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goooo.

L= RpP — (R — 1) (3.2.4)
000000(0000000000 R >K/2000000000.00000000000
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gbooboooboooooooooD By 0000O0OODOODO.

Enmin eB \*h
= —+1-1 2.
mec? \/(m602> 2t (32.5)

DDDDDDDDDDDDDD,Rzel>h/2DDDDDDDDEI,(3.2.3),(3.2.4)|:||:||]IPDD
oo/ooooooobooobbooonD Ex,Oboobobooooo.

2+ h2\%/ eB \?
By = m.c? \/< = > <m662) -1 (3.2.6)

gooboboobobobobo IpO0oboO p,O0000O0O0O0 BOUODODO,00000O0
ooooooobooooo/oboooboooo.
ocooooooboooooooIPOOODbDIODODOODOODO,0DOODOODOOOOO
00 S(E)/cosf0 IPOODODO [2,3. IPOOD0O0OOOOOOOOOOOOOOOOOOOODO
0000000ooooo0O0000. 00000 f)ODOODO0DO0DOOOOOOOOOOOO.

f(t) = 0.16exp[—(In2/0.56)t] + 0.21exp[—(In2/11)¢] + 0.63exp[—(In2/1991)¢] (3.2.7)

O00,+0IPOO0O0OOOOOOIPOOOOOOOOOD min)000. O00,IPOOOO
gboooobooboooobooboo,0boboooboobooboooboboooboobobon
gooo.bobo,gbooboooooboo rpOobo0coboboobobo.obooIPOODO
goboobogbbooboobbooboobbuoobgyoobOoobbOoOD.

25
n(E) =

1+ exp 5.6 (27 ey — 057) |
000, R(E), B, r00000000000000000000 [g/em?, 00000000

MeV], 0ODOOO0OOOO0OO [em)]000 5. 0,000 cosf 0000000 0OOODOODODOO
goboob.oobobooboobobooboooboog.

B 0.98 )
R(E) =0.57FE (1.0 ~ 10 —|—3.1E> [g/cm?]

000000 IPOOO0O0O0O00O0000000000000000000000.00000
IPO AlxAlDODOOOOOOO0O00,00000000000000000000.0000
00000000000 Ipg,, 00 S(E), 000 n(E), 1000000000 f()00000
0000 N(E)ODOOODOOOOOO.

(3.2.8)

cosd
n(E)f(t)S(E)
0ddoooooboodooooooooboooooooooo,bodoouooooa [d2N/(dEdQ)]
gobooooo. oo oooooooooog.
d’*N(E) 1 cosf
d0dE ~ ABAQ (B f(1)S(B) T
000 AQUOD0O00000000000O0O0. AFODIPOO0OOOODOOOO AlODOOOO
[00000OoO000ooooooo.
00000bOo0oooo IpPO0DOO0ODOOODODOODOOODOOOODOOODOOOODOO.

N(E) = Ipst

(3.2.9)
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0 3.1: MCESMO0ODO

ooooono 5
00oooboDoooooooon 5°
oogooooo 20 mm
oooooooad 1.4 mm
ooooooooooIpPOO0OOoa 10 mm
tccOOODDOODOOOOOO 367 mm or 375 mm
oooooobooobooooood 5 mm
oooon 0475 T
ogooogod 49 mm or 80 mm
oooooooooooooooao 0.2 MeV
0oooooooooboooooo 30 MeV or 45 MeV

3.2.2 00U

0100000 MCESMODOOOOOOOOOOO. OoMCESMOOOODOOOOODOO
00oooo0o0oo (esM)ooO0o0oooo0o0. 0ooo0oo ESMOOOOOOOOOO0OO0O, 0
OO0 teccOOOOOODOO. OOODO ESMOODOOOOOODODOOOOODODOO
oos0b00boob. to20mmb0booboobobobobobooboobon.
continuous-slowing-down approximation (CSDA) range (4] D000 1GeVO O OOODOOOODO
gobooboooboobooobooboobooboogobo. oo MeVOOOOOoooooooDO
O00000O0o000ooOOoo00ooOoOO0o00obDOoO0ooODoOOogOOoD. oD ESMOOODOO
0000000000000000000D0000 ESMOOOO ~10°sr000 [2. 000
obo2MeVODOO. OODODOODOODODODODODO,30MeVODOODO 45MeVOODO.

0323000000 MCESMOOOOOOOOOOOOOOODOOODODODODOODO. ODOO
000 IPO0000O0OOOOOOOOOOOO0OOO0OOO0O0O00O0,0000000000O0
oooooodob. ooooboooOoboooooooDOoobOOoDOoOooOo ESMOODO
gboboooboobbooobooobooobboobb. obboobboobboon
oobOo,b0oo0bocooboobocooboooobooog. —-10e,0010°0000D00O00O0OD0ODO
uboboobobooboboobobooo. ogoboooboooboboobooboooboboan
gboogobooboobboobuoobboobooboooboobbooobooboon
O0. 0000000049 mmO00,00000000000000000C (3.26)000 16
MeVOOUOOOO. ODOO,000000000000O0O0DODODODODOOOOOOOOD
goobooob. oobboooobbooobbbooobbooo,o0oobbooon
gboooobgo. oo, gbooboobbooooaboboa,boobboobuooboab
(3.2.6)00 (3.29)00000000OO0O0OUOOOO. D00UCOOOOODOOOOOOOODO
goboooboobooobbooobbooobbooobboo,oobbooobobboon
O00000000. 0324()0000000000000000. 00000 2=0mm0O
gboopoooboobobooobg,z=xx20mmd000000000000O00O0O0DO0O.
gobooobooobooobooobooob. oobooobboobboobboon
gbobobogobobuooobbooobo,buoobbuooobobuooobbooobobboab
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O 323 MCESMOODOOOOOOOODOOO.DO0OOOOODOOODOOODOOODOO
OO0O00OOO0 ESMO,000000DOOCOO00ODOOOODOOOOOOO0ODOOOODOO
o.0gooooobooobobooooboogoo,ooboobboooooobLboooD. —10°,00
o°eooooooooooooooobooooooobooooooDoO.

40



gboooobooboobbooboobbooboobbooboobboon

(b)

12 | | ‘ Calculation |
S Calculation: B=0.475 T ---reeeeee-
/ Equation e

: » == | 8 ‘ ‘ ‘ ‘ ‘
‘ An dc 40 35 g 45 K H H B ; } ; } ; 10
-0.05 -40.-35.-30-25 -20.-15_-10..-5 0 5 10 15 20 25 30 35 40 0 5 10 15 20 o5 30
Energy [MeV]

I 1 S S S S S S
X(mm)

0 324: (&) 0049 mmO00000000O0O0DOOO. D0 2x2=0mmO0000000DOO
uboooobt,z=x20mm0000000000000O0. 0OO000DOO00OO0OO00O00OO0OO
OOo0oooooo. (h)DOOODODOO0O0OO0ODOUDOOO0OOOUDOOO. O00OO (3.29),00
(326)000000000000. 0DO0D00O0O0O0O0O0OCOOODOOOOOOOOOODOODOOD
ubobooboboobobooobooobo. obooobooobooboobooboooboboaon
ooooo.

gbooooboo.boobobooboobooobog.
1. 0b0obo0oboobooooooooo 3220000 IPODOODOODODO.
2. 0000000000000 00O0O00OD 324(2)00000.

