ImPACT PROGRAM

|\ ZEXFHR - NY—L—HF—|" 15

”"fi‘ I REHLRDOFRIR

Ubiquitous Power Laser for Achieving a Safe, Secure and Longevity Society

BRI VIRID

2019%2H18H

K754 k27 7HR—







RIS

WERZRAT -/ R—Y 3 VR (CST) A'EBT D IMPACT FOJS LA [IEFIRX-/ND—
L—T—[CK2%E -2 - REHRDER] TR V——BFIRICK) X REHEFLU—U—
(XFEL) Z@/I\EUET ZEAMPAELDBESI/NIWA L —T—ZFD0 5T XICB/INEUET Bl
ZRFEL. UWLHICHT D EICKY . #ikdl - MEZORIEZEE L TS F Ui,

L= —BFIRCBETFULCIE. BIERZMEMBEGERZRAE T Y —RNICEFINRERD
L—t—ZEBZRHE - AL, MEARERDT7 VI 21— —PERFDTAY AT LAZHA R
BV N Ir—LEUVUTERFERTWELE U, ZITREBFE—LORELINRBHZE
Va—)UEL. BFOEBIXRIFAELEBRIOERT D EN TEDLENROILMBIFICE A
ATBYFUR, ZORR. EV1—-IBICU—T—FHZREILIT DI EICE > TEEIERSE
STU. RN IS RAONMENEEED CEICHINUE Ulc, Fe. BFE—AREERDB
NINT 1 = —[CAHEED T ET. BEHDREEERLTHIET,

BN ——F—[CHBEXLTE. VT BEERAEROERESGRMZREFEL. 157
EEENBEOYTF /BINVNVALV—T—OBEFRICHIIUE Ulc. Fie, ZNSDOEAIEX—H—
3HICBEL L - —DRBILFARZEHEUICBR,. BROBFNRBEIDRSEIT I 2 EHH
BOE U, — A, L—Y—RARLWTLTCU——DFERUZERIT 2O DINAY AT LBF
EHETDEEDIC, IMPACT BTHRBEAE LU —T—ZIBICHHALVLIRT2 U —Y—3H
TS b T — LhEEM TR SR T Y —(CRR WV LE LT,

SODRKEY VIRV D LATIE. TOLFEOHEERRZSEICERVIZLETELD, #HEICH
SYTREREY DER - TEEREHBOCUE Ulce U—F—BFTINEP L —F—DB/N\E EZ D
BESEFIFIRRLCVWKODHCTT, EHENODIREBEBRHITDEICKY ., BHEEET
LU —HMEEIIL. WABRSVICEENERBLTESVET, ABEYYRITLADITS
0. HICHUDNESTIVET,

ST REE DTS L (IMPACT)
OS5 LA YR —Vv— (EF -



PO S I DEIBA - ovverrrrerrrrrr 3
PO S L DRERE - oeeevrerrerrrmmre e 4
ﬁ,ﬁ%ﬁ;ﬂ;u .............................................................................. 5
BESREIER v vvvrrrrrrrrr e 6
(1) L—Y'—EFh0EREF - FFiH
U_-Ul‘_migja\y R4 — L DEFFE cveverererrrrmerennin, 7
U_U“_nﬂggigaﬁg)ﬁﬁﬁ .......................................... 8
—MSE!?/(QDT‘/‘D“:L L— T DBIFE -wvvovrvrrrermrmnrnneannns 14
t‘_‘__L\ . 7°3 fvgf;ﬂu;ii,ﬁg)sﬁ% .................................... 17
BFE—L - X ROSHIEFFIMTRIFRE --rvovvrerrrrrrrrreeenens 22
(2) #BINEYYD—L—Y—BRE IR
FBINEY YT — L —H —BEFE eveeermmmneeemii i 25
BINBND—L—Y— HETSY T xr—LEFE 30
FBINBYND — L —H'—  BIEREBAFE ovovovererererrmnn 31
FBINBYND— D —H'— AT LIEBIFE oo 34
TEXAUTFAIGHRITE cooooeererreri 38

BINYSO——H'— PAT A PINEBETE oo 39



%z BB R AN TS~ laPACT PROGRAM

Imp A:T ZEFRRR AT —HF 11D

22 R REHRORH

\mpulsing Faradigm Change through Blsruptive echnalogies Frogram

7’025 LOEM

L—Y—&BNELEL
WOTEEZCTEHTHEERDLSIC “IEFHRL”

700~ ke
1] Y

XMEERFL—T— (XFEL) 12,

EAICIELAL. 700mEER. m ::: T
asn 5

BNEEEERRT i i
#10m ;;:’—Wlft e T W
2Th SEAB
XFEL (M'—v—) lI

"-_-" ' "‘ Ti8
BhE LR
L——omR
s i, ri I li

L=tf-%l

P Y ISHRERE

XFELICED, 13FOENA A—> O hinlEE

2!*. M-
: ®
B

Imﬂ e — il = : "w.we‘«‘ wﬁ@

t=0fs t:l'k t=dfs
LB __“"‘gf\
\f ,f I
IE ikﬂtfh

m X#REHEFL—Y— (XFEL)

RFLANILDIEEZ T T I MDD
BsEI D AFRE CERD C &Mt rlRE. Al
F (REAELBEDOBSEH#HT)
fittg ((EZRICEDSY A F=0
R) F, ZLOHFRAEDETTH
RS einDMFRAFEREE

NID—L—Y—TA > I SERFOREDEMD A 4E

www.aerospace-technology.com

m/)\D—L—H—

BHEHD/ULAL—Y—(F, #RD
NI - MBS E o E A B A\ DI
OJEE. BE&EYIDOFER EIS T HA
D%EHE, 3DTYU>ADXSIRERICIR
DN - st ~\NORER, sHRlF D
23, EBRADIGASEHT]EE

