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Periodic Modulation Of Laser-Driven Proton Spectroscopy Induced By Transverse Instability
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Periodic Modulation of Laser-driven Proton
Spectroscopy Induced by Transverse Instability

Jianhui Binl

(1.Shanghai Institute of Optics and Fine Mechanics, Chinese Academy of Sciences, Shanghai, China )

Abstract: We report on experimental observation on periodic modulation in the energy spectrum of laser
accelerated proton beams. Interestingly, theoretical model and two-dimensional particle-in-cell simulations, in good
agreement with the experimental finding, indicated that such modulation is associated with periodic modulated electron
density induced by transverse instability. These results, may have implications for further understanding for the
accelerating mechanisms as well as optimization strategies for laser driven ion acceleration.

Keywordss: Laser-driven ion acceleration, lateral instability
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Beam-driven energy spectrum tunable
betatron X-ray source

Chuanyi Xi'

(1. Hunan University, Changsha 410082)

Abstract: X-rays of varying energies find applications in diverse scenarios due to their different penetrability.
However, there are many difficulties in energy regulation of existing X-ray sources. In this letter, we show a scheme to
regulate the X-ray energy spectrum by manipulating the plasma density in plasma wakefield acceleration(PWFA). the
generated X-ray center energy can be tuned within the range of ~ 1 keV to ~ 100 keV, expanding the control range by
an order of magnitude. The resulting peak brightness reaches 5.5x10??photons/(0.1%BW s mm? 1mrad?), and the source
size is minimized. This high-brightness, energy-controlled betatron source opens the way to a wide range of applications
requiring photons of specific energy, such as phase contrast imaging in medicine, nondestructive testing and material
analysis in industry, and imaging in nuclear physics.

Keywordss: Plasma; betatron;X-ray; Energy tuning
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Yy ok B 7 W R TR R O, o T R I A (] A A T RR N 1.23 x 107 Wiem?, ik 55 33 fs. AR
DL ZE N 0.5m WA ee A4 e, nI3RAFF=48 8.5 x 10* ny BREN 1.2 x 10 n/s. k9l 23 fs. mimp ks A
o3 A7 AT K e TR BE TS A BT SRR AR A K B L A AT PR ) KR R R 2

KGRI RUAO B EMACHOG: XA BRI R E R T ki oI

HEDP 2023-048

GPU MiEF %7 QuickPIC YL

E A& 1, W|PLA 2, Viktor Decyk’, Warren Mori3, & 48] 14

(LAERT MR K&K, JL5 100875; 2.4bHUMi K2 #H AR, JLx 100875; 3.3 [H MM K2 EAZ AL KL
WHRUR SO &, B A2HL 900955 4. JL BT R 2 K35 R AW EL TR 0 F i, bt 102206)

& E: PIC (particle-in-cell) J&%5 85T RBIURL P BT R F K — Fh £ 207k, AT LA 256 B 7 (A b % 1) B
BB 1) (R AR AL R A o 3 T HEER ST ALY PIC F2 710 QuickPIC W] LA vy 5 A 400 4% B9 7 4 R 0t I odl 1) R, L ia S 1
5838 PIC f2 /¢ AHEL S = 77 100 3 1000 5. FATREAT T QuickPIC [ GPU hid Hik iIBE 7 571 & o £ 5K br TAR
Hi %t QuickPIC [ gdeposit, pusher, amjdeposit, pmove, fft X £ 573 752, K GPU B Hl ik N &4 TR
t, FEINR T S MRS RIS JE, 7E S CPU M GPU b Ab B[R] — ANy A\ SO I BT 7 B IRE TR, 0 R A
BRAESE DA i RO R i S s AT ROR AL T Xt b . 45 R BORIESEE SRR T 50 B 200 £, 7ERIESE R IEH
PSR MR LR G TR AR, NS S0 SRS B T SR .

KEE: GPU; CUDA; SLikhnid: 55 74k R B InE
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BT ERET HEETREEN
7=t RS B

=R

(1. L zg@ Ry, g 200030)

O WAl b, A il AT A I i A S A A R T 3R B SO Ik kT DA S B e R R i R T
AT AT T T 5 TR B AR ™ AL TR 10 55 1 (A T A R AT o S T e A, X O B AR
R U= N IR ANE v e i A R R o [ VA e W VN | Ve W £ 1 = S SO I S S e R RS
WA . SER R, AT, ATBL RN 5], BOEIER N 47 5pum, KN 3em,
HAE I (8] 2 0678 8 45 B8 7l i, T DU #0651 5. AR Aas e 7 i, s 51 7 ik eb i 8y
30fs O, EHALFRIT S 7 104° .

K. AR TEE, B Bohesl

HEDP 2023-055

B3R A 25 /R -5 AT IR B I RETE
JRF SRAEIUR 3R

~ ar “ ~ N
/{5)‘ ﬂé;\‘i 1,2,3’ ix}wg 1,3’ ﬁl% 1,3, ‘/*T-Ek(‘ l,ﬁtag‘jﬁa 1’ /?\\:Fjﬁk 1,2,3’
BARH 120, R 12

LA [ B2 5 B OGS BT BT, S BO B E R E Sk s, P ER B REOCR S E e, B 2018005 2.
R R WA SRR, B 201210; 3. EBIEEEKZ, dbE 100049)

W OE: EERDRBOCEBARMARE, SRR B I O TR O B ) R R — . KR
A8 =4k PIC UE BP0 1 547 26 /K - T (LG) WO (a=80) 5 i LS AH HLAF FH 7= A ) i RE I T A . 5%
AR TR, ZeeERIR I LG WOk wT BLIRE) ™= A= i B 2 W S5 M B 10 GeV BT TR . B XS LEA
iR 1 LG WOLAM R MO JRah (51 745 R, KB BE B AR LG #OLHERR K\ 1 s 37T LA B I 1 4 48 75 06
O PR TR BE O T RO B 2 W S R R RE T o B T RO T D BB A 31 1 BOR R 5 o I 8 SR AR R v E S TR T R
LR R EEZHRNE.
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8 &I i TN 5 F Ak 2 1
X8 37 3 52 K 5 24 1 373 1 BY

ZHhl, FHHAR!

LA E NRKRS, JEst 100872)

OE: WOBOG R AR T O 2L R N I T 56 T R B R R R A R o E R g
AR TC o S 5 s I 8 10 KB % 95 FE A1 40 A1 8 W AR O AR R il i 2 AN, AR T H BN, JF
LK 26 B T 308 5 BRI — MR 0/ R AR B B AR A M BR A o 78 45 80 7~ M WL R O 2, JRATTER i T
e TR, R RAT — 5 A L 1 i A O B AR Y U, RIS 25 R A o TR B 0 2 S BN R . i
SN TR) 98, R T8 S8 1T R 300 B v S0 TR a0 LUK AR 2 ) 5 B Ay A EAT 8T f o 90 00 DT 308 5 3 4 SO Jik o 4
o SIS [R) RV T P AT LAV BR A 0 AR “ 07 o BRIbZAh, S BT RR AT DL BURHE 24 BT R 5 10/ R B A X
REFRE R ORm XU RA R S SRR A RARL, 45 T RO R ZE R A o — R R T SR e R
o KRG I R A S TR E G R, IR AT DU Dy I R A% e R R — Ay 5

KB KB FETH NEaE0Ls

HEDP 2023-059

EF LWFA 383h PWFA iR & It 58

FoSR 2 B EgE 12

LR E R RS MEER2E 2R, Jbs 101408; 2. o ER B S REVE BT 7CAT i 3570, Jbad 100049)