3. 0J000U00o0O0UoOooooOoO (23.1) 00000, 00000000 0DODOOODO
gobobooooo.

4. 00o0oboOobobOobobobobobob.

5. 2.00 4 000000000DOODOOODLOO,00DIPOODOODOODODOO
go.

6. 0DO0O0OO0OO0ODOOoOoOoOOOoIPOOOODIOODODAODOOOO.

000000000000000000 1/(1000w,)000. 000, w0 (3.22)000000
00000000000000.000,IPO0000I0000000000000 EQOOO
00000,0000000000MeVOD lkeVOOOODODO,50MeVOOOOOOOO0OOO
0.0000000000000000IPO00I0000000000000 E0OOOO4¢
0000000000. 00IPO0O0O0OOOOO0 AlD0OOO,0000000000000
06E, 000000000 (E),000000000 (9YOOOD. 0000000000000
0IPO0DO0(000000,00001!0000AE,(E),(¢$)0000000000.000
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000000010 (E)0000 (3.26)00000000,(0),sEDD (E)O (3.29)0000
0¢,AE00 ED0DOOOD,0000000000000000000000000000
0000000000000000000000000.

03.24(b)0 —-10°000000000000000000000000000000000
0000000000000000000000000000000000000. 00000
0000000000 ESMOOOO0O0O0O0O0O0O000 (2. 00000000000000
00000000000.000,0000000000 (0475T)0000000000000.
0000000000000000000000000000000. 00000000000
0000000000000000000000000000. 00000000000000
0000,000000000000000000000000000000020%00000
0000. 0000000000000000000000000. 000000000000
000000000 2%0000000000. 0000000000000000, 0000
00000000000000000000.000,0000000000000000000
000000000000000000,00000000000030MeVOO0O000000
0Ooooo0oO0ooooo.

3.3 JUuuouobuooooobobd

0000000000000000 (AFR)00000000000000000000000
000 OMEGA OO0O00OODDOOOOI[6. 0000000000, 14x10* /em®0000
O00000000000000000.000,000003mm x3mmOOO00O0,000
0000000000000000000. 000000000 33.1()0000000000
O0000. 0000000000000000000000000000000000000
00000000, 000000000000000000000000000. O 3.3.1(b)0
00000000000000000000000000.00000000 f/25000000
000 tc00000.00000000,00000,0000,tcc0000000000 263
nm, 20 mJ, 10 ps, ~3.5 mmO00. tec 0000000000000 00O0000DOODOOO0O
ooooooopoooooooooé.,0000.

_ M09
el T on da

ooo, a,¢e000000000,000000000000000000000000000
0.a«00331(b)002x000y00000.000,0000000 Opef=>0ix—6,000.

ubooboboobobooobooboboob,2000bobobobogoboboono
go. 0bbooobobogoboooobooobbooobboo. obbooobbooon
ugboobobuoobob,obuooboboobuobbobooboboobo.boobaon
ubobooooboooboobooobobooboboobbooooo. bbooboobooooobooon
0000 -r000000331(b)000000DOOOOOO.

A
RS PR

(3.3.1)

(3.3.2)
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(a) (b)

Collection
lens
plane L . Fourier Image
(TCC)  aenr-- Collimation Irriiilsn g plane Plane

Object

85 cm 1.2m 1.1m 4.6 m 0.7m

0 33.1: () JODODOOOO. DOOODOODODOOOOOODODODODODODOODOOODODODODODOD
O0000000000. (b)JODO0O0O0OD. tecOODDOODODODOODODODODODODODOODOODOD
gbooboboobobobobooboboob.oob,0b0ob 2b00b000000D0O0
gbooogooob. oboboooobooboooboboooobooboobob. oboo
gboboooobobooobobooobobuoo,oobobooooboooboboooooboobooan
gb.oobbooobbooboboobbooobooobooobboobboobboon
gbooboobogbooboa.

obd,d,, q 00000000 0ODOO0OOODOO tecUOOODO,teccOODOOOODODO
O00000000.0331(x)0000000000000000O0O0OODOOCOODOOODO
ooo,0o00ooooooooboo0ooooOoUooDo. oD fOOOODDOOOOODOO
oo0obOO.o00obo cchboooooboUdUobobO,bb00oDbO0U0oDoOOoOoDoOoooo
O0.cChboodd ~hmmx~bmm, 0000 5,mO00. 0000CCO00OO0OOOOO
gboooooboooboo,boobbooboo. gbbooboobboobooooboog.

gobooboobooobooboboooboobobooboobbooboobobooboobo
00 00000 ne(z,y,2) 0000000000 ODOOOODOOOO.

o(x,y) = T /00 ne(z,y,z)dz (3.3.3)

ApTer J oo

0000 0¢/oa000 (3.3.1) 00000000000, 00000000O0ODOO0O0OOOO.

3.4 00O

3.4.1 0O0O0OOOO

0341000000000000. 0000000000000 00000O0000O00O000
000000000000 OMEGAEPOOODOOOOODOOOO. 00000000 OO0OO
000000000000000000,000000000000000000000000.
0000000000000,00,00000,00,000000000 1kJ/beam, 351 nm,
800 pm, 5x1013 W/em? 1 ns 000 . 00000000000 0000000000O0O 125 pm,
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4w probe
Bl —Y (FFRXF > RNER) Multi Channel ESM
iy l AOFEEELET ST _ (BFEHH)

0.75~2.6 kd, A =1054 nm

IXIVRIE
10 ps (I ~4x101° W/cm?)
100 ps (I ~ 1x101° W/cm2)

L~250 ym _ -~

-
”

”

«— TSRFYIFR
CH, 2 mm x 2 mm x 50 um

1 kd/beam, ~1ns, A=351n
¢ ~ 800 um, | ~5x10'3 W/cm?2

0 341: 0000b00b0O0O.00boobbooboobboobooobooboobbon
gboooooobooboboooooboobobobooooobob.0bb0bob0bobb 4w
oooOo0o0ooOo,000bOoO0obo0oboo0oo MCESMOOOOOODOO.

2mm x 2mmO000. 000000000000000000000000O0O00O000,000
0000000000. 000000000000000000000000 250pm 0000
00000000000. 00000000000000000000000000000. O
0000000000000,00,0000000000 ~1kJ, 1054 nm, ~25 yumO00. O
00000000000000000 N,/4000OO00OO0O000([16. 00000000000
000000000000000000000000,10ps0100ps0 00000000, OO
0000000000000, ~3x101 W/em?, ~2x 10¥ W/em?000. 000000000
00 MCESM, 00 AFROOOD. MCESMOOODOOOODOOODOOOOOOO, —10°, —5°,
0°,5°,10°00000000000000000D00O00. 00000000000 00000
00000000,00000000000000.

