75]411 2D[76]PIC F4Ll % B 7 % B iz /N T X 18 1E
[y %5 BE agn, (125 B T4 bt g 2 4 HB-RPA BS FHIEE 72, =R mbe s 1. B
HB-RPA {5 Kf %m*%%%mﬂm,A¢lmﬁ@,pm%¥%§oiﬁﬁﬁ%¥
Ao A RE I B 7k, AMEABENIER T BT, e aRaET.

ST, AR R AR T UM T — OB B, WOk IE I A
L T HE )55 8 TR B RS, R EL G TR E R, JE R K R R 1 BE A
Dirac-delta-like % £ JEARBA, AI1535 B I(E A : @, > 2(n, /n )1/ A) = [77,78]. H |2
PRJEE . X — G50t T it 0 e B s -

g

1.65 FEFETTREMN

SRWOCRK 5 B T AR AR 2 RARETE, SR, ANRESE T I A
AW ARG B BRI AR, HEAL T AT PETIRGS . A > RS
HRe, HPAE 0y BTG, B A3 8, nt 4 ol B TE FH 2 45

Rayleigh-Taylor ANAzE P72 H R RE SR HE S BODN T e 25 L A BAH B ot A v
R PIRPIRLAR R A 52 2 RT AFSEVERIREM, R BER A e 2l i T i B A 2
e B LA T LA I I Y B RIS NS BE LA . AEROL T IE R
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BRI o, ARSI E ORI, KBRS S R, R AR O X B (1 HE S
AR RE P R A RT AR E, LR AR RIAOEIM A R e B, i hnid it
RESRATAS A, DRI HOk e AR G B

WIAFRE MR TR BRI A IR NE R TR, AR A R
W, EEAEA T A REM. W Buneman ANaE M, HEUR s IR L EAL
R . X AT E WA N2 Break-Out Afterburner JIEAMLHI 1 &AL B HLHI[79] .

1.6.6 MAFBFISHEE(EAEFMA

4 1.2.2 WRNA, HATHEOL B gL R T R E R RO IR
BREALGE T, B B0t s BRI CE AR BOEE TN A A mEAEA . IR HAE
Bot SEREATAENERES, BRI S MeV &40, o7 1Rk
PR 5 A R AT B A L, 1T 2R A8 T AT BB A P 7 BE B A KT /)y, DR e F -
1 PR R R SO A A P AT LS, JH 2 ) e B MR AT L ) Tl R AT L

1.6.6.1 FHHRIZ UYL (resonant absorption)

FEHR B 0T 5 M 8 55 1 AR AR T AR O BE B RO R 2 i R L A
[80,81]. #1l& 1-9 Frow, (RIS E 5% LU X Ay ne = n(X/ L), P dREOL AT
O RIS BG5BT X

K1-9 FIRMIOR & K

Fig.1-9 The schematic diagram of the resonance absorption

AUVE Y, RO RIS AT TR S TR RS I B g R B AR
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T AR I 8 52 THT RO RS P 58 B TR S5 AR B e A e TG A A T R T UL
I AR R A . BUEBGS R RN, IR S B TR AR R
Maxwellian 7377 [ #4E F-, H IR B2 BE WO 3 BE 138K R B oc (147)17 [80,81]. 458 F-1&
A AT BRI L RO B R FR K (scale length), L AR /INEGER TS0 Bk (R X L
S WO B R KSR S (amplified spontaneous emission, ASE)E G Uk (pre-pulse)
ARSI AR A S TR w0 A S B TR KB . B 1-9 i
JGTE X = Leos® O AERE AR o FE -0 SO B B I BOR oS NS A 3F 1 HURK

1.6.6.2 B ZE M #(vacuum heating)

4 EL T 7 O P 3 Y S T TR 10 R 5 IR M X, = eE, / me KT RS
TGRS, &8 3 TRBA A ROBUR, IR HIR A P 2. F. Brunel $21 11X
Pt 0 N 1) o5 — P AERE R RS ) ——EL 2 i e2,83], AL N: SR TAS
T B AR RO G I E R AN IR A 2 i bz tH B s . o R
B &, HF XA by B 5 B AR . SRTEOG AN RE B S B A, RIRLIE T H A
B2BOCHER, Bk, XU R T RER, IR R RGBS R TR,

1.6.63 J x B %

WOt 5 B AH ELAE FI I ox B BUE1S H 1R OB AR R 7 ) A A T 06 IR 1k
Bz . SEAIMMSML, FERE ETHE BT i o e g b S IR R4 B A, T
TAREZEF B TR, RS T AR [84]. KPR w36 1 R 355 -

A(X)

1+¢

A(X,t) = [cos(at)y + & sin(wt)z] (1-46)

2

e OAX(X)
4myc®  ox

_ 2 -
W5 11 £, = —e(UxB/C) WTER: fy=- [l+i+i2 cos(2mt)]X (1-47)

A SEE T P, BN 0 SRR A REN T, TRy 20 iy U 2 s 1 i
K. HRERTMMBAR, ZHLHAEBOEIE NS & A 8. 85 B A E TR mE
Maxwellian 7347, H.H -5 B 6 /2 [85]:
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koT, =m.c*(y —1)=m.*(y1+a; /2 1) (1-48)
H 0 b i AR BOG B R R W B R IR RE R, AR O BLEh 7 BE (“ponderomotive”
energy). R4 & =1RIERIRAIIEL T, o ARG N 0, L7 #2540 X
—RUNATE RPA B pLE oy B2, IER B TFHRT&mIES, KA R mIREAT
TS D R ) 1y AN N T € R S N et - O N b A SO0 R R DK Y OV
S, BIME RPA BTN HLHITE A 5 KA.

B 1 Bk — i T InEWLEI DAAL, 4R ON A BT R R R o R e 4y E 2L 2D
R R, R T O R 45 B AR T 1 B LA (“hole-boring” effect), 1555 5
FARRTIE R IR MR, X S8 T OGNS MRS, RTINS 7 i Re &R, JF4E
FL YRR SHA G0 5 o [FRE R R B R AR 78 S o P 1 R MRS e v A

1.7 BB T hE LA

FOER B SR, SR TRELE PRI T, B riassh 4w B R
L 37 REXT B 1B AT N [86] . CPA AR MR IR Kb iy 1 P BE RIS IO s,
RERT HLT7E fis I 1A] FURE IR BRI X R IR, AT REA A& 1 5. 2000 4 LLHT,
MNAVTHE 88 55 ' 5 ] A 40 SR REAR AR T B st B b /3. 20 17 LA MeV REE RS T
[87,88], {H X L 1 IR BEAN KA S R A 4 FL T SEEBe i F e 51 0. £E 2000 4,
BOGIRE BB 5 I TG 5 ANATRI O, XU T =AML SIS 3] 7 s B E K MeV
BRI T[89-91]. K= sLie, WA A JRERIEAE 50 = 1 10" W/em”® 3
JerE AT mm 7R A S, FERE AT RIS 2 TR L, K 58 (~ps), A (KT 107)
IR 3R o IXEBRFAE AR WO G KB (1 B 1IN 2% A RO e S g i B A0 %, A
NFREN 2 A0 SR BB/ 1L SER B (I T, QR A YT [92-94], 1R LT AR
AR[95], [FILLETA[96], MRPELIH R 5 K TEAL m K iR[30,97,98], Jii 1~ HEAH1[99,100] 555

R E, HAT AR 7 2 MEot A TR, stk 2 ik, TRt
R ORINE, GRS, AR IS SRS . BRI, OGBS T )R
B LR DRSS TR PSR b, BEJE IR 2 TNSA, HEZERR LS
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FEATRME = R EMRERT, W7o RE, BT hMse, ERERIEES
FUIH AL A D T R BT LS R R E A TV/im M EHYy, mipsmE e fhih
E,~KgTy/edy, Hrh T 2l 7R, A /& Debye K. B2 Mg ae I 51 K EE 2 1)
T, I B EE R R T, ORI LN H R, IEX B 5 B AT
IE. HTT, ~ (4", it TNSA IS 25 1A Bt 5 B0 R A B EdR
TR F o BEHT I ) 3 T O He o BE AT R 1R 185 AL 1% FH (Hole-boring RPA), HA4¥EHT
RIMMENGE S TRA, (FERTR T M B AR BE . B3l 7 18 v] 45 90 A 2 T )5 R
SRR ER KR A g, eVl /e, FILETREE s oo, XK AR ZLEL
REiL, FOATIEM B RS FREE DT TNSA MUl 4k, Sk # s i T 7= 2 Je il
FE R, SR M AT RUR S, BRI EEE o G TR T B T, R
FEZy g o, =2Mc, [ Re I 1o T 4 AR A AOSE R B8 SRR, RN B0 R B AR HE g, #kK
LN (Light sail RPA, LS-RPA).  H Rk HI Al i W #E (R LA LA nm),  HOG kT
W B ROAR, {1 LS-RPA DI FRE5 PR, (R IXKE I ss ot i m#4, kX Break-Out
Afterburner(BOA) g it #2 .

ay = 1000---o---mmmmmmemee ] B
0 Qllzl!llltlm effects |24 i j

Relativistic protons
Radiation dumping 1023

Gy = 100-+- | ===

a, for 4, =800 nm
Intensity, W/em

‘ncr AU 3

i i
}4/500 74/50 5
Target thickness / for n, = 500n,,

FI1-10 OS5 B AR FLAE F B8 -7 Ik WL E OB ap SHEJERE o “F i ) 40 A7
Fig.1-10 Several regimes of laser-driven ion acceleration employing thin foil targets on the (intensity (amplitude
ap), target thickness (dimensionless areal density 6)) plane

B 1-10 45 oSS B 7R AR B 7 s L AR ot 9 2 5 40 5 T i ) o
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Ao & EE R MR AR ZRIFBCH 72 B IR, ESei sk 7R, faES M
SR, JUHAESER T, SR T AR S HARME DI €, DRI — R I LS FE AR 5
ZERI I RCR BB IR, AEAE 75 ZER A Al B LB LR R 45 R AN RIVE T, e
WOt 5 AL EAE AR, B 5T 7 A S n] e IR A SRR 4 A s A i I, 1 R
W ERCOKRE B BRI T e g . PR, FERLR O S R E X A RIS HOCE NG
T FAEH B LE] N EPE /N EZS 4 TNSA FI RPA IXPFH H B HE A4S 2 I3
JCE T IEHLH o

1.7.1 $ERLEE A ME (TNSA)

TNSA J2& H i 5453 5o B RBOs B L], 02 H BT 7 8 T SE bR b
F 0 B8 I 7 5 o ML i = AR 1R 8 SRR AR T A% G I 28 7 7 AR R B ORI 5
HHAGMMHRS, FARIAERRE (E ps kP4 102 A8, [RRHE (4
0.005zmm.mrd ) /N2 (AR (29 1000m). RN, S fE JUF & LR, DR
AN BB A AR R IR AR e 1 o JLEEA R LT 1-11, AHXHE M amisob e Gt
TERE 5 B B 5 ) 2 I [ A8 o Tkoh 5 ¥E T R TAH ELAE R, P2 A R B 55 B 1K
Y EMKPRIAEETRE, 24 T REE~10MeV IR T =, BT e ET S R &1
PHOTK, BT =W TS0 NEE A 4R 7E L5 28 AR, TE RS A7
no BT EBE TG T 2 A8y, BigitirmEE THERE. X1y
& UL 5 V50 2 v BT & IR R 1 LB SRV R R VR N . B S ISR RT LT SRR
JEAIX — B3 S N R RN B S R T . S B BN FE TA TeV/m, X K
TR A 1)~20MeV/m, R AT DA R 178 ) LANBOR I A IR £ MeV, 1R
WOt S ERERTAL, Srrsb 8, a2k, BTG ERY), (HRE
§919 2 1) I AE ML AL ST TSR I IR 25, AR AHAL T HE 5 MR B S 1, X B
TREEZ/IMIZ, FREHEBREZ.
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RETF

B1-11 $EJE AR g (TNSA) MLl R & &
Fig.1-11 The schematic diagram of the TNSA mechanism

1.7.12 TNSA Sh 1 &8

WHAFAIIR T 2 P4 ¢ TNSA 3] 77 A4 [102-110], SR U6 AT 73 i Ay |
TSR AR AR . AN FBRTE TN A [ 1 SE 0 S5, s KT REE, RbE
AR S/ S AR S . T A NH Mora $2EH 1% 5 1 78 I ik 45 A (plasma
expansion model), XY A AN SLEG FITIESE

A JE T IR AR, BTG M R SR T TS A, (>0, , B
I R] 2208 3)) 73 5 BN T A T B UL T 0 T A I P EDIRAS . Bt =00, B
THRATT x <0 MRS (] . B2 1 BAR#R L, o2 BEYIA6 I Boltzmann
534, WM Possion J7 2 AT S tH i~ 5 F24H

50%=e(ne —-Zn,) (1-49)
$(=0) =0 (1-50)
_ 4
N, = Ngg eXp(kBTe) (1-51)
n=n,, Xe(=0,0); n=0, xe(0,0) (1-52)
Ny = £y (1-53)
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Forbrng, Fn, Font =0 R ZHEN 105 B TR T R T35 B, d Ronmisy, T,
TR TIRE, ZR#rE T, K2 Boltzmann # 4. A EET 2HE, Kt
1% A 502 2%, 1) (isothermal) .