I

T TS AR s AL ) DR G v D T % 52 DRV o R AR K B A B TR R I % (PWFA)D
REAZHE AL 1~100GeV/m I id A FE I CR 48 I i o 1 B AR e B0 R 6 B, FR 2 e B 40 2 A N T WO R 3 45 B 14k
R IES (LWFA) B, HitR G DR HELINESIENN PWFA, HRBRH T ZEAKKE; W)
LWFA [0 48 400 T 3K 3l PWFA FIINIE 25170 5 45 5 3845, H LWFA RB68 ™ AR (il B iRt = T 10kA (1 K Fb 2%
GeV BT, 23 PWFA MWEAHIRFNIN, BRI H AT PWFA fETEMII. TR, RATH Particle In
Cell (PIC) ByEXT LIRS FEHEATIA, 75 LWFA By Bofdf FH I 100TW B SR BOE SRl BN, IREGZ HiENE
THRAENIKB A, X PWFA B B % B N3 N0 AT i . A58 7 LWFA BB HE N fL 7 Al
PWFA B B % B2 R 3 N LT ORTERE R, R ESESHO AL, JE824 %1% LWFA IX3) PWFA [R5 hiiE
7 Z AT AL

KEER: FETHEBRME; LWFA IXZ) PWFA; WA ME; AR, PIC R4
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HEDP 2023-060

EFLIRARTHZTXEE
ENH PIC #£#l

LS WU, I, AXAY FRES
(1. BWSTERY MBS R ERHOCES TR BEMEAERE, ki 200240; 2. Lzl K% IFSA Yl
QFr G, B 2002405 3.t E AR SRR B BT T, dER0 100049)

OE: WOLRI N R A AR G g T4 DA b R e e BTS2 B ) Ok . YA O HL S
TN HL I A NTT 58, Ol I 558 XA S S O HE N B TR R BT . — Ok U, BT R
TN PRELWT 78 75 22 F B =4 Particle In Cell (PIC) Hik, H AR & MH E SR . EIbit s, FA124K
i P HEAT AR bR RS SLE N X — i A 2R 4T PIC 90, DLREFHIFE IR, HAEE TIEABTRBE. 6
B R ISR XA A B S, XA BT RATE S0 ZE N 7 gt — Ak .

KEW: BAEN HEEAFRR; PIC Bk BOLREINE

HEDP 2023-062

R S B T A
BT SR AR T 5

B4 4 2% ' A &% ' Matt Zepf > ° Philippe Zeitoun'

(LI AR K2 TREWE 2B, 7 ZREYI 518118; 2. Helmholtz Institute Jena, Frébelstieg 3, 07743 Jena, Germany ;
3. Friedrich Schiller University Jena, Institute of Optics and Quantum Electronics, Max-Wien-Platz 1,07743 Jena, Germany;
4. Laboratoire d’Optique Appliquee, CNRS, Ecole Polytechique, ENSTA, Chemin de la Huniére, 91761 Palaiseau, France )

W E: BTy (QED) RIMMBE NG —. BTSSR P ICkRE S TR QED ML 7
0 W8 S AR LR KBTS 20 5% QED BB I R A3 RIS . BEE WOLHOR A S, B AR S 06 SR Sl AR X
Ve A8 2 1 A e U B A R v ) S5 T R B R DI 2 TR AR N A AR 37 QED AT 75 A A B 3 54 2% B
BE T RTRETE . AT, BT R OB R S N R I RAE TARBONBE =, 58 TR R B RS ROR SR
PR AR B RS R e T 0/ B8 AR 0 P A R AR O SE IR I RS T Ph A AR AR b, BRI R PR B A
X X VA 5 A K O (1 L 3 0 P A TR) 3 A K TR PR EEAT TS, AL T e R B AT IR 2
RT3 55 T M B 3R T 5 0 S S R TR IR 0 7 ik o ALY, FRATVE X B S MR 5 TR R R E RS
FEs R e, SR Tl BRI R E R G SR IB E P AT SRR T R, Ham R L IR AR,
P AL 3 K re AR b R DL 3 R T AR SRS, Gl I 3 A AV R DA SR B AL R T R e T AR
THBR BT R AT

KB S UOEE BTRbIKR, SR IRBE R BHT, BRETE 2L
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BN S EEFRREAEER
= A RO K I SR
X120 BHR 123 2A8R 12, BF 12, RERE 1LKR 12,
_@_ﬂiaﬂ 1,2,3’ g{"j—\\ 1,2,3

(1. bBilgZE@oRy: WS Rk, i, 200240 ; 2. BigsgiE ks IFSA BrRGIF S0, L, 200240;
3. LMK FEEOEW T, L 200240)

T SRS I R AT 0 5 B O TP LA 5 e MR A B X 2
BRAAE-FARA, ORI T LA TREHRI A 40 9 2 R 1R, JF LA HL A O . SRR T LA
O T 058 B 3 00 7 2 R A SRR o TR AR L5 K A O S T
H SR 5 10 200 TW BDWOR R 48, IR T 3ROt 5 1P W T 200 7 A 6 M I 3G B 9, e
SRR (TS B T4 O VU7 2 R B Vb

RO HORERAR 7 TS B T U AR BRI, JEME 7 A B UK . BRI 25 8 T I B R 4R
RO R H T, 945 G PR — SR U 20 YR T4 B T 4 IS B B 5 Y 072 2 . BT
SR YT i U550 O 4 20 A7, 2 WA T 1 0 TS5 B0 F b WLB E U
WS« ST U 8 P — SR Y BRI 6 B R UK 350 U5 0 7020 0 6 2045, 1 L PS40 4 1
P T B T I R LI R B 00K €2 5 7 A0 A O, 9 ELIRATHE R A0 563 b R M 63 7
BAHA T %

SR EHOL. FRHL B ST B SMEAT

HEDP 2023-064

BETEE FHHZRERREE
A1 33K 5 2% SR A R

BARY, AREY KHE, Bas?, A%, LaEk2, hE L,
Ak, FR
(1. BYEE5HARE R ESLKE. HEDP # E S sLi = b K%HEF . P EAR AW 7eb, dba 100081;
2R R EYE SN WA ESLKRE. WK T¥R, WR 410082;
3N IERERL BT ST M RHEBOE RN L, UM 510030; 4. EHENVE RS, LB 200233,
5.0 P K 2R R Y 2008 ot i PE KR 2370165 6. RIEOESE B FIRMF AT, T &RIEY 518049)

0 OE. R A RO I AR DA SIS OKNRZE (THZ) By . SR, AR bl Al
BooT IR 1) THz Bk 88 8 — NPl . X BLERATIR Y 7 — FloBr 00 5 v SR SE MR B 1) THz Bk, el
SHE CHBOL 5IRIG R ESS FARMWE — A5 PR RES . AR NEEREY, BothnEs Frt5%%
TR BB YA G THz 4@ T . BRI R R AN A (AL LI 75 H THz Bk (80-THz R Rk it 2.0%, ##
TR R E AR 80 GVImM, REUMLI N 205 HOAMRALAE 4.4 F 1.5 THz Z [0, IKSNEOGEEE N 430 mJ. UL
Ab, AR BRI P 50T LLZE )i MO s A4 B8 AR S 800 [ A AR, SRSk ilsm THz Skl it B2 FH 4 4L 178 7 .

KIS WOG SR T AT R R

19



FLmm R E EYEEF RS KR IENEE

HEDP 2023-068

B3t R TR SRR
iz 37 B T B 33

wIFAR L, B, mEl, BXA L, e, Ee !, &,
GAFE, REAT, RE, FRF, XFE, KFET KTFR,
REw !, RAFE!, MHE!, AFR', HLB!