3.4.2 00O

000 34.2(a)0 AFROOOOOODOOOOOODOOODOOOODOOO [7,8.00Y =0.0
v 0000000000000 0O00000b00000b000bo00obobooooboooooDn
oooooOooOoo.ooogo,0ooo0C0oooOo0ooooooooo ccboooooo
o0.00oooooo,000ooo0ooboo0ooD 000 ODbOOO0ODOOOOOODOO
(3.3.1),(333)00000000. 000,0000000O0O0O0OOODOOOODOOODOOOO
000000000, (3.33)00 Abel00O0D0OOODOOO0ODOOODOOOOODODO.ODDODODO
0000 3420b)0000000000O0O0ODOO. O0DO00OO0DOODODUODODOOOOODOOODOO
ooboooobboo. obooobbooobboobobo20pmdboooobDOoOn
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() PR C)
T T T T T T
1.6 - . I2'5 215 —Simulation ng
+ Experimental n
() e
1.2 :‘1 o | 2.0 % 210
65 T £
e s Y 1.5 O,
£ “\\\\ \\ o 20.5 ¢
E 08193750 N - =z 0,
> N 0 = 200 101
0.4 - ANE i — Y
v 0.5 195 -
0.0 ! ! ! -10.0 ' ' '
0.0 0.5 1.0 1.5 200 600 1000
X [mm] Y [mm]

0 34.2: () AFROOOOOOOOOOOOOOOOOOD. DO0O0O0DO0DOOoooooooo
0000000000000 0D00D é0DO0O0, 0000000 UUDUDODOODOoOO. (b oo
gooboobooobooydooooooobo. oobooboooDoooDoobDoobDooLOo,o
oooooeODOOOOOODOODOOO.

O0.0,000000000000000000000000000000000 (DRACO)
00000000000000000. 0000000000000000000000000
00000000000 343000 (7, 8.

0 3.4.3(a)(b)(c) 00000 100ps0000000D0O0000D0DDODO,00 10 em™000
00000000000 15,78,218ps 000 0000000000000 000O0OOOO. O
0000000000000 0.6N. 0000000000000 00O0O0. O 3.4.3(d)(e)(f) O
0000 100ps0000000000000000,00 10 em™2000000000000
00 18,65, 180 ps 00 0000000000000 O0DO0O0ODOO0OD. 0O0DO0O0O0ODOOO
0000000000000000000000. 00,000000000000000000
00000.0000000000000000000000000000000000000.

0003440 MCESMOODODODDOOOOO0OOOOD. (a)00000 10ps, 00000
1243 J, 00 3x10Y W/em? 000 0000000000000 O000O0OOOO. 00000
000000000000000000,00000000000000005°0000000
000000000000, 0000000000000000 10°000000000000
0000000000. 000000000000 MeVOOOOOODODOOOOOODOOOOO
O0000.00,000000000000000000000003~4MeVOODOOOO
0.0,000000000000000000000000000, 00 N(E) = aexp(—E/b)
000000000000000000000000. (b)00000 100ps, 00000 964
J,002x10¥ W/em?000000000000000000000000. 00000000
0000000000000001~2MeVOOOOOODO. 0000000 10psO00000
002MevVOOOD.

000000000000000000000000000000. 000000000000
0000000000000 00000. 0344(c)00000000000000000000
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0(a) t=15ps (b) t=78ps (c) t =200 ps
[ [ [ [ [ |

1.0F 1+ 1 F Y

¢/1_/‘

T 0oL 1.4 x 102" cm® | &6xj0“cmﬂ . 03x10% cm?®
S

> O(d) t=18 ps (e) t=65ps (f) t=180ps
I I I T I I I I I

1.0 e a1 F -

P - N " N ; §

0.0 1L | | | | | | | |
-0.5 0.0 0.5-05 00 05-05 0.0 0.5

X [mm]

0 3.4.3: (a)(b)(c) DDDDO 10ps 0000000000000 OOO,00 10¥Yem3 0000
0000000000 15,78,218ps 000000000000 O00000DO. 000000 0.6
N.O00OOODDODO0O00000. (d)(e)(f) D000 100ps00000000000000O0O,
0010 em0000000000000065,113,180ps000000000000000
O00. 0000000000000000000000. 0000000000000000
ooooo.
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(@) (b) (c) 10 ps, 3x101° W/cm2
T T T T T T T T T T T I
1ch (-10deg) —— 1ch (-10deg) —— T T T T T
102 2ch (-5deg) —— ] 10'2 | 2ch (-5deg) —— ] J
3ch (EP axis) 3ch (EP axis) 1
4ch (5deg) )
= 5ch (10deg) —— = )
3 1 @ =
> o' | i > 4 5
C ]2 s 08
T Z 83,
z z o)
S. k=) Ko
310" | 1 3 1 E 06
: : 2
z z 100 ps, 2x10'8 W/cm
i 1 0.4 Divergence angle :
10° b ’m‘ . 1 | —=20deg (FWHM)
1 1 1 1 1 J l|‘l
0O 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35 10 -5 0 5 10
Energy [MeV] Energy [MeV] Angle [deg]

0 344: () 0000 10ps0 0000000000 OOOOOOOOOOOOUOOOOOO
O00.00000003~4MeVOOOO. (b)OOOO1W00ps00000000O0OODODO
O00000000000000000000. 00000001 ~2MeVOOOO. (¢c)0O0ODO
googbob.oobdgg10psboobog,100psboobooboobo. obbon
100ps000000,000000000000 20° (FWHM)OOOOOOOOoooog. o,
gboooboboobooboooboon.

00000.0,00000000000000000000000000000 1MeVODO 10
MeVOOOOOOOOOOOOOOO0O0000O0O([9. 0,0000000000000000
0000000000000000.0344(c)000000000 10 ps, 00 3x10° W/cm?
0000000000000000000000000000000000000000000.
00,0000 100 ps, 00 2x108 W/em?00000000000000000000000
00000,0000000000000000000000000000. 000000000
000000000 20° (FWHM)OOO. 000000000000000000000000
000000000000000000000 (66° (FWHM)OOOOOOO000000 [10].

3.5 0U

gobooobboooboobboobooboboooo.

1. 0000b0o0oboob wopsbidbgobog 10psbdooboonbo, 000booooon
gobooboobo,0ooboboobogbbooboobboob.

2. 0000000000 100psOOO00OO0,0D0000D0DOO0ODODOOODODOOOOO
goog.

3. 00000b0ogog 1opsbo, 00 o6 N.OOODDODODOOOODOOOO
uno.