Bt> 0, B IFahiash, 1 E T RIRREF Boltzmann 7347 . (K, 75 FE(1-49)-(1-53)
TSRAE R, BT R BN B e 2R 5 2 AN E) ) 2 5 PR R an -

0 0 ov.

—+u0,—)N. =—-n — 1-54
(S+o I =0 — (1-54)
0 0 Ze ¢

—+ 0, —)U, = ——— -
(at 'ax) ' m, ox (1-55)

Hrbo Fon B Tl B3RS TR RE T 2 b R SFEAK, SIANE AU

i (self-similar solution), /5 A5 KB FREEN:

e (b= 2ZkBTh[In(%’it+ 1+ (3’2"_‘)2 )T ~ 2ZkBTh[In(%pit)]2 (1-56)
e e e

T, =mc(f1+a2 -1) (1-57)
Hob o, =0 2% I ms, RRETEE AR, T RrAmTRE. UGN, 5T
SRR HE T IR R B, B (140" IE . X — R IR 1 700
LS 45 R PR RN PIC MU FHIESS . 20k B S (1-56)3U7E t > oo i
BRI TSR, AR SEER E IR 1) e, ARG, SRR b, ~ 137, Hodir, &
WORIKTE . 7 BRI TNSA BB SR By TR AR S22 R EIAR, AT 8
TR Hh B 5 S 4 AT O E IR R, TR R S st b S I AR I R %, 1R
s PR, R TNSA FSE 920045 A 1 ol s — A4

1.7.1.3 TNSA #lHIX LR R AL

7E TNSA ML R R, A = AN B SR E0 (A 15— 48 2000 4, Snavely
SNSRI SR AR A 58 BT 107 W/em? 1] PW 200t 5B CH ()& E~100 um)fEFH, 15
B 7 EREE N 58MeV HFRHCE I RIS, JFUER T BT K S BT R R [91];
2001 4, Mackinnon 55 N IR G RE J5 3 7 A JF 42 ) 55 1 744, IEW] 1 305 3R T )
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KAREE B TRR) TNSA g bl ASFI/E I [111]: 2002 4, Hegelich 55 AR 1 8 BEAN
WITIE LRI RIS WE, JEHE C, CaF, 2, sLibh83) T C, F B rasis,
BELEEH] T ORI B ok TR R [112]. S & T ALy 4 T TNSA B 14N
I RALH 5T o

S T Y CPA BOGRER: —RAEJ LA mJ 3 KT &4%, Bko—HA fs/ps &4,
HIMIHRLEI LA TW 2 PW E4. FERAMEGREOCRF—RAERE: —Keme=,
RE B A1 Nd:glass %0, Hilrvieieft 0.3-1ps MK TEfE: 7 —J 2w mE
IR Ti:sapphire 248, FLBkE —AE 30-300fs, B — MR EF] 5-10 um B R T,
SRAEILEN 10" — 107" W/em?® o TR F IR I — BON - T 6 J8 SE LA AR R, #EE—IRAE )L

GRACEE, $EJ5 R — BN EA L nm) S5 H KM ST IIE . 8T 155
B R RE R, SE6 -t AT SR A R TR R DA ) HAR AR A B vt 45 a0 /MR 45 4 (reduced
mass targets), JZZH# (stacked targets), #E¥E (cone targets) BE ¥/ 2% FEEHWIT
[ HE USROG G B SR T AR & RCR

TNSA JELE] BT = AE 88 7 o i &5 S b R A O S BUs UIAE G, KEm
Py 5256 UL 5 O Ik i A R B RST, A SRR ps ARG, JLAS T A== 1 S Bk i
M3 E oc 1 BB T HORBER, RERFEBERLN 1~10%[108,113-115], ifi R fs
R E SR EE K, WAl KE T KEEE, HREEHRAEE
<1%[116-118], W& 1-12 g THRELINLE R, RPERFTE LRI, XaJae2H AN
KRB = A KAR K TS S 1A, 3898 7RO REE IR, RIGE BRI Re 5
R o FE KOG I R B P A B AR K I T B 14k, DRI e A SR IR, AT,
o B AT Ok AR F 22 U= A R LT, S AT 22 K TNSA s, [R5 3
BAFHIRE R E AR . FI4h, MOCSEIGIER, WORRAERSI[119], NG R SRt ik
A5[120-123]455 Kl 2= 0 TNSA WL 45 SR AT A5 500 o dpedlT A7 S0 SR FH ~F T #E AT B
R S5 HOBE BT [124,125], 193] 7 I KBEREN 67.5MeV K13, & T R
AR EE F, UESE T RIS TNSA M FE0 o X — BT EEAIR S DY 1) “ PR B
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By Iy Bt PR

L

/NOVA BW
: ® 3001s-1ps VULE"W;AL
[ 406015 VULCAN.~7

= | 100-150 fs A UL PW

2 | VULG 5

2 N JanUsP

=

g 10f > tuo

2 P _..-'5‘3L0A

s 7 y

= MRQ

a i

E

E / Tokyo

E 1] Tokyo® /&

5 f i ASTRA

= I q.'
[ Yokohama / Tokyo

01 . 1 |

IOI.’ 10“! 10“4 IO.’[’I 1021

Iradiance [W cm™®pm?]

B1-12 R TR KRR SEOCRENXE R, BAERE,, « (1432, S4%FE,, o1’ 19
Fig.1-12 Maximum proton energy from laser-irradiated solid targets as a function of the laser irradiance and for
three ranges of pulse durations. Two trendlines are overlayed, the shallower one corresponding to a
E_. o (I2%)"* dependence, and the steeper one to a scaling E__oc 14°

st

GHAh, S RTSR S AR B (A AR AR K R A TNSA DR SR I6 25 5 . ik
S Tk P 7 L TR T TP A 1 T4 2 - B I s ke ' e e P R ke, DR T A8 ke 4
THINFATE A R, (B AT REIE SO I B R 22 AR e 14 (126,127] . Rl — 285K
I AERE AT IV IR G5 A0 LAIR i BE RS R R [128]. TSR 8 IR AT e RS X S 2 #A
AR B A R I I 2R T AR FE IR [129] S B IR) [130]77 AE 520, M T B 5K 11 1) 25 7
KA. 2004 4, Kaluza 55 N SE50 R AN [R] 1 T bk b B2 FDAS [ OO B0 B8, 9 9 Ak
MG E BT AR OKBE R I, RIS E SEOCTRK MK L 2R R, X
NSOGB R B ST S 45 L A L A [129] KRS R I, E TRk R F B
BB G, BORHIHEE FERRAC T B 4k AE 5 [89,111,113,118,129,131], X W Hf# N,
B B2 E R 20 R K A Y B R MR B R, 58 3)[111,132], XK
R/ NRE JEL R G K E R P R, NI s f 7 5 2 . Rk, 3R Botxt
LB A5 FH SR AT TNSA I0igeke Be P4k 7 B K BE B o A S0 2 OB Lot Xt Lh
FEH10°[121,133], AT LI sub- m JEERIHELE AR 32 FUbk e O SE IR . S 41,
A RSEE AR, el INFE AR ) RO USRS HE. G IETEE/NER, Bk Mass Limited
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Targets, MLTs), 0 FI| T3 K #7355, W3 S0 i 37 58 o 1R 2 BB AR 5K
KRR, KA MLTs 7 LURZEHSE TNSA IR EH SR LK FReE
[134-138]. fEHAF #2002, S¥EHE RN BRI RS, BOLK Bk, XA
FHHTHEARNAE MO, F£HT Buneman ANE&E MG 1S B e B A S R 4 5 1,
X2 Break-Out Afterburner(BOA)JIEALH . 2009 £, Hening 28 AKX 100TW, F4E
W 58 2 7x10°W/em® B #0t & # # (10,30,50nm) ) DLC 4 fF 1, 153 1
185MeV(15MeV/u)f) Co* BT K5, FBIr Mk 13X — ML A 21 [139].

T B 7T SRR S B A TNSA (R RS, 366 1R 2 S8 (1 AH DS B 18 A1 520 4
BRI TIRZRIFHILEHE . 2002 4, Esirkepov 25 N2 H RAXUZHLEH, B —Z =
USSR RERG PR — R R ABOR S A b, S TR K E R TE
PSP AR BCRIEZ Y, BRE AT EE FASIEES N IE, Hh T s R
FERUN, BT B d s JLF AR TR, R4S 20 0 B o R R MR i 140 R Tax—
Ji %, 2006 4F, Hegelich 25 Ak HAUAE b A KBS T E HEERTE, 20TW. 0.8ps Ok
M, BRI THERRECTE TR, BT REE N 3MeV. u, AERUE 4N 17%[141]. 2002 4,
Bulanov 25 N H, B SR [7) 58 55 40 A1 (A5 50 1 S S50 5 1 2 TR ) 0 A AN 3850
PR 8 2 B S FE A ) AN 34050, TRE N 45 3 1 8 7 RO 1) RSP R TH0 B E RSE, B
BT R A AR 5 [142]. BEXHX— A, 2006 £E, Schwoerer 25 A% F i I XUZ 42, B
FE TR LS M E & H UM RS, 15 H B2 200 R BRAE N X
SO EEAA A, 53] T REBL 20%, MeV EHINJH T H[143]. 534, Tocian 25 A\ RHTE
TN B THI S S BRI BRI ik, N I T A AR 5T SR R R A 9 4 R
K, TS B B ERAF I 7R, IR TR A 5% 10" Wem? /5806 K, 3715 T I(E
BB 6.25MeV, REHL 0.2MeV Fw i BB 7 3R [144].

S —Be SRS BT T TNSA AL, HSEi s EAEX I & M0 547, SR
JIr = A 1 5 R B PRI BT B A IS T AR G 2% AR (R o R, R AN 2
LU FH T SERR S, B an g vy T, S AR AR A o DR 43 1 5 B I P S 2 SR A
F o i A T o, BESRE T m i AR U . AR Va7 SR BT H
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28 A 45 (R R B 234 LARIIE 28 7 Re B R DURTE ARSI — A/ NG . 5T B
FFBREIT IR T3, BT AE BN AE E=235-250MeV, RERNE AE/E ~1%, ki1 iB&E
N=10"%, & 5x10"pr/s[145]. RS TH, WERFEETE E=120-400MeV/u, 7
4x10°pr/s [146], A & LA S A4 1R 1R 1SR4 Be R F L Bragg-peak SKiH RS2
a5 I S8 B B AL 2. FEMOGCIRAN B IR K TT Z, BERS P B 1 RE T I Rk
RE AR Kb FEEAIG A5 K BT 7R IO 0T 7 IR e o AR AE H AT TNSA skiarh, Fress 20 m)imokm
THERAE 67.5MeV, BEE THEERA 10MeV/, A I AN . 75T ) SZi o
133N BN RERIZI N 17%, HAeRFEABRERAL 10%. B, Xmm AR 2 =7
B HIEK . B OPCPA HORMIPRIE A, KRABEOLRE E a1 ELI. NIF AL, {§15
MG ATREAS 2EE5R . #EJE. #81% (ultra-intense ultra-short ultra-clean, 3U) BOGHkdH,
I PAZ SEELR ST R DR (RPA), X2 H AT T ) ef 21 im B B TR I 7 &,
TR,

1.7.2 SaS EME(RPA)

TNSA JEHLHEI R ARE L RN T8 GE TG 2 Hh s A A phy 22 1) H ey RN S R
Flo TNSA JE PS8 7 I i 2 fe i i AVl 3 AR L g, T iR 063 (1A i
NP EE IR, AR T A RKEN T TNSA JER AR 2R, IXEeig
TAERE 5 ARSI A, DR 7 A 0 2 1) gt S AR ST 20 AT, 3 i e s ] HE T
HAG 2] TNSA B 5 st A S FRRENT .