(LA K2 PF% P, dba 100871)

O AERBOUE RGBT, BOCE SRR InE BN A RO R K R T, X T
HAE R TS5 T e IR A B B BT DU A2 AR T4 5 o X S S 4% i A AR HIAE S, T REH] T2 A AR AT A .
IX L PAT R A AR O AR OB R AL A SR I R, T ROGIE N 5 SR B A SO R, I HOC B AR A
AT AT T R AE AR . = 4E PIC B S0 BUZ A SIOG AR 5 32 2ok B T WO (# — 55Uk 3l v 7 30K
Ve 2 AR T IR 7 A2 A BB 5 s EL2e A S AR08 17 R SO R SR AIE 3 IRk T 5 RS Y F T AR 1) )
Al o AR RS 25 PR T FL T SR RSO e 5 20 A A AL, DRI, B iR O A TR 7 A2 1) 5 AR - R S o
Yy 6 P TR AT RE R R il — P AR 20 SR A R AL 5 T R BOL R BRI T i

K EIRFOL, BRI AT EGBARE S WO IR A

HEDP 2023-076

£ = B SCIR BB SEF RTHE

o, BRAR?, FRAES, xR, AeF!, AFER?
(138 K&, KV 410082 ; 2,463 K%, dbiT 100871; 3.%i EEEGLE =W A, 4 61005)

W OE. MER-EY (BW) IREEETFHINFWEAMIRT —, BIE 1934 4F AR EIIR B,
EH P A0l 3 R i AR IE R R FESEER EXRIIXOE T BW R T B S R O TR, I v
LEETHEGNER, EAET 10PW UL EFIEOEF G, FTEERMESBA L KEN SHEAR, FEIGE RS
FRT R T THE, WEREMRIR, RILHA O ZRT1E 8 B3 1 8 4& R SEL RO 7 0 8 5256 1)
oo AR TRIHE TW BREBOGIKM IS 2 Pt 2, 5K AT BLSEIROE T R 1 S50 0
Do B3 R Ik 1020W /om0 5 30T I St 5 15 45 B 1 R A B/ FH 77 4 6nC, 300MeV K HL & HL T3, BT Fxt
8 v IE BH R R AR ' R R DX O -0 T R, KR R H SRR DU AR G TR,
P R A, DR MO R B LT RA R T IR R PR . B R 50 RAE G RN, PR T
Ui, 10keV L ER)E T HE B 30, K#ioraeE & T 0.511MeV, 1MeV kb iy id 11.6x10%
photons/s/mm?/mrad?/0.1%BW. {70 PR RED LI NMMEEIEHE T. M TFAER a, mENSE
TARKSERL) 2 250 um, 1% T B A IE R 800 5 5 ao®? A ag® IE bL o [AJI IE HL - TT DL i 2 A
3 I, NS S R s BT, AT RAESEIR = BRI . %07 B T R R & BRI MO T I AR
MISCEEB bR, S0 1 BR PR AR IE B H T SR R BR

FIF AR A BEANEOL; BOCEINE; TR RS T SO TR BT
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SR iR B FRENS NE

kI e S 7
(1, FERBFEHARARY SETHRYESRETER, 508 230026)

# E. RN SE/RES (Laguerre-Gaussian, LG) X A WO K Sl HL s A7 B 45 31w ot & e ik g
R AE SEH0 R4S 0 BE 1Y) LG AT A BORIRAR o« Horb— N7 SRl R FH <l ol 4t ) BB 45 R B ST e T 3R
ARSI IR BRI RO . Z TAERE, B TE 7 O ERIK L 451, B 0T DUTE i e e r= A 1 A2 oA R vE
NAUISE e s F =4 PIC BLUAR 7R B, ao=20 My [ fiw 41 r $0r o't R 7E 45 < b A FH b mT DU R0
NBEHR A, SEIT O SE N B2 D A R O 3 R Eh B A ) I . TR G /N R U R R R, B
R AEE 310 MeV, REHLE 6.1%, W LT 57.38 pC, HIFLERT[A] 2N 270 as, K HUM v 50 mrad. KM & HiaH,
FATHE 10 75 SEAE TR e O IR B H 1 M ) 512 560 i 7 HR A B PRI S 00 S 1

EEIF: WORWKE HEIE R T WOREE PR EAEN: e R R

HEDP 2023-078

Generation of ultrabrilliant polarized
attosecond electron bunch via dual-wake
injection

Ting Sun', Qian Zhao!, Feng Wan'" Yousef I. Salamin?Jian-Xing Li'

(1. School of Physics, Xi'an Jiaotong University, Xi'an, China 710049; 2. Department of Physics,
American University of Sharjah, Sharjah, POB 26666, United Arab Emirates)

Abstract: Laser wakefield acceleration is paving the way for the next generation of electron accelerators, for their
own sake and as radiation sources. A dual-wake injection scheme is put forward here to generate an ultrabrilliant
polarized attosecond electron bunch, employing a radially polarized laser as a driver. We find that the lasermodulated
fields in the plasma, formed in the dual wakes excited by both transverse and longitudinal components of the laser field
in the quasi-blowout regime, facilitate the attosecond injection of a transversely beamed Cloverlike electron bunch.
Initial spin directions of the generated attosecond electrons can be reversed collectively due to the laser-assisted spin
precessions, which significantly mitigates the drastic depolarization of the sheath electrons in the strongly nonlinear
plasma wake. In our three-dimensional particle-in-cell simulations, an electron bunch, with ~ 300 as duration, six-
dimensional brightness of ~ 10** A/m?/0.1% and ~ 90% polarization can be generated using a few terawatt laser and a
shock-front plasma density. Such an electron bunch could play an essential role in many applications, such as ultrafast
imaging, nuclear structure studies, and the operation of coherent radiation sources.

Keywordss: polarized attosecond electron beam; Laser plasma accelerator
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BT YR HOEEFE TR 38 4R S R
—— MKk ZZ E N5 5f £

HliE !

(1. Wimg K%, K¥ 410082)

B E: WWEOURSIREAEYE S BIREE SR ARRIER TSI AN SR Y E
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HEDP 2023-080

i IE 15 [6] BY 25 SRBH S R B3 18] W4 37 7 A

A E L, HM, AR AR
(1. FEBEHARARY SETFTHRYESRETTER, I8 230026)
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HEDP 2023-00081

IR IR FINE—EANEIRE
S m B FR&™E
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(1. P [E B} 2B A ) LA 75 BT, 46 5 100086 )

B OE. TR R0 R I A DR E R A T A2 Bz i, B H AT A A AT
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WSS T TR HE R NS B TR o BEEE AL RORAR T BALTE N E, By SR RERSUS 2 A AR
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2 PIC B RE B 1GeV, HIATE KT 100pC, HERLT 702 ) LIKI R b5 FL 1 A
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EHx!
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HEDP 2023-091

Dual-beam experiment platform for All-optical
Thomson/Compton Scattering at SJTU

Siyu Chen'

(1. School of Physics and Astronomy, Shanghai Jiao Tong University, Shanghai 200030 )

Abstract: Based on the dual-beam experiment platform, an energy-tunable, high-polarized, highly directional,
tunable orbital angular momentum all-optical Thomson/Compton scattering x/gamma-ray source has been constructed
in Shanghai Jiao Tong University (SJTU). The x/gamma-ray energy spans from tens of keV to tens of MeV. It serves as
a high-precision, multi-parameter controllable experiment platform for the generation and application of high-energy
radiation sources, nuclear physics, strong-field quantum electrodynamics (SFQED) theories. In the platform, a dual-
beam 800 nm Ti: Sapphire laser system in Laboratory of Laser Plasma (LLP) in SJTU , which is 200TW and 300TW
respectively, and a 2.5PW 800 nm Ti: Sapphire laser system in Tsung-Dao Lee Institute (TDLI) are employed.
Experiments about full angle relativistic electron beam colliding with high field laser have been performed, achieving
the energy tuning of x/gamma ray. In addition, we have demonstrated control of the polarization state of x/gamma
radiation by manipulating the polarization state of the scattering laser. With the dual-beam experiment platform for all-
optical Thomson/Compton scattering x/gamma ray source, it is proposed to experimentally generate x/gamma radiation
with orbital angular momentum (OAM), gamma imaging, SFQED theory verification and improvement.