47



gobooboobbooboobobooboobbooboobbooboon

001.00000 (2418)0000000000000.000000000O0O0O0O0OO0
00000000000000000000. 0000000000000000000, 00
000000000000000000000000,000000000000000000
oooag.

002 000001 000,000000000000000000000000O00000
0000.0000000000000000000000D0,000000000000000
000000000,0000000000000000000000000. 00000000
D00000000000000000[10,11]. 0000000000000 O0O 100 pum OO
00000000000500fs, 00 ~4x10¥ W/em? 0000000000000000O0
000,0000000 N,/40OOOOOO0O0,000000000000000000000
000.000,0000000000000.000000000000000O0000O000O00
000000,0000,00,00000000000000.00000000000000
000000000 N,/40000000000000000000000000,000000
00000000. 000000000 100ps, 00500 f0000000000000000
000000000000000000000,00000000000000. 000000
000000000250 um, 00 100mO00000000000000000O0O0O0O0O0O0O0
00000,000000000000000.0000000000000O0000O0O000OO0
0.0000000000,00000000000000000000000000000,0
000000001 w/em?0000000000000000. 000000000000
00000000 0000003x10°W/em?00000,0000000000000000
000000000000.000000000000000,000000000000000
00000000000000000000. 0000000000000000000000
000000000000000000000000000000000000000. 000
00000000000000000000000000000000000, 0000000
00000000000.00000000000000000,00000000000000
0000000000000000000,00000000000000000O00O000O0
0000000000. 00000000000000000,00000000000000
000000000000,00000000000000.00000000000000,0
00000000000000000.000000000,0000000000000000
0000000000000000000000000000000000, 00000000
00000000000,0000000000000.000000000000

0003.0000000000000000000000000O0000O0O000OO00O0.
00 (24.18)00000000000000000000O0ODOO000O0O0OOOOOOO0. O
000000000000000000000000000000000 eymec2000000
0000000000000. 0000000000000 R, 000dO0O0,00000000
00 Neexp(z/L) (x<0)0000000000000.000000000000000000
DDDDDDNﬁusz%ﬂ%Nmm@ﬂmmmmm.DDDDDDDDDDDeDDDDD
000000000 EO0 E=e¢N,000.0000 FOODOODOOOOOOOOO.

E =eR*>7NyL
000 (24.18)00000 € = agmec® (~24MeV)OOO. 0000000000000 O0
0000000000000 R=13umO00. 000000 250 mO0000, L =250 um
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(a)
1020 10
Ng 1 >
= P
; =
31019 L % (c)
Z 2
& 101 3 1600
S
10'8 : : : 0.01
400 800 1200 1600 2100
Space [um] .-"
(b) £ i
100 ps e j
10" : 10 g 800 ff
8 1
NE‘ _ wn
2 1 =
2 s = 400
=10 2
z %
S - 101 8 10 ps
E o 100 ps -
o1 | 001 0 20 40 60 80
800 1200 1600 time [ps]

Space [um]

0 35.1: () DO0OO 10ps0000000O0O0O0OO0OOO20pmO00000000O0OODO
000000000000, (bh)0OOO0O 100psO00000D0O0OOODOOOO 250umO0
O00000000000000O0oooo0o0oO0. (gDODODO0DU0DODODDOOOODODODO. OOO,O
boooobogbod 10ps, 100 ps0O0oonooon.
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gobooboobbooboobobooboobbooboobbooboon

000. 00000006 N 00000000000O00O, Ng=0.6N.000. 00000
0000,00000 E0D0D0OOOE~23JO000. 00000000000 ~1kJOOODO
00000000. 00000000000 MCESMOODOOOOO e=3MeVODO, OO
No=10N.000ODDOOOE~600JO00000,EF000000000000D000. 00
0,000000000000000000000000000,00000000000000
0000o0o0o0ooooooo,000000000.
00000024400000000000000000000000.03.51000000
000000000000, 0000 (a)(b)0000000000000000000D0DO0
000000020umO000000000000 10ps,100ps0000000000. OO
000000005 N,000000.01N.000.000010ps,100ps000000000
000000 2x10%, 3x10Y W/em?000. 000000000000 DODOOOOODOO,0
O0000000000000000000 10%000. 0351()000000 10ps000
0000000000. 00000000 2ps0000000,000000000.1N.000
00000.4ps0000000,0000000005N.00000000.0000000
000000000000000000000. 000000000000000000000
002%000.0000000000000000000~1kJOOOOO0,00000000
00000 ~20J000000. 0000000000000 E~23JO0000000O. 00
000000000000000,6ps00000000000. 13ps0000000 3N, O
0000000,15ps0 00000000000, 0351(b)000000 100psO000000
0000000. 00000000 2ps0000000,00000000000000000
00 0.05 N.OOODODO. 6ps0000000,0000000005N,00000000. 0
0000000000000000000000 1%000. 00000000000, 11 psO
0000000000.50ps0000000 12N, 00000,8 ps0000000000O0
O.()0000000000000000000000000000ODO. 000,00000
00000000 10ps, 100ps000000. 000000000000 10ps000 100 psO
00000000000000000000000000000. 000,0000000000
O000. 000,0000000000000000000000000000000000
000000000000000.0000000000,000,0000000000000
0000000000000000000000000000000000000000000
0.0000,0000000000000000000000.000000000O0O000O0
00000000000.00000000000

3.6 0OOO

ubooboooobooboooobobooooboobooobobooooboboooboobooo,obboo
goooboboobobooboobooboobob.ooboobobo,bobobooboon
ugboobobuooboboobuooboobuooboboo. booboboo,obbooban
0000000000000 0000000000O0O000D0COOO0ODoDOOooOO (1/4N,) 0O
goo,booboboobobooboboobooboboboobobooboboo. oo
O10psO0O 100psCO00O000O0OOO. DOOUODOODOOOODOODOOO ~1kJOO
0. 0000000000000000000000000000000000O (AFR),00
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000000000000000000000000 (MCESM)O0O0O0O0O0OOO.

0000,000000000000100ps 0000000 10ps 00000000, 00
0000000000000000,000000000000000000000. 00000
(24.18) 0000000000000 0000OO0ODODOO000O0OOOOO0000O000O0
000000000000000000. 000,000000000000000000000
ooooog.

000000000000 100ps 0000000000000 00D00O0O0DOO0OO0O0OO
0. 000000000000,00000000000000000000. 000,0000
0000000000000000000000000000000000000000000
0000000,00000000000000. 00000000000 000000000
0. 000000000000000000000000000000 ~10"® W/em?0000
0000000000000000000. 00000000000000000000000
000000000000000000000000000000000000,000000
0000000000000000. 00000000000000000000000000
00o000000oo00ooooo.

