ﬁi%ﬁ*"l’(IFE TF+—F 5 F—IRX—I https://www. ilt. or. ip/ife—forum/ )

Al. BRY VY RIT L [N T =L —F— I X BE AN F—EERIER
ToREE

1.1 7e7"7 A

B|IF  (2019. 1.23)

FHTEIS  ZHEE (BRI SRERESE . KBRKE B,
FEGE N RN FERFRHERIR)

9:00
B DEFE
sERE (HARHNSFEE=ME R, BT TEEBER)
9:10
(7 S2 4
HNERT (BRSNS - AlaR)
Patricia Falcone (Deputy Director, LLNL)
PHREIGER CKICRY: - #eR) et BRJIIFIE (RIRRZEALKILE - 1R
FN—f (BKEHAKGERE - RS AfH)
KEEE (IFE 74— 7 LR, BAEEIRASH: - B EBITEER)
H
9:30 US science and technology policy
Dr. James Van Dam (Director of OFES, DOE)
9:50 Eﬁ@ﬂ#&ﬁﬁ%
HEsl CUERRIEEARIAEN - “AMBOR R ez A T e E
E)
10:10 HARIC BT 3 @m0 ¥ —HERIATF 0 e b 3
BETH CRERK¥ L —F — 23 F =250 - TR
10:40  (fRER)

RS
11:00 Prospects and issues of power laser and photon beam science
Njema Frazier (Acting Director of the Office of ICF, DOE)
11:20 Current status and future of NIF
Mark Hermann (NIF Deputy Director, LLNL)
11:50-13 : 00 B f&



FreElsy RITIE (HAAiamEE a8, LKA BRI,
— AR S R At e e g )
13:00 X7 — L —#— D[ L BT v — LRl
FINEER (ENZFFERRE N E TR AR e Fe s
BAVESERLASERT - FTR)

13:30 Current status and future of Laboratory for laser Energetics

Mike Campbell (Director of Laboratory for Laser Energetics)
14:00 EALAARTSEIT D < & 4 v ¥ —EREERGT
AN (ESZTERFEE AN A AT R AR a9 2 v & —
V& —F)
14:30 Advanced photon science and technology at LCLS
Mike Dunne (Director of the Linac Coherent Light Source, Stanford

University)
15:00-15:30  (fK&E#H)

15:30 #eAFE —IAAF—RRERMN L AT —L—F— -
-Discussions on energy science & technology and high-power laser -
Chair: Hiroshi Azechi (Member of SCJ; ILE, Osaka University)
Coordinator: Shunsuke Kondo (Member of SCJ; Nuclear Waste Management Organization of
Japan)
Panelists:
* Michael Campbell (Director, LLE, University of Rochester)
* Mike Dunne (Director, Linac Coherent Light Source, SLAC)
* Mark Herrmann (NIF Director, LLNL)
* Terry Land (Deputy Principal Associate Director NIF & Photon Science, LLNL)
* Tetsuya Ishikawa (Director, RIKEN SPring-8 center)
* Yoshiaki Kato (Professor, The GPI; Advisor for President of QST)
* Tetsuya Kawachi (Director, Kansai Photon Science Institute, QST)
* Ryosuke Kodama (Director, ILE, Osaka University)
* Miyoko Watanabe (Vice-president, SCJ)
17:00 Concluding Remarks
Shunsuke Kondo (Member of SCJ; Nuclear Waste Management Organization of Japan)

Closing of Part I
17:15 Closing Remarks of Symposium
Kenichi Ueda (Member of SCJ; University of Electro-Communications)
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17:30 Signing Ceremony of Project Arrangement
1. Opening Announcement
Seiichi Shimasaki (Chief of Science Section, Science Counselor, Embassy of Japan)
2. Addresses and Introduction of Project Arrangement from Signers
3. Signing of Project Arrangement between MEXT and DOE
Ms. Sonoko Watanabe (MEXT)
Dr. James Van Dam (DOE)

4. Photography

5. Commenting from Signers

6. Closing Announcement
18:00 Reception

Chair: Yasuhiko Sentoku (Institute of Laser Engineering, Osaka University)
Congratulatory Addresses

Miyoko Watanabe (Vice-president, SCJ)

Roger Falcone (President of American Physical Society for 2018)
Speech for a Toast

Seiichi Shimasaki (Chief of Science Section, Science Counselor, Embassy of Japan)

US-Japan Deep Dive  (2022.1.24)
9:00-9:30 Review of Science Council of Japan Symposium 2015
Terry Land (LLNL)/ Kunioki Mima (GPI)
9:30-10:10 Introduction
US facilities and the research objectives
Tammy Ma (LLNL)
Japan facilities and the research objectives
Yasuhiko Sentoku (ILE, Osaka Univesity)
10:10-10:30 Coffee break
11:30-12:00 Parallel sessions
Category -1) Laser Fusion , Plasma Physics and Neutron Source
Shinsuke Fujioka(ILE):Plasma experiment
A.Yogo, (ILE,Osaka) :Nuclear Photonics
Natsumi Iwata (ILE, Osaka): Theory and simulation
Tammy Ma (LLNL):Laser exp.,
Michael Murillo (MSU) :Kinetic Simulation
Lee Bernstein (UCB):Nuclear Engineering, and
Others.
Category -2) Laboratory Astrophysics
J.Koga (QST) High field science



Youichi Sawaka (ILE):Lase Laboratory Astrophysics
Mamiko Nishiuchi (QST): Laser particle acceleration
Bruce Remington (LLNL) :Lab Astro.,
Hoshino (The University of Tokyo): Collision-less shock acceleration
Carolyn Kuranz (UM) :Lab Astro. Exp.
Frederico Fiuza (SLAC) ;Lab Astro. Simulation/Theory, and
Others.
Category -3) Extreme Material Science and X-FEL
Norimasa Ozaki (Eng. Osaka Univ.): Ultra high pressure
Yabuuchi ( RIKEN) X-FEL
Inubushi (JASRI) X-FEL
Hye-Sook Park (LLNL) :Shock exp.
Andrew McKinnon (LLNL):High pressure material
Rip Collins (UR) :Lab Astro. High pressure
James Hawreliak (Washington State University):Shock physics, and
Others.
Siegfried Glenzer (SLAC):XFEL
Category -4) High power laser integration (technology and particle acceleration)

J. Kawanaka (ILE): High power laser

T Kawashima (HPK): High average power laser

Kenichi Ueda (UEC): Laser Technology

Kiriyama (QST): Ultra-intense laser

Hosokai (Osaka Univ./RIKEN): Particle acceleration

Mio (The University of Tokyo)

Felice Albert(LLNL):Laser driven XFEL

Others.
12:00-13:00 Lunch
13:00-15:30 Parallel continue and Proposal discussions
15:30-16:00 Coffee break
16:00-17:00 Discussions and Summary
Chaired by Yasuhiko Sentoku(ILE,Osaka) and Tammy Ma (LLNL)
17:00-17:30 Closing remarks
Yasuhiko Sentoku (ILE,Osaka)

Tammy Ma (LLNL)
1.2 FATHBIE
201941 H 23 A& 24 HD 2 AR, KEz v E7ERIX D 0 b il CEERRO H
AENEB M D AR R YT LTI, H) I HAREREERE A R AR TR