Keywordss: All-optical inverse Compton scattering, High power laser, Polarization, Orbital angular momentum,
Strong field quantum electrodynamics
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7 SR PO T oL A X V8 R L AT DU B AR AN 3 1) 55 T AR AR RGBT, O L DA T U 2 WO AT HE
MRE T, AR, mEEE0E R &, $RIERAT. A Lot Rs ™ NS g
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B, 2 R AR A HR O S e B B S A B, T BORER ORI B AR AR S 5 BOG R
FEpe, FFAL LTI S AR B T BB IR, JRRRIRKREE Y 0.7 GeV IR TR I A ENETH IS
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HEDP 2023-112

Effects of electron heating and surface rippling
on Rayleigh—Taylor instability in radiation
pressure acceleration

Xuezhi Wu'2,  Yinren Shou? , Xueqing Yan'

(1. State Key Laboratory of Nuclear Physics and Technology and Key Laboratory of HEDP of the Ministry of Education, CAPT, PKU,
Beijing, China; 2 Center for Relativistic Laser Science, IBS, Gwangju, Korea )

Abstract: The acceleration of ultrathin targets driven by intense laser pulses induces Rayleigh—Taylor-like
instability. Apart from laser and target configurations, we find that electron heating and surface rippling, effects inherent
to the interaction process, have an important role in instability evolution and growth. By employing a simple analytical
model and two-dimensional particle-in-cell simulations, we show that the onset of electron heating in the early stage of
the acceleration suppresses the growth of small-scale modes, but it has little influence on the growth of large-scale
modes, which thus become dominant. With the growth of surface ripples, a mechanism that can significantly influence
the growth of these large-scale modes is found. The laser field modulation caused by surface rippling generates an
oscillatory ponderomotive force, directly modulating transverse electron density at a faster growth rate than that of ions
and eventually enhancing instability growth. Our results show that when surface deformation becomes obvious, electron
surface oscillation at 200 (where 0 is the laser frequency) is excited simultaneously, which can be seen as a signature
of this mechanism.

Keywordss: Rayleigh-Taylor instability, laser-driven ion acceleration, hydrodynamical and non-hydrodynamical
effects

29



LR o e S T T S

W
=+
&l
Tt
:mb
Hmm
Ek}

HEDP 2023-116

FETHE

-l

1B X i Y45 7 = M B B E A A 3]

R
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B OE. REETEOCIE R 7 BN R R AR RSB0 D R L Tk, ATR A A
HARSHOL BB 9 h 2 R IE R, AR RO RE R AR A 8] B A, SEHUE AL H O A R E
BER) R 73 FE AR R S A B . AT =4k PIC BLALL, I 4% BE 1 15 FEAE Il 7 2 FE I Iy, L3 2
FNJUART 2 800T DA 28 M08 S0 56 A o B R SR AR S B R AT T 428 o A VR VRGN A 200 FH W 5 5 5 7 Ak
ST X R 56 L O HEAT R T

KEgi. JEIEA; BOLHE
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Highly spin-polarized multi-GeV sub-
femtosecond electron beams generated from
single-species plasma photocathodes

Zan Nie'

(1. Wuhan National Research Center for Optoelectronics, Huazhong University of Science and Technology, Wuhan, 430074 )

Abstract: High-gradient and high-efficiency acceleration in plasma-based accelerators has been demonstrated,
showing its potential as the building block for a future collider operating at the energy frontier of particle physics.
However, generating and accelerating the required spin-polarized beams in such a collider using plasma-based
accelerators has been a long-standing challenge. Here we show that the passage of a highly relativistic, high-current
electron beam through a single-species (ytterbium) vapor excites a nonlinear plasma wake by primarily ionizing the two
outer 6s electrons . Further photoionization of the resultant Yb2+ ions by a circularly polarized laser injects the 4f14
electrons into this wake generating a highly spin-polarized beam. Combining time-dependent Schrodinger equation
simulations with particle-in-cell simulations, we show that a sub-femtosecond, high-current (4 kA) electron beam with
up to 56% net spin polarization can be generated and accelerated to 15 GeV in just 41 cm. This relatively simple scheme
solves the perplexing problem of producing spin-polarized relativistic electrons in plasma-based accelerators.

Keywordss: Spin-polarized electrons; plasma wakefield
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K AR F WOGRER . A0 BRI A WO RS, A SCIEFRIE T B R R (0 v BRI 4 5 SR 34T )5 Ak
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Generation of ~400 pC electron bunches in
laser wakefield acceleration utilizing a
structured plasma density profile

Jiaxin Liu!?, Haiyang Lu?, Huangang Lu'-?2, Hui Zhang'-?, Xuezhi Wu'-2, Di Wu!-2,
Haoyang Lan!-2, Jianyao Zhang!?, Jianfeng Lv!-2, Qianyi Ma!-2, Yuhui Xia!?, Zhenan
Wang'2, Jie Cai'2, Yanying Zhao'-?, Yixing Geng!-?, Xinlu Xu'?, Xueqing Yan'!?*
(1.State Key Laboratory of Nuclear Physics and Technology, and Key Laboratory of HEDP of the Ministry of Education, CAPT, Peking
University, Beijing 100871, China; 2.Beijing Laser Acceleration Innovation Center, Beijing 100871, China;

3. Shenzhen Key Laboratory of Ultraintense Laser and Advanced Material Technology, Center for Advanced Material Diagnostic
Technology, and College of Engineering Physics, Shenzhen Technology University, Shenzhen 518118, China;

4. Collaborative Innovation Center of Extreme Optics, Shanxi University, Shanxi 030006, China )

Abstract: In thisarticle we propose and demonstrate experimentally that the charge of the 100 MeV -class electron
bunches from LWFAs can be improved to ~400 pC with the aid of a structured nozzle system. A 43 TW laser pulse
driver with 30 fs duration is incident on a density structured gas target which is created by a 4 mm long gas jet and a
moveable slender needle nozzle with 0.8 mm diameter. The charge of produced beam increases compared with that from
merely a gas jet (~100 pC) and reaches its maximum (~400 pC) at an optimal relative position. Particle-in-cell
simulations show that the self-focused spot size and intensity of the laser pulse can be tuned continuously and reveal
how the detailed dynamics of the laser pulse evolution, the electron injection and acceleration in this structured gas
target affects the beam charge. This work demonstrates the feasibility of adjusting the laser pulse distribution through
its evolution in a plasma to significantly improve the injected charge in LWFASs which is beneficial for many applications.

Keywordss: laser plasma acceleration, high intensity laser plasma interactions
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High-gradient modulation of
microbunchings using a minimized system
driven by a vortex laser

Zhengxing Lv!
(1. Shanghai Institute of Optics and Machinery, Shanghai 201899)

Abstract: This study entailed the development of a high-gradient modulation of microbunching for traditional
radiation frequency accelerators using a minimized system driven by a relativistic Laguerre—Gaussian (LG) laser in
three-dimensional particlein-cell (PIC) simulations. It was observed that the LG laser could compress the transverse
dimension of the beam to within a 0.7 pm radius (divergence = 4.3 mrad), which is considerably lower than the case
tuned by a Gaussian laser. In addition, the electron beam could be efficiently modulated to a high degree of bunching
effect (>0.5) within ~21 fs (~7 pm) in the longitudinal direction. Such high-gradient density modulation driven by an
LG laser for pre-bunched, low-divergence, and stable electron beams provides a potential technology for the system
minimization of X-ray free-electron lasers (XFELS) and ultrashort-scale (attosecond) electron diffraction research.