0000000000000 10ps00000,000000 06N, 00000000000
00000000000.00000,00000000000000000000000000
0000000000000.000,00000000000000000000000000
0000000000000000000000. 00000000000000000000
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S+ K ="+ K
000 e 00000 e’0000000oooooooooo,
2" =y (2" + Bpct’) , t' =~ (t' + B2’ Jc)
O000000000,200¢000000000000000A0,
W' =Wy + KB, K =Wy B /e K v (5.3.5)
O00,000e 00000000 U%D,

vy 1—B,/By

vy 1=y

00000000000 (5.35)000000,000000000OLODDOOOODOODOODOD
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(a)
1.2 ‘
0-200fs
4 | 200-400fs - (b) Islands
25
= 08 £ g
> — S
S, < 2 Z 2 Zq_)
> = =z
= >
2 [ 15 2
[} < @
= = 1 1 ol
5
8 0.5 *g
=AW w
0 0.5 1 15 35 40 45 50 55 60
Frequency [w ] Space [um]

0 534 () DO0OOOO0OO. DODOOOOO0Of00200(000,000000 200100
400 fsO000000O0O0O0. 0.2wb00000DOO0OOO0DOOYcODOO,0D00000DO
gboogooooobgoolrcoboboboOob0. o003 wd00ODOODOOOO
0042 c000,00000 (0~300fs)00000000 042c00000. (b) 00O 400 fsO
00000oO0O0o00o0O0o0o0ooO0o00oOOo00oOOO0 (DOo)booo0booO(Doo)oo
000.000000000000000000000DO (D)UOUDODODOOODOoDOoOOOOOo
goboobog.

ubobooboooboooobooon.

W' 1+ By —2B,/By
- (5.3.6)

000 B,08,0000.800000000,0000 8,=v,/c00000,.
0534(x)000000000000000000000.000,0000000000fs0
0200 fs00,200f00400 s00000. 000000000000,00000000 0.53
«w000O000000. 000000 (53.6)000000,4,000000 8,=042000. 0
000000000000 (00000)000042¢00000.0000000000000
000000000000000000000. 000,000000000000000000
00000000000000.00,0000005w0000000000,0720000
000000000. 000000 (5.3.6)000000,4,000000 8,=019000. 0
000000000000000000000000.17c000. 0000000000000
000000000000000,000000000000000000000000000
000000000000000.
05320b)00,0000000000000000000000000000000000
00000000000000. 0000000000000000000000000000
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0000000000000,00000000000000000000000000000
0000000. 0000000000000000000,000000000000000
000000000000.000000000000000000000000000000,
000000000000000000000000. 000000000000000000
00000000000000000.0000000000000000000000000
0,000000000000000000000000000000000000. 0000,
0000000000000000000000000000. 00000000000000
0000000000,00000000000000.05.34(b)000400£60000000
00000000000000000000000(Q00)0000000 (000)0000o0
000000. 000000000000000000000000000000000000
00047 ymO000000000000.000000000000000000000000
00000000000000000000000.00,00000000000000000
0000 (island) 00 0.
00,000000000000000000000000000000000O000O00O00. O
000,0000000000000000000000000000000, Dirac00000
000000000000000000000 4. 00000000000000000000
00000 d(«,¢) =d(a)exp(i’t) 00000,000 (5.27)00000000000000
ooooooo.
2

dl‘/Q

+ K% 4 go(2")| d' (') = 0. (5.3.7)

000,x?0 g00000 % <% 004 ~%000000, #2=w?/2—w?/(cp), g=
Xo(w2/vi —wh /%) /200000, we, 00 4000000000000000000000
00000, we, A, 004 00000000000000,00,0000000000. <0
O0000000000000,¢000000000000000O0D0000O0D0O0000O0.
D000000000D00000000000 (2 = exp(ira’) + pexp(—ixkg’), 000000
D0D000000D0000 d(2) =7exp(ice’) 00000000, 0000070000 ROO

gboooooboobooooo.

4K?

TZE?I? (5.3.8)
2
g

gbooobobooboobbooboobboobooboboooboobooooboobooon
googo.gbooboboooo.

1. PICOO0OO0OO0OO0ODOOODOOOOCOOODOOODOO,O00DOOO0D,bDOO0O0O0O0ODO
gooooog.

2. 0000000000DOOO0O0ODOOO0ODOOOODOODbODOODODOODbDO
gooooo.

3.2.0000000000000000000000000DO00O00O0O0DOODOODOODAO.
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(a) (b)

100
T 80 )
=.
S 60r e
- (0]
g (O]
8 40} | g
5
T 20 1D Estimation ]

Group velocity
0 Moving mirror speed ---------
0 200 400 600 800 0.01 0.1 1 10

. Laser Intensity [10%° W/cm?
time [fs] ity [ ]

0 535 () 0000D000O000O00DO. O0,000000000D8 v,=0.73¢, 000
00 (045¢)000000. 000 1DPICO0OO0O0OOOOOOOOOOOOO, 000000
gbooobobooboboobooobooboob. o,bobooboboobobobooboon
gooooooooooooooo. (hhooooOoOoOoOoOOOOOODODOOOODODODODODO
ooooOooDbooo.boOo,ogoooooo1bPICcO0DOOOOOODOODOOOOO
gobooboobooobooboobobo. 0, booboobooobooboonD.

4 0000000000000,00000000 #200¢00000.
5. 0000 x2,¢0 (5.3.8), (5.3.9)0 0000000 7,00000 ROOOO.
6. 0000000 7,00 ROOD,000000000000000000000.

r.2006. 00000000000, D0D0DODODODODODODOO.

0535()0000000000000O0O0O0O0O0. 0,00000D0O0O0O0ODOOOOOODO
ubobooooboooobooboooboboo. booobooboooboboobobooboobooooobooon
O000oo0o000oo0. ooooo 1bPICOO0OO0O0OOOOUOOOOOOD (O)OOOOO
ugbobg.gbo,obuoobboobdodobooobogboon.

ugo,000o00boboobooboooooobob.gbooo,bobobooogo, oo
0000000000000 000D0O0OD0000. 0000 3500000000000 1DPIC,
goog,gbobooobooogboboooboboooboboogb.0o0boobosd, b
ubobooboobobooboobooobooboobbooboobooboobooobbon
O0oo0o0Oooooo.0oo0,b0oo 300000 1bPICOOOCOOO0OOOOOOODODO
gboboooboooboooobb. obboooboboobboobboobbooboobooan
ubobooboobobooboobooobooboobbooboobooboobooobbon
gobo.0oboooboobooobobooboboob,bobooboboobooboobobo
OO0oDO00. o0ooOo,000000D00 30 fs00bOo00o0obooOobDOoooOoboboOoDO
ubooob.boobooboobooboobooboobooboo.boob,00b0on
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80 T 7T T T 1 ﬁi
Moving mirror speed @Aﬁ-

60 'fge‘;fﬁw‘." y

V/ ' B

40 7 i

PA %..
20

Group velocity XI

1D PIC
1D Estimation |

Front position [um]

|2D P]C .2D Elstimation

0 100 200 300 400 500 600 700 800
time [fs]

0536 00000000000000. 00,0000000000v,=0.73¢, 00000
(045¢)00000O0OOODO.O0,00,00,0000000 1DPIC,1DODO, 2DPIC,2DO0O
boobooboobooobobo. o, gobobooooobooboobobooooboboooboon
googooo.