Ik, BEA CPA BRSBTS HEARMIGE R R, WobE (B 107W/em®)
B HATRE (~107) #RAFR] T MR- R . — RO BB —— Bt e ik,
ERPREO I ZE I, G A B Ao X — AL B HE A B H Marx T 1966
FEAR A ER B A BOE RORHES NI 2 R {147 SXAFEHLER _E S0t SRR S n]
PUNAR S KA AR 193] 11 2004 4, Esirkepov &5 AKX — & 51 N sRIEOL 54
FHELAE FH P v RS 1 I [148] . BESF, Macchi 55 A H I FH B (i 30k ik b SR 4 i
FL T A RIONE AR SR B AR S IR S s s e 5 RO 9 EE [ 1490 1255 SKIEAEAT 272 PR
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S N8R 3 PIC WL A48 A A P 58 i 1 500 156 9 7 A 25 1) v )3 @ 45 44 [ 150-152] o
FLE, RS I A EO G SR Al 1 e b W R A FU R [153-162] . VF 2 WF TSR
DT — PR R R, W R R OCE KR B R

AN B ARG FR R IXRE I MOk e R H R AR T A R K,
B K AT HER), BARMELCR, PP R T R . B R G 1 SR U
2, DRI T B R 23 2537, 12 FELAT 0 5 37 e ot RS 110 40 DX 3 25 7 1 A7 280k
ISR AT 2> B R R, R RPRM B I B e e, U 5 B AR PR R A R
CRIFLER/ NG, BUA ANER @ PR 2 0% IR I R) % F (14810 3% — MIBd B 1) Kk A %
FH& AT Coulomb BIEM BAESAATIA T, WEfE, B 7R T —iREs), Bl HE0L
kB SR E S B, & — A eil(Light sail). BIFEAERS], HHHXEHIE
BRI, SEXSEOGR BN, EEH, AL T0E, BT HORERS)
MERR R AR T, N O AR A M S S o ORISR o, = 0, / 4y, Firpry > 1
AL RN gamma R, PRGBS G I BE R RN T, RS 43 O RE &
sy TR EME RSB, BTN B e L AR R R, T TR
AT T, IR 7O R

N AR S H LR () — 4R R, ARAE SRR, RPA hdd fE oy AW, —
JEEEFLAN B 1 ini#E (Hole-Boring RPA), & Gl i (Light sail RPA), FF45 HiAx 7Y
REMBETReE, HEREENRIER.
1.7.2.1 $h L3R B F INiE (Hole-Boring RPA)

FE4LFLALN. (Hole-Boring RPA, or HB-RPA) ™, BOGHE S AE¥ERT K1, WOt iz
DI EEET T HERTAE Y, T T (Y T AR B R N T AR X R Z AL
AL AT B3, BOPR ORI B BB (collisonless electrostatic shock), 1 Hi 37 fif i
W F I —E— E BRI Wm0 N B, (EUb R B 5 R T L7 A
SR . SRTESEILINIR N B (Light sail stage), ASWrInE UZ S BIIARL S, i

TS IR 73 AT B B 0 HE I RER PRSI, X — BT BURHE T — /MR
Bl LRSI Bh 15447 T AE AR RS A R AR 50 T~ BEAT 3, 1 JetfE AR
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SRR O B T R IA . e NH & | HOL UR R 2 51 BN 45 TR
b, FPEE TRRRE SRS . LFE THRITREESLR =25 RPHEE N, ,
WFEBEI 8 1L 2% RARF)H, ESXR =24 R af k& 7 LIRS —o, 2L gan0 e HEs)
RIS RS TR TR T« D9 b A 18, Wb AT S B0 +o, (1 85 55 B TR iR I
IRF " [{)3f & 558 AT«

21

?:Znimiuj (1-58)

Hon BE7%E, mEE T HE. EXLTENEHE=1/mnc’=1/pc’, Hrhp 2%
B EEE . H(1-58) A Al

—— =\C'E 1-59

nm.c (1-39)

M Gallilean 445 RAH [ BISLIG =224 52, IS E THEZ N, =20, WE
TReE N e=m(20,)° /2=2mC’E

FEAXSRIEOL T, IRF 1 RDGsRIFANE TSR = 225 R P EsR, HARXHE Doppler
PiRs Ko T B iR A A5

lge _1-(v,/C)
| 1+(v,/c) (1-60)
FE IRF 145 8 54 BT 2R i 1 8 2 s AE R IA O
21 1-y,/cC ) 5
c 1+ub/c)zz“mi”i”b (1-61)
A By =v,/c, M ERTA: E-DB-2EL+E=0, M.
JE
= 1-62
B, 2= (1-62)
AR R AT TR, 2 =me (B —me 22 ).
. IS " 42VE

R LLUE . HB-RPA DR AL 115 2 1 & 1 RE S AU T2 8 TR i R i 2 AR08
FEV, T SEOLK iR TEo%, K OE 2 E W R IE TR T IEH . 20 ot
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XEH, BEEARESBOCRER AT s T aeR, n DUl BN 5 1A i
EFH . fZAESEI HB-RPA, iR A — @ ARt iE L, & NHOLI3) &L
A AR A L, BEITGIES B e A . ITEARAE RSN, RS Tk
HER TG AN, WTCESCHl HB-RPA. EAXF BT, — A S B Tk
N T AR e I AL N, = agn, o SR IEANTE 1.6.4 7“0 570 % 5 3B Ak B Ak
B ZERERAE” eI, B TBOH B3 S HES) TR RO 5 5 B TR
T Kb T b ey 5 JEE P -3 JEE U, RPN 0 0 7= A BELRSHE T, DAL A R b A T R
WG . HAh, TRV, X AR Ay TR 5 i e is . 1%
EHLEIVCA L S HEM =y, /¢ AT 1-1.6 I, S5 FORAolg P2 AR I, AT S 28
¥, FEHOHLRER, BEIMEACARGE, Hodu, st RIRE I SRR . BT R R IR G A
JR B TS SRR G T, K AT I, BRI, iz L ) e R R AR O
TERNIRAIE . K, HB-RPA [WAHSCSEERAE R TR 2 6. 2011 4, Palmer 55 AR
FURSEEE(~ 6x10° W/em® ), KBAS(CO, HWOk) SRR FEREO LM Im A2 B2, ARSI
1321 2 REE 45 RADAUESE T RPA HLHI A 24 1E[163]. 2012 4, Haberberger 5 A [F] 1
KH CO, WOt HAUARAEM, 193] T IE(HAEE 22MeV, REE~1%MR T K5, SATiRe
EHARBAL, HA~10°[164],

HB-RPA g FEAG i LE, Ao/ B8 . sRE RIS RERS 7R, Hal#2 %
ANGE, B EE R BT B TR e S, WO R S E RS R A b, BERTETE
FE B EEL I AT TR B — VDT B B R AT N, T SR PR A, TS — v
SHRFH S T FR I T () B R DL, eI, S P88 - B N, T R AR s i
T, SRR — SRR O R A, IR T T IR A6 b (LS-RPA)[165] -
1.7.2.2 EMAANER (Light sail RPA)

MO HREE BIA — @ AR FE G, AR T ] A RS, RN A LA e o 4
MR RN BRET, K EOERE R B RE, R — /N Bl R I B
el B 1-13 Jtm it o it R o BSOS RO G AR 5 N @,
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i Oer s W @/ O = (1= )/ 1+ ) ~1/ 4y, IRIMRLARMEER, b AR
DG C VA — LR, 7 RAHRLVEAR 25 N 7o U RN BT TR RS,
e RE EECR A FOM LR AL, RERH RN =1- 0, /oy, ~1-1/4y", BIRMY
M2 KRE, n—>1,

Inc Incident

reflected

.

(URI::I'

F1-13 et inasgEdLH 7 = K

Fig.1-13 The schematic diagram of the light sail acceleration mechanism

B R — A, SRS R b, BN HES) Ay, AR
TN EN RS, L EMEARchde, NHZEHARCESLR EALFR & (Laboratory
reference frame, LF) [ jiazh 5N :

dp
— =Pd 1-63
pm o (1-63)

Hop PRSI RICIOZ R, P RAE R IR, WA R RS R R R AR ST R %K
SRR AL, WEEERSHES ] +|pf =1. @R P = (B3 /4m)A+|¢[ -|o[), *
HEy =Eoy /0, o, =aJ(1-B)/(1+p) RAMMEB AT Z T 18O b ¥ 20
%, E Mo MR TE Sz 5 AT R R (010 MOk b B0 B SR . M Tk R STt
[ =1, HifiP=(E/22)[(1-B)/ 1+ )]« FEEIIEREREAEE, LERRBRES
% ZPRAS . ARN(1-63)3k AT £

d E2 >+m’c’ -
®_ = VP P (1-64)
dt 27Z'ni| \/p2 +mi202 +p
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Hrpp=ymo, m, v, 0, IDHPVE TR, BE, HERFELEE. K P K
RIB i N(1-64) A5 T I I T R T

dp__E 115
dt 2zmnlc y’ 1+

RS B4 BB AR, O 6 K X A= tanh @, I ¥ = coshd
p=yf=sinh@, &Q=E}/2zcmnl, MF ¥ (3)RE N: (cosh@+sinhd)*d(sinh #) = Qdt ,
NAEYEFAELE=0)=0, X R EPE TR 5 il 45«

(1-65)

p+§<p3 17 oD =Qt (1-66)

IR T AE LS-RPA AL B FAIE SEEN LR AILLEH, Hp<Iif,
A p~Qt . eI BEL T EAEE, 7 p~[(3/4)Qt]”, ENE FREEMINAR
. (1-65) RN

Jco-17
2C(1)

o A =1/[1+D(t)’], B(t)=D(t)/[1+D®*, Ct)=+/1+)/(1-p), Dt)=3Qt+2,
X —HA, FTLA453) LS-RPA I RN & s, ®EASE. MU, ZEMEK
HHEZUERN, FTe R4 R R BRI B L

RS AR T IR O o B A R, BB REOR R e R AT, B HA
2 D R 5 R B, B B TR R E I E N B, EARRIXFERDEIN, )R
B R B, RAE—4EELUT, AT RAREAT T B SR BIDG HOR B R BT H 1 R HE
A HLF 46 JZ(Compressed electron layer), H. ' 5 88 A (1) B3 Aar 43 B9 37 i L g AH P45 o
WUIZE LT~ R 45 2 A 5 -3 45 F4 40 N 2 (Phase-stable accelelration, PSA), W&l 1-14 fiw.

B=1-[A1)+BM®]” -[AD)-B®)]"”, 7 =1 (1-67)
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a) —— =167, b) A Compreesed
1 o t=26T electron layer
O 6 k l=38TIL Electron depletion [
e + t=50T region
é“’ 44 L npn ______
% 1 -: no E)ﬂ, EX.E
21 n = -
0_ L | " k. . e
8 12 16 20 24 . X
iy 0  Dd d

KI1-14 FEAR I AL HR & 12

Fig.1-14 The schematic diagram of the phase stable acceleration mechanism

S S E TR a L+m)"? ~ (ng/n)(D/A), Herbr DRI 53 5] RE A
Lot AR Fi5h, SCEARER THE T 7 e B3, RIASRER i T4
FRHE L BLAATIT A RPA ANBER A, A a <y /N )272D/A) o #i7 k4 JZHOL S A AT HESD,
Hrb e T g k. FTULE W, W7 RgEJE I EE R e A 2 TR,
U J T T AE R R T A S T, IR BT AT 0 AR R IR, AEAH S ) 2 I St
gk, BT 5RTIRARIE RMgAE g, Wi 1-15 fros.

FEI1-15 PSA JI o 26 -7 75 AH 2% 1] ot (g 43 A %)
Fig.1-15 The phase space distribution during the PSA process.