HRC2DOUHRWNZD, FIBKSR.
I—5—-HIE5NTNS

BAZXHKREL, BIRXB.
KEPEESmODBIMEFRIFL

FRAFMECRETES DX -
dXABMCU, H3REHTE- EmbAFED
LT84E

I Rty / sRhiE TR/ DL —Y —
ZHREL, ERFNERH. [Z&]
DL DIEZEE




2’075 LD

( Pj-1A: L—H—inEERBHERE

Pj-1 L —HY—iN&EXFEL
Pj-1B: L—Y—IER A TS vbr—L

IS5RTDE BT . YIPWL—H = gre—sn  BX e
BFRE 1l iz (>1GeV) (1keV) '
1 ‘ q 2 e dlieae )
_—d e 1)) )T NN
PRX el A
T e ax ST e T T T (R G T A . 1 i - I E
[ IEAL—Y—0/EE | {PILE(AE): | | a
: (IMPACT?#%) : l L TZEXEE il B
\OITTTITTTTIIEEEsES T T T ’ =={7] R (H287u7): v =LA W,
Pj -2 ﬂlj\i}(')--l/—ﬂ'— P] -3 /ZTA{E ;BEH¥W E
BISE (Pava®) BATE wER)| | EWMIA  BEx | mibk | mgmel
i oo~ =t [ Pi-3k: &%) pisp: 8F |[Pj-sL: prreal(Pi-30: xFEL
i : - YT —i5A | (=L o) | L—s—wiE | =EEE
[PjZZFJ . E AT H AT S
NURALRL—4— ) wimres T {riaw: I/—Tx—ﬁﬁjjjkk T Jrit=rargyeia
) Y. - Pj-3H (%) — Pj-3H (A3 :
Pj-2G (A 85) : ER b BINED—L—F—EE | 15— | @80 —L—v—ER
F—I by TL—F— tj’/‘ J _3%-4;1"\*& H284ERE OfHIRIR  f------- ___H2oFE R ,

m L—H—iEXFELBIFE

FBNEIXFELORIR (CHBREBRRMOEIZEIEL. L—Y—. TS5XX. IIEFOFMIRZE

&, R TERBEERL—Y—

BN D—L—5—F%R

BNE)ND—L—Y-DRFENSHREFETZHE, ECTHEEXDLDC, FHEE
B TIZREORIZG TEFRATEIREICO/N R b

m S A5 Lt - SEEEFFT
FFE L Te i -

Fre. BRUEL—Y—Z2RLBHIBNER S B 3 2O OIS AR Z Eit.

_BFIE Eﬁ%ﬂﬁLAPLACIAN

U T

REEHID)ULAL —Y —ZFHFE.

KBOICAS AT MES LUV - (C L DFHE=EM. AELEZL—T—%
IMPACT#EI—Y—IFIATEDIHEELT [L—Y—

F—=TIhbhyT
L—H—

By o e i
= NIDEK CO., LTD.
agaurroar |

) OPTOQUEST Co., Lod.

L 0
- RETSY hTA—h ~

. ‘B 5
+ e %

BTEEISRAEER

EFILREATORFE S, A— )b/V/\/%ﬂiu_CuEEb‘ﬁﬂn(g_’?ﬁ_C
ERA T oAa I R—=2 3 2 iBIFEHLR TLAPLACIAN| ZH8EE

AT SY MDA — Al 72N (CHF.

(ImMPACT#EER) )

BN — L —T —FHFEOEm D HH

( (rome) wE>uNvEs )




ERTBIRRFCRAFEHEE DT T L MGTAGT ERDERAM

IMPACT <%0 srusonn

Impulslng Faradigm Chang Fower Laser o Achieving » Sl Secure s Logevity Saciery

FFE I

— TOYS A RR—S— [ 7RIS — (4, ¥5) |
Pj-Zi Pj-1177 3% (E=-4E- M) i 1Pi-3
By L LR (TS M—L) OFE | ¥
# i & i 1A L—Y—ILEB R #a [18 l/—b“‘—buiijﬁwl\fr\—l_\’ 12
O b1 [exz @sems — |[ABAF 2EHE ] L £
[T [ -
¢ P x L icvoorsa s ﬂ— 3L 07> 1520 {f H28~ P8
N A P bl e e i Nz | =
1oL = F ORER I
' | [1D E—sitn - s @] | % — v i
|1 |EE mPIeL & | |30 XFELREETE a H28~ |
! I m| [m=m e xmoD !
! I 1IETJSANET - BR 9 5 '
: EmEBRIA EaAszie Pt L3P %7%‘— > 5 ﬁ. H30~ 1
| % BRAY FolENE i
L 267—JIL kv T L I
I SRIMPR IBRIES-R 3H 18/\E(D—L —F—5AX_| H28~ |
S TN | o[ 5271 3, 7477 13FHRR | H29~ |
i DT PR ﬁﬁ‘ 3M L—Y—MAT5yNr—L @ | H29~ |
| ¥ i Pod | M TN ISR &, 1
L_H29~ [ 2N /\WRAVRL—Y-BmdE !
3R B8 | 3K tF1U7—I5A @ H2g8~ 1
JUFYZYIPE, 7y, ATMITZ SIS FHTL
[PI-BHIBINBIND —LU—F'—[GH AT+ 7 (F)RE HR—E (H28FE)
iR B - 0% ARERELE (P)
BB ——IC £ 5 2B A RERE IO BRAH N 30— B FAh
BIEEBESAL — U —bRB0RE HRAAM1=5 v T BT
MRS DL —TC—> 77— = > TR ORR TRIERSSIIER BARS
B S0 — L —OBFOR Y — NBEY T LD RIRAZ A
FERA BRARETY IV OL—T—BAY 7 LOEH BRAR H T7O02<—2 HoESH
1D R BRI AREEORER PL@ET T /OY—HsH AITRA
WHREL— T — O =Tk o ARSI DREY SR A DEE SRR BFRILE
B ) (Y2-I0) S AREAT M EREN LR BRI ST MR
YA T0F v FU—T— L TEARAIEESY 27 LOBEL AR BERZ
[PJ-BHIBINBIND —L—F'—H YRATAMMETATF47RE HFIR—E (H29FE~)
RIREE \ e - % | oEmREAE ()
eI
FHEOR7— MBEY AT LOBE AIA A
UFOLAF VBRI L - oU—Z22T KRS HEHBER
B IR RREAL — U —AREORE R O HRARH1=5 w0 BT
747« PR
BBV A T OF v FL—F— &R RASEED 4 RITR(E AT FI5ELA
MRS 7 O L A BE(LDHO) YA L — T ZEL — SR EADRR AR EHE—
EEAAD D BB ELRRA L — ' — 1= v DB HRAHT CK =
ST EERE (PEEM) ~DRIC & 3 AR LiRe! B A BRI EAL
FERERAIRE T YUY OL—T— BN 25 LOEH BRATE IHI T70ZX—2 AR
[PJ-2N]\Y AL RL—5'—8IGRE FIR—E (H29FE~)
iR e 0% ARERALE (P)
i CHIP RO 1 CHIP iRl L—H OB R RS At X%
BIE - BET - BRECRNFNEEESRELEY,J0F v 7L—T—HSit MR =T v 0 HIRHEH
RT—S5EUF + LB UBEATA J0F v FL——DR&1t HRARA TR ITA L BABH—