000000000000000000000000000. 000,000000000000
0000000000000000000000000000000000000000000
000000000.00000000000000000000,0000000000000
00000. 0000000000000000000,00000000000000000
0000000000000 000000 N,.OOO0OO0OD0,00000000000. 0000
0000000000000000000000400f000000000000000000
O00. 000 1DPICOO0DO0ODOO400f00000000000000000 0.16 &+ 0.01 ¢
000000.0000000000 045¢0000 03c¢0000.
000000000000000000000000000000000000000000
0535b)000000000000000000000O0. 00000000000 00000
O0.00001DPICO0000DO0O0OO0ODOO0DOOONO0DOONDOOONOOOooOonoon, O
00000000000.00000024200000000000000000000000
000 1DPICO0O0O0OO0ODOOODOOOOOOOONOODOOODOOOOOOOOOOn. O
0000000 000000000000 108 ~102'W/em?000000000000000
0000000000002~ 03c¢c0000000000.0,000000000000 v,0O
D0000000000000000000000, vs = exp[—{5 — log(1/102° W/cm?}2/30]c
00000000000ooon.
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5.3.5 UUUOOobObbOooooobuoogobboad

00000000000 20000 (2DPIC)00000DOOOO0000OODODOOOO0.
0000000000000000000000000 7 gm (Gaussian) J00. 000000
0,0000008 pum,30mI00.00000000000000000 10pmO00. O
000000 1IDPICOOOOO0O0O0D0O00O0000000. 10 W/em?0000000000
0000000000000000. 00000000000000000000000000
53.600000000.0536000,00,00,00005.3500000000000

000000 2DbPICO000000O0O00D0000O050f000 1DPICOOO0O0OOOON,
000000000000 1DPICO0O0DO0O0O0O0NOD. 0000000000000, 1DPIC
00000000000000000000000000000. 000,000000000
D000000000000000. 0000000 (¢)00005360000. 00000
2DPICO0D0D0ODOOOODOODOD mMOO0O0OO0OO0O0O0. 000,2DbPICO0O0OOOOOOOO
000000000000000000000000000000000000. 000,000
00 20PICOO0O0O00O0O0O0O0OOO0DOOOOOOOOD,0000000000,00000
0000000000000 0000000000000. 00000000,00000000
000000000000000000000000000000000000. 0000000
000000000000000000000000000000, 000000000000
00000 142+ 003N, 0.15+0.0l c000000.100000000000,00000
00 10%00000000000000000,000002002DbPICOOOO00O. 0000
0 (5.2.10), (5.2.11)00000,00000000000000000 N = 1.314+0.00 N. O
O0000.0000,0000000000000000000000000000000O0O0
00000000000000000000000000. 0000 1bPICOO0000O00OO0
0000000000000000.0,000000000000000000000,000
000000000000 000000000000000000000 [5).

053.7(a) (b)0000000 401, 50fs00000000000000000000000
000000000000 O0DD. 00,000000000000000000000 5.3.7(c),
()00000000000000. 053.7a) 00 (b)00 X =4um0O0 X =6pumO00
0000000000000000000000000,00000000000000000
00000000.000,053.7)00 X=25mi000000000000. 0000
53.7(c) 0000000000000 0D000000000000000000000000O0
0000000.000,00000000000000000000000,00000000
000000000000000000000000000000 (6. 00000000000
0000000000000000000000000000,00000000000000
0000.0000000000000000000000,0000000000. 0 5.3.7(a)
00 X=25m0i00000000000000000O0O00O0. 000000000000
000000 00000000000. 0000,053.7c)00 X=5mmO00000000
000000000000000,00000000000000000000O000. 0000
0000000000000 000000000000000000o0o00o0ooooooooag,
0 537(b)000000000000000000O0DOD. 000000000000 000O0
0000,0000000000000000000000000000O0,000000000
00042c¢000.144+0.01 c000000. 000000000 1DPICOOO (0.16 £ 0.01 ¢)

84



gboogoobooboobboobuoobboobooboooboon

(d)

i “Island
0 5 10 0 5 10 0
X [um] X [pum]

0.0 2.5
|

Electron Density [N/N,J] Laser Intensity [//],]

0 537:0040fs(a),50fs (b)0 0000000000 O0OOOOODOOOOOOODOODODO
O000.40fs00 X=4pym0OOO,5000 X=6,md0000000000C0O. OO 40
fs(c),50fs ()0 0000000 O0OODO.40fs00000000000000O0OOODODOO
oooooooooobooo.sfsoobbooooboooobooooooobooobboooon
ugbooooood.

ooooooag.

0538 0000000000000, 00,00000000 2DPIC, 1IDPICOODDOO0
000000. 00 10 W/em?00000000000000,0000000000000
D000 10%000000. 0000000 (5x 10" W/em?)0OOOO, 00000 30%0
D000000.00000000,1DPICOD00000O0O SnakingOdO [7]0 2DPICO OO
O00. 0000 2DPICOO0O0DO0OOO 1IDPICOO0O0OOOOODOD. 000000000
2DPICO 000000000000 OONONONONONONONONONONO. 0538b)00000oooa
0000000000. 00,00000000 2DPIC, 1DPICOO0OOOOOOODOO. OO
108 W/em?000000000000,000000000000010%000000.000
000000,000000000.000000000000000000000000000
00000000000000000000000000. 0000000000000 000
000000000000, 00000000000000000000000000

0000 2DPICOO0O0O0ODO 1DPICODO0OOOOOOODOOOOOOODO. 00,000
0000000000000 000000000000000. 0000000000 0000
O0000000000000000000000 (5.2.10), (5.2.11) 000000000000
000000000 N,.O000000O00O000000. 000,0000000000000
00000000, 00000000000000000000000. 000000 (5.2.11)0
00000000000000000000,0000000000000000000000
000. 000000000000000000000000000. 0538b)000000
0000000000000 0000000000. 0000000000000000000
0000000000000.000,00000000000000000000000000
000. 0000000000 102 W/em?0002DPICO0D0OO0OO0000000O0OOOO

85



gbobooboobboooboobooobooboobbooboon

(a)
0.8 T
2DPIC —@—
1DPIC —l-
Moving mirror speed A
0.6 A
A A
A
) A%
A ~
§ 04 L R 0.4c| |
& N
N |
0.2 A v
'
1 ~02c¢ ]
|
0
0.01 0.1

Intensity [102° W/cm?]

(b)

800

600 r

time [fs]

200 r

400 r

" ¢
. |

2DPIC —@—
_1DPIC @

0.01

0.1
Intensity [1 020 W/cm2]

0 538 000000000000 (a),J000000ODO (h)OOODODOOOODDODOOOODO.
OO0,00000000 2DPIC, 1IDPICODOOOOOOOOOO. ODOOOOOOODOOO.