Keywordss: vortex laser, microbunching
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Efficient generation of intense spatial and
spatiotemporal vortex harmonics
using plasma mirrors

Yipeng Wu!, Zan Nie!, Fei Li', Chaojie Zhang',

Ken A Marsh!, Warren B. Mori!, Chan Joshi'
(1. University of California, Los Angeles, California, 90095, USA)

Abstract: Intense spatial or spatiotemporal vortex pulses from the extreme ultraviolet to soft X-ray spectral
windows are expected to provide new degrees of freedom for a variety of key applications since they carry longitudinal
or transverse orbital angular momentum (OAM). Plasma-based high harmonic generation driven by a near-infrared
spatial or spatiotemporal optical vortex offers a promising route to such novel light sources. However, the energy
conversion efficiency from the incident vortex beam to the vortex harmonics is rather low because of the limited driving
intensities available in practice. Here, we propose and demonstrate through three-dimensional fully nonlinear kinetic
simulations that by adding a readily available relativistic Gaussian pump beam as a source of energy, the energy
conversion efficiency can be increased by several orders of magnitude. In addition, the proposed scheme allows
independent control over the frequency and OAM of the vortex harmonics. Furthermore, by tuning the overlapping
duration between the Gaussian pump and the vortex seed, an isolated high-intensity attosecond vortex pulse with tunable
carrier-envelope-phase can be obtained even though the incident optical vortex has a relatively long duration.

Keywordss: spatial and spatiotemporal vortices;orbital angular momentum; high harmonic generation; plasma mirror
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Cascaded solenoid acceleration of vortex laser-
driven collimated proton beam

X.Y. Sun, W. P. Wang, H. Dong, J. Z. He, Z. Y. Shi, Y. X. Leng, R. X. Li and Z. Z. Xu

(1 Shanghai Institute of Optics and Fine Mechanics (SIOM), Chinese Academy of Sciences (CAS), Shanghai 201800, China; 2 University
of Chinese Academy of Sciences, Beijing 100049, China; 3 School of Physical Science and Technology, ShanghaiTech University,
Shanghai 201210, China)

Abstract: Efficient cascaded proton acceleration driven by an intense Laguerre—Gaussian (LG) laser is realized in
combined three-dimensional particle-in-cell (PIC) simulations and CST STUDIO SUITE (CST) simulations. CST
simulations show that there is no divergent force component in the transverse direction in the coil center. Therefore, the
collimated proton beam driven by the LG laser in the first stage benefits from the uniform beam acceleration in the
second stage. By contrast, the proton beam with larger divergence disperses to the outside of the coil because of the
divergent force near the coil wire in the Gaussian laser case. Finally, a quasi-monoenergetic proton beam with a higher
flux is generated by the LG laser, which is much better than the Gaussian laser case. The obtained proton beam can
potentially be used in some special applications, such as proton radiography, fast ignition of fusion targets, biomedical
applications, and production of warm dense matter.

Keywords: cascaded proton acceleration, Laguerre—Gaussian (LG) laser, quasi-monoenergetic
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Systematic study of the fs laser-driven target
surface electron (TSE) beam and its applicative
explorations

J.Y.Mao !, J. Urbancic 2, L. Hudson 3, S. Mattias 2, M. Aeschlimann 2, L. M. Chen *

(1 Department of Physics, Chongging University, Chongging 400331, China; 2 University of Kaiserslautern and Research Center
OPTIMAS, Kaiserslautern 67663, Germany; 3 National Institute of Standards and Technology, 100 Bureau Dr., Gaithersburg, Maryland
20899, USA; 4 IFSA Collaborative Innovation Center and Department of Physics and Astronomy, Shanghai Jiao Tong Univ ersity,
Shanghai 200240, China)

Abstract: In order to solve the problem of the large beam divergence in fast ignition schemes and increase the
laser energy deposition on the target core. We systematically studied the relationship between the guiding and
acceleration of target surface electrons (TSE) and laser parameters in previous works®. The beam quality is found to
depend critically on the intensity ratio of the laser prepulse and laser incidence. By optimizing the system, highly
collimated mono-energetic TSE beams at MeV level with low divergence and high charge per shot has been observed
along the target surface following the interaction of bulk target irradiation by femtosecond laser pulses at relativistic
intensity?. Then, energy enhancement of the TSE beam was significantly improved by employing a ultra-intense sub-
picosecond laser system and we obtained high-quality, tens of MeV class TSE beam with a large total charge®.  Recently,
we studied the terahertz transit radiation driven by TSE experimentally and theoretically and obtained preliminary results.

Key words: fs laser, surface electron, terahertz transition radiation
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Title: The role of quantum degeneracy in
double-cone-ignition inertial confinement
fusions

Dong Wu, Jie Zhang

Short Abstract: Although National Ignition Facility (NIF) had reached ignition and net energy gain, there is still
a long distance to bring the laser fusion energy to the national grid. One of the most obstacles is the low energy coupling
efficiency from input laser to the hot spot. NIF’s recent landmark achievement was based on their advanced engineering
progress, such as high-quality target fabrication and laser beam control. However, in order to dramatically increase this
coupling efficiency, essential physical insight is really required. Here, role of quantum degeneracy is fully taken and
optimized in the double-cone-ignition (DCI) scheme, which is believe to be of key importance in order to achieve high
efficiency laser fusion. Firstly, via momentum filtering and confinement by the inner walls of cones, nearly isothermal
compression of Deuterium-Tritium (DT) fuels can be achieved with a shell-in-cone design, which leads to the formation
of highly degenerated DT jets outside cone tips. Secondly, for the colliding two jets at highly degenerated states, the
diffusion of DT fuels can be controlled to the minimum, which is beneficial in order to increase the energy coupling
efficiency from colliding kinetic energies of fuels to their internal energies. Thirdly, phase transition from degenerate
to nondegenerate takes places in the colliding front, and when fast electron beams produced by picosecond petawatt
laser pulses are injected, the particular degenerate-nondegenerate-degenerate sandwich configuration generates kT
surface magnetic fields, confining fast electrons and creating a hot spot with a very localized region in the fuel. Large
scale first-principle kinetic simulations indicate by taking and optimizing the role of quantum degeneracy, the energy
coupling efficiency to the hot spot is further increased by 80~120%.
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Energy coupling in intense laser solid
interactions: Material properties of gold

e XAk RA
(LK)

Shortinterview: In the double-cone ignition inertial confinement fusion scheme, a high density deuterium - tritium
(DT) fuel is rapidly heated with high-flux fast electrons, which are generated by short and intense laser pulses. A gold
cone target is usually used to shorten the distance between the critical surface and the compressed high density DT core.
The material properties of the solid gold may affect the generation and transport of fast electrons significantly, among
which the effects of ionization and collision are the main concerns. In this work, the effects of ionization, collision, and
blow-off plasma on the laser energy absorption rate are investigated using the LAPINS code: A three-stage model is
adopted to explain the mechanism of fast electron generation and the change in the laser energy absorption rate. With
the increase in the charge state of Au ions, the laser - plasma interaction transfers to the later stage, resulting in a
decrease in the laser energy absorption rate. Collision has both beneficial and harmful effects. On the one hand, collision
provides a thermal pressure, which makes it easier for electrons to escape into the potential well in front of the target
and be accelerated in the second stage. On the other hand, collision increases stopping power and suppress electron
recirculation within the target in the third stage. The vacuum sheath field behind the target enhances the electron
circulation inside the target and, thus, improves the laser energy absorption; however, this effect will be suppressed
when the blow-off plasma density behind the target increases or collision is considered.
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ﬁo%%,%?%%W@*&ﬁ@Tfﬁ?CWﬁﬁXMJ