ERTBIRRFCRAFEHEE DT T L

IMPACT

\mpulsing Faradigm Change through Blsruptive echnaloges Frogram

ImPACT PROGRAM
ZEFAR - AT—L—HF—|2LE
Ze-B-REHE0RR

Whipinosa Fower Laser o Ackieving & Sule, Sevure and Longeviy Sociery

FIFERR

R#LES

Pl

Emnﬁ%nﬁﬁg RILTA B

(PI)

ly=igr=

BT IEBIF -

¥

PJ-1B

KA
| KB

LU IDEHE TS v hik— LD
| L IEERis

fWWAE¥t Axﬁﬁﬂﬂﬁm@ﬁ%

§m*ﬂt§&%®ﬁ%

AF-IVIL—Y—

;E?JDE@]L&J@T?Z? I/ /7\(;5:%) E@?t LAGHR

Staglng Laser VVake field Acce eratlon

L—g— ME@¥K A@@¥%LJXTA@%§

BT R IDERTIRE

| BT RIPRANA R

| EB(LEHRAR

 HRREEEO—ART A 207 Y2 L— S DEF

7 yylu 9®t Aﬁ@&%ﬁ@amamm%%

PI3L A
PJ-3P BIRKF ¢ R 17? Mﬂﬁﬁmﬂ)h DL—tf— ﬂDJEEE?(‘_ck%V(X J/7J7\TA0)E’JETE

BINEND — L ——BaF

HFRETRA

% Pl

E%E(DUbb"fZ(DZOmJIL/\U L— *J‘ U)F’fﬁ%

iCw Operatlon in Dlstrlbuted Face Coolmg Chlp

. Gain Aperture for Ublqwtous High Power Lasers

100Hz E5&) 10PW/sr/cm? $§ <+ 27 0 MOPA

PJ-2G FEMIRNZO X () : JIUS PI 2—)U#% 300Hz /YD — L —H'—DEFIL - &t
BINEND—L—t— HATSY T 7 —LFEF
PRV RITEEEE RS —  BEPl RAOO0FvTIL—Y—EREB [L—T—HMTS Y h 1 -4
BN/ (O—L—t— BRI
PION-1 | JSFVYZwT PE. () ' BLEVIIIARNDOY Y F Y I EBE UL A J0F v FU—F—
PIOND | I SR - BREGENTAEEEEELLTA00F v T~
PJ-2N-3 1 (%) 7.1'7”‘717\ I~ ‘ %4?7&7*7\[LE7M§7\7 77)[/76\'—_‘577747D§‘ J7°|/ U@Sﬁ%
BN/SO—L—t— Y27 LIRS
PJ-3H-1 | KBRAZ L=t EE&L&%@%@J 7)I/94Lu\llﬁ$§%ﬂﬁm
PI3H2 | () 1=5v2 fﬁm%ﬁﬁrﬁmu SRRSO

L) wmE

¥ 2 UF R
PI3K | EB{LEATRRAT L APl
BNESD—L—— 717 PSR

SR HI TPDRR—2

1E25 PI

N P




> ATRKH:

OSAKA UNIVERSITY

L—Y—iIlERS TS v bik—

L DR

KIEKRF 5HE TH (OFKHEB— *. KEFFEX * *)

(RFRIE * EBSTERFERRE 25—, ** FHEKX)

wiE

BEE - A\MTHLBNBICHRT2EH. [L—F—ITT5X
TINNEBIDDFHHEEZRY ., A—IL o\ fkHTA—T
IAIR—= AV RIS EEET D

B iy
L—H—n#EE & TSy T4+ —L (LAPLACIAN)ZHE £

REHGeVIREFE—LIRTLERFKITHIET
BISAANEZSIL——EFIER#TEHITS

Q
RELLZEBMER fiFERAI gk T L DT

ERISY hITA—A

<L—H—LRTFLo>
«F—T /%)L REEWE(Z & B Ti:SapphireL—H—

RS LT IRNEER - EHERR 1T LY/ NILRIEE D

TOFIIME: L~ —MBRETFINT4—h @
(] SENEXRE-LORE(R10MLT. XBE—L1keV) ~

L Sub-PW Laser Electron beam X-ray beam
N W . vl
L} - - - - - L]
el m—
o BT IXIES3—N 7IxIRINE E—Mlll vAoRFLYaL—a— ) .
L] 1

EE) 1GVEORTFRAERAL. 7 WN] XFELRERS
7XT.+CLT'E) —R&E . "

ABAPRRPLL S &E

R,

MRS (M8

-------‘ ------ --------.' ----i-i‘ ------------
Fadz oD FO¥z ok 3
[,ZE;‘:;‘,”* - ] ‘ i .@.4] T @

CSTRT R HPRRS XD )

7n):r.9ME. 'J'I:’):QMC

m?ll TLYAF Gl —s— T
() AN KA) ST L5100, (mE] teYorstRETSa
Pre=1000all T/ U\r]ll L OTLIOP Y~

BREERTET H28ET KEX-PFELM % R

Oz Tk 3L

TIIOF»al—YRE
AM] TAYOFyYaL-FNE

1. L— *f—mizﬁAj’v‘yw:r—A

MEDERT—VIZEHLEHILLIZ3EAD LAV AT RE. W
E—LTSA>. EHESRO— RN E DIREIREIZLS
JOVRIVREOHBILIZKBIE—LRBD ERE.