2004 4, Esirkepov 5 N B H 5 F I dE 4 110 B4 15 FH 1 2 5t 258 S 5 v 1 2%
PRIBOCHE ] TR, REFIAF] 1 =1.37x107 W/em® x (lum/A) (L ENL R H a=316),
HBOEHTH 2 M a=100 #5_EFA- 258 & KA. LS-RPA IR EWIE 1-16 Fis.
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| - 20
2 :
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LI
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BI1-16 S nseet fi 2 i pg 1)
Fig.1-16 The density distribution during the light sail acceleration

Z T LACR FH i s TR0k, R DN E AN BR e Ia ,  BAR  E n i
TORH, THEOERT HL T AR LR R AS BRI, DRk 2 0l s ek o 32 A
Fi o e DAL H AT A A A S T IE ] GeV S AIIENLH], FHAHX T TNSA
IENUHIT S, feRE L ECRR, BRI REEELr, ST SEhrr A M E. 2R
TESTIG b SEPLX — LS, B IEEVF 2 WA, Eo, B THEXMAR, 15
AR nm JEFE (AT, XA IR T E, U B R e TR R,
—MRERIE RN 107, PRI A A UK e AR RS R B ERE, (i LS-RPA AR 4. 7i4h,
LS-RPA HLi52 F B AR Fa 52 14, 11 Rayleigh-Taylor ANFa g M, Weibel 752 i 1445 1 5411,
B A5l >R FH TR0 s R 00 RE AR B S 0 81 640 Pl 7 7 A S B AR IRV E X BB IR AR AN AR i 1P Y 3
KAMBEIR IR 2% BE 2, AT AN I FE AR AT 2 o, HR B8 7 SRR SRR A 0325 s A K 11
187

IRZ SCHRAE Wi AR e R, SR BORsRAE . Fikarb 56 B . $E SR e I
VLHECEAT, BRSNS T —FiFx >y Shaped foil target(SFT)[157] /(4L 1, H )T
FER ) b 5 0 AR ) 9 BE 3 AR ULIC, DA T B s A R AR R, AT IR A A
SEVE R AT BAAE T . R A5 A[162)3- t —Fh it B8 5 SFT AHLAHE
b, R SR A B S OB IR I SRS ARV . TRk A Bt LS-RPA FrF5E AN
AL [158], 1ZAL N 5d 4 A 5O AH BRI X3 BT 2 1, SRR FH ot
SR 1, 20.25minc’, fd4k £ (hole boring velocity )T AL 2% 45 FLIT B AR B (1 £ K
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B, A OEHE, Frh my A0 R R AR B T . AR
S T — MER L AMIRBOC T BL T, RPA B TNSA i &7 32 548 FH 1251 [160]:

0 1/4 Irlz] (1-68)
b /1 2 ;/n \/;/ lyn 2

K FNZ AR TR R 3 2 T ARLF I AN R . B RS N [1541 KB T — A F4H 41
HEARE I X3, R FH SR IE N 7x10% W/em? OB AT = BB BN 1GeV, HLEN nC
R AR FEZ DX I A b, RSP T B0 55 B 1 R B P O Bk 4T 25, T v
(35073 PR ) R LT, SRS 1) i

EAR RPA DAL 5280 75 B0 m R S 06 2%, SR B OB B k2D, IR
S5 8S TMA (Plasma mirror) FHIA (1 H ILE AR EOE T LR BRI |, IEAER O
LIS WA T AZ AN LE] A0 2. 2009 4, A.Hening %5 AR fEE 0.7], REIE
E5REE N 5x10"° W/em? #0065 DLC BREEA HAEH, UESE T 4B0G MR & Rk sCh
G AR, TN BSR A A . M EE R L 5.3nm A3 B TIEEAEEE 30MeV
i) CoB 7 R[166]. 2012 4, S.Kar 2 AR 250TW, WWREMEL, TEGEEEIL
3x10% W/em® IR REC LIk, 132 T IEE RS 5~10MeV/u 5T IR B 7 IR[167].
2013 4F, S. Steinke 55 N\ K IRARIEAE B DY 5% 10" W/em® B X EE B 5 [l iR 801G
ik 5 Dy 10nm (R ERHEEAH AR, 433 1 A8 B A Ee g B AH 2 B B 5T AR AR 25
TH, BEEREEZIN 2MeViu, KZIH 6.5%MBOGR B4 |21 [168].

n

18 X AR RHE

ARSI B TAERIR SO 2R 2 HE T -

W FENA T WO S S ST A AR B S, B, R
PFREE T, JEIHE A T S A SO O I B IO RS T AL —— S vk 2
I ML (TNSA)VFIEE S AENLHI(RPA), HEI AT AR E TR,

5 & LT CHR[J. Opt. Soc. Am. A 18, 1678 (2001)]5E X f#) Closest Solution, iz f-F-
T A 20 M7 57925, RIGEIEES Closest Solution [94% 43 5 5E SUNELSLEIHTE 2=0 Ab (1T 1
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Wik, PREFEIEE Maxwell JFTERARIRECHMMNTIE. KX MR T HR 42 Ak
Laguerre-Gaussian #0637, KIS EOG AR B AR THACKS, FRATHI P53 B 9 1) F,
W RT EIRSCIRGS AR . A5G RATM T, P R B T 153 3 K 3R /D J 3
e RO B E L2 A R IR AR AT At . 5 56 T 55 Sl AL ) et iR WO ok i A B A,
TR AR BN BR (S KA #E BENARF . BRI
AT AL R AT T AR Ak 2D ) RO Bk i 6 B - DR BEAT W A, R ITRAT T R AR A5 380 ) LT
ARG TR B T AU P 43 B PR 45 2R

55 = T 0 A [ AR A WA R O ke 1) B - s R AT T AR AT . RIA B — B UNER R
TRAEEAR 1A AR A WA WK SO Bk i (0 AT A0 5 1 AT BB N, R AR Bk b e N3 14 472
WG AT LA sk B T AT IR, ZEBOBIREA 107 W/iem2, AT REEHN 45MeV
i, AR IRTFIAH] sub-GeV.

S5 DY T B — TR0 [ A BEAE AR R P BY BOBT I Ty %8, JFREH T AR R
ST AR BT o B = AR, U A R P B[ £ v ) SRR S i 1 1
TR 5 A ol SEHERINIRE, o 2 RHBCIR IR R ), FTRG B & & S AR
B G RHEAR RL ) 73 P By, BRI O HERES S0 A0 BB o SRAZEE B, T
IE S AR B R S A AN B, AR — BB, PR S EAR BT T T TNSA AL
R, A BT EBO AL R T B sl , A S BT A I A0 T F [R] I e
LS . RS BB, Ll oV SR ) R 8 4 o 5% v 40 I 1 7 AR A 1) P 4 A
BHESIRIVERT, AT ASE A a8 43 BT PR PR Sk B A B RE— 2B R DI, I e G TR i v
JRIF AL T3 . 4k PIC Bl 45 SR WA, FARKTE 80fs, HAESRIE 3.1X10%"W/em” [H1i#
Jelk Ry DU A B K RE B 250MeV,  BERLRE 17%HIAERAE R T . =4 PIC BIURH,
ST, B T AR BOE B 7 & ) 3 M ARONE 5 B0 B K g B PR IR 9 &Y
112MeV, {HIFIR GEBUERS BRI, 208 3%, AFLH T IXFER TR T ReE
SWOotRRE . BB R AT

BT ER W AT RPA WL B3R & b BT 5 A X0 1 #E Bt (Dual
Parabola Target, DPT). ¥ P& 2P0 HITE FAHT#E (Side Target, ST) FIETER [H 2904
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T T FT A (Middle Target, MT) 2%, H MT Jli40ii i i e ok ot iz 25 ST
PO O EE A TER AP SE RIS R, 2K Rayleigh-Taylor ANE& G P AR F) 43 A6 5 v 0
B, T AR T ) XSO A S e Inid . T ER A DPT FEAIIEBL T, otk
WAL 54 ST ST I Py BE S S 5R AR RN 1) MT 085 B X35, 37 3 X4 1 e ==
TR X, XA R ORGP X, AR R A RO R . X R R 3
BEAR T XHOC IR E B R . 2D A1 3D PIC AfUL45 SRR, RANKTE 66fs, TR
9.9x 10 W/em? I [ i = O ik b o] DA A I E e 2 262MeV,  BEH~13% [ 5L AR 5T
Tl

F/NENS Particle-in-cell (PIC) i F- R N2k (i 4% 5850 ik v 5 [ A S AH A FH 1775
TR R ) B RN AT T . @ —4 (1D), =4k (2D), =4 (3D) HEHE
S RELAUL 102 () J LRI RS o = RN B, FEAE BT HE (WO AREE ) MfELL T,
L PERE S A ) I SO LA, e RCHERE (BOREIEE R IR,
HLFPESE B T OB IR 77 17 LGV EOGRR 7 ) B B s 7 e i B 5
FUHLIE/N T S B o XA AN [ 2 () 4 P (AR POLAS BN R M TR . B,
TLH 1D A 2D R4 3 B B IR LR PR 3D BHUEIR 2, Htk 1D A1 2D BERLAS 2 1
R T Re i 3D BRI 3 50 2 £,

AL E AT AR S TAER S BG4 5 TAE .
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’ (2-4)

2

= Aei + Be, = Al(—qéx + péy)+BL(pé, +qe, —L2-¢,)
P P 4

_E(p.9)p-E,(p.0)g 25)
Yo,

A
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_E(p.a)p+E,(p,a)q
Py

Hoh AR B 2 B R B TE 2B/ TM 438, aTUEH, A=f.e, B=fe. M

AR, ATRAE MAE 2= 0PI MR R R0 f, IS BT gt G

B

(2-6)

Txy) = jol joz”[(T-él)él +(Feer)er
+(?-§)§] exp[ik(xpcos¢@ + ypsin@)]pd pd¢
Heh f(pa)=(f, . ) R e, e, s=(pcosd, psing,y) F&uon wAL 1% 77 1 HLi
JLEeS=0s €05=0, ses=1, Hle, e, sAEMELEEMEEL. M F(p,q)
WE LI =N EE:
fio_ae_9¢, P _Ei(p.9p-Ex(p.a)

2-7)

— h+=1 (2-8)
p P P
?.ézszy_pf1+7_qu_pf3:Ex(p,q)p+Ey(p,Q)q (2-9)
P P Py
fos=pf,+qf, +7f, =0 (2-10)

NEER K, FXHidEx=Ex(p,q), Ey=Ey(p,q), f=7f(p,q). HI(2-8)-(2-10)
XA f =E«, f,=Ey, f,=—(Exp+Eyq)/y, Hul%&n f =(£,,0,0), (0,f,,0), (0,0, f,),
(f,1,,0), (0,f,, ), (.0, ) KRR E(2-8)-(2-10)R . EVER FIRFTREET T 1
oy B FUSC R REIATE 2 = 0 P 1T - 40 B AOWL A, 5 SCRR[L-3]7h 1 F A5 LS s A
RIRHI A o DK 28 AT RIS R ZE R, BIRZ PT343 2 AR
2 £ Maxwell 75 F22H 1A 280f# -

% T £ f R Gaussian ¥t 3%, 5 X f,=E.=C(-p)exp(-p* /%) ,

f,=Ey=-Cpqexp(-p*/c?), f,=-Cpyexp(-p’/c’), mlf3:

(Ere)o (1) = jol joz”(?.él)él exp(ikm)dpdg
. 2 . (2-11)
= —CJ J sin¢exp(—’0—2)el exp(ikres) pd pd ¢
0J0 o
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(Erm)g (F) = j; joz”(?-éz)éz exp(ikm)dpdg
| aan 2 . (2-12)
= Cj- .[ cos gy eXp(—p—2)82 exp(ikres) pd pd ¢
0J0 o

Toouy) =C[ [ 7U(T-e08 + (Fe:)éexplik(xp + ya)lod pdg
=C[[ 10 47 cos' )i singeasTlexp(- ) explik(xp-+ ya)lod pdg e
B, (2-13)R 5 CHRL]F 0) 2 E LI T (x,y) AR
St F AR Ao I, Q-8B L feer =0, BT (2-9), K(2-10)75:
fi=(Exp+Exq)p/p’, f,=(Exp+Eq)q/p’, fy=—(Exp+Esq)p/y-

X412 AL Laguerre-Gaussian HLRZ3%[4,5]F :

_ \/5 o 2 2
Bx= i i2 ‘pcos¢L‘( L exn(- ’;2)
j2n- 1\/’ 2 (2-14)
= ( )eXp( )
2
E — 2n-1 . Ll p p
' 870° " psingl, 20° 40'2)
j2n- 1\/— 2 (2-15)
= ( )e p(— )
Exp+Ex Exp+ Ex Exp+ Ex ,
e 1 = p; Dp -y _( p; DA p; 4 s,
(Ere)p(r) =0 (2-16)
— — 1p27 ~ - - R
(Emm ) (1) =j j (f+e2)e, exp(ikm)dpdg
e p (2-17)
)exp(— )ez exp(ikres) pd pd ¢

87r0'
2L, Liﬁ%%%iﬁeﬁimﬁ(m)ﬁxaﬁ?(x,y)ﬁlﬂo UWNAE(2-16) A1 (2-17) X B 4
n=1, WRASAER MBS ST

E, =271 [ b(pW1- 3, (KRp) explikey1- p*) pd p (2-18)
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= —27rjol b(p)pd,(KRp)exp(ikzy1-p*)pd p (2-19)
SRR [ W32 53 50N -

By =27i[ b(p)J,(KRp) explike\[1- p*) pd p (2-20)
Jeib(p) = ()" 2 'IE‘) Pl exp(—) RAEH|Z iR M.