R ERLE LR SRV T A AT v v a viMTbiz, £, By v a UK THRIC
LR FE EREZRIALF—FOR TR RNV —EERFICEAT 5 Project
Arrangement (PA) OFHEIRAS Y 17472, 2 B HIZIXHMAF Y —2 2 3 v 7 (Deep Dives)
M [A]TT Carnegie Endowment for International Peace |[ZCHBMESIL. 4 OB X
HIGET —~ DRI ODL . 5% 0 HARILFRFFEE LTHRT > v v L% & OO B 5
WIZRET 5 BRI ZiGa S I BB S e, R VAR YT A TORNEF LR OH]
MHdH HAE BT 30 8L (BEF 67T N) Thotzdy, MEE A H AP L CEimd 5
ZEMTE, REKEN TH-T,

1HE YURIOL

DURDY NI =W (A A S FERE S B) ORISR, enE SR E (B A i3
B - B T ERFHER) OBMEORECHAE D . IEUERT (AARAHFSEASE -
Bl E iR B AE R EEE) L 0 BHBOREM T, 5l X i Patricia Falcone (m—L-
YAV RET ENSEATRITR) . PEREIRES (KIRKHRE « (50D BRI CRIK
FACKHLER) | FR)I—R (K B ARE RS AR . RAEEZ (IFE 7+ —7 & R,
BAVEE IRt B E BT B) O OBREM T,

HFE1 HREAMIZRIT 5 R D LG



HHE2  gwEfrlE(H AP 2SS e B)
EPENFRT (AR EHERI SR

BRI, T AAROREEAREGR ICOW TN Z OF K CUE R RS KEE R
i RN - SAINBOR ) ) &0 EGRRE DY 7e ST, fe > CREIORFEARBORIC
DOUNT James Van Dam CKET R /LF—EFE@MAE =L F—F5E ER) MHOEHN RS
e FE THE CRIRR T L——R#igep (ILE) PrR) 726 B AR D @ 0L — 55 R
FOMRE & BRI OWCHSHRREM TN,

Sl E VT HKROWZEER R X 0 BUR & RZBIZOWTREEM ThiLe, £9. Mark
Herrmann G CKER— L 2> 2 U SE T ENHBIZERT) 276 NIF TITHO40 T 2 RS 52
L — A OBLR & BB OW TR e STz,

BEKRBEDOE, THOEy T a INRITERK (AP 2EEES B) OFISITIVIEED,
TR G (ESZAFIEBR I8 15 N S - R A HAN 7R B Zs g BITE LRV AR ZERT (QST)) L
N — L —HP—DR% & BT v — AR OWTCERIED > 7=, Michael Campbell K
(B F = 2Z—R¥) LY L= =231 F—5EHT (LLE) DBLIR & FREHE ORI A e S
Tz Foe T ) TR (ENTAFSERR RIS N B L2 Z0 T R st v 2 —) L0
BB AR D3 < @ R AR EHARIZ OV T, F 72, Mike Dunne X (SLAC [ENZHN
WEEITZEHT) L Y Linac Coherent Light Source (LCLS) 12331 2 i st & Rl & fgk
OIEFEFHR ORI 72 STz,

A ITREO T Iz K (A AT iiifi s B) ORI EY | waihm =X —F
FHM L NRT— L= —] N a—TFT g x—F— TR E%(Eizls;ﬂémé:\;%@ =BT
I3 BRI HHEE) ob LD LI,

NRY AR CKEME] « BAE 7v7 7 Xy KIR)

K HA

Michael Campbell (mF = 2% —K*) )14 (RIKEN SPring—8 center)
Mike Dunne (SLAC [ESZAMERAFTERT) MEEEE OLEESERAIROC TR TP

Terry Land (LLNL) TNk (QST)

Mark Herrmann (LLNL) FETH CRIOKT: ILE)

DR (AR )



BE 4  FE : Mike Dunne (SLAC [ENTHERSHIZERTATR) & 7Sk /Vatim/Elat

AT T, MEE K (BAFENSE S8 -EXEERTE 4885 o0
PAEOEE > TV VR T LMIET Lic, YR Y T AETH, B —EER Y
(2B D F2ERR® (Project Arrangement) DA ANAEE THD 1Tz,



1,3 28 SIRILT—FERFICETLIEEIRO FEEAR

FE IR E— I (TR E B A RS R

BLE

(HAAAD - D2 OF CCRRMFE KREE BEHEE BrEf - FIRBCRRHEY))
CKIEMA) : Dr. James Van Dam (Acting Director of Office of Fusion Energy Sciences,
DOE)

HHES5 mI ¥ —EEREACBT 2 HARFER ) OFAIE DT, DOE,]. Van Dam (DOE
OFE Acting Director & % D1 CUHRI YA KE B B #R#HE)

NG

AN DA



1.3 BRAKR#S

TR Z T, IHKREBEARS R — U TR S B S T,

A TEEE KIRKF ——R it 5eaT

ALEE © EOOERA K (A AR SERRIR R - B P BRI R P )
Roger Falcone K (77 A U WPl 2018 572K

RHZAR © WRIRFBC— FC (TR [E B AR KRS SE)

HHT BHE R RR 2 EHSERT R (BB Y Roger Falcone K ((EEAq),
WL — FCDHZM D A v —F (HFEY), SGORT 70 &

1.4 HFEU—Z 3 v (Deep Dives)
2 HBEIEH A OHEFERZ =T, HFE T —2 3 v 7 (Deep Dives) A Carnegie
Endowment for International Peace (CEIP) (Z TR X17-, F£9°. Riilr] 2015 D
AT ADLEa— -« F LD Terry Land K (LLNL) & =RFEBLK (A AF i3 - Sk
RN KR FRE) D72 X7z, Deep Dives IZLL FIRT 4 DO B TR S 4L,
H 2K Moderator (F & ) (2 & » TR - FEandED bz,
O —W—ata - 77 A~ & k1R
Moderator: (H)REFIES (KPR . CK)Alexey Arefiev (UCSD)
QFBR=FH Y
Moderator: (H)IFE— (KK . (CK)Bruce Remington (LLNL)
@ EMBIRY I & XFEL
Moderator: (H) XKH{fd (FEXGAERY) . CK)Gilbert Collins(U. Rochester)
@O/ A T — L—H— « B
Moderator: (H)PENZFEF (QST). () Tammy Ma (LLNL)
SFbE T LT HKREITHIE N By 7 2ADFEST, B AKILREBFZEO ATRENE, WFFE 2 HEdE S
WL DDHR (/e @R . LR A T OO a2 7 =Y v 7p & IRIA
W RAHADN 72 STz,



BAEDY <Y —k v a U TIEENRE TOEmROHEN T, ZHMOY VR
VUL U—I T ay T RIB L TRE RO TORT vy VEBIE LS E D Z &N T
&7, WIRICHA S om0 X — B R AT 2 B KOS R (PA) 21
D5 BT, #EmOBERIT A KO - WiE () FEOBENRT —~ & LTRE
THZENARETH Y, PA THESNTWAEB RO, HFEFEOREICMIT =&
b llroT,

THEDOV VR T L U= v v NI, @SR ERSE . L—Y R
B4 5 B K D oHEEIZ BT 72 BKlY A ROBRWEREZ RTHDOTH -7, SlEldy
VIRY 2 U ATORGRN S IR L, B KRME O R, ENAFFFERERA M OBl it |
KIS DA FERE H OV A DEGL S, OB OHEE - MHEIIEL ., £
7o FZERRE D HEE S D Z E 2 HAIFF L7200,