DyR—KR.

]

TILF ISR IEIERL
E2. 7S5y R—LL—Y—DRT L

T e

SLRESEN )

TILF SR IEIERO TILFSRIEER2 VN2, )|

AVI L 25fs 50fs 100fs
IRILF—(EMEER) 1) 2 10J
#RYIRL 10Hz 5Hz 0.1Hz
HAREN 1.2% 1.2% 1.2%
ARL—ILLYF 0.9 0.9 0.9
tﬁ_é\g’%’fgnf‘/ <5prad <5prad <5prad
aVkS Rk 101 101 1012

l4 BE—LSA DY

.

E5. FE—LSA2 O RIEF
(@)BL10D/JLRIE, (b)BL2D) /%L AR
(c)BL1DEHRR Y (d)BL2D FEH X Rk

<@?7JD ﬁ“ﬂ n‘l',,\'lﬁll

‘ 3. L—Y—S R T LD
>

. S y ww“.‘;\\

BFH#EE

T—REB—F x> /\—
BL2Z A= F 0 ER

AT IE—F N —
BLIZFRWL=BFHREELS
o IN—
LEOREAFER

SO
f&em
L—H—IEHRE TS5V I+ —LLAPLACIANZ B HHEE B £/ NI

BiELlz, SREL—F—IRORRRMAERKELTA—IL D v/ 1K
HTOREFEEHEL T,




L

APRA

OSAKA UNIVERSITY

@ RIK=N

L —Y — I E == B iR

KIRKZF /BIEFHFRFR BODERFMRE> 5 —

1GeV BDARAT—U U L—F—BFMEZ IR ELERRITEAFEL.
BARAT—C#TSARHEFELTED 2—ILIET B,

ok R

B R

[ GevRT s mEnEH

e

Hectron beam
(EReY)]

Sub-PWLaser
g
Rla—R TR e —

Plasmadevices

*nis

(BIFE(PIC) 3ol —av kb

~

Spring-8IZ# &L f-L —H — & #f
BISYRITA—LDL—HF—/RF
A—BZHDE GeVIRRT—U LY
L—H—BEInEE &t

+2J/Pilse BREND T —RA—THhEH

and electron bunch
imulation box was 300x300x150 mm?, resolution A32

IZhETESERE < 20pC

CHERBEFrRILERANT
~300MeV/icm DI ILEF|G

AZhidkov, N. Pathak
Simulation Parameters Value 20pC e-beam 20 Tem mm_mm
Booster pulse 30 s, (pulse energy 23) g~ S e el e
Booster pulse spot size (Zwg) (40 pm " ] il |
Intensity 1% 10" Wem?, an = 2.1 .”, " » »)
Electron beam energy 100 MeV(p=200) Lol i : |
Energy spread 3% (4003 N ¥ O 0 O | rerperee. rrrmeeesl
Bunch charge 10, 20, 30, 50, 100 pC %0‘
Bunch diameter 10 pm = a
Bunch length 10 pm i 02
Plasma density Sx 107 em™ g , e | e
Dielay between the laser pulse 100 fs . 0 100 10 120 130 _ ) )

Field strength & energy spectrum of accelerated e-bunch Energy spectra after boosting with & without channel

50 : 7R R42— ‘Charge Coupling in Multi-stage Laser Wakefield Acceleration’, 7RR%— ‘Design of Staging LWFAJ

7327&>Xﬁ%t;6%?E—A®ﬁ$;§\

Concave Plasma Uniform Plasma
I initial Electron Beam profile
“Chary :
| S Ben stze {80 sor axis)
Energy: 10 beviomE Y
“Divergence : 3 mme:
. | Injector (LWFA)
o — 4
leciron bunch
feom injector mergy Gsjet
i
= 5 E |I e

ndemction betwean periphary plasma
and edoctran bunch

Front periphary
(Typically a bew mem)

BFE—LMBBEAED TSRV XMRERRL.
T—RE—EHTOEFE-—LDBERERE,

HMRRE— RTF—VUIL—Y—BMRD DD TSI
LRI & BEFE— LA HI
L Puise-driven
Q-Magnets

wlsctrons

MJcro-Uno‘u{; tor

p—*f—nn;gﬁs-ybf—ATﬁ;tJ (BH) /:;:fu-m > 3 !j
[ eVBBTFE— LM AT AOWE \

L SLRABREBEO
4 E—LFTTHRE
| EAL.L—Y—
MEDEFE—L
7021 L—4TF
METERET LS
EIZRL,

250MeV£10MeY

Steered e-Beam e-Beam profiles at SCR- 3

e-formed (Discharge)

Plasma Channel?
GeV Class
P

Plasma \ L
Lens
Effects ;
r
Long Focus OAP
Fre 20-40, [=10Wicme

Booster

MERNEREDOR

Optical Guiding Process in Implosion of Z-pinch

ZEVFRBEDIMEBREEFIALTR
EMNDOANRMEDENTSATHE
REREHRHE, SEEL—Y—/ULR
DRELFHERICHKTI,

B ARRE— LY —MEEFE—LOEFHES AT LDEE /

@E:?ﬁl&— ‘ﬁk%ﬂﬁ%ﬁi&ﬁ%@@

Short Focus DAP
Fe= 3, 110" Wiem?