KEIFE: BHELHRER; Z-pinch; BYSW: iRAENL; 7 A kb v
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HEDP 2023-115

HAFE FEAREMRER k = E IR TN

Bk 12, BBk, £ &2 I F Myatt?
(1. WMKY MAEHEFRYYE, K1 410082; 2. dbnt N H WS HEC0F 56T, Jbat 100871,
3. University of Alberta, Edmonton, Canada T6G 1H9)

B E:. EHYEETERPREOCEE TERAREN (LPD 2BMEARERMEZS R, RAOEE 75
i AN kB TR A LPL (75 7% . 5iEE M 5 2 B 2 WU (SRS) 2 LM (SBS) + W
TR (TPD) EARENE, Ae4 LR AIE . AR E A R AR e AR . N Z 7 3K
TR FE 7 30 39 B A 52 80 S (R 00 1 #5505 8 00 e O 7 R P B B A B0 5 B T AL LR« BRI S8 SR 55 S 40
FRATB LA T AN [F) B RIS r FE A2 AN () F 5 BE i T (0 & 2R mTRERE, 5 BERTT 18 1 S A O 12 O 2 TR 5 4
Wik 78 R DLAE AR A 240 SRR A 10 2 5025 A T8 N0 170 500 A 8 B 1) S SE AR AR, E LR U Bl 2 A ) 42 B 3 iz T
HAERAAAAERAATIE, RELRE BT HEZHRIE.

KB 2B RU S WA INAU s MAEON s kB, AU

HEDP 2023-121

BEY BRI N XY 7 fis Fa s — I P —Z= 2
A REER R 3

wWE, Hisk!
(Lo TR B LS TR I SOECEBRACRT, L 100094)

W OE: WA= (MRT) ANREGEMEAETN Z Fi 45 A MR i 5T HE T 2R 58 A5 SO O B ) B A SO
FC 1A R A BE A B B BN MRT AR SE PR IS MR o SR AR AT B4R 5 3, 2 T = X T A 2R x vt B
REAAA TT RE AL BEAT AL, IF AU Jukes IEAUREAY, HE T 1 DU T8I0 R Gl fE . @ Bl 5, 3RE T
WG KEBANMEE . BEE . WK . BIAa KRV, HI# X T MRT AR € M A2 72 H R A
F B 1 B 32 OO RSO0 T 2 0 58 TX — IR Y 7R BRI AR T, ASRRE 8 4 S it v L = £ 396 o g 8
I, REREN TR B INS, By ORI MRT ANEE PE I A A F S 2 2% .

KR W—IA—RARENE; By N
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HEDP 2023-123

2 38 X B2 AL = 7 R R T RY
RLF LA 3T

Ik KA NEE | RRK BE L BAL L HAEMCS. Liv, W
Rozmus?*, J. F. Myatt*, and ' £ !

(tInstitude of Applied Physics and Computational mathematics, Beijing, 100094, China 2Hunan University, Changsha,410082, China
3University of Maryland, College Park, Maryland 20742, USA “University of Alberta, Alberta, T6G 1H9, Canada)

W OE. TORSLIGIE R 2 B BUR R B UKl R (] B R sl P R A R T I P A AU [L]. 7R 2 R R AR R
LETRAMT, RUEBACI M ERR N T 52 Wb 28U 10— Fh £ 0 (2] BATTR AR 74 401 0 J7 v 0t e 3 B
X F R S M E (SRSS) 7= A4 Bl T 25 B T Uk (EPW) ¥4 A2 1 Csideband instability) , KI5
ST P X A L (0 B RN 0 B A R 0 SR B o AEADUR B R RRE R AR 2 BT, P 3R S 8L SRSS B HE AR
Tk o B2 R AT RE AL S0 P EE B SRSS 3 TR A AE X X Ak AN A2 4 % A AR e M X R R 2 — o AR e
PETE BRIk SRSS MR F o 10075 AN o 1 1) 9 B ntk R AE 5 8 4 L1 1) R TS A SR I GG, R L T — AR B SRSS
AR T AR, BRI AT ST T AR R A S A T T R AR R

XKEER: TR 2ES, BHRET, R

HEDP 2023-131

Aotak B BRI AR AR

A, HIEL, B, 5, KL, Tk
Crp | TR E 78 B, W0O's AR 5T o)

A OE: MARIIFRBOUKE, RBELRERMNF TSR, Wk, SN R YRS, S
TAREE B> A R F R IR FURS KA S —, W T HEMBYRESIRD, SKEFERMESCESH, 1T
Al F VR A R P A5 A R S T O RO AR O [ P9 SO B B b A A R T TR AT
TE B T 0 82 K7 2 [ 5 MR s R S R B RS P I GBI R . AEMIDL RPIE B, R T AT RIS W=
PERR T OB R BOR o BRI & B0 RE 15 e BB BOR T Bragg 75 R 2, SEOUAE AR X SFPERIOATSS, AR ERTE
GO AR R B SEIL 2 AR, B S R B R HEAT i, SEBLEOL B A1 . FEBLERAL B, R S i
WA RS TRESS AL, SCBLARBT R 70 M I AL B - B RO IR YE B, IRt — PR R T2
F1RT B T3 B ST JS A 4T S5 8 5 B AR S IR 1) (R AL B A8 7 7 o R R C R T RV B, 3R S (5 e L
BEpe vk s i R AT R, IR B TR e i RS T R S SR A .

KB BEUICHEEE, HRER, BRI
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HEDP 2023-134

Langdon M XF SRS JEZe 4 &E 14 B 52 0

Ry, AR, FAL!, bl
RSO T SOSCERE RO %, LR 100090)

W OE. BRI EE TR F, Langdon IH#VE N & S BB FRE = fi R 3L (EEDF)fW 25 Maxwellian 7345 28
BB S A A, X2 KRG 38 SRS Xl &, (8K 3 Gt N A e K X, K98 SRS /K-F, #F %L SRS
2 of 144 K ] i DA B JF A 4 M VAN K T A R v 0 A A AR R ARG, X T ICF Rk PR SRS ML SRS XUK:
B R K. FBATET BT Viasov-Maxwell 77 TR IFE /7 (VIaMaxwld1v) 3T H#, KA % SR, 25/
FB (5B =3 BIE=FEMMX . B 23S0 0 DOEAFRENSIESE) S B R, RATRIER
Wior Ao 5 a0 CRET PR BEIEH K RS SRS 4axf K408, H4AH T ARZSHT, SRS &
S AR AN B (T BE B LS R A A ZE S . I kIDe 9 Langmuir R R4S . SRARL T A2 E M. AR M
%2 %% Langmuir 3R RFE MR H AR DL A8 4R 1 1 AN K Y B R v 4R B0 AR AR

XA Langdon &R, WOL-%5 8 AR B AE A

HEDP 2023-135

T IR BN T ML S B AR & R &

) RBE 2, Rk ) EF L, Wil 3, kb, FZHFE 4, kR 12

(1. dbstBiFH B 53 B ECeEw % T, dbst, 100094;2. w1 E TR 5 b i 564 e, db3t, 100094
3. WEEKRFLEWHA, dbal, 100084;4. Li#OGSE TR A, i, 201899)

ot

O WOLSEE TR ENE (LPT) 2 WL TCF ri KA EEMEB 2 — . Wi #OCHEORAE ] LPT K14 7)
TH, JEHERSEAIN) Z K. R, T8 H0OE LPT fEARZTER B B 247 i AR v 1 . FRATT6E T PIC A%
UBEFE 1 98 At WOG IR T 2B 22 DO 2 Bk 2 UM (SRS) ORI S AL I R . BB, FEARZRIERNBL, 585 I
JeH AR St i By A T 4K 3h SRS R ZU A A, L RO A Al T A VEBAR T o S S A A B, B8 O
P e 9 P UK P 5 Bl B 2 RS BOR A% AR o KPR RE R IE I SRS MRACH B 45 A B TR (BPW) %, dd R
SEPEIE AN, IR O T AT R R, AR 51 R L A/ R S e 5 O . R T I R YR IO AR RR A, T A
AR T P 1 I AR KR FL T o LA R R S e 1 R O AR A S A R A A R T I 6. TE%IE I F 14. 78%.
EREE R T S B RN AR FE A O LPT B2, IRy B S MOE MBI SR IG5 SRR T 2% .