BBz, BV 2 EER TBEREZG TR L SRIO Y VR Y 20 AOARENT
R, ERITR )Wz i2nWiz o AR, BARERMERE, GRS, KEx v ¥
—BIEHOBEER LET,

W

1.5 /RVEER

I (FlR) « MV T —F R A IS . MRS &1 B — 2 SRRV R
SNTWD, MR X—FBERESHICBITL2HXBIOTTy h 7+ —LE LT
MEXT & DOE MDf# T Project Arrangement DOFHEIN Z DFFREDH & I TS, *
IT, ZZTIEZOMEMAEIERH L THRTE Y Woatghill - HilRT a2 &R TEx 50 -
FTREDPELLT D4 SOBEN SR L2V,

L. AN =L —H—DFFa I 2 =7 1 —~O&H

2. KEE BROZNZENDT R T—

3. DRy NU—2

4. BEHE T M) —F

B, ZNETOE YT a VTREOESD R0 -7 3 NS, ZUBICET 2 iz il ~
TW=72<,
JNE : BARICINT, NT— =P8 A2 5 % Impact 3, MIRAI FE5 DM ke)
IZAThi Wb, — 5T, v hT7—271ZB L CiZ. Photon Frontier Network S-3£7% 2017
R T LTELR, B2 TODIRILTH D, KIENTISNTIE LaserNetUS( 5 K77 - 2 #ff
ZEFMMALE BN RT— L — P =% T D RS DNEEE 2 BilhG L7z, B K1V T,
RERTIHES, Xy NU—7-Xy NU—7MEENRRNTH Y | ENIZBWTHAE
7 NA N — L —F =Ry NT =T BUETH D,

Land : \MZE0 b EER Y VY —ATHDH, LLNL TIIH~—A & — (K 800 N)X°
A RZH) 220 N) & W T2 EZH LT A, HEICERL TV 5, BARZRERERD
bbb, BRI TT 0 ReAT HEEORID NEDORZRIE. N&E LTOREIRT 5
T LIZEND, HDEFEOMTE S EICkHRER LTS L ORI A, Lb—Y—, X—74
v b BHARCET Y U770 L SRR 72 S8 & ORI L > T2, mmpr/L¥—
BERERSED X9 IZERITE R 2T D0 CF ISR IR CH D 2 EDNATREIZ 72 5, 2015 4F



|ZFX 37 L 7= High Energy Density Center [3/3—F ¥ /L% ¥ /N2 & L TOKRED R LT
V. FED Ry 7 TR D R 2 RKAWIAIEL UCSD 72 &) L LITW™. T4 7
AT WS DD T —7 v a v TEBEL TV D,

D HRRE 7 +—F 5 (WEF) OF X712k s &, ®REED RIF58ETAAR
WAL, RFIZFNTToA /) _X—=2 3 U TIET AV IR N TH D, Thdz B KIFAFFER
HaEDD ETRED/NS— =202 5, ARFIRSHETII BEFET A7 I -2/ L.
BEFERETMIRED R Y NU—T BEEL QD HFERy MU= BRSBTS
fIREE LCTHY BIF72 FE Yy 7O 1 AT AN AHEFE, 2 A=k L X —RIRE, 3 {203 AHER
B ThoTe, ZDOEWRTHEREG =/ X —FFICEN Dm0/ X —F R I
HEZ L S CTHOHBERMIENT L2055, "N —L—F =38 T, HFRLDOI 1
—VIe gy U — 7 OREEEBERC S D 2 &L A IR L T D,

Campbell: 27 A N T, Pl IASCHEF: (the humanities) & /35— L TW5% & Rx 72
D3, NSCRFRFREF 2

WD : AR =#ITE S LTS,

Campbell: 71 = ZADOFERFITAF, (B BFEHIELNI &2 9 72 DIC AR
(the humanities) % %15 ~XX,

NA R — L —F—DFEENZ DT

g (FI) : BIEEINIC T DA RU— L —D&E, 547, PEEICBIT DA/ _—
va OB & L TCORENZOWTRIE 720,

Bl - WERIAC L 5T, ERIEEZZ D EIE 2R ENRK D NA NT— L —PF— 3T F
HLWVIERTH D, FiE. FEE B, WE OBSEDOMRINEN 5,

RE: L—VP—IIBEELZHE LT 7AW NVEBAHEETHRETE MDY —1
Thb, BERZOE ST, A= =T —ZAOYWEIBD Z ENARETH H, /NA N
U — L— P ZHR A RO I 132, IRIROBIZEE DBRUZ & > TR 720
LOTHD,

Dunne : /A /X7 — L—HF—|TRICF, BZEOWEL, EFRISHZR E RIAWERR RS,
RERFFEIL, RCFDDDMITH D05, lFEIITFORNRVBRE FRETT 7 & A 7]
BEICTEHZETHY, 2D & TEHEOAZREEIEIZTHE O, I8 E 2R T 5,
LB EORRITT v —F VR b, —KTTRSHFEECST 78T NIRRT AT 4 77
HLOTHY, < DA BHET D,

Campbell: B33 A U — L —HF—D72 HFUTE 2 Si7e, ZiudtiE &7z,
BB TEL OB THEZ L Z &, BlZIE, RO YSERT A 2 OBEEHATCH
HEUV VY757 4—~OEHEK: EUV U Y 7T 7 4 —D4&I20E, /NS A RER A ik
L, 2B M7 bL—Y—Z2 BT o3k, v~ 27 a2 —/VOHIHNLETH
5o ZAUTIEIINA N — L —HPF =D CEENT-HINTh D, 7272, ZhididEsL
KN=RU—I NP THD, TOREDOT-DIZHNEZODEFICND E BV R D, 8
T2 Y%A NAYV FEIDIRWGBTONEIGTHZ L, BT, RIFEFITS B
B 2T CRIKEEGELZEA D E L TWDMN, W HITNA T — L —H—THF2E L Tl



EHYTIMNENS Z b, i, FERITETH LN ER, 3237 Mo VXN EEC
RHDT, FIUZL—W = A &> Z L 2B TND, 2N EBIZIIN— KT —7
DLETH D, MELLZE D120, BIFMEOEMIT S - LY, Famm < B fHiie 2 & 23
HETHD, L— A0 CIIMHEERS, EERE, Jlmik, mdmik, gk
Sk 7p B A e FENBR ENTWD, 2D E— DO ChH/N—7"25 Z L id kA
vy, BAEIZMDN > TORY MAONREZ HERFT 2 72 DX /1 DA AR AR T %,
FIN CHIZEB T DA U — L —F—OHIFREZ R L Tl & 72w, BifE, L—¥—
Wim 7 N UERELR L — R A A W ERIS D TS, FERICTVE
T 7Rt E R DN A ERICHIZEB W T, A RNY — L — =D EMTE AT
Hb, LT, "ANT—L—P =D A ZESHE, 2D, A RNETFTFLHZ LN
TELNEWVH) DL HEERFFERETH 5,

KXEE BERDENENDT KR T —NZONT

I (FR)  Fait o7 LB TIikED DEEEE . ARG L—F—BE 25 ¥
—U— RZ@W, BROIYAHAD T R ZRE 720,

Herrmann : LLNL T/X ELI-BL [Z# VK L PW L—H—%AMHa Lz, 4%, v—H—¢&
B FE OB DEDR NI /> TL b, bL—P—%fli>727 T A=FZRIZBVTIL,
L—P =D K LIZIBWDIT S, #0RLD X —7y MERRHHI & T — % DY 1A
DOFTECEABML L, ThE 70— KNy 7 UK S5 2 LS EE 7Pk & 7
259,