/\")I/XEIZEJJE—J_\#?H‘-{’?XQI%'?%

Pulse-driven Solenoid

Typical result of e-Beam steering
EBNREEL"DO=HIZ/SILRIST—
BRI AL/ NEE—LAEREHEE,

B RRA— LWFABEFE—LASSH
FlEB A ORR

FEH

GeVIBRAT—So L——mMEIZDHELE
REWFAREZEEBL. L—Y—MEISVH
TH—LADLVAM—VERT Lt
ZhhBHRE-UE—L2TLEL—F—INEE
ERLHIEBEREHEL T

* B REMICBL TR ERRI—E TSRS,




e

OSAKA UNIVERSITY

LWFA 8F E— L ARSshlilziiio 55

OifiH kit ', &R 8, Iﬁi@llﬁ1 @R’ FAEE,
KHE®—>*, NYvo FE->1, na!? KRR, B’ KEW’
P EW°, PLOE SROT Y, 5E T4 E 4, S A

(1 : (RATZEHEHN, 2 : BLFHRA, 3 : EMEER, 4 : RAXL—Y—H)

=

VERBRENILAL—H—DREMEDR EELWFAIZE [TAEFE —LILEEATHIHZERDOYIED
HEIZLYWABEFE—LDREEN A L
VIEEMZERZIZICTHALVDLDNTWAEFE—LNXFROF BN AIREICHE>TE=

IWFAQIRHAH TH D INLEE " DE=DIZ/NILAND—HiTEGRALE/NE — LA EREESE

Magnetic field: B_(T)

> > 0 1.9 3.8
ARAMBIEIBIE—LXEROME . T =g
v N |1oMev - s0Mev

v MeV-GeVIREFE —LHIHIZIZTTASHRDEF e
E—LXZRFNFAR L.

vV IWFAXE R EFE —LDFHEARRE M (T #mrad 5 A ! -
vV IR —HifiERANAIE TR TE EYES R LR |
BRERE—VERKAR D/NEEE A ATRE  Drive current (kA)

(E): 7\IWVARERBIF A R—ILARTTFIVY,
BEY (A): TRILF—RERML X DE&EHES
IND)—BERAyFEFRBLIAEDYA— AV /N INE KRB N EEEZFIBETH_LT
HAXMBDNEFE—LARTT7T—, IRILXT—ZEEVEBOL U X EEET HEHAAHE[1]

Focus (m)

w/o solen
x40 -wmm B

Initial

(b) 8.50 MeV' ‘“‘()IZH'IV

(@) 183 MeV

=

9

Q

& i
= )ZDSMV “\ I ()164MV
”

]

€

E}

o

o

0347 MY
10°

' :
w/y, z-Steering 0 “
£Y, e Energy (MeV)

w
3

(E): NIWARRTFTFULGTEIL/IAELUR

(F): 250MeVEFE—LDATFTYLY

(B): 1-100MeVIREFE—LDT7+—hR

vV ZEARMEMICEYRESAI=-Y T GeVIREFE —LZ%20 mradigFIL FiROEFEER[2]ITIEE[3]

V BRULOAEHBLERE/NDRIWAAS EEEZEI: T EmradE —LZL U AR IZEY mrad L FIZHE E[1]

SEXM

[1] Y. Sakai, et al., Physical Review Accelerators and Beams, 21 (2018) 10130
[2] EE4IL AR R 2— tJ/EI./#ZSTJﬁW
[B] 7S AR E TR /NMNE

EH
SUNEE %%ﬂu:i%&o)d\*”t%ﬁ?au_b P—ILEMZE: XEEREFL—F—~OHE"
(2019%5H), HIRFE




Q> ATRAS

OSAKA UNIVERSITY

BEXTRISORFE
OFEH Fil', RIZIA', &R BN ', & B? KA #W—°, FXx 5F",
Ny FE->1, BH RR', BH>°, KR H°, BT,
M IEHE®, PLOEBCRODY, RETHY?, IR ME "2

(1 : BRATEHEHN , 2 : B{CFWRMR, 3 : SHREHEH, 4 : RAL—Y—H)

=

v L— 4 — SIS Tl AR F KT HL—F—DEFRA THBL A —E THIR
v EFE—LOIRLE—FIBIE, TSXIMBSOHRT ERBELMEEHOELL TRE]

i DERENR THAHL—H —/ UL REENBEERIFSE - FERIBEERIT S LTHIBRLE

ik

1) Confinement: Magnetic pressure vs Thermal pressure

3FE&1’§®%774/\_;&707X7—61%5Z ! Bennett criterion:
v FSXIDEHE: N = {1(0,/o)?}, ZZT, “uol?/(87%(D,/2)?) > nkT ™ T
w, = (n¥me)B &V, (% NEFNIS5X< 2) Plasma diffusion vs Current rizing speedlﬁi o
RENVEEA ST DIRENE Bohm velocity: °
v FSRTHTIE, TSRIEEEN ~ TFR D)~ (2T m)2xt E
%%ﬁ%}gne 3) Initial plasma resistivity vs Voltage ;é 7 L
v L—H—JLADIERARIZA>Tdn, /dr > Spitzer resistivity: | ' Neutral gas
0 (dn,/dr>0) BB TISRIMEBTENIE “n=52x10°x (ZIn(AD(T) x L* g5
— fn Lb
=l S LSRR FrESY—2ELF IS XTI LB MR TR

FEFRICECIIES ST SARICEYRZERD TSI E LR & EIRIEH K

(E): FvES)—Z2-BEoFTSAIRELERE
(): MEBEREN-TS5X<T
(BR): BESh=-BREL—Y—/VULADE—F

ZEEMET —RI—|TERENDI10Vm3BEDEEIZT, Z-ELFISAIDRELEMEER (2]
107108 w/cm? D EREL—HF —D A BRICH I, -, BRE—FHHEETIT4TISHIFEEE [2, 3]