2.3 {Z[EHR 4L Laguerre-Gaussian 1%

(a)
@ 15 e 05 108
3 1 3 '
b= 2 0.5
g 0'2 . g 0.4
m N
Ww-05. U : 0 - 02
e _ ot 0
5 ™ e
- 0.2
0\ «;«-’//f 5 05 y
y/w S5 w '
©
§ 1? o |
505 _men 03
5 0.
o 05 \ u 0
5
NS 7
0 5
N 0 0.5

yw, 5 -5 xhw,
K2-1 @ E,, ®E,, (¢)B, 7 z=0Vi LHEE S, Hbhw=A1

Fig.2-1 Surface plots of the dimensionless amplitude of (a) E, , (b) E,, (c) B,, respectively at the plane z =0
for w=A1.

K2-15H TE, B, BfEz=0Vill EASRENG, Hfw=A4, WRIEGHRIHRE
FAR, ARNPPK. WTAEH, s nE E AR B, AR (Z 5D
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EXIEWIR KA, Tk g E, WIAE 2 B B IA B R ORE .
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P 15
d
‘ , p 15
R/ R/
f
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R/
] 1
wos! J wos, h J
O_Aﬂ_ — O_d_
5 5 4 6 8 10 0 2 4 6 8 10
R/ R/

) 18 7 = 0°F I LB FIEEES R (072546 . 55— %1 E [column I: (a).(c).(e).(2)] /4T SCHR[2]
H “closest solution” Hfi#, 5 %1 [column II: (b),(d),(f),(h)]/& & T 4 & 25 H 1 /i 20(2-18)-(2-20)
FEHRERE 2 A (a),(b) W=0.11;(c),(d) w=0.31; (), w=A1;(g),(h) W=51.
Fig.2-2 Comparison of the distribution of | Er | and | Ez|” in arbitrary units with radial distance R at the
plane z=0 between the field form given in Ref. [2] (column I) and our fixed form (column II). The waist

spot size are (a),(b) W=0.14; (¢),(d)W=0.31; (e),(H W= A and (g),(hyw=51.

K 2-2 Bor, SR BEEAR N TOLRBKIT, BT 3CHR[2]H) “closest solution” FrIfi#
20 Y PR i 1) R I AR T T A B tH AR (2-18)-(2-20) b — M E . FE T AR FE 4 H I
R RN R E R T 2 L. B WHRBCKER, Ww=54, PRI i)
ZER VP, O AR 1 F g o B KT A H g 0
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8X 10
gl c
" w4 f
2 Vo e,
/ \ TN
S
0 10 20
R/L
smw
§ Y ] [ f P o ,
2 § |1 1 S, &
N { Y oL S o &
ooy w / , Ly 4 /
1 4 Y 05 / ", /
% 10 20 % 10 20 % 10 20
R/ R/A R/

23 |E, [, |E,[ FEARREEES 2 bR RBER R (04, W=A. ZHIEN: () 2=0; ()
z2=104;(c) z=304;(d) z=501;(e) z=80A4;(H) z=1001 .
Fig.2-3 The distributions of |Ez[* and |Er[* in arbitrary units with radial distance R from our fixed form
when W= A at different longitudinal distance Z. The Z are (a)z=0,(b)z =104, (c)Z =304,
(d)z=501,e)z=80A4 and (f)z=100A1.

K 2-3 B, ARl HIAAE 2 AL ™A% Dy 0, HaRFEVE 2 BB W . BRI AR
AR TR T VAL, o BV AE BT 7 2 o ) e AR AR T 2 A IR K
6, HIHEARUTRE T FOEWY a. B i A A e A 2R 2, X 565 oL
FEL IR BRAG DL N FEA IEB AT
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2
—E,
Al 0.6
—E | o \
04 | |
02 | f\
Vi N
2 3 0 3 4 5
R/
0.8 0.8

0.6 /\ ¢ 06 | /f_\\\ d|

o4 | o4 ’
0.2 / \ /\\ ' 0.2| ;"/ \ -
o—\ N o N
0 5 10 1B 20 0 5 10 15 20

R/ R/
F2-4 ST ARSI A I, |E[, |E,| 782 = 0 FHBAMES R OEL. SHBIEER: ()
w=0.61;(0b) w=12641;(c) w=64;(d) w=201-

Fig.2-4 The distributions of |Ez[> and | Er|’ in arbitrary units with radial distance R at the plane
Z = 0 obtained from our fixed form. The waist spot size are (a) W= 0.64 ,(b)1.264 ,(c) 64 and (d) 201 .

B 2-4 SoR, OEHERE A BN, ] E R AR MR £ . il
I FH4% [71) FL3 I 5 ' RO B A% (090N TG 17 2 B 3R 4l i) P 379 P 56 P85 E 2 BB S5t 2%
ARK . FEW=1.264 B, il ) B3 () 5 P B K BT 46 K T48 ) B R 5 P o K fBL, IX—
WP AR KT 65 i oS 2R 1E w = 0.74221 [14].

2.4 ZERALBREACBK R B AE TR

AN T 2 (2-18)-(2-20)45 H IR AR AR AL e AT, 25 AR AR AL OB ik o
FERL S PR IR ARG L A . X T4, THEE B O/ (o)1, Hrh o, 2%
Gy IR, R S . BT IR T M TR (ASA) IHESE 1 [16-18,26], 121
WRACHOG I B RE thik 2 [2-4]

E,(R.0.2.0) = 27i[ b(@. p)\1-p" 3, (CRp)expi 2 21-pP)pdp  221)
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1 (0] )
E,(R,0,2,0) = —27rfo b(w, p)pJo(g Rp)exp(i . z\1-p*)pdp (2-22)
B,(R.0.2.) = 27 b(@. p)J, (T Rp)exp(i 2 231~ p7 ) pd p (2-23)

H 1 b(w,p) = Apexp(—p> [4c))L (p* 1267 I1-p* »  A=(=D)"'V2iE,/8rc’) ,
o=1/(kw)=c/(ew), L FRBEAHERECNN, fAREEXECN 1 0% Laguerre Z 5L,
FEARTEREN=0. I, I, 73HlEK7m 0 Al 1 e —38 Bessel %, E, RnfERIE(E
WL WRICRER PR, oRRPIHPEIE S EMER, P R CHR[21F SCHR[3] AT &
XY Cartesian Fourier ZZ#AHEK 5 I~ AL bR . 42 M) B AL SO Bk v R RS A 22k =0 mT
HA:
F(R,0,z,t)= J‘j: ?(a)— wo)f:\(R, 0,2, w)exp(—lor)dw (2-24)

Hifir=t-z/c, o, ZHOMPE, E=E,» E,» Bs- F(R0O,z,0) MRS EN:

E/(R,0,2,0) = ZEiJ;b(w,p)«/l—sz](% Rp) exp[i%z(«/l—pz “Dipdp (2-25)

E.(R,0,2,0) = —27zj01b(a), p)pJO(% Rp) exp[i%z(«h —p-Dlpdp  (2-26)

Bo(R.0,2,0) =27 b(e, p)Jl(% Rp) exp[i%z(\/l— p? —1)]pdp (2-27)
HISCHR[15], [18-21], B F(R,0,2,0) KT @ RS R H, RIMHE T HRA T et 2
AN, f(o-o,)1Eo=0, b KE, HABWREZ. RAREDBERTT:

F(R,0,z,t)= E 10FR.0,2,0) . exp(—iw,7r)
' n w=a, 0
= n! ow (2-28)

X f: f(o—a,)(@-0,)" exp[-il@-o,)r]do

AT (2-25)-(2-27) AT I AR A -
RHAEBES: f(o-0,)=t, exp[—(0—0,) 2 /2]/~27 , Forbt, E e kom o8 B,
LA S P P A 3 1 P B S R S AR R W= W, , U] 75
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F(R,0,2,t) = F(R,0,2,,) exp(—ia,r) exp(—r> / 2t)

OF(R,0,2,) . .
+ - y— exp(—im,r)(—it /1] )exp(—7° / 2t;) (2-29)
-
+ %w oo SXD(—i0, 7)1/ YA =7 /) exp(=7> / 260) + ..
(0]

HEEE-28)IHI NG 1/ (o))" fiEE, HRZEL > e, HgihE. Xi:

8b(a),,0):(—1)n+1\/§iE0 P (3a)zw3—'0—2a)4W5)eXP(— P
P P e 0752 0 40°

) (2-30)

0°b(w, —D)™2IE 70> 0
a(wzp) = )87zc3 : \/1pr (6wW3——2€2 'W, +£: o'W, )eXp(— —7) (2-31)

A [A) RS A 2 i A K
E,(R.6.2.0) = 27, \1- p”b(@. p)3, Q) exp(T)pdl
+J‘(: J1=p°G,exp(T)pd p(-iz /1) +%J(: J1-p°G,exp(T)pd p (2-32)

x(1/t)(1—77 /1)) exp(-7° / 2t2),

E,(R.0.2.t) = 2z[[ pb(w. p)],(Q)exp(T)pd p

+], PG, exp(T)pd p(-iz /17) +%I01 PG, exp(T)pd o (2-33)
< (1/82)(1 =72 /t2)]exp(—z> / 2t2),
B, (R.0.2.t) = 27i[ | b(e. p)J, (Q)exp(T) pd p
(2-34)

1 . 1 ¢t
+ JO G, exp(T) pd p(=iz / ;) 5 ]0 G, exp(T)pd p

x(1/t)(1—77 /1)) ]exp(-7” / 2t]),

)
|

(e, 2L 5, Q) +bo, ML 13, @A

G1

*b(w, p)
8 A 2

G, = ob(w, p) 93,(Q) 23, Q2P ob(a, P) A
ow 0w

3 Q)+2—
[0
0°J (Q) ,94.(Q) 2
e 2 HIQAT,

+b(w, p)l
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O(Q)

6, =225, @ +b(o, L 13, QAL

ob(w, p)
0w

6, TP ) o, D) 6J80<Q)
(0

N ow
0*J (Q) GJO(Q)
o’ ow

+2J,(Q)————

A+J,(QA],

+b(w, p)l

Hbow=w,, Q=aRp/c, T=ip,(zJl-p* Ic-t)+¢,,» A=iz(yl-p> -1)/C-
FE DA W 78, — FRR P T 5 1R 438 1) A A B80T Tk v 19 45% il 30T ALL i (Paraxial

approximation, PA)[13,14], B E =rE, + zE, %=, Hrh.

r r? r?
E, =E, RE exp(— SE )cos(@) eXP(—?) (2-35)
2 r2 r.2
EZ :EO WOI‘ fz[(l_ 2f2)51n(§0)_z gfzcos(w)]
(2-36)
xexp(— 2fz) xp(— —)

Hrpp=ot-kz+2tan™"(z/ z,)—(zr’ )/(ZRWOf Y=, T2=1+(2/25), 2o =KW, /2,
TE R, ¥ PA fEAIA 2 HE HL ) ASA 15 3 063 B M 5 R B 1 s 45 51
S, KB, mat, SEy, SEp, EG, BE, WHBAMUA,

T,=2n/®,, C, MC, mc*, Me,c/e, mac/efEZNL.

2.5 B ERWEC KR4 I FL IS

(L (PA) AL & = A/ 2w, [ % BT TR RIS 211 [22, 23] TEAR FURALIO I 1
WL, E e MBI mitf, E B, W& & e s f . X — ik e>1,
W, < 03183 (it FARAEM [, K9 series expansion [{IJ7¥7E & > 1B AN IEH T
[1524]. BMEY s <1if, EIIARECN, BATHERIESRIOE MER T i T2
B 93 I LR PRI
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Fig.2-5 Temporal profiles of the axial electric field

M ASA fif. PA FRoRGEHIL IR

BWOCEBREEAA: (@) W, =094, /7;0b) W,=1.154,/7;(c)
=0.57 . ASA 0" #5422 Fr A b i 1042 1E T i 3 T i 4y

E, of(t,=0.5T,, T, =27/ ®,) radially polarized

sub-cycle laser pulses each with a Gaussian frequency spectrum at the beam focus (Z = 0). The waist spot
(b), and W, =24,/ 7 (c). The initial phase of laser

sizesare W, =094, /7 (a), W,=1.154,/7

fieldis ¢,

=0.57.ASA 0" represents the ASA solution from angular spectrum analysis without

higher-order temporal correction. PA represents the paraxial approximation solution.