KR BHELOREAR; WO BOCEE TR 2B 2

70



FLmm R E EYEEF RS KR IENEE

HEDP 2023-138

HMHRST X &R IEETERERREG

MRioag 12 Eak T AR U ogko% Ui P OXARF D e !

(1 B TR EE T b WORRAR R FE G, DU 44BH 621900,
2B R WIS B RN A E W E A E, i 200433)

2 AEBHELRURAR SIS T TR R R S T R B P AR L DX B AR A2 Wi R T i 0 R S
7 1) b B S R A R, BRI SRR B R 2 U IR T 1) B SRR o A T — R A AR T 4
RIS X RIEIEAT R AR 075 3o Bk AR AR T 42 2B AR AR BAT R G IR IR = 28 23 8045 J2 2 B I [ 4
2T BRI BRI, FRE A T R AR RN 4 S R A, st N 4R R R IR AN [
PoRE b sk i e AT DL O T RAEZ AR T S RAT R, ARSI KDY 16mme BOGIR I AR T4
SRAR I RE, JER A A SE A A s AR T B SR TR Amm HE NGRS AT AR .
Ao 0 B AN ) 53k ) T A 5 SRAT AR I s 4 R SR RE 0 IR A 5 1 T R O B R G sz HoAt )=
(L5370 B 7

K. SETARCH, EMTaR, FEERRBE R, B

HEDP 2023-142

Alpha PIFZEHF THIELE DT BT kM

AR, gk, RRAE, MW, Rk, kIR
AL SR 08 5 3 5550 92T

2 BELREA ACF) M0 H AR A BRI RE R FESCBLL 98 R L) DT R SR NTARE. b DT
AR [ B AR FE R p K 2B R R L — o BN RN opr UM 32 2] DT & 7 BB RERZ MY, SEHIE
DUBR A 1% RORE (AL - SR A P E Gamow W I . Gamow U IZE iy T FAGH B, HORL T80 H 1z /N T b T s RE 11
R o W RAFFEZN RN (1 n AR 5 Hh BTik 1) alpha R 73R i fEHD , SR XH R THE, KBS H KR
N7 3 S S S . B4, AR 4 alpha RIS THE A SN A R AR DT SRR AR P I RE B AR O R,
EHABEHIA T 5t DT &1 DAL 7KL 1R Q] SR A5 XA TUARRE « ik, AT 1 A gets Hoki 7 e ia b % A A B
AEAT, G B BN AT N EEAT RS SR L, TR SR B alpha KL T RER VIR LLKE BRI T DT R T RERE
WS TSR . WFFT AL, 3.5MeV [ alpha ¥i77E 5 DT Ri-fflf i Bk 47 fe B UTARIN 7 S BOZ AL R H 5 DT KL 1 3K13
WL R R, PRI AP B A, R E BN T Gamow W BRI KL T A H DA R R R A . 4k, BT
i R T 4IE 751538 W], alpha K SRR BATBOR AU A A R 98, 3 DO T SRR AR U7 VR A 2 10 [ e S A . R
G 1 Bragg U P I AN A B K1 85 BEAC R BOI AL, B R A5 B 1 85 S8 R 2/ T BH R A R 4 45 2R

KE . BUEARER: ok THis; RA KN E R
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HEDP 2023-146

TaxOs iR B /NFL = NN IB AR 1% 1T 5 SR UG U6 E

Z gk, BRRE, R, K&, £i%, BRiE, FEE, FLEK,

A A srdrE, TRM, kR
CAE RN W3 5 v F 80 5 pr, db s 100094)
FTEm, EX, RAL, A4, T8, FHEE, =4, FRE, Kbh, &
%,%%% RAFE, Rk, THF, R, Pai, ELRE, HHE, JNHFH,
whE, B, bR, Ak, FE, FELAR, RV F, kB, &, %, B
Y, HOE, FEE, NEE, N—8, BEK, KRB, K4gE
CPE TR R BOCRET PO, I 458 6219000

W OE: REEZRAKEE (NP @EZEXREREBHEA (CBET) M T HumEOtENEA B EMIK
WIFEAEN Py WRBNASKE B 1) B, &5 & T R A AR e MR F ], SO T MR IR S PE L R R AR Sk ke . Hor, NIF
210808 K H EA: B IRsh & % E I AL (HDC) , 7 1L.9MI HOLREE &M, 774 ~1.37M) o TJlhE, B Ikse
WMT YRR Sk NIEMB R (SCPY B AT IE\THARIRE AR, ZBh IR A BRI RIBAE (Y.=0) ,
E AR EAE B Py AXS AR 8, HAGETEM S AMAE . 7% NIF 210808 fi K ¥, ASC4H— Sk #
IR R R R 1L.6MI LR R IR S, B E SRl 7 ~3.5MJ sl EE K3 26 G~2.2), A5 T NIF210808
PR ~2.6 f5. SBJPEpBE R AR 2E F Ta0s MK (~30mglce) HHEMEALTR A Y 4 BRED AN K BRI 2 1 B3 T i) 3 3
JRIF. Wit 7 R ER 2400um PNESEENIL, 3 — DU B0 - AR A SRR T ~19%. £ 5% S koS
W TS, TE 100k WOk B FFE TS B SR IR I00E . B2k, B TIE B mE A B M6 %14, R
U7 TR TN ERBOCE OGS HEAT 7 R . XA A SE R RISEEL T AR S K BhIR E Tr~220eV . DD HF
FEER > 1E9 (NI RE . Lk, AL BB, SEIL T NEE B AR 1000pm hFL (R E RN RS BOBEAN
RO IR R AR R ~14 £, NIRFEAR R ~6 5. s T ANEEDILBOGEANN AT SR EGEE. RE, JF
JE T AR P Ta,Os MK BE S BEIZ SN2 Wi s . R T s K K Tk IK B 464~ (Tr~130eV, t~4ns) Ta,Os iiE
BEMHDGIR S S I R E SR . &5, ERFERFRIRBN &AM T, @i O A B iRl &5 )y X B RS T W+
FPEH~20 £, N153 37458 7 /NiE s e DD 7724 (5.6E10) , OG- #EAAE B A& M F ~10%. #FEF] 100k]
% B AR BRSNS e AT 5 a5 ok 7 RER I ELAR Y B HE AT 2 R B 25, SIS BN S A K T RO -HE ML RE B A
ARERE (~15%)

KW SRS TaOsiliks MEOBEATL:  EE NIF2EHE; 100k #OG3EE;  N210808
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B JEm e R LY HE T ER YRR 2 E