SEXM

[1] T. Hosokai, et al., Optics Letters, Vol. 25, No. 1, (2000) ’
(2] %5RE 2018-213150, NEREEA AL RUALBRIRIHEE MEME, EHRE RETH .
Bl 75AIFMAERF/NMEE “ESFMEBO/NEEEBIELL—Y—NEMRE: XEEHBEFL—F—~DHE"

(2019%5H), HiRFTE

10



g
PJ-1A-3 ¢ ﬁxqgwﬁg

AF=I00 =Y —EIEDI=HD
IS AV ULV RICKDETFE— LGz
Oth#i&kE . ALEXEI ZHIDKOV!, #iIBHE >, RETH*

(1: XPRXZE , 2: B{LFHHIER)

=

Budker-BennettSh R [1]ZFIALIz TS5 XYL U XKD BEFE—LIGEFIREL. 25T
Particle-in-cell(PIC)> 2Ll —av &Y F DR EFBHEASMNZLTze MmUY A XD TSXYT
Lo XA TOE—LIGGlIEHZF AT HET, FYNETEHZEBEDL—F —INERD X

TLEERIRTHTELHREEENH D,

wE

ENEAT—UOVTBINEDE=OIZIEEFE—LORBZEIFHL . ZOERZELTHEFT
LI-FFEEHRSEIDERH D, T-L—F—MNERTLONEED =D, {EEDE
SIHINEEERRTIADEL DS, CCTHEBEMMUTOH A XD TZATL U XFRW
T:%iﬁ%?%%bf:o

Budker-Bennett¥) & { - }

S R R -

A& (2d- PIC simulation)
BL50H. BEEEFEODTSATIHDEFE—LDEHK

(1) Concave Plasma channel

(2) Uniform Plasma
ITNTNDDHTOEEKRGFHETE

(a) BEFE—LEFE>TSAIEE

(b) EFE—LEFEE<TSAIEE

Concave Plasma Uniform Plasma C | h |
° oncave plasma channe

TOURNRZ=EE
« HETSZAITOIER

60 80 IDD 120 140
y [

7"7:(71//7('(0)1131%;)1%51‘:&; L. B ELEEENET
E—LEIHEERT I TEDCEEBLMIZLE,

SE Xk

(1) ‘Self-Focusing Stream’, W. H. Bennett, Physical Review , 98, 6, 1584 (1955)

11



RRIMEN "5

Staging Laser Wake-field Acceleration

Z. Jin', H. Nakamura?, N. Pathak?, Y. Sakai’, A. Zhidkov?,
K. Sueda’, R. Kodama?, T. Hosokai"?

(1: RIKEN SPring-8 Center, 2: Osaka University)

=

Staging laser wake-field acceleration is considered as a necessary technique for developing full-
optical jitter-free electron accelerators. Here we demonstrate the strong coupling of electrons
accelerated with the laser pulse from a gas-jet, with wave breaking electron self-injection, and
the booster produced in the second gas jet by another laser pulse temporally and spatially
synchronized with the first laser beam. Measured characteristics of electron beams modified by
the booster wake field agree well with those obtained by multidimensional particle-in-cell
simulations.

The experiment was carried out with the P-cube 80-TW
Ti:Sapphire laser system at Osaka University, which can
deliver 2 synchronized CPA laser beams from the same
oscillator. The laser beam 1 was focused a He gas jet
producing injector electrons. A solenoid collected and
focus the electrons with desired energy to the booster
plasma wake-field at 1 meter away. An electron
spectrometer was installed just after the second gas jet.

B mm

Clear deceleration and/or acceleration of the beam electrons
were observed depending on the time delay exhibiting the
coupling of the injection electron beams with the laser wake
field in the booster.

ount [a.u)

ESM

Also, strong coupling with an injection efficiency up to 90%
was observed, due to the self- focusing effect (Bennet-Budker
effect).

Injector electron beam:

(a) Initial spectrum. _ The results were verified with multidimensional particle-in-cell
(b) Spectrum focusing solenoid.

(c) Spectrum with 500 pm aperture. simulations.
Energy spread ~3%. Focus spot .
<O.7g|}1l1n$. Charge gf ~1.6 pg Please check the poster for more details.
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Laser wakefield electron temporal diagnostics via
single shot electro - optic sampling

K. Huang?, T. Esirkepov?, J. K. Koga?, H. Kotaki!, M. Mori%, Y. Hayashi!, N. Nakanii%, S. V. Bulanov?, and M. Kando*

IKansai Photon Science Institute, National Institutes for Quantum and Radiological Science and Technology (QST), 8-1-7 Umemidai, Kizugawa-city, Kyoto, 619-0215, Japan

Hi=

One of the main goals of the ImPACT program is to generate high energy electron beams from staged acceleration. To achieve energy gain, the
electron bunches from injector should be incident into the booster stage at proper phases. Thus, the arrival timings of the electron bunches are
of great importance. We for the first time introduce the electro-optical (EO) spatial decoding technique into laser wakefield acceleration
(LWFA) [T. Tajima and J. Dawson, Phys. Rev. Lett. 43, 267 (1979)]. A temporal mapping relationship with generality was derived in a geometry
where the signals had spherical wavefronts. We believe this method could be used as a single-shot timing monitor for laser plasma
acceleration experiments. Part of the results have been published as [K. Huang et al., Scientific Reports 8, 2938 (2018)].

ik

By introducing a EO crystal near the path of electron beam, the probe Coulomb field
laser passing through the crystal will undergo birefringence in the ~
exposure of the electron beam electric field. In this case, orthogonal
components of the electric field will have phase retardation. By detecting
the phase retardation, we can achieve the electron beam temporal '
information non-destructively in a single shot. [S. Casalbuoni et al., Phys. polaszavon
Rev. ST Accel. Beams 11, 072802 (2008).] When introducing an angle
between the probe laser and the electron path, the temporal information
of the electron bunches are encoded to the probe laser profile
transversely.

TR

Probe laser |

 output beam

output
podarization

EoMaterisl € beam

Input beam ; (a)

Fig. 1 Electro-optic method. (a) Linear polarized probe beam becomes elliptical polarized as a result of
phase retardation. (b) By setting an angle between the probe laser and the electron path and placing the EO
crystal close to the target, we perform the EO spatial decoding for LWFA.