Campbell: ZiUIEL ZDED, & HOED, B AT —Y KL L—HF—DBF Tl
L—W R a—T 4 VOB LEETH D, | EhHETF A— MLONFEFE T T
SR TV DB E 2 H A — MR — VDR CTREAT L Z ko ond,
Lth. ™A RT—L—H—|L CPU OB OIER 257245, > T, CPU (K& =
T CREETRE A RO b, BUEITEERO/NE 72 a7 2 RIRHCEN) U Craiddta 2 98
LTW5, RIHROESEEH O D KL L—Y—T, ZEOMEEY A XD — A0S
L, (bL—=P—b—=20O— L ——7 7 X< AEVERHOMBI O A12) IRHSRE AT 5
EVN ) FctETe S A D,

RE: L—H—#EEoar Va—2—flifary MuIZo7 7V 7 ¢ —TBEIZ,
FREOEIH DM, FEHLTND, 7272, TIUKTF LT EEE S TO D EE O
HE, TIIT U MBI o TEROEIBICRIS RN &0 5 5 WERER A . FEFE O KBRAL
HHECHE- 2 L 2R TR X720,

Campbell: = 0 i U FEEROD 76 O HAB DO FHAZRBHFRE A3 L EL

Dunne: XFEL O =it ) i LFEROFPZROE O, HKFEOHMEARE DG TH 5,

Fy FU— 7 OEEMITONT

Vg (F18) il OFRE L TITHR DA ) _— 3 YA RS 2 OISR R~ b U
— 7 DAZMERFER SN TV D03, LaserNetUS OEX EH . Z D528 25 AARDIR
XU,



Campbell: KB 7T 17 I —ORF 1L, KEO L—F—WFFEHEa% 2 2 OB DT
BCHEEINTWDLZELhs TROORN Y BNENZ L 2UET LIRS EWVWHI &, 2
A% 9 17T DOE 73 LaserNetUS %’f*éf}ﬁ L GBI SHETHE L2 SIEH LD, 2
FUTEE—A, FANEIX B D T2 DITIT2rE 2 ARz 25 L) ZuZmidTo
BREEEA DS L
Dunne: Hp 3R 2o TE7h, ZORRN 5T 5 & LaserNetUS [XE /L AEHED
HAg, HKREFED A Y v M, BHAEMEOH 2V MHAOFEBIZE EE B0, BT
ITTERNWIENTELLDITRY, W9 - V—F—0Eb5b, RHIRGE B3RS
D ENEE,
i B ARIZIB W TIANY — L= — DR DSTEHUG I RTE L TV D08, ENOES 72
MM ZRFIAT =0, bo LKWy N =T BLETH D,
%E.Eﬁfi\ﬂv ==Xy NU—=7 3 FRIEESNTWRVRTH D, AAD
Fy NT—=2 % 3iH BT, KEE Ry NU—Z [ALO@EENRLETH S,
Herrmann: LaserNetUS TIZ2AEEDS, D KE, WFIEATE BV THEHE L T\ 5, 2017 4F
BEIZHRR b — Y — A ORRRH = A LLNL (& 1 4R HWTE L7213V WEIITH 523, VW EAR
WIIEE ST A ) IR CTHITHITE S DR 2 522 2 & WIS, BHWT A U I OWFFEE
AARTHRET 22T 5 2 LITAERTH DL, £o, MM AT —L—P—% K%
L EE DA S RO,
Campbell: % v N U — 27 1C X BAMITFAICE > CTREEERRRTH D, HIEERIE
WRDOZ A7 #EHRST D ENEETHD, BLL TRy NUV—27DBO—>THA A5, H
KEHEEDH—H L L C. LLE. Rochester & ILE. OU DA « WiCE OASHRE F A $E 5
2o
Bl 2 N ORZFRITHHIR S T b, W/IOBEEMITE S ANMISEY Th D23, W9t
BRF Ol 7R E S NOMBEARNLETH D,
Dunne: fﬁf@ﬁ%ﬁ%ﬁm{ﬁ" ’é&b%ﬂi&b@?ﬁ% IZONWTIHEEHEAE BB, #Ham L TR
RFRZETZ, [FIRFIC, 5387 00 L E R BRI RIRR I TR Tl ER S TR e
9%E#%5o_ﬂikﬁm;%ﬁbf DRy RO ANT ¥ A MERT—AD
LOBREBDOEFRNTHZLIFTEI D, 2, 51 0OFOHV-E2RIEL T, ZOnE Tt
B LT T B _REHI, T D REFHEICLTE L PREEEZH L 5L, B s T
BB 35 Z EMTE R0 E BTN D,
Land: High Energy Density Center TiZ, R F U —27 DA L /3—(Zxf L TRFLEEE L T
HHRERZIRIL L T D, ABEEOHIIN EZIZTH WD DT TIERWnT —< 22T,
FLEBITILEY RIS ND DT, Ry NT—7 AU N—DRFZENEA VF—F > B
ZBUTYE—MRELLTEMETDLZ EITRNICELOLND Z LT,
Campbell: UR & UC U NNET THLZ ) LIZZ L E2MAHTND, U RET TIL6 0 ADTEH
LTC\W5%, Laboratory for Energetics C% Betti Zi%(Z X D IEMZREE O IR B 5 M
ERAFME LTS, ZIH LI EEIAT TV ZEZFRVMTeRE Z &, Ho 0N
HT L, RLRNEZENDLITEIZ,



AR — L= —ZONTDHE -+ R~ DI

W (F1R) : PAEDORTEDRENT TIT R SN, BABIOAa—7 136 - EIRL
B EFCEER B ED TEZDLREZLE LAY, 2 LEAICOWTIEREZME 20,
D : EECORIFKLCR, AARERPB AT ABENKRE S Ebol, FLIRT
3, BHRIFREE ORI ChH - 703, BEDRANEORMETH L LT 5 L 91l oT2,
IO FEOBRIZOWT, AR 2 0™ S 5,

RBE: XU—L—P—RRIE KRR RSN TW D, — 7, BHehskid, faskt o
LOIZERTH LN, £ THTOIL TV AR RO TREREETIERV, Whpb, A
T A U ABNRUATON T, HiERBEREBRILH TN D, NT— L —HF—FF T,
B O K L L— =3 KB IR, PEOHEDIRIIRE L, A E—
N AT ANBIER S, ROEDY T E0, ML HEHEOMFEE L - LEmD LI
Do

Campbell: F 7303 KFPAEDEITHEIRER O DITE Y T A = ATE 5723, WEITA
TP A U AR E RN > TN D, "N —L—F =2 )M =X
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Figure 1. Shot N210808 on NIF produced more than 1.35 megajoules of fusion
yield and marks a significant advance in ICF research. The histogram shows the
progress over a decade of dedicated research and development on the NIF.
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EXECUTIVE SUMMARY

Fusion has the potential to provide a reliable, limitless, safe,
and clean energy source. Developing fusion energy is a grand
scientific and technical challenge that will require diverse
approaches and paths to maximize the likelihood of success.
Inertial Fusion Energy, or IFE, is one such highly promising
approach. While the main approach previously pursued by
the U.S. Fusion Energy Science program has been Magnetic
Fusion Energy (MFE), a 2013 National Academies of Sciences,

Engineering, and Medicine (NASEM) report concluded that

o e

FUSION ENERGY

Fusion is the process that powers
the Sun. The ability to harness
this power would provide a source
of reliable, abundant, safe, and
clean energy to move us away
from a reliance on hydrocarbon-
based energy sources. Inertial
fusion energy (IFE) is a particularly
promising approach to achieving
this grand scientific and technical
challenge.