2-5 o1 ASA fFART PA fif 4 Y ROUT IO A 3 il 10 Al 1] FRUZ I BRI DUR

W W, < 4, / 7

PA fift 75 AR B R B A

XRERAEIZE T,

€ F I WERAT

series expansion I 7VACAFIEH 15 E(W, =1.154,/ 7 I, ASA A1 PA fi#45 H [ 0g
L FAHE; H4ELW, =24,/ 7 I}, ASA fiftés B2 PA i3 K Hha .
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Kl2-6 R (W, =4, =1um) Lz b%lftﬂz]({ﬁll (Gaussian %ﬁﬁ 2 [l g B, FE R AR
(z2=0) WAL, WO N: () t,=2T,;®) t,=T,; @) t,=0.5T,; ) t,=0.25T,.
WORHIEAIRL A ¢y = 0.57 . ASA 0", ASA 1%l ASA 2“d/\”lJ%%Tﬁ 0 BT, — IR R I
ASA fi#.
Fig.2-6 Temporal profiles of the axial electric field E, of tightly focused (W, = A, =14M) radially polarized
ultra-short laser with a Gaussian frequency spectrum at the waist (Z = (). The corresponding laser pulse
durations are t, =2T, (a), t,=T, (b), t,=0.5T, (c),and t, =0.25T, (d). The initial phase of the
fieldis ¢, =0.57. ASA 0™, ASAI" and ASA2™ representthe ASA solutions with temporal
correction to the 0-th order, first order, and second order, respectively.

B 2-6 Ron A FRIBOCHK 8RR RE (W =4, = Lam ) 12 AR AL R HOL ket 1
e HI B OGRS (2=0) MR A, ASA R4 B2 PA MRKIIE. 2
ty > 2T, i, H1(2-36)3 4 i =B i Bl B IR T 88/, P LLZS, T4t < 2T i, &y
I AMEIE ARG B 25 K. KR BARM, BFUOMBEIEIUS 1/t Bk,
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02(C) 02 (d)
: : v
0.2/ i -0.2
B (R R T S (R T R S R
zf}bo zf:uO

B2-7 B (W, =4, =1um) Fii @ fgoekot (Gaussian S05E) 5k H E, I BOBHE 7
FItE) t=0:(b) t=T,:(c) t=2T,:(d) t=3T, M. WOLHIEHIE G, =0.57 .
Fig.2-7 Distributions of the axial electric field E, of tightly focused (W, = 4, =14M ) radially polarized
ultra-short laser each with a Gaussian frequency spectrumat t=0 (a), t=T, (b), t=2T; (c)and
t =3T, (d). The initial phase is @, =0.57 and the laser pulse duration t, =0.5T,.

K 2-7 WoRERE (W =4, =1um) fRIaRAGEEEO KR 14 i B, W0t
P& J7 AEAN IR [B] (9 5347 o ASA A UG ME HIIZ 8 2 PA fRINIZE R OK . PR RS AT &
il ) 37 BE S O A AE S T TR o DR B ASRIB I TAME IR T ASA 8 10 22 57t B
I TA) AR K o X AR IR 17 IV Jod SOV ik £ 22 T R ) . 45 FD 53l 15 RO o

2.6 EEMRILH SR F IR

N5 FHTR, AR, BT B R AR A R A RO SR 345 Hh o i L [10-15],
B2 R FAE IR Gaussian WOLHA & TR AL JEEE T HEAREIHREY . K
A IR TR B T 7k, R FERE R B8R I 6 R B 42 1 1 0 T A2 1E
(. IR, AR, JCHE D B B A RO ik e R i fE i, 2 ()]
AT ()0 28 G SR B MR GVE R, DRI ZE VA0 F S RE RO e ik i o H 1 i 49 281 1 HL T
R, A FIR RN [22,23,25]. FIHECRA 2.4 T I ASA il BUESRA
B AR T AR AR Jikad (0 7 e, A 45 AL S5 AR RL I PA R I 45 AT T L
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2.7 1t R HATE [l AR AL e ko B BB, 0

R TMiEsh T HEN: dp/dt=—e(E+voxB/c) . T & NIt A :
dp/dt=—27(E+pxB/y) , Mo y=l+p> . Hik b T A BB KT RN
dy/dt=—27(0-E). FEMHMFRRAT, ERTIEAEA:

dp, /dt =—27(E, -v,B,) (2-37)

dp, /dt =-27(E, +0v,B,) (2-38)

P, =10, P =710, (2-39)
dr/dt=p,/y, dz/dt=p,/y (2-40)

dy /dt =—270+E =272(v,E, +0,E,) (2-41)

N ICRAT IR R RO S ORI R fL 1 A A A B BT NI 52 . AE — LA
BEFE P [11-15], BRI L AR R R, R IR RUANRE R FI7 0 0, ALY
WK AR AR, T2 R f 7 ] e Al i v Z Je R IR T s B &y g sh 211X — A7
F=AiD

_ —ASA Q" _
— st

§os (3) ot 5 oo (D)
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Kl2-8 FEARIBKTE OBk E R N, BT IR B SRS BEVIAAAR DL @, 1R AL . WOBHKTE N : (a) T, =2T,;
) t,=T,;() t,=0.5T,; () t,=0.25T,.
Fig.2-8 Electron energy gains each as a function of the initial phase ¢, for different pulse durations:

t,=2T, (a), t, =T, (b), t, =0.5T,(c)and t, =0.25T,(d).
K] 2-8 25 HAEAN AR S (PO Ik E L T, WIEEAL T 2 = 0 B ER L+ RE 2 B 1T 46 4H
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fr gy K24 . B JC RN RN B, =100, SEHRER AR AW, =4, =1um . AT LLE
H, WIHRAAGITE 272/3 3370/ 2 Z IAIRE, HEF3RIFECRIRE . TOIR R ASA fifif st PA
fift, FTIME ¢ = ISR INAE R R K. B IR ER S S RS IR, ASA fR1E
ZALAF B 45 RABARIR] o X5 DURT AR FORAHRFI, WSCHRIL3IFISCHR[14] . 4t < T B,
e BT TR T TR E - (R R SR — 8 AR R o 3T A DAy 22 ()RR T4, 28 (R 5 K
LSO BRI AR 3 R TR B AR B 2R o 2 Rkh B B 2 B8 /N, filant, = 0.25T,
BE AN mPHE IET) ASA 32K B REEZ R RRAER B35 . 515, ASA fRINS
RKT PA FRIVAE R . X PN 2-5- 1] 2-8 13 2 # g, BN R ZDURER A R0,
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Fig.2-9 Electron energy gains each as a function of the waist spot size radius W, for different pulse durations:
t, =0.25T, (a), t, =0.5T,(b), t,=T,(c)and t, =10T,(d). The dimensionless electric field intensity is
E, =100 and the initial phase of the laser field is @, = 7.
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Fig.2-10 Electron energy gains each as a function of the pulse duration t;. The dimensionless electric field
intensity is E, =100, the field initial phase is @), = 77 and the spot sizes are W, =24, =2um (a) and
W, =204, =20um (b). The initial position of the test electronis atz = 0.
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Fig.2-11 Electron energy gains each as a function of the initial position of the laser pulse away from its focus at
Z =0, where the test electron is located. The dimensionless electric field intensity is E, =100, the field
initial phase is @, = 7 and the spot size is W, = A, = 24M . The laser pulse durations are t, =0.5T, (a)
and t, =2T, (b).
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Fig.3-1 The normalized axial electric field E,/E, along the z-axis at different times t=0 (a), t=5T, (b),
t=10T, (c)and t=13T; (d). The laser parameters are with laser waist radius W, =1.54;, the laser pulse
duration t, =20T,, the initial phase ¢ =0, and the chirp parameter C =0.00642.
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Fig.3-2 The surface plots of the dimensionless amplitude of the radial field E,/E, (a) and the axial field

E,/E, (b), respectively, on the plane z =0 and the radial distribution of the normalized intensity of
|E,/E,| and |E,/E,[ ondifferentz-planesat z=—44, (c), 2=-24 (d), z=0 (e)and 2=24
(f). All the laser parameters are the same as in figure 3-1.

Bl 3-2() M 3-2(b) oyl 4e AR 1 FL7 B, /By R 1) Fi 37 B, /By TS ZI U =13T, 7F

86



g sIE R R

r—2 P b 3R 2SR 53 A . P 3-2(0)-F 3-2(09 B HH[E, / E, [ FI|E, / B, TEA T 2 °F
Wz=-104,, =54, 0, 5k BHIGESTT. BOLKm S5 SR 3-1 M. WTLAEH,
T IR IR EEE 2 Bl b e 0, T ) PSR I TE 2 B HONOR B R AR
S0 3 Al i P37 R P S ¢ B R R, LA 1) PR A 1 PR SRS SR
Pk, I I 7E 2 ik BN, T 4% ) U PR B U BB 5 15 2 = O FRIBE BS T8 K T
WL E 2, BRI R RS A Y. RS e S ELA K SCHRIL,4,7, 10T 5
P12 16 W 38501370 ) S AR A AL o 3 2 AT WA O /S 408 728 T Wi A MOk 3042 i P
OVl 16 FEL3Z3 0458 160 437 £) 3 BT

3.3 12 IR AL EMER A Bk o B BR 7 B iR
AT B VR AR i AR A WA BEK SO Sk R N . T N SE 1 B ) T R

dp/dt=e(E+vxB/c), Hrfe @i, p Mo 2R FrzhEMEE, EMBZ
B-7)-(3-9) %5 i A% M) AR AL TR RO G ik e S . 72 R D0, KBEL AL S, 3)
B TREE. IR RS A L T, =27/0,, ¢, mc, mc’, maoc/e,
Mm@,/ e AT BN, Hrhm 2k E. WICENWHI B IE K 8) /%07 18
H:

dp/dt=27z(E+pxB/y)/M, (3-10)

BRI, = 1836, B TS5 RO R LL. BT AR 72 dy / dt = 27(VE) /M, v

e, Hy=\1+p+p; -

87



200, -~ 400 ‘ ‘ | (b)
o |nitial/|43(b§quﬁj*‘ ] ;(a) 300! |
§ 0 ’//:j : %\\\\\7 §200

. N IS 100}

gOO 400 500 600 700 800

Gain (MeV)
400 400
(c) (d)
300 ] 300 ]
§ €
3 200 3 200
@) @)
100 100
0 0
0 5 10 15 0 5 10 15
nejection (Degree) nscattering (Degree)

KI3-3 (a) LLAERBR IS (b) FiFRERGI A0 () KA Dujection BEVT 5041 (d) HUSHfA
Prcatiering FVT A o B 1000 AT, WA A TR L =0.6um, 2245 R =0.30m ff) [ H: 4
WEl(a)H RS FR], THERE Y 1000 Ty o SOk AR ST A TFE AL bR R (1 5 5

(ra 9, Z) = (07 09 O) ° Dﬁ%ﬁr_ﬁ—(%qj’ﬂ‘%ﬂﬁé’fiﬂ: (r, 9, Z) = (Oa 0, _37/10) ’ %ﬂﬁék)ﬁy‘j

(V,,V,,v,)=(0,0,0.3¢C) . #iehkitz%HN: a,=eE,/meo,c=100, Ep}EwW, =1.54,, ki
Gty =20T,, Wittt g, =0, TAfZ4C =0.00642 .
Fig.3-3 Spatial distribution shown by the red dots in (a) as well as energy gain (b), ejection angle ¢ejecﬁon (©)

and scattering angle ¢scane,ing (d) of 1000 protons initially uniformly distributed within a cylinder of length
L=0.6um and radius R=0.3um [shown by the black dots in (a)] after 1000 T, . The laser pulse focus is
initially located at the origin of coordinate system (I, 6,2)=(0,0,0). The center of the ensemble of protons

is initially located at (r,8,2)=(0,0,-4,) with the initial velocity (v,,V,,V,)=(0,0,0.3¢). The laser
parameters are with @, =eE,/ma,c =100, laser waist radius W, =1.54;, the laser pulse duration t,=20T,, the

initial phase ¢ =0, and the chirp parameter C =0.00642.
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Fig.3-4 (a) Energy gain of a test single proton as a function of acceleration distance for the laser pulse with
different frequency chirp parameters. The initial coordinates of the test proton is (r,,2)=(0,0,0) and it
starts from rest. The laser parameters are the same as in Fig. 3. Plots (b), (c) and (d) show the longitudinal

electric fields experienced by the test proton when the laser pulse is either negatively, positively chirped, or
not chirped, respectively.
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Fig.3-5 Energy gain of a test single proton as a function of the chirp parameter C for the pulse duration
t,=20T, (a)and ¢t =2T, (b). The energy gain of a test proton as a function of the laser beam waist W, is
plotted in (¢) and (d) for t,=20T; (C =0.00642) and t,=2T, (C =0.046), respectively. The red line and
black line represent results obtained by adopting laser field accurate to 0™ order and 2™ order, respectively.
Other parameters are the same as in Fig. 3-4.
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Fig.3-7 Energy gain of a test single proton as a function of the peak laser amplitude E, (a), laser pulse
duration t, (b), initial phase of the laser field @, (c), and its initial axial position Z, (d). Other
parameters are the same as in Fig.3-4.
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Fig.4-1 Sketch of the two-stage acceleration target; (b) schematic diagrams of the acceleration process.