80 um

)
O
N’

Front position [um]

80

60
40
20

0
0

1D PIC

2D PIC

100 200 300

Time [fs]

0539 (0000000 102 W/em?O00O0O0O0D000000000000000. 000
00 150fs. 0000000 7wmO000000000D00000D0O0DOO0O0DOODOOOODOO
O00. (b)) 0000000 102 W/em?0000000000000000000.00,00
00000 1DPIC, 2DPICOO0DOOOOOOOOODOO.
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[ [ [
160}
z I .
3
= 120} i
C = e e o o o omm o om—
k) i
*g “ L XV RIE 500 [fs] (GERER)
i (GH%EEEE : 111 um
40 -
L o' . JNJLRIE : 50 [fs] (REFZIKR) ]
/ {Gif%EESE - 22 um
O ‘ | | i i i i i
0 400 800 1200 1600
time [fs]

0541: 000000000000000002x10°W/em?200000000000000
0000000000000000.0,0,000000000000000, 500 fs, 50 fs00
000000000. n,v»w000000000000000000O0.

O000. 0539000 150fs000000000000000000000O00OOOODODO
boopoobooboobobooobobooobob.bobo,boobobooobobooobon
0000,00000000000000000000O0O0ODOO0.000539Mb)0000O0O0O
oobooooo0oooooooooooooooOoOoO0. oo,0bo0O0obDOo0o1bPIC, 2DPICH
000000000000, 0,00000000000000000000 102! W/em?O0O
O.000000000CO00000O0DOODOO0O0OO0DO 800 sO0000ODOOOO0OOOOD
gboboobooboobobodo.bobo,booboboobooboboobobooobob
000000, Ne>N.OOOODODO.

54 0OU0OOO

goboobooboooboobbooobooboboobuoobbooboobobooboobo
ugbbO. bgobooooobbooobbooobbuoooboboooboboooobb. boab
0,(2417)0000000000000000000O0O00O0O01!0,0000000000 vy,
goooodoooooy, 0000,

1= Y% (5.4.1)
’Ug_'Uf
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(a) (b) (c)
la la la
. o o |
L4 53
I I I I
cT : :,L\ : :
«—> L L [e—> L !

TS5 X<

0 54.2: 0000000O0OOODOOOOOOOOOOOOOOOOOOO. () 00O0O0O erO
000o0o000oo0o0ooo00,000b0o000DL0 wOOOooooooooo. (b) o
voboodooddwooodgoodgood,doodgooodtoy,o00doo. good, d
00000000000 00,000000 LOOO. ()ODDOO0O0DUODOOODOOOODOODOO
000000 yoOoOooOOoooO,0000000000000wO00O.0,000000 (b)O
0000000 0O0O0O00.00000000000000 L0 LM=00000000000
goog.

000000000000, 0000000000 000000 +w0OOOO0OOO0O. 000,
O000000000000000000. 000,000000000000000,0000
0000000000000000O0O0O. 00000 1DPICOO0000000000000
2x 10 W/em?000000000000000000000.

0541000000000000000000000.00000000000000000
O0000000. 00000000000,00000000500f00000000000.
500s0000000000000000000000000«w 000000000000, 500
fs00000000000000000000000000.0000,00000000000
O0wO00.0,00000000000000000050f1s,500fs0000000000
0.000000,000000000000000,0000000000000000 (00)
00000000000000. 0000050f000000000 v 0000000000
O00.00000000000000000000 2umO0000. 00000 (54.1)000
0000000000D000.000000000000000000v»0049c0000. 0
00 (541)000 v 00000. v, 00000000000000 v,/e=+/1-1/4000.
(2221)0000000~00000,v,=081c000.000000000000001019
pm000. 000000000000000 (22um)0000000.000,0000000
0000 (541)0000000000000000000.

00000500 000000000 v, 00wO00000000000. 00000000
(5.41)0000000000000000000.05420000000000.00 (a)00
00 000000000000000000000000. (b)0000000000000
000+ 00000000000, 00,000000000000000009,00000.
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0.8

]
® 5
06 1 u IR I
<
® 04f +
ot
8 e
~04c
02 -
.<\ NE:- 3
R
0 ! ! ! ! .
0 0.2 0.4 0.6 0.8 1

Electron Density [N]

0551: 00108W/em?00000000000000000000000O0O0DOOOOOO.
gbog,bobogbobooboboboboobobooboboob.ogobobooobob
ooos N ODOODOO, 000000000 ~04c0O000.

v 0000000 ooooboobobooboooooboobobooboobobooooo.oooon
O0v<wo,000.00000,0000000000000000000000,00000
OLoo0o00obooooodoo0. obboooo0oobo0oob0 L=0o00b00ob0boOobooOonolo
00000000 (549 000000. (c)D0O0O0O0OODDODODOOO,00000D00D000 1y
gbooboboobooooboobooboobooboo. obobobobooboboboboboon
0000000 vwO00w (n>v)000000.0,00000000000000v,000
gobooob.obooboboobobooboboobobooboboobooboboo,00bon
0L0000.00000L=00000000000000.00000000000OO
ocoobooobooOooboob yooooboooooooboo.

vgvg

vg(v1 — v2) Lt

l:
v1(vg — v2) Vg — V2

(5.4.2)
0000000000000000000000000. 0000, v =049¢, v =025 ¢,
ly=81;m0O00. 0000000 5006000000 1.1x102,m0000. 00000000
000000000000000 (111 xm)00000.000000000000000000
0000000 (54.2)0000000000000000000.0,000000000000
00000« 000000,(41)000000050060000000000,7=1.9x10%um
000.0000000000000000000000000 (111 xm) 0000000,

5.5 OO

gbobooboooobobobooboboooboobobooboboooonooboobooboan
O0000.00000oo (5.2.10), (5.211) 000000000000 OOO0OOOOOODO
goobobobg NeOODODOOoDOooOooooboob. obboboboboboboon
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goooboooooooo,0bobobobobobobobobo. 00O, 0bobobobo
gooooog NOOobobooooooobobooobooboooo.obo,b0 N OoDbo
0000000000000000000. (52100000 B, 000000000000000
gooboobob. oooooooooooooo,

Ne
By =1/[1—
o=1/ Novs

000000.0000000000000000000,8,~1000.0000000 8,0
00000000000000 (B,~1). 000 8,/8;~1000. 000 (52.11)00000
00+,~1000.00,0000 (5.210)0000000 Nee~0000.000,00000
000000000000000,0000000000000000000000,00000
oo.