The DOE-sponsored Basic Research
Needs (BRN) workshop, held in June
2022, produced a list of Priority
Research Opportunities (PROs) to
inform future research efforts in

the areas constituting the building
blocks of an IFE program:

= Target physics
* Energy coupling
* Compression and burn
= Alternate fusion concepts
* Target design
= Driver technologies
* Power systems
* Cross-cutting fields
* Theory and simulations

* Machine learning and artificial
telligence

* Measurement innovation
* Workforce development

» Research infrastructure

L= =




“The appropriate time for the establishment of a national, coordinated, broad-based inertial fusion
energy program within DOE would be when ignition is achieved.”

In December 2022, after the conclusion of the BRN Workshop, NIF demonstrated greater energy
out of the target (3.15 MJ) via fusion reactions than the lasers delivered to the target (2.05 MJ), well
above the ignition threshold and with a target energy gain of 1.5. This latest achievement, along with
increasing private investment, ideally positions IFE as a highly promising approach for harnessing
fusion for our energy needs here on Earth.

Why Inertial Fusion Energy (IFE)?

In the pursuit of fusion as a clean energy source, IFE has numerous advantages over other fusion

approaches:

e IFE would utilize separable components and is highly modular, allowing for flexibility now
as subsystems are developed and later in a commercial reactor

e IFE has multiple target concepts that can be tested with the same driver, hedging risk and
allowing for varied tests with the same facility

e IFE has an expected higher burn-up fraction of the DT fuel

e IFE presents an attractive development path that enables methodical progress on
systematically more complex facilities

e IFE pursuits will result in myriad technology and science spin-outs that will undoubtedly

strengthen the U.S. economy and competitiveness

One of the key milestones on the path to fusion energy is the demonstration of a self-
sustaining burning plasma of deuterium-tritium (DT) in the laboratory. Such a milestone
was achieved for the first time for any type of fusion anywhere in the world in August 2021
at NIF. In this experiment, a tiny, mm-size capsule filled with DT was compressed and
heated by the NIF laser to achieve the extreme conditions required for ignition. A thermal
runaway driven by the fusion reaction products occurred and ignited the plasma,
producing approximately 1.37 MJ of fusion energy, an amount about 50x larger than the
mechanical work used to compress the plasma. This achievement carried profound
implications as it demonstrated that laboratory ignition is possible. However, because of
inefficiencies of the implosion process, only about 25 kJ of energy (out of 1.9 MJ of laser

energy) reached the imploded DT plasma.

In December 2022, scientists achieved the next step in the development of inertial
fusion energy by demonstrating a net target gain with the fusion energy output exceeding
the laser energy on the target (scientific breakeven or Q>1). Net target gain is a critical step
along the path of developing the science and technology to achieve a positive “engineering
gain” (Qe>1 where total energy out > total energy in) required to establish the viability of

IFE for energy production. The laboratory demonstration of ignition and net target gain has



long been considered as a critical milestone for initiating a coordinated program aimed at
developing IFE, as stated in the 2013 NASEM report on IFE: “In the event that ignition is
achieved on the National Ignition Facility or another facility, and assuming that there is a
federal commitment to establish a national inertial fusion energy research and
development (R&D) program, the Department of Energy should develop plans to
administer such a national program (including both science and technology research)

through a single program office.”

The private sector is showing rapidly growing interest in developing fusion energy, further
augmenting the urgency to establish a federal IFE program. Private funding for fusion has
skyrocketed in the last decade and surpassed $4.7B, with S$180M going into IFE in the last

two years [FIA website reference]. Establishing and growing a national IFE program while

NIF fusion yields versus time
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Figure ES.1: In December 2022, a shot on the NIF produced more than 3.15 MJ of fusion yield, achieving ignition, a long-

sought-after landmark in inertial confinement fusion (ICF) research.



partnering with private industry could
fast-track the development path for
fusion energy. In pursuit of such an
outcome, in March 2022 the White
House Office of Science and Technology
Policy

hosted a summit of fusion technology
leaders from the public and private
sectors to develop a decadal vision for
commercial fusion energy[reference].
Further, a renewed interest in inertial
fusion energy was already manifest in
the two-year long community planning
process to provide input for the DOE
Long Range Strategic Plan for Fusion
Energy, first through the American
Physical Society’s Division of Plasma
Physics (APS-DPP) Community Planning
Process (CPP) and followed by the Fusion
Energy Sciences Advisory Committee’s
(FESAC) subcommittee report,
“Powering the Future: Fusion &
Plasmas.” After the demonstration of
ignition threshold in 2021, experts in
inertial fusion and high energy density
physics convened online in February
2022 for a community-led IFE planning
workshop, to which attendees submitted
more than 90 white papers. A
community- driven report was released
in May 2022 calling for near and long-
term assessments for research

opportunities in IFE.

Basic Research Needs (BRN) Inertial
Fusion Energy (IFE) Effort

The 2022 Basic Research Needs (BRN)

effort, organized under the auspices of

Basic Research Needs
(BRN) Effort

DOE FES invited a total of 120
subject matter experts

from across the U.S. and
internationally to serve as
workshop panelists for the BRN.
The panelists, divided into twelve
subpanels, worked over the months
of March — November 2022 to
address the charge elements

and to identify focused PROs in
each of the specific IFE research
and development areas. An

online workshop, held June
21-23, 2022, gathered the
community together for targeted
discussions. Engineers from

U.S. and international academic
institutions, national laboratories,
private companies, and government
officials attended. A series of closed
working sessions attended only by
the panel members followed the
day-long open session.

Basic Research Needs
Workshop on Inertial
' nergy




the DOE Office of Fusion Energy Sciences (FES), sought to identify the main priority research
opportunities (PROs) that should be supported by a newly established IFE program within FES. In
addition, the DOE charge for the BRN ( called for a Technology Readiness Assessment of the
different IFE concepts, an evaluation of the magnetic fusion energy (MFE) efforts that could be

leveraged to advance IFE, and an assessment of the private sector role in a national IFE Program.

An integrated IFE program will necessarily include many different science areas, technology
development efforts, infrastructure needs, private industry involvement, and workforce
recruitment. In June 2022, the DOE Office of Science sponsored a Basic Research Need:s to lay out
the foundations for an IFE program within the Fusion Energy Sciences Program (FES). Following
the workshop, BRN panel members worked to provide comprehensive guidance through PROs,
developed at a high level (Overarching PROs), as well as at each area-specific level (Focused PROs).
They provided additional guidance in the form of Structural Concepts that could benefit the

development of a new IFE program at its inception.

Below we provide a summary of these BRN Findings, Structural Concepts for developing a new IFE
program, and Overarching PROs that should be the main priority for this new program; these
points are further detailed and supported in the body of this report. IFE-specific science and
technology areas, as well as cross-cutting areas, are each described in the chapters that follow,

with their current status, challenges, and specific priority research opportunities outlined.

(The BRN Findings are observations or general conclusions reached as a result of the BRN panel’s

deliberations.)

IFE is a promising approach to fusion energy with different technical risks and benefits with respect
to MFE and must be an important part of the FES R&D portfolio.

The recent demonstration of thermonuclear ignition on the National Ignition Facility constitutes a

pivotal point in the development of inertial fusion energy.

Major advances in IFE-relevant physics and technology, including demonstration of ignition,
occurred over the last several decades funded mostly under the national security mission. The

United States is the recognized leader in IFE science and technology because of this investment.