Prohe laser

——= Drive laser direction

Fig. 2 Schematic of EO detection. The electron beam temporal profiles were measured at longitudinal
distances of 2.2 mm and 1.5 mm from the gas jet exit to avoid damages to the crystal. The probe laser has an
angle of 44 degrees to the electron path.
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Fig. 4 The spherical wavefront Coulomb field of the electron bunches. (a) near the source position. The

Coulomb field of the electron has a spherical wavefront; (b) at a propagation distance of 1 m; (c) after
propagating over 10 m, similar as free space.
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Fig. 3 Check on the temporal mapping relationship. (a-d) We measured the electron signal at 4 different
probe delay settings. (b) We found that the detected timing relationship was quite different from a widely
used model.

Due to the plasma shielding, coulomb field of the electron bunch
possessed a spherical shape at the detection point, which is different
from a widely used model considering the electrons propagating in free
space. Based on this, we detailed discussed the temporal mapping
relationship in three cases as below, in which (2) is applicable for LWFA.

L
K
cos 09

(2)cAt = (1 + ﬂ) tan 8, AF (A§ < L)

2 sin 59 cos B59 AF
cos 6, L

cos? 059 082
cos20, L2

(1At = Aftan @, + —-——

cos B9 [spherical wave]

Sin 6, [Plane wave, with an incident angle 6,,]

(3)cdt =tan 6, A§ (A§ K L,B5 — 0) [Plane wave, free space]

Notes: A¢ displacement on CCD, L longitudinal distance from crystal to target, 85, signal incident
angle on crystal surface, 6, probe laser angle to the electron path.

For the characterization of the electron temporal information for the ImPACT program, we introduced the electro-optical spatial decoding
method to laser wakefield acceleration. We succeeded observing the EO signal and measuring the electron energy spectrum simultaneously in
a single shot. We discovered that the coulomb field of the electron bunch had a spherical wavefront near the target and deduced novel
temporal mapping relationships for the application of this method. We demonstrated that this method could be a powerful tool for the
monitoring of the electron timing in LWFA.

This work was funded by IMPACT Program of Council for Science, Technology and Innovation (Cabinet Office, Government of Japan).
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CW Operation in Distributed Face Cooling Chip

O A. Kausas'. L. Zheng’, T. Taira'?

(1: DFRFTHARAR , 2: B{LFHAFR)

Ultra-compact pulsed
power laser

> Tiny-i

Ubiquitous power laser

egrated mJ class, sub-ns laser
» Average power over 100 W

> Reietition rate > 10 kHz

V. Yahia et al., Opt. Express 26, 8609-8618 (2018)

Types of laser configuration
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Heat distribution in DFC chip

metal heatsink

Heatsink: YAG, Sapphire, Diamond Coated materials are
Gain medium: Nd:YAG, Yb:YAG, Cr:YAG etc. possible too!!

Ultra-| hlgh vacuum chamber

T. Suga et. al, Acta Metall.Mater. 40, S133-S137 (1992)

Surface activated bonding (SAB) technology
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Experimental results
Cw operation in DFC chip
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L. Zheng et al., Opt. Mater. Express 7, 3214-3221 (2017)

Optimization of DFC chip. FEA analysis

Simulation model for heat distribution

« Top-Hat profile

 Fractional heat load 1, equal to 0.37
« Absorption coefficient is constant

« No saturation of absorption coefficient
([pump < Isaturation,pump)

Y. Sato et al. in IEEE JQE, vol. 40, pp. 270-280 (2004)

Heat distribution at pump power of 20 W
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2. Heat load reduction.
Direct pump by 885 nm

« Nd:YAG thickness 0.5 mm
« Over 300 W of absorbed power
« 37 crystal in total
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Distributed face cooling method improves CW output by two times
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Gain Aperture for Ubiquitous High Power Lasers

O V. Yahia'. T. Taira'?

(1:Institute for Molecular Science, 2:RIKEN Spring-8 Center

Introduction

High power high quality compact laser systems are required for various applications such as ignition of spacecraft engines,
compact pumping system for high intensity lasers and, in future, for particle acceleration. In the Master-Oscillator Power-
Amplifier (MOPA) scheme energy scaling is often get at the cost of system size increase and beam quality degradation.
Development of micro-MOPA system thus requires a high-gain compact amplifying medium whose conception mitigates
thermal and nonlinear effects, as well as low-footprint beam cleaning elements ensuring a high quality seeder beam.

Gain aperture

beam can be amplified and cleaned by gain aperture cleaning effect is modeled by radially dependent gain calculation

highet orde mode pumpesd (gain) volume

> higher gain increases efficiency
> gain saturation decreases
efficiency

One must work with the highest
possible gain such as saturation
remains low during 2 pass

3 amplification .

HR @ 1064 nm

output beam purmp beam

‘ R EZ ey : . . rfw,

gain crystal

Results

GA was implemented into a compact high energy MOPA

V. Yahia and T. Taira, Opt. Express 26, 8609-8618 (2018)
250

1.0 Ouiilinl E,S preamplifier - b |
= Oscilah 4 %
09~ lg— @ Hes | | o M =13
08~ 5 200 (15290
z ’ — oscillator E 3; M2=3
g o7r :g:§-3 = [{8% o 1 el P W
% 06 - g 150 Pumgp energy {m.J) 'I
@
R | S W with preamplifier
E ga- e 100 | ) 2h
3 3 | A without preamplifier A
L a
03 = [ “
02— O 50 |
01— [
0 0 \—'
Radius (mm) 0 0.5 1
> Relative reduction of side peak intensity : Pump energy (J)
Iside/IO =0.01 Microchip MOPA without gain MOPA with gain
»Energy increased up to 6 mJ : good for Epsainre ApEHis
|f ti Footprint [em x em] 5x5 30x 45 30 x 45
amplification Energy [m]] 2 180 235
‘ »M2 reduced from 3.0 to 1.3 M 3 10 1.4
Brightness 0.051 0.42 18