000 2DPICOO0OO0O0000C0OD,00000000000000000000000
0000000000,0536000000000000000000. 0551000000
0000000000000000000000000000. 00000000000000
0000000 108 W/em?000. 00000000,0000000 40 pm, 140 pm 000
0000000000000000000000. 00000 0.1N,001.0N,00000.0
00000000000000000. 000000,000000000000000000
0000000000.000,00000000002420000000000000000
0000. 0,0000000000PICO00000000O0O0000000000 5.3.5(a)
000000000. 000000000000000000000000000000000
00000000000.0000000000000000000000005N,00000
(~04¢)000.000000000000000000000,00000000000.00
000000000000000000000000.

000,0000000000000000000000000.0000000000000
000000000 250 pmO000000000,00010ps,100ps00000000000
0000000000, 10ps00000 06N 000000000000000000000
000,100ps0000000000000000000000000000000O0O000O0
0000000000000, (2414)00000000000000000000000000
0,10ps000000000000000000000,00003N.00000000.00
000000000000.0000,00000000000000000000000000
00000000000000000000. 0000000000000000000000
0000000000000000000,00000000000000000000000
00000000000000000000000000.000000000000,0000
00000000000. 0000000000000000000000000000000
0000000 5510000000000000.

000,000000000000000000000000000000000000000
0000000000000000000000. 00000000000000000000
oooooo.

e U0 DOOODLODOODLDDOOODLOLODODOODLOOODN.
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0538 (b)J0000000,00000000000O0DOOO0DODOOOOOO 100fs0O
0000.00000000000 (10ps)D000O0O00O0,0000O0OODOODOOO.

e J00UDODOUDOOUD (24.14)0000000O0O0OO0OOLOOUOLOOUO v, ODODO
oobob.0oboo,0b0obobobobobo,obooboooobO.

0535 () 00000000, 0000000000000 ODOOOOUOODO,00000
gooboobooboobboobooboo,~03cO00boo.0b,0b000000
538 (b)0000000OO,00000000O0DOOODOOOO0.O00O0O0ODODODOOO
gobooboooooooboooobobooooboobooobooboooo. oob,v,o0ooobooo
gbogboboo,o0boobobobdy,,00000000D. 00 v, 0000000
gboo,0bogbobgobobobobobobobobobobo.

000000000000,0000000000 L0250um00,0000000 Noexp(x/L)
(r<0)0000000000.000000,00000005.0N,,001N.000.0000
00000000 Lexp(—t?/r?)000000000000000, 00000 10%00000
00.00000000000000000000000D00000000. 0,0000000
00000000 10%000000000000000000000A0.
05520000000000000000000. (a),(h)000000000O00OOO0O0O
10ps, 100 ps 0000000000000 O0OO0DOOOODO. O0D0O0OO0OO0DOO 0.01 N,
00000000000000000000.000,000,00000000 v,,00.2¢,0.5
¢,06c000000000000000O00. 0000w, =02c¢000,00000000
000000000000, v, =05¢000,0000 10ps00000000000000
00000000,0000100ps000000005N0000000000O00000O0O.
v, =06c000,0000000000000000000. (¢)00000D0O0O0ODODOO
0000000, 0000000. 000000000 10ps00000, 9,0 05c0000
000000000000000000000000. 000000000000000000
Owv,006c00000000000.000w,=06c00000000006N.0000
0000000.00,00000100ps00000,9,003c00000000000000
00000000000000. 0000,0000000000000000000 v,,0 0.3
c00000O00O0O0O0OO0D.
0000000000000000000000000000000000000D00000,
0000 10ps000006¢, 0000 100ps000000~03¢, 000000000000
000000.000000000000000 (~3x10YW/em?)000 538000000,
00000000000000000000000000000000D00. 000000000
0000000000000000,00000000,0000000000000,0000
00000000000000000000000000000. 000,0000000000
0000000000000,000000000000000.00000000000000
000000000000000000000000000. 053600 2DPICOOO0OOO
00000000000000000000000000000000000000000. O
0000000000000000000000000,00000000000000000
0000000.0000000000000000000O00000, 00000000000
0000000« 000.0000,0000000000000000.0000000000
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(a) (c)
€ 1600 ‘ ‘ ‘ 2 ‘ ‘ 10ps ®
= 10 ps e 3.5 N, > ¢ ¢ o 100 Ss n
s 10N @ 3t
o 1200 [ S
- 800t 0.47 N, S 2
S S B °
= I "'-_/' V= 0.2 C-oeveverereenne ﬁ - - -
% 400 .-";.,'", V= 0.5 ¢ -=emeeeeees I 1 [ ] PY
oy 5 v,=06¢C 2
o 0 : : : £ = g
o 0 5 10 15 20 & L. | | il BN
time [ps] 0 0.2 0.4 0.6 0.8
v [c]
b
(_) (d)
E 1600 ‘ ‘ ‘ - ‘ "V =056c @
= g . dnzomeod
kS H ] v, =0. -
o 1200 1 0.53 N, 2 g M
| i A 2
c 800 0.34 N 2 M . B
8 i 02¢c £ o8¢ AT i N
"(‘U‘ ..' Vi =0.2C i >>>>>>>>>>>>>
> 400 1 Vyy = 0.5 @ weveeeeeeee é 07| & A
o3 0 ‘ . Vm=06¢C 5 ././0\.\.
o 0 40 80 120 160 3§ 06 ]
time [ps 0.5 : : : ‘ :
ime [ps] 10 15 20 25 30
Pulse width [ps]

0 552 0000 10ps(a),100ps (b)D0000O0OO0O00OOOO250m 00000000
oobooobooobooooobooo. oobooboobooobob ool NOODDODODOODOODO
gobobobobooboob.ooo,bob,0b0b0bdb vy,d02¢,05¢,06c0000
uooboooboooooobo. bbgd ey, =02c000,00000000000000000
ooob.»,=05c000,0000 10ps000D00D0O00OODODOODOOODOODOO,
gboodb 1wopsObobob oS N.ODODOODODOOODODODOODODO. vy, =06c000,
0000000000000 00ooo0. (e)000O000DU00D0OO0ODOOO0D0OOOO v,0O
goboood. »,006c0000000,00001100psO000D0O0O0DOODOODODOOO
ubbh.v,,006cO0b0OnoO,0b0ogi100psbioboonooonooaoboonoboon.
())00000000000000D0O000000000ODO00DO0O0O0D0DDO0O0DODOO. O
g,0b0,0b0ob0obobooooooobgb v,d 088,055,052 c00000000. O,
gbobooboobboobooboboon.
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0000,0000000000000000000000¢000.0000,0000000
0D000.,00D0O00O00O0000.000000000,00000000w0000000
000 vy=wsta/(t1 +t2) 000. OOO00 v =wg[l —t1/(t1 +t2)] 0000, A =t1/(t; +t2)
0D000,00000000000w=v-—Ay,0000.00000000000000C
0v,00000 (vm=A4Avf). 00 ADODDOOOODOODOODODODOODOS5100000
0551000000000000000000000000000000.O000000000
00000,00000000000000000000.00000000000000,A0
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