Private industry is driving the commercialization of fusion energy in the United States, and

public-private partnerships could greatly accelerate the development of all fusion energy concepts.



Accelerating IFE will require a suite of dedicated, new, and upgraded facilities to increase the rate
of learning and test new technologies. Facilities would range from “at scale” physics facility(ies) for
testing concepts to a wide range of component and sub-system development facilities (that can

also test technologies in a modular way).

The ICF modeling codes that primarily reside at the NNSA national laboratories are built on
decades of investment and expertise and constitute a valuable resource for advancing IFE science

and technology.

The climate and culture of the broader field of fusion/plasma research requires improvements to

enhance diversity, equity, and inclusion.

Developing a New IFE Program from Inception: Structural Concepts
(Structural Concepts are suggestions from the BRN panel on developing the framework for a new
IFE program within DOE-SC.)

1. Grow a healthy IFE program and partnerships by leveraging MFE and other relevant
technology development programs where appropriate. Develop collaborations with MFE
to address common issues and IFE specific issues.

2. Develop public-private partnership as part of DOE’s milestone program and other funding
opportunities. Organize workshops, knowledge seminars, industry days, and technical
exchange meetings. Streamline partnering mechanisms.

3. Foster engagement with community partners, universities, and the private sector to
promote partnership to recruit and develop the next IFE workforce.

4. Periodically re-evaluate IFE research opportunities to take advantage of the rapid

developments within the larger NNSA-funded ICF program and private sector.
Overarching Priority Research Opportunities (PROs) for New IFE Program:

(Overarching Priority Research Opportunities are PRO’s that are common across multiple IFE areas

and of high importance to the FES mission space and a new IFE program.)

Take advantage of and spur emerging technologies (exascale computing, artificial intelligence (Al)
and machine learning (ML), advanced manufacturing, high-rep-rate laser systems, etc.) to

accelerate progress toward the goal of a fusion pilot plant (FPP).

Employ system-level integrated studies to guide IFE R&D in a coordinated fashion with the
objective to advance the different areas of IFE science and technology toward the goal of building

and operating an FPP.



Develop scoping studies to evaluate the various IFE concepts. With input from the energy industry
and fusion science and technology experts, identify the most promising concepts to guide down-

selection and to inform directions of technological development.
Accelerate the pace of IFE and reduce risk through the pursuit of parallel development paths.

Leverage existing facilities (including LaserNetUS), expertise, and international collaboration to
advance IFE S&T. Explore ways to expand shot time on existing U.S. facilities and develop upgrades

to meet IFE-specific needs.

Assess how to optimally and securely access and use ICF codes for IFE development and how to
leverage the deep code expertise that resides at the NNSA-funded labs. Carry out the assessment
with NNSA input.

Technology readiness assessment

In response to the charge letter, the BRN effort carried out a preliminary readiness assessment of
different fusion concepts to determine their potential and maturity as candidates for a Fusion Pilot
Plant (FPP). Using DOE Technology Readiness Level (TRL) guidelines [7], we identified five fusion
concepts as possible candidates based on current work and carried out our technology readiness

assessment for seven aspects critical for any IFE development path:
TRL levels for five IFE concepts for the seven aspects critical for any IFE development path

Relative to the other concepts, we ranked laser indirect and direct drive at a higher readiness level.
This ranking is in large part a consequence of the extensive development of laser fusion within the
NNSA-funded Stockpile Stewardship Program and is not necessarily an intrinsic advantage of laser
fusion toward IFE. Also note that no technology or component has yet been demonstrated at TRL5
or greater. Thus, although some components have been validated in laboratory environments,
they are still “low fidelity” (TRL 4) compared to the eventual system and have yet to be validated as
prototypes at reasonable scale in IFE-relevant environments (at or near full shot rate and/or

lifetime or in simulated extreme environments) (TRL 5).

We emphasize that our assessment was only a preliminary step and is by no means exhaustive or
conclusive. It should be viewed as a starting point for a more comprehensive assessment from a

scoping study sponsored by FES as stated above as an overarching PRO.
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Chamber design and first wall materials

Maturity of Theory and Simulations

Focused Priority Research Opportunities

A major objective of the BRN workshop was to provide DOE-FES with the main PROs to inform
future research efforts and funding opportunities in the specific areas constituting the building



blocks of an IFE program. Twelve subpanels identified PROs in IFE-specific science and technology

areas, as well as in six cross cutting areas:

Target physics: Coupling

Target physics: Compression and burn

Target physics: Alternate fusion concepts

Driver Technologies

Target Manufacturing

Power Systems Science, Engineering, and Technologies
Cross cutting: Theory and Simulations

Cross cutting: Artificial Intelligence and Machine Learning
Cross cutting: Measurement Innovation

Cross cutting: Research Infrastructure

Cross cutting: Public Private Partnerships

Cross cutting: Workforce Development

A summary of the main PROs within each of the nine areas is listed below.

Target Physics

Coupling: Develop techniques for Laser Plasma Instability (LPI) mitigation and control and
improve understanding of mid- to high-intensity LPIs for all laser fusion concepts (LID, LDD,
Sl and Fl) and laser preheat for MagLIF and PP coupling.

Compression and Burn: Identify the underlying physics limiting the convergence/areal
density required for high gains (all concepts).

Alternate Fusion Concepts: Demonstrate fuel assembly at high areal densities and
localized heating of compressed fuel to thermonuclear temperatures (Fl and Sl). Develop

alternative approaches to support future performance (e.g. HIF, magnetized fusion).

Driver Technologies

IFE Driver Technologies: IFE drivers must lead in technology to fully leverage their
capabilities to deliver a successful IFE platform. Mitigating future risks to realizing IFE
concepts requires a multi-pronged R&D approach: developing comprehensive driver
concepts for an IFE demonstrator to derive modular development plans, and pursuing key
long-term R&D goals for improved IFE driver and gigashot (10° shot) capabilities,
particularly in developing technical solutions in partnership with the private sector to

reduce their cost.

Target Manufacturing



e Targets: Develop innovative techniques for target mass production and begin studies of

target injections, engagement, and survivability.

Power Systems Science, Engineering, and Technologies

e Fusion Materials: Establish an IFE-unique pulsed irradiation program, with combined
experiment and modeling using mid-scale facilities.

e Chamber and Fuel Cycle: Actively co-design across the target physics community, fuel cycle
teams, and chamber design teams.

e System Integration and Design: Begin iterative integrated design activities to inform

viability of concepts.