[PW/st.eni’] (increase x8) (increase x353)

CO“C' USion Repetionate [Hy] 100 100 10

The demand of ultra-compact, high-brightness, high-energy laser sources led us to develop a micro-MOPA system. For
maintaining good beam quality at high-energy, it was shown that end-pumping configuration should be used. A compact

beam-cleaning element was developed based on the principle of gain aperture, ensuring near-Gaussian beam quality even
after amplification.
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100Hz EREl 10PW/sr/cm? §&< 1 20 MOPA

OJIIEEE 1, Vincent Yahia®!, E&HR%E >
(1: DFPIFHAFRAR, 2: BRFHFEHR)

Background Method

Compact : palm-top - note size -> Portable / Vehicles ~ Nd*':YAG (gain medium)

Cavity length: few mm
Short pulse : sub ns "
High peak power : ~ MW v ()

z;=300mm

l

z,=25mm

Zomp = 126mm

aas . . . e
->Ignition, THz generation, particle acceleration, etc.  pumpingline Output coupler

Cri*:YAG (Q-switch)

Higher brightness requirement -> Micro-MOPA

— 1

— Nd:YAG rod /
n P _ P P:power A:mode area 2w,(z=0) N V] f
Brightness p = A0 (AMZ)E  D:solid angle at far-field ‘ =0_’18 mm £, =300 mm 7 B] 7. 300mm Bearznwwalst
Cc D 2
Yb:YAG-laser Sensor
PW/sr/cm2-class Micro-MOPA
A B] :[ 11 2] [1 Z3 [ COS(VZamp) (nOY)ilsin(yzamp)] [1 Zz][ 11 (1)]
$5 mm x 126mm ¢ D -5 0 1 _npﬂySin(yZump) CDS(yZamp) 0 1 5
. 5 ND:YAG rod (1 at.%)
5 2 2 e . g E Focal length of thermal Lens f;p,
s N 100Hz Gain apaeture B Felr § E =
8¢ s -g‘. " ftn = ;cot(z y(n ))
g é 3 £ Pumping LD th oy (Np2) amp ¥\ p2
T8~ 1 § 2 6kW / 1.5)
@ 3 QCW pumping :250us L
100Hz Oscillator M2 & Y, = |22 Mo Refractive index at the center of Nd:YAG-rod
22 2) = [— L . I
™ 3)‘ i Mpo My, Refractive index divergence of Nd:YAG-rod for radial direction

450 mm

Repetition rate

Gain Peak

Energ m2 Brightness. i
aperture il power 8 Oscllla!.u.r Amplifier
Pre-amplifier
No 180m) | 04GW | >10 418 TW/sr/cm? 100 Hz 100 Hz
| e [235mi| 0346w | 14 | 18Pw/s/em’® | 100Hz | 10Hz |

Repetition rate limitation
Thermal lens in amplifier can focus high quality beam easily -> Optics damage

We evaluated thermal lens effect to avoid the optics damages

Thermal lens estimation result

->f,, can be estimated from the beam waist position L

Construction of 100 Hz system

100 Hz system setup /=25 mm |_Composite focal length
Parameters 100 H fy=150mm |4 =-100mm | F=-0.60m adjustabi
e
Probe beam Nd:YAG rod Sensors g (This work)  Faraday rotator fuz06m "
Medium : Yb:YAG laser Pumping duration : 250 us CMOS camera - WG rod | = {ﬂ{%“r:"‘
Wave length : 1030 nm  Pumping energy : 1.5 J (CMO0s-1202, CINOGY) “a Lo amm |
Effective pulse length 2ps  Pumping rate : variable Shack-Hartman sensor T —
(HASO 4 IMAGE OPTlC) g 270 mm 30 mm output dy= 24 mm Beam expander 1:2
’ [camentional) d,=2.4mm f,=61m
. . i —t Incident
Delay time dependence caused by QCW pumping fo Nd:YAG rod UENM’ = — E eam
1.E+04 b l/ax ! oulpul |
*Rod Na 1M (LIS) K ) ‘ 220 mm
~ 1.E+03 *Rod Na tA B0z (@10S) 50mm 126 mm \/
£ *Rod Nai2/3Hs (Bhaok-Hartman sensor) Output 45cm
< R0 *Rod Na @400z (8hack-Hartman sensor) .
»
H RN
- ~ g . Pumping LD .
— 1.E+01
]
. A/2 Oscillator
g Pumping 6kw /1.5) 7 = H Fiber-coupled LD
= 1.E+00 . .
- O T ] 2 IPLB‘S f Pumping light:
1.E-01 = £ i ' 808nm / 150W
-500 -250 0 250 500 e® 3
-
Delay time At (us) § ~ IFaraday r@tator ~ Gain apertufe
sl B N PBS Fiber-coupled LD
-> fn does not have significant time dependence £g Pumping light:
E E 808nm /150W
Repetition rate dependence €= Beam shape
A3 paper size bread boa fOO Hz

Thermal load P, ()

20 40 60

1. E+02

= Rod No. 1 (CMOS)
* Rod No.2 (Shack-Hartman sensor)
© Rod No.2/Vertical plane (CMOS)

Gain
aperture

Pulse  Peak

length  power

Average
power

=
& 1L E+01 - Rod No.2/Hor izontal plane (CNOS) HoTE 430 ps
g emp —Calculation ToHe 700 ps
= 3 -
< This work - Yes Si00Hz | 190mJ Slow 470 ps
£ B0
= o0bm Conclusion
We achieved 100 Hz, 190 mJ and 11 PW/sr/cm? operation within A3 size
1.E-01 X . X X e
0 0H 55 50 5 100 125 footprint by analyzing thermal lens of the Nd:YAG rod in the amplifier and

Repetiition rate (Hz) optimizing optics.

->f, at 100 Hz operation : 0.6 m

Conventional

This work
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