5 ANERT BLE 4-1(0) s, ARzt =1, “17 i3 (BRidoh “17) #E

96



g sIE R R

JeARRTIAES), “O” T (hRidh “27) WOe T migsh R, & rmdofhiz
. “O” JAFRZE] “17 F-T I E R o H m o g sh G & ER . “17 P
W T H A SIS IRLERN T RE BIFR, BI “17 5 (A PRGER 43 2 3k — 5 1 sk
T FCAG 70 WU AH S ik . B AR R RNt =1, , “T7 J5i - AL 3 2 R eV 3R
(K “O” By PEAC A, BRI “17 BTy 7Em ) bak R He i, JFLir s (1 DRosk 38 5[5y J 1
A SR B 7 S “O” By W EEASAE I 3RAS 158 IR . 1B i1 =4
LR ARAE, “17 U PG B E 2 IR R, IR A B R BT T o #E
FARER o T AR
A LE 23 A 7 A A [ T R AT PR /N BRI A HE i RSk 3 Bk 1) 28 — s

P WAHEEA S (PS5 AH A 1IE B AT 1K /NER A R B 23 5l DAV SR L o, flog (<u,) 18
1, A BB BRI Sl R > (My, 0,0) A1 (My, Gp) o 2253 1 RR/NEF TR AL, A
BR M 38 MG N N &R B OBR O B R > N & 4 i A Ao, =k(At/m,S?) Al
Avy=(MAv, /my), Hok=0,0,/47, . MR A KM B BRshe L8N
Ag, =K(V,AL/S?) FI Agy =—k(UAL/S?) , M L3R — 4k & 4 /9 3h B8 3 & A
Agy +Agy =K[(v, —Up)AL/S*]=KAS/S?, HAE N AR RGHBREMIR D 5. HE— 2D,
A BRAN B BRI\ RS FIR I /N At S5 20 As, — Asy =K[(v, +05)AL/ S7] . ik E:
HHE R LR AAE “17 B “O” BiFz i), JUHAEME A M, fEHENEE
(I 4- 1) A EEL TR, BEE “O” M “17 JiFrigdEmEsa s, “17
J5E 5 R BRI S 8 5 G ) B B R I K, P TR A I RS B ek 55 . IR BB
BOms#EHLH 15 2] 7 4ER =4k PIC RL T4 AIIIE S

4.3 PIC R FIEMGR B 74T

4.3.1 —4 PIC RIFIEHILER
T ETEAN 3T — 2 PIC AL 45 B o BT FH I RURE 2 AT T4 ik J Sk 11 PIC 2

97



g sIE R R

J¥ KLAP-2D. BAUL ki1 A3z ek FH B3 264 D IR (X7 1)) R R
oA, AEREE] CY J7 D bR WL T oAt o BAU ST R RS D 2404, <604, , 3L
Ay = 0.8um WO K . LA T 90 4 14400% 2400 & 1o 782 B TR X 48 1) 4%
METICH 100 N BT SRR AP KOy At =0.006T, , FHAr T, =27/ @, 52
IR W—H PR, WE(HIREAT ~3.1x10" W/em® [a=eE_/meoc=12, H
E., e, m, &, CHBNBOCIEMEByRE, BTHEE, BTRE, BOMIE, '
73 S O Bk SO 5 22 s - R O i IE NS B . WO O 1) SR
AT AR, AR AT (FWHMD D w, =84, Jhmfss i &t fi, AR
[t FWHM Rk %4 30To. FOEHTVRRILAALT X =404, o 1230 I A v 2 o0 J52 5 0 32 A4 Ey
o B R SE A TR AR, KB TR RO LDy q/my =1/18360 o S I I A T
x =904, , &I A R A 6, FHAMUEIA Py I ) EAR 7> 9 6.14, F134, . (5] f
FAI-KC BN 240843 3199 3040 i 7.7 2 o BT ] 4-1(a)FIFors » 0 5 PR320 A2 S AR, LI 49 54,
FEARJE I E MR “17 T 2EREEMERS A d =014 fiw=24,, 1% “O”
J5 - J2 1 i R ) B B R ) 4K JBE 43301 9 0.3 4, 11094, HARNS T~ BT 2 70°
TRy a/my =1836 , [5] f J S SEAAR1 HL -5 B n=100n, , 572 1) HL 5
JERN, =500, Hein =mef /4xe’ . (EFTE IR BE BT, AT Y

SR E N 1KeV,

35 : : 40 :
t=80To t=100To
o P
< 30
> Cro
(a) (b)
2542 3 98 100 102 104 285 100 105 110 115

x/x0 x/?»0

98



g sIE R R

(©) 1 (d)
130 1:I(.}25 130 135 140 145 150 155 160
Y
0
10" . . . . 10° . . .

With front cone —I-protons* Without front cone —I-protons*
—-O-protons —-O-protons
=-no O-protons 107 =-no O-protons

—_ -, 1 —_
élJ1:1.102 r1' J OJQ
P (it 2 2
= 1 £ 10
z ! zZ
< : <
a1
10% | 1 10° :
\
¥ con | © - (M
14 . . . v& ' . . . .
0 50 100 150 200 250 300 0 10 20 30 40 50 60 70 80
Energy (MeV) Energy (MeV)

F4-2 4 PIC HEIIZE S ()-()A 3“1 T CALE I 0 F1 07 T CREIAD Fi %1t =80T,
100T,. 130T, 160T, £ X~ Y ¥ EAZ4r. (% “I” T “0” K TEt =160T, itz
fIfgit, Hrh “I-protons*” 2 ATELE “O” BITFHIMELNL FRIBIA R, N &R “17 BTE “0” i

THIRLT B (O AR 5 (2% O[3 R A 0 BOREAUL S 2R
Fig.4-2 2D PIC simulation results of the spatial distribution of the I-protons (red dots) and O-protons (black
dots) in x-y plane at (a) t=80T,, (b) t=100T,, (c) t=130T, and (d) t=160T;. The energy spectra for
the I and O-protons at t=160T, are plotted in (¢), where a spectrum marked as “I-protons*” is also
plotted for the I-protons using the target without the O-proton layer initially for comparison and N is the
total number of I- or O-protons. The laser parameters are a=12,7=30T,, and W, =8 4. Plot (f) is
obtained without the front cone.
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Fig.4-3 2D PIC simulation results of (a) Spatial distribution of the axial electrostatic field E, (normalized by
M.@,C/€) in x-y plane at t=100T;. An enhancement of the field at X =108 4; can clearly be observed. (b)
Evolution of the peak of E, on the axis near the interface between the front of the O-protons and the
I-protons. Except for that for t=80T,, the E, values have been multiplied by a factor of 2 for clarity. (c)
Evolution of the quasi-monoenergetic I-proton peak. (d) Divergence angle and kinetic energy distribution
of the I-protons at t=160T,; The laser parameters are the same as in Fig. 2.
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Fig.4-4 2D PIC simulation results of variation of the energy spectrum with respect to the laser amplitude a

and the laser pulse duration 7 (a), and the thickness d of the center proton layer (b). The laser energy is

fixed to be 9.6 J and other laser parameters are the same as in Fig. 2. Plot (c¢) shows the maximum proton

energy scaling as given by Egs. (1) and (2) obtained in 2D and 3D PIC simulations.
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Fig.4-5 3D PIC simulation results. (a) Spatial and kinetic energy (normalized by m,c*) distribution of the
I-protons at t=160T;; (b) Divergence angle and kinetic energy distribution of the I-protons at t=160T; (¢)
Evolution of the energy spectra of the high energy I-proton peak for @=12. (d) Comparison of the energy
spectra of the high energy part of the I-protons with its transverse size W=2 4, (black dashed line) and
w=4 4, (pink solid line) obtained with the laser amplitude a=22 at t=160T.
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EI5-1 (a) BIHEFEDOPT) i ~EE. (b) #t5 DPT #EAHE/EHRERE.
Fig.5-1 (a) Schematic plot of the target design. (b) Schematic plot of laser pulse interacting with DPT target.
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a=23, L FEN n=80nc.

Fig.5-2 2D simulation results. (a)-(c) plot the time evolution of the spatial distribution of the normalized laser
field amplitude /E;+E; at different time instants. (e)-(g) plot the spatial distribution of the normalized
proton density at corresponding time instants as in Fig. 2(a)-2(c). (d) and (h) are the spatial distribution of

the normalized proton kinetic energy v-1 of the central region (194, <Yy <21A,) of the DPT target [Fig.
2(d)] and the plane target [Fig. 2(h)] at t=24T,, respectively. The normalized peak laser intensity is a=23
and the target density is n=80n.

B A H 2D HE B 45 R . X B T Hole-Boring i F£ 4% % 5 LS-RPA Jin R

114



g sIE R R

B = ANET 2], ROV o ) DX 88 L 28t B e . 1B 5-2(a)-T 5-2(c) 4 HE 404k
WO A R IR JEZ+E2 (28 18] 40 AR B IS 18] 1A Ak . ] 5-2(e)-TR1 5-2(g)% H7E o I s}
N8 BT o IE AR, BT A A FAd R T e A E E, RV 5-2(e)-
K] 5-2(g) 2 BT 3R T A RS B 30N, [5-2(e)], 50nc [5-2(D]» 5nc [5-2(2)]. Bl 5-2(a)
FIE 5-2(e) R, TE t=24To B, O v IR 19T RE DX A de 6, 2 A v R A o DX g o
R A3 o 7 T AL AR e [ B Y e 4 P VO 3 DX 3 PR AR, K A El A Y A D T T 7Y
BE SR IO 10 53 57 B TR E) Juet Bk X HE 3 ), O3 e 4w i
DX Sk A AR N SR B AR o A S-2()FT7R, R T HE ™ AR 43 T 5 FL AR 4
S, BN, BRI AT I R HES I . e 2 KA LS-RPA Jilid
MR MR, SR Em g L. RSB, EENIL R TR
By =1 (UAmCt IT—1k) ki oA 5 O 5 9 R 2 A RIS, FLSE A o
IR H AR, A 5-2(h) s . IXAEASARAE X EPE Rayleigh-Taylor ANFEE 1 (4
KRS A g=Jk2/3l, ) [217E SR b a3 0 K As ek, v Ky R AR e M P
B, O, BRI, | RRERPRE . MR DPT MRS M N, 765 W B
(t=20T~26To), 41l 5-2(d)Fr7, ¥R 3 53 507180 R R T 1) r [R50 3 o 13 B
Pl Rayleigh-Taylor AN e MELESE K9 A B AR TRER RIS 40 . X —BLAI e 2L
HufR3 DPT R b EE Sy, (EHRCO OGN FEEIT B, i 5-2(c)M 5-2(h) R,
Hh [B) 8 73 G IR B g i SR AR RO A HEB N
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K5-3 2D BUZE R . (a)F1(b) 73l 45 tH IR B 5 5 IR B DPT #E b0 X3 (19A, <y <21%,) KT T RE
s ()M(A)Z HAHR T ITELAI LR () RI(D) 73Tl 45 HIFE t=44To W %, DPT $EA1P- 4L A 0o [X 35K
(19%, <y <210 ¥ U fa HRe R oA . R RACEOLIEE BT a=23, HUEEN
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Fig.5-3 2D simulation results. (a) and (b) show the proton energy spectrum of the central region of the DPT
target at the early time instants and later time instants, respectively. (c¢) and (d) show the proton energy
spectrum of the central region of the plane target at corresponding time instants as in 2(a) and 2(b),
respectively. (e) and (f) show the divergence angle and kinetic energy distribution of the protons of the
central region of the DPT target and the plane target at t=44T), respectively.