Cross-Cutting Areas

e Theory and Simulation: Take advantage of exascale computing, Al, and ML for improved
speed and accuracy for 3D production runs as well as for new physics modules. Extend
simulation capabilities to include physics currently missing in ICF rad-hydro codes.

o Atrtificial Intelligence (Al) and Machine Learning (ML): Take advantage of Al-ML for data
analysis of next generation of high rep rated facilities for improving current predictive
capabilities to bridge the gap between experiments and simulations and for developing
surrogate physics models

e Measurement Innovations: Diagnose quantities limiting or leading to high gain, enhance
combined measurement resolutions (spatial and temporal) and develop diagnostics for
high rep rates and radiation hardened environments.

e Research Infrastructure: Establish an Innovation Hub to perform integrated system studies
for all the concepts. Form teams from the labs, universities, and private sector. Use these
studies to begin initial upgrades of existing facilities.

e Public-Private Partnership: Facilitate partnerships between private IFE companies and
government labs and universities to leverage substantial public sector capabilities towards
joint development and acceleration of IFE commercialization, and to aid private companies
to capture greater private investment monies.

e Workforce Development: Support education, collaboration opportunities, and research
programs to attract and train a robust IFE workforce that minimizes obstacles to
participation through considerations of diversity, equity, and inclusion. Actively engage

more university departments and the emerging private sector.
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Fusion is the process by which two light at- oms combine to form a heavier atom. This creates a
large amount of energy. This process is the primary source of energy in the sun. If we were able to
replicate these reactions on Earth, it would serve as a significant source of renewable energy as well.
In recent years, fusion researchers and companies around the world have made significant progress
in developing ways to harness this energy source. In December 2022, the U.S.’s Lawrence Liver-
more National Laboratory‘s National Ignition Facility achieved a groundbreaking scientific
milestone: generating more energy from a laser-driven fusion reaction than delivered by the lasers to
start it. This was the first time this has been achieved in a controlled laboratory environment and is
the result of over 60 years of scientific research and development. It spans multiple fields, including
fusion and plasma physics, materials science, laser technology, and engineering advances. It has
taken dedication, perseverance, public investment, and collaboration among brilliant minds from

around the world.

There are various technical approaches to fusion being pursued. Inertial confinement fusion (IFE),
on which this report is centered, uses a pulsed driver, such as massive lasers or electric currents, to
induce an implosion of a fusion fuel capsule, creating conditions that surpass those at the center of
the sun. The fuel then burns for tens of trillionths of seconds, confined by its own inertia. The

approach demonstrated at the NIF is currently the only one to have achieved burning plasma, where



fusion reactions are strong enough to allow the plasma to self-heat, and then be- yond that to
ignition, where the reaction pro- duces more energy than it consumes. Besides the essential
demonstration of scientific viability, inertial fusion also offers technological advantages and

diversity in a field with immense commercial potential.

Inspired by recent progress, the Federal Ministry of Education and Research (BMBF) initiated a
series of activities starting in 2022 to assess the need and potential for IFE. To gain a comprehensive
understanding, it charged a group of world-leading experts in various technology fields relevant to
fusion energy to evaluate the opportunities for Germany to en- gage in the field of inertial fusion
energy. After a comprehensive assessment of the current state of the art, the panel concluded that fu-
sion holds great promise for the world‘s future energy supply and represents an outstanding
opportunity for German industry and society to pursue high-tech development towards achieving a
clean, resilient, and sustainable en- ergy source. Although there are still scientific hurdles to
overcome, the feasibility of ignition has already been demonstrated with lasers. Therefore, the focus
should now shift towards expanding research and development (R&D) efforts on concept,
technology, construction, and operation of a fusion power plant, as well as the development of the

business case for it, including supply chains and production engineering.

The recent advancements in fusion technology have also fueled the race for commercializing fusion
energy worldwide: with a total private investment of over $5 billion, more than 38 start-ups,
including four in Germany, are pursuing R&D for the use of fusion energy. However, even with the
rapid progress, significant advancements are still needed before fusion can become an economically
viable energy source. One of the most critical challenges is the balance of plant, or overall efficiency
of a fusion energy system and the need to demonstrate engineering gain. Fusion energy will need to

show that it can create more pow- er than the power plant consumes for its own operation.

Fusion energy research is a critical and high- stakes endeavor that requires the pursuit of a diverse
range of approaches and technologies to increase the chances of success. Magnetic (confinement)
fusion energy (MFE) and inertial (confinement) fusion energy (IFE) are two promising technologies
that can help achieve the goal of sustainable energy. Given the magnitude and large quantity of
challenges still to be overcome in both approaches, it would be premature to declare a definitive
winning technology at this stage. By investing in research and development (R&D) for both MFE
and IFE, we increase the likelihood of success in achieving our sustainable energy goals. The panel
carefully reviewed reports from the U.S. National Academy of Sciences, the Department of Energy
and peer-reviewed science literature. In this memorandum we focused specifically on using lasers as
a driver for IFE because it became clear that non-laser approaches to IFE lack a lot of the key
advantages of lasers and were not as advanced in their technology readiness level, and furthermore

Germany possesses world leading expertise in lasers.



The panel believes that with an aggressive IFE program and strong international
partnerships, the enabling technologies for a first-of- a-kind IFE based fusion power plant
design could be developed within the next decade or two. With an ambitious and well-funded
research and development roadmap, it is conceivable that an operational inertial fusion
energy (IFE) demonstration power plant could be achievable by approximately 2045,
following typical development and deployment sched- ules. Consequently, the panel believes
that fusion energy is not anticipated to contribute to the ongoing energy transition that is
slated to be completed by 2045.

This underscores the urgency for Germany to invest in IFE and establish a framework that

builds and promotes a vibrant fusion energy ecosystem based on four main pillars:

1. astrong science program to educate and train the next generation while solving
precompetitive science questions,

2. an open research infrastructure for both academia and industry,

3. acompetent industry that participates in innovation and facilitates technology
transfer, and

4. international collaboration between governments to leverage resources and fund- ing

while reducing duplication of efforts.

Ultimately, the successful commercialization of fusion energy will require strong collaboration and
partnership between industry, government, and academia. Comprehensive, risk-tolerant public-
private partnerships are needed to ensure alignment with market requirements, reduce risks and
costs for taxpayers, leverage the strengths of both public and private sectors and stakeholders, create
jobs in new industries, and ensure that scientific and technical innovations lead to Germany‘s

leadership in commercial fusion energy and enabling technologies.

A strong backing and commitment from political leadership to fusion energy is an essential and
paramount prerequisite for facilitating the commercialization of fusion energy. To facilitate building
a successful innovation ecosystem, it is crucial to establish a technology-open regulatory framework
that address- es safety and security concerns and fosters innovations, harmonizes technology export
regulations, implements effective export controls, supports supply chains, and engages the public. It
should be noted that the dual-use concerns regarding IFE are limited to certain design technologies
and not applicable to IFE plants in general. Establishing a concise, technology-open fusion
regulatory framework will help attract investors who prioritize fundamental analysis and due

diligence, and who are committed to investing for the long term.

To put this into perspective, the U.S.’s Biden Administration has issued its intent to fund fusion
research with $1.01 billion in 2024, reflecting the recent breakthrough potential of fusion energy and

bipartisan consensus in Congress. $135 million are reserved for the private-public partnership



program that launched in fall 2022. At the 2022 White House fusion summit, a program was an-
nounced with the objective of expediting commercial fusion energy initiatives to bene- fit the entire
country. The funding provided by the program seeks to hasten the development of innovative
technologies for clean energy solutions and facilitate the commercialization of fusion as a promising
source of clean energy. Furthermore, the Fusion Energy Sciences Advisory Committee (FESAC),
which advises the U.S. Department of Energy (DOE), laid out research priorities under different
budget scenarios in 2020. The 2021 “Strategic Plan for U.S. Burning Plasma Research* report by
the National Academies of Sciences, Engineering, and Medicine (NASEM) was one of several re-
ports that offered a comparable evaluation for the progression of burning plasma science and fusion
energy development in the United States. The 2023 Basic Research Needs (BRN) report, compiled
by a large scientific panel that includes some members of this memorandum‘s expert panel, provides
guidance for research funding by the US government, academia, and industry. It identifies the
scientific and technological challenges that must be overcome and offers recommendations for
advancing science and technology towards a fusion power plant demonstrator. The report provides a

recent and comprehensive over- view of IFE and forms a valuable resource for this memorandum.

To achieve commercial laser driven IFE, sever- al challenges need to be addressed, including
understanding burning plasmas, developing efficient laser drivers and suitable targets, creating
materials that can withstand fusion conditions, and solving complex engineering problems. As the
worldwide program now starts to strongly push towards inertial fusion energy, IFE-specific
technology will have to be developed substantially, since there has only been very limited dedicated
effort in the past. Although the R&D involved in plasma phys- ics and reaction chamber is distinct
for IFE and MFE, some significant synergies exist in specific elements, particularly those further
from the fusion-generating plasma. Germany should leverage its strength in MFE fusion technology
in these areas while planning the way forward. To ensure success, IFE stake- holders in Germany

must attain technological leadership and enhance their capabilities.

The fusion energy research portfolio must include technology and engineering research for a fusion
power plant, not just basic plasma science. Initial emphasis should be placed on design studies for an
IFE power plant to inform a comprehensive R&D strategy. This will con- centrate resources on
pertinent technology advancements and diminish future risks related to IFE concepts. To promote
the growth of crucial and high-return-on-investment technologies for Germany, it is recommend- ed
to organize the development of enabling technologies, competencies, and capabilities in hubs. Open
innovation principles should be encouraged to facilitate rapid progress in fusion research and
commercialization. The hubs could be based on the following areas in order of urgency:

Germany ‘s world-leading expertise in laser technology and research is a key advantage in
developing Inertial Fusion Energy (IFE). By fo- cusing on developing capable driver concepts for

an IFE demonstrator and improving laser driver and multi-gigashot laser capabilities, Germany



can leverage its position as a lead- er in the laser industry to lay a solid founda- tion for competitive
production of advanced high-power lasers for IFE. This will strengthen Germany ‘s competitive
edge in the international marketplace and lead to new distinc- tive unique selling points (USP).
Failure to act promptly could result in the long-term in losing the competitive advantage in the laser

market.

IFE requires cost-effective, mass-produced fu- sion targets, but there are currently no sup- pliers in
the world that can meet the required quantity and quality. Germany has already vast expertise and
capability in target manufacturing technologies. Thus, the country has an opportunity to lead the
way in target development due to the expertise in fabricating spherical capsules lined with foam,
metalwork- ing, and verification techniques. Failure to in- vest in target development could mean
missing out on a significant energy market and relying on foreign nations for a critical component
for IFE reactors, creating economic uncertain- ty and energy security risks. The expert panel
recommends establishing strong program for mass-producing IFE targets and injectors, as well as

demonstrating accurate targeting.

Once the plasma has ignited and released its energy, the structural, functional, and armor materials
present the greatest challenges for a future fusion power plant and set the constraints for the
engineering design of the pow- er plant‘s reaction chamber. This includes optical materials exposed
to neutrons, x-rays, and debris. In all these areas, Germany has considerable experience and has
established re- search labs for material characterization, complemented by considerable material
modelling and simulation efforts, without no power plant can be built. There is quite a bit of overlap
with the German MFE program, and accession would be a catalyst for accelerated progress. If
German institutions do not participate in this area, a unique opportunity for Germany’s public &

private sector to play a key role in future development will be lost.

The blanket is necessary for energy recovery and the fuel cycle, and as such a crucial com- ponent
of a fusion power plant. A consistent blanket design is essential for an economically viable power
plant, with long service life and easy remote handling. Globally, efforts have been very limited in
blanket design and the private sector is looking to the public sector to develop this challenging
component. Ger- many’s experience, both in the public and private sector are leading the way in
developing its manufacturing and joining processes. Germany‘s successful participation in this
under- developed element could secure its leadership. Furthermore, to produce energy in a fusion
power plant, hydrogen isotopes (tritium, deuterium) must be separated and reprocessed from the
exhaust gas or the blanket. Germany leads the way globally in process control, diagnostics, and
developing new technologies for tritium research and facilities, such as tritium laboratories. As
hydrogen technology grows in importance, expanding Germany ‘s expertise and capabilities in this
area is crucial for both fusion and hydrogen. While Germany has no strong IFE physics capability,

it can leverage its existing substantial expertise in Artificial Intelligence (Al) and High-Performance



Computing (HPC) to develop IFE simulation codes bridging multi-physics, multi-fidelity, and multi-
systems, to extract experimental and modeling insights, to execute experiments at the high repetition
rates (>10 Hz) that will be required of IFE power plants and develop full systems models. In the
Sfuture, AI and HPC will be required to run an IFE power plant in an automated fashion. Al and
HPC are cross-cutting areas that will be required for IFE research across the board, and without
investment in this area for IFE-specific applications, Germany will not be able to establish a leader-

ship position.

Although the reaction chamber is a critical component of any future IFE power plant, sur- prisingly
few conceptual design studies have been conducted. Its interfaces require an integrated design
process to balance trade-offs and inform design constraints for the rest of the power plant. It is
important to increase the level of technical readiness and to collaborate with countries that have

already conducted studies, principally the US and UK.

Germany’s private sector is currently involved in developing an understanding and operations
model for an IFE power plant. However, there is a notable absence of a tool for integrated
conceptual studies of IFE fusion power plants in the community. Such a tool is essential for scoping
studies to guide the optimal combination of various elements in an IFE power plant and to set
component requirements in an integrated fashion. We strongly suggest that Germany collaborates
with the international community to create a comprehensive system code, leveraging its own

expertise in the field.

Highly specialized diagnostics are required to study the extreme conditions of ICF plasmas while
being compressed, heated and ignite. Furthermore, diagnostics must provide information on the
drivers and systems surrounding the plasma. Data obtained are used to validate and verify theories,
models, and codes used for design and prediction. In a fully operation- al commercial fusion power
plant, diagnostics are expected to be minimal, but on the inter- mediate test facilities and pilot plants
leading up to that point, diagnostics will play a critical role in advancing overall understanding.
While Germany does not currently have a particularly unique or advanced ICF diagnostic
capability, the development of diagnostics and the ability to validate and verify claims and
experimental results must be established for any new fusion facility (including test or intermediate
facilities) and for Germany to make progress in any of the other areas discussed in this report.
Establishing a robust fusion energy program in Germany can serve as a compelling draw for global
talent and reinforce the significance and worth of high-tech advancements, especially in the midst of
the international race to fusion energy. However, it is indeed a challenge for Germany to address the
lim- ited availability of experienced workforce in the areas of IFE plasma science and engineer- ing,
nuclear engineering, and energetic laser development. To meet the growing demands of the private
sector while maintaining the excellence of publicly funded research and development, it is crucial to

invest in building up a comprehensive and modern curriculum at universities and colleges.



Specialization and hands-on training are important components and require experimental facilities
and cut- ting-edge development funding. Universities and colleges should work with industry

partners to develop programs that offer practical training opportunities in experimental facili- ties.

Germany has not yet established itself as a significant contributor to the field of ICF or IFE when
compared to the United States, United Kingdom, Japan, Italy, or France. While China and Russia
have yet to declare IFE ambitions, they have already embarked on building large- scale ICF lasers
that resemble the NIF. Nevertheless, the challenges posed by this technology are vast, and Germany
has a unique opportunity to utilize its capabilities to make a significant impact and establish itself as
a cru- cial partner in this area. To achieve this goal, Germany must establish and strengthen inter-

national partnerships with strategic allies and IFE technology leaders.

We are in a pivotal decade, and it‘s important to take ambitious action towards addressing
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