5-3(a)ME] 5-3(b) Zp7 4 i F IR B 5 R IB Be DPT #E A XIS 5t 1 e« &
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TBOLT, BT R A HE R REIE S M L. BT 5-3(e)M 5-3() 7373 45 tHAE t=44T, I Z1,
DPT FEATY L Lo X3 (19h, <y <210) 577 IO M S Re R A, HerP il /e X
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Fig.5-4 3D simulation results of the DPT target. (a) plots the spatial distribution of the proton density at t=26T,.
(b) plots the monoenergetic peak of the proton energy spectrum at t=52Ty, 56Ty, and 60T. (c) shows the
divergence angle and kinetic energy distribution of the protons of the target central region (0 <1 <1A) at
t=52Ty. (d) compares the kinetic energy of the monoenergetic peak observed in 2D (black line) and 3D
(blue line) simulations and the results from the 1D (red line) theory.
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K5-5 2D A1 3D BEAE R . (a)M(c) 73 sl 45 i 5T 5 REVE 7E IS %) t=52T,, 56To, 60T, FIHEFLREIE; (b)AI(d)
gy g R0 X (0 <1 < T ) 7E R t=52T, I ZI M HUS f S5 BB R0 A1 (e)Eh#k T 2D B (B LK)
3D FRLAPL (I £5) 7 8] 10 7 B REIE o7 1 REFERT 1D MM I AR (L1 £80) 49 21 1 5t 1 RE & (D45t FAE[F=a/(nD)]

BE TG B BOC IS E R R a MIEEHIAR % n 1932 1L
Fig.5-5 2D and 3D simulation results of the DPT target. (a) and (c) show the monoenergetic peak of the proton
energy spectrum at t=52T, 56T, and 60T, from 2D simulation and 3D simulation, respectively. (b) and (d)
show the divergence angle and kinetic energy distribution of the protons of the target central region at
t=52T, from 2D simulation and 3D simulation, respectively. (e) compares the kinetic energy of the
monoenergetic peak observed in 2D (black line) and 3D (blue line) simulations and the results from the 1D

(red line) analytic theory. (f) show the variation of the F value [F=a/(nD)] with different normalized peak
laser intensity a and the target density n.
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Fig.6-3 Spatial distribution of high energy electrons at the target’s back side with X >42 A projected on to
the y-z plane obtained from a 3D simulation at (a) t=20T, (Ee > 0.05MeV) and (c¢) t=60T, (Ec > 1.5MeV).
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fieldat X=40X, att=20Ty in the y-z plane. Each pink dot represents a macro particle in the simulation.
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respectively.
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[, LT ERE IV F 3 i 7 i RS BT ) B LTI A B, ITTTE R
JEREGFIEHD B, TER I B, BT TEVR R B T OSSR IR 7 10 177 A R B
FL T PR [ 9 S 3 PR AEG T 35 I 5 R, DRI B35 RS T S ) e 5
i

£ 2D 54, 2D-S BHUA RE IR B IR B LS. (hole-boring effect) & A I (1) L
TGS, HARfF R BRI RS, X R8T AR AR R ER R
JRFRes/NT 2D-P BRI S5 R . MECT 3D KAl 1D BHUURI 2D BERLEES T B
IR 9 8, X5 B0 = O A% 3R A 1 B0 S P 1 PRI R, 7 JE BRI YR )
ORI . BRI, 1D AR 2D AEAULAS 3 1) K T RE EE ik A\ b s 4 T o ZEFRATT
RIS ECR (W, = 6um), T A iE M X 35 CTNSA A L] 548 ) 84235 1 [X 5% (BOA
MU AR D, = R e i 50 R A 1 1% S50 05 1 e i« LLAC TNSA HLI AT BOA HLiI,
FERHMERBOS SR &0 T, BEERELE T &KRRR TR
(21.36MeV), IXEESEENL (6.64MeV) =52 . TEMBR TR B THE T AE
WA X $R(STV/m), 7635 WA X 35 25 5 SR g i3 (12.5TV/m). 3K PN X 38 (10 53 1 Ikt
A LA R (tewin=17To), 204 THOGk K .
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FtE RES5RE

BEE ORI S, BOLHIRER (2PW B%) FMSRE (=102 W/em?) AW
RS, NAADHA R E B RS, I 2B NN RS . BOLE 5 i 5
WoGHE A IR NI, MU T HEFHRWEIL SR, EROy A A REE A
£ 1 7 s RE TR RO R BAR G ik 45 B AR, IR A SR T 9T 5 B T 7 AR TR I R
Wi, BnEALER AR, AR 2O RIR AR T DR UK BRENIR, BT A, MR RS T SRR . AR,
H AT SEIR S5 RR Y], WO E T HRAEROKRER, Haett, #EElE, s ireR
25 TR IE 5 S B N B SR A K ZE B o X AR A58 B R SLIR A 78 b TSR3 i 5 18
1FE&AME Y] o AL B BEOE B B hd O S B R Dl AN D7 T, i e A
Particle-in-cell BL-F AU T7v%, R TR I kMBS, Bd%is P A 1% 5 7
FARRIRESC IR S5 a REDCIRETIRE, MR BEUEIT 7145 3 L R D
Joi A 1) B A SO K A T 2 A AR R B AT A s F 70 I A2 ) B A DR R0 6 ik 3o Jo 5
I WHE 7 AEIZH] Particle-in-cell L0 eIk 0t 5 & S AT AR BLAE F g ot
FRIHAE SIS, w22 A) LART 8RR A0L 45 S PR 2 s s S T 2 T 0 s [ R A
HAE S5 R Z 8 ZIdE (TNS A) B 9 B Bt - D Jy 58, R 1 A B A SE 30t 75 S8 /Y
BT BT T AR IR G N AL (LS-RPA) AT R A5 i b S0 5 1 AR R XU 470 T 4
Wit

RSB BCR T A ANy, S5 — 8B W78 oG BRI Uy %, Bk
RESFSRZ I

1. iz FFTH U M s 43 A 5 7 (angular plane wave angular analysis), $#2H 7 3% T i
Martinez-Herrero 2 A& H! ] “closest solution” [J. Opt. Soc. Am. A 18, 1678 (2001)]f1 3£ 75
HL G RIS Ik k. 1% VEIEILKG “closest solution” [543 & 5E SUNTE 2= 04T H
SEHLRE P TR, 75 2006 2 Maxwell J7RE4L I RBLIZFETAR . FX — A ri e 11t
HAL IR AL Laguerre-Gaussian WG R I FREYs, KILESR Martinez-Herrero 25 A\ ¥ 77 1%
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ANV ST H 17 1R A R A5 2] Fe i e ) IR 5%, (ER B0 R BRI AR /N T
JE WA, AR E P 5 U7 A9 B B O SO R B BOE R L B E KT
Martinez-Herrero £ N7 AR BIMEE R . 456 BIRRESCEHME, IR R84
HURIT R R 7 R R A D A AR R A BOG ki A 22 AR R AT . XM S
H T 555l (paraxial approximation) HJFFEFEIRFOGHKIRY, Joid HARE 2B
BH BRI 3 W AN A o R AT A8 A0 65 e (DU ) P mage, R BAERS A AR PO 15
OUR, W RE R IR R TR A G5 I UL 45 B A 4 2R o 3 R IO ik (1 22 1)
AT [ 4. 28 PR 5 oRE 5 RAOR0 0T L1 Y BE AR A 8 23 IR

2 B TACR SO IR A9AR AR AL BO G K b FE 02 AR AR SR AR AT, B2t BT e AE
7% P SR AR 1R AR A R RO ik b RIS . AT TR, A NS 24 (9 7 A A W A e
B MSGE T IE s S EO I I FE D, ST K B R . AEEOL RN
102W/em®, NHHTBER N 45MeV B, BEE3RAFAH] sub-GeV. T MR EI
[RIRFIR LRGS0, NI IS o1 RO AR S e ELYE

BT T RO E I %, BRI ES ST I

1 $2 2 T30 [ A SR B AR FH 45 5 ) 88 2 DN LA R P BB 7 sy 58, JF
S A R A S TT AR T o XM = L BT CROBIE M SR 2 — M
BRI fAT ;s r IA] e JE S Al e i ) B P T o — > rRo ARG A 2R
BCIR PR IR G5HE , 1 — S5 RGP s & Mk, R & SRR AR R 1 70 A B4
B e O AEAR B 20 AR B R 7y . MURZEE et BT I AR NN B 7RSS —
BB PRI S SR 55 AT TR R A LA BN, R 5
Ay iz Nl b PO 1) i1 i e sva i 1B u:y ol i Rib NSTE 0 SRR I - = el
B, 1 il o Y R 10 S R 98 23 S g R L B 3 B A AR v I A A A T HE SO,
T ASE P oo 08 73S 1 AR AR S B A B BE — 28 BROINdE I e T2 e — A i i JoR P B RE S5 1
Ho

2+ PR AE S HOCWUANE ML 1T SRAG = b BT T AR XA AL BT . RS
AP RE oL T, BT RER AR IR o0 A, TR RTT AN € P AR 7 o0 A S e B 2
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XN E I o 8] X 3T B R S D& AR o 7R S T SR R 00 R, otk
TR 43 WL RO A TE TV P B B SFF 3R A R NS 381 v ) S8 79 388 DX, A6 431
ReEE AN RTT ANFe e 7 9 38 X 3 e 1o (8] X3, A R R4 T v (B X3, A O el
UG NIE o X — 2508 2 3 M PR T Ok s I R . g X A7 F=anD, H
i a R EN IO I EE SRS, n RIS S T2, D 2R, W DPT 42
() FELCPISE NG 2, BB G0 .

3. WHFE 1R Particle-in-cell L7100 7 15X Sl IR IO ik 5 [ A4 ¥EAH BLAE )
J5 - DI AT B S0 BT (1 v 4 2 (R LT 58s . Sl AR B, MBEEUR CBotik A
REZB R I, HL AR ) WO Fe I R R U5 T AR By 1) B LS A1, T
TEREHAD (BOobRe B B, TERWINE, WFIENE B T Bt g mIR 7 17 1 77 1]
EYBAFE Y. R YRS RS T RS R R, DRI R R S TR
JEHAZ IR . R YRR, S IR IRAEAUAS B IE b IR Bl AL RS A AR BN IR FELT
PO, HAeS B BRI IR, X SECT AR . AR B R T
BEE/NT P ARARBANS B 45 B o AHBC T = 4EREH0L, —Z4EA — 4ERURES T BT 1R
P X T ECHE O A R R S R R TR AR, 7R SRR A A L
L. PRI, — AERLADLAN AR AULAS 3 1) S KT RE R A\ b T

FEARWR ST LA MERAL b, S56 SRTBOt B T Inid oy M R 20, KR AT BATE
DA LA 77 T — 25 1t 7 -

1 BE—D A S0 B S 1 D 7 SR S B R, W FOTE 5 B B i P g s
X A B PR S 4 NG 40 1 40 B AR F S HEBN AR B GO 2 R 2 B AR
B C R, DAAREESCEE S Re i 7w o, IR m oG R AL B SRR I TR AR

2. eI T A RE SR VE S E AL (R AH DG S i 25 AN BB AR, 455 R0
i I BB - Iy %8, W OB TS B T Tkt s SR S o 1 SERRTG
BURZANE LA BER 50, DUHRAS R T Sebrilie R 241

3 HE— DI TR T TR SR AR E MR R S AR, SRR S H
FEOTRLSY, Q02 P R A T E = A A e eI Mt g, B ARG L

143



g sIE R R

AT 25 AL A5 S5 40 1 AR v ) 9 400 e B ) 3 R A D 0 T R 7 LI R ARG L
FERGLRERIEMR, JFE— 2B S i 1 A L RETE K R B AR
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SRR MY i, PR e 2 oladai, #lmE L, HR MR =52, 2K
USRI S P OSSR n] DS — DV B RS anad . SURSE R H A%
b, ABAVER TIRZ e, JySii = IS F UL i 1 1R 2 Tk

Bk, i R SR 2 I R R T, RIS 22 0W, Hafz Rl ik 7e 51, AATTARAR B
T I e, 28I B . BRI = A I F S, AR e gk
FIdtifEds, skolzm, RN aZRx0, B2, 2y, 9, #k, B mrzE
B, EABOGSRAR R, kA, DA, EMHESE, BRERKEY ) B, AT EX
REIFE Ry, ARFRAT DLPbR AR B2 e X AR B SR A I Y

i JE REAC R BRIR VI E R R KN, ISOR, RN, BRI 6,
1B T AR B TEMA E B BHE R R, b4 T HEB R RZ I SR, ik
FRL 22052 3, IR S ah R 5 1 OGS R AT T, B KA BRI R AR T . 1K
SEARR O BN e E S E

TEAELSEH, —A2EHHN. B mra#hERmAE - F2E,
R b R F AR IR IR !

148



	空白页面
	空白页面
	空白页面
	空白页面
	空白页面
	空白页面