HEDP 2023-152

FANXFEAR. THERENEEFE
I 37 B A 32

BRE KR
o B R 55 B 5 90T

o OE: UEESEE T RREE TR B L R R AR (ICR) R E ARy . AT T — B % X4 & A3
R LI B 7 FE R SR R B, KT R EHLIT SGII %% B R A5 BAR VL A0k I & 1 A TR RLRITAS
() BE IR 26 A T 45 1 M s B AT o P 58 B AR R o SR8 R B, AR RO B 26 1, BEHT Cu iR
E%%?%”ﬁﬁﬁfﬁ%?%)‘ Al I LA B TR, RN K RSB Ll P 1] 40 e 2 3 55 0 1 (A W8 AL A 32
o X ONTChE T SR R B AR 2 R R AR I SR g T 2

KEgim. PRk y‘t%JF{//zJE BT AR

HEDP 2023-154

AREEERLSFTHES PRIFNIEF N

MR 1, Rk, RIR2 R4gx 12

(L e R R A B S HORFE T G, JE5 1008715 2. Abut R I 5 i S50 AT T, Jbst 100094)

O BOLZRERAR (ICF) U, WA Ak RM AR E I K J AF BE A AR R B 5 AR B 9 B0R &
SO JE AR 5 K KA AR B o WEFEAR B, SR vh L5 B IR 3 O £ 3 R v A7 4 B8 35 I B B2 RN . ke, ?ﬂaﬂ]H
WAL S PIC BEHUAMHL &, JPR TIRGWA-PIC FEF, MShBEZMENIT T RM AREMER Y BUR & .
B R R N, d T Eh BN 2, ORGSR W AR SR BT ARBEIN A 22—k 7 R &R, Hy WL
AR IRIE = 1% LA b, XL HAT N E] T RM AN RUEPEAR RS M ™ A BEAh, FE RM AR E P
Wt Re b, 3y B B s s T RERE R B 2R r Y, R AT AR O T AR A S A o T 37 RE R R
FAAE, Ja 310 2 XCI ) HL - A S il FE AR B T 3T B AR 1S DL T R T 10%Lh B [ B A4 i fi 5h
RM AFeE MERF GG, X E IS AT A AT 2R .

K. PN, RMARRE: HAEHREY: BTRES
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HEDP 2023-159

R 0 T 8 ) - S B TR A FE MK I 5

HEEOH WM FEREL D M5, EAAY, Kk 815 &
AR 25, FER LSO & & 193

(1. HEBEBEDIG T, ERBEREMEERT A0, b 1001905 2. FEFER K W %P, dba 100049;
3. RS Y, WS EFAAEWE SSLRE, FIF 200240, 4. EERRTE, HEE LY A CESTKE, JE
100101;5. E#AZIB A IFSA R A1 h0, B 200240, 6. A LA Rl S2E&s, )74 %5E 523808)

 OE: BOuRMISEMEN - ARELE (RTD 2R EOE I AL A N R IERE R BE R 3 . EXUHEXS 1
sk (DCD) 7 S5 DA B R AR 3~ I B B, 75 SO0 51 NS IR Ibk ot s 18 37 ok 51 T B o AN IR 3 B
TAHMTLRPRA T AT R AR R P R BT, HXS RTI R R AT RERZ M th 75 ZIR A
WEFL ERO6 N BOERE B, IATRIA x S8 6 UG AT 18] 73 #r et FLAR LI & 1 AS 5] HR i S50 o) ~F i 2 b ) R
WK, fESEI T, T A R RS SN ST T B P AT M AN NG, BETT TS RTI SEGE LR . B0 25
REH, SESICFAT MR AE S T ORTI MG AR, JRHREER 1 F A 20 BB R 77 2R K X S5 2 0] T ) B A 1)
S o

KGR MkofoRii; FRA - E N OUHEX KT S WORE

HEDP 2023-164

EiF Au EBFFARIESI 1= ( Kinetic )
[ RERELSLIEH R

REE | ELIR?, FHES, RRW, ReF AR FRK ] A LRET ), B
B!, RFEW!, £X5, £E, FRE?, HEHK!
LA E TREYET R o6 R FG, N4 6219005 2. Jba K H % Ft, JbaliEiE 100081;
3. o E TR ELAT T BE AL 5N A 5 e AU Be, db e, 100094)

W OE: RRVIBE L SRR AT TN R o R 5% FR) 2l g 2 RS e DA TR i3 B el L, BRATTA B R A M
B RV RIED MRS T LUK Ins (XCRBOEAE - R Y, 38 I I 45 B T R A RO L AR SR
A Au S B TR A o PR AL, DL S A A 18] R LR A 1 SR AT B S A S R, AL Au EE T
AR LT BRI 43 50 ) 2 RONERE 7= AR A 2 T R RBOL AR BEAL ™ AR ) MBI 3008 &, HE Tl g TR IR,
IBFNHL) 7-8 M. FN, TYERGUATTREL, SR AR R AR, R RE R R EE RS E T, ik
AER A J R, FRE— 2D TR R R D B IR I R v 7 A RO BT A T R BCHEA . A, R
X P IRAS R HOE BE B 55 88 744 1Al 7 A2 1 S AL i A S AR AT 7 B, MR IR RO BE AT I, 7 A2 6 DA
LS Sk AR S S G, Sl R AT IS BN, A B ) SR AL X, G N AL AT A R I 4 A X PR ) . AR
FEH) 25 F 5 45 1 Xt 1k — 25 41 Ak B AR = B B ) EE A |CF BIF 70 1 BE A B ) A S, T SR AT ORTE

KEEWR . BUELREA; 2N RN S, SEATH AR Rk
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HEDP 2023-166

FAERNEBE AL R NRTRETR

3 S 2 23 2
EEH!,  mEHR XMHBR K AP

(1. PER R RS YA %R, dbal 100049; 2. FEEN S B Eier 5 AT, dblEt R AW EE R R H 0, Jba 100190; 3
ARE RIS RCER, MOCEE TR EWES LR, i 2002405 4. LlE KRS IFSA HhEGIH O,
i 200240)

o OE NG AT K SO TR AR S ORI R 1 A 1 06 By 3R O SRR A5 S L LE KT ET BAAy s
TR DX 33 BBt DX AR A SRR DX 35K o R P SR IR AU B R 8 S 4% 7 T AL A S 0 48 BB DX 3R e A AT AR AR %%T
DUBR 0 e e o B o USSR AR, HERABWAEE “ Mg iigR” o Bl airabl F1IER
S INBE R R 2 ST UTARAT 9 R S (R IR L AR DI P AR AT BT, R T 5 §%%W%Mmﬁﬂfﬁfw
ﬂ%*%ﬁﬁﬂ%ﬁﬂ%ﬁﬁﬁkﬁfmﬁ%,Eﬁ%%%?%%ﬁﬂ?%ﬁﬁk w?mR—umyu%£§
AN, 2 KPS KRB S P T R A B 90,82 MeV, 3 K 240.90 MeV. il F 2 i b7 A5 Y 38 7T LA 11 4%

BETE sl KW EAFN A AR SR AR P2 B ﬂ%:%%%m%ﬁ?osumwmﬁ—%%%%m%&ﬁijummﬁ
ARATASE R IEAT T 300, R I AR AT AR AL S BUE AL W) A R 4T
KER: WORERD; WHENT S K MBI ok A SIUIR; AT Y

HEDP 2023-167

WHEXE R N T REFNEFEFSHAFILE

FOT, REA, O ERME RER 2, R B
IZC,H;%JEE 3,4, .7%3}_ ]g] 1,2,3,5’ ﬁ" ';];‘ 1,3,4

(1. db st R E R b0 T E AR EA R, JEE0 100190; 2. hEEE RS WBIRESEBE, b 100049; 3.
FEAEKR T IFSA P FEAIRT L, b 200240; 4. BRI KT WEERCER, L 200240; 5. M liBid Rl SRIE, AR
7R 5E 523808)

#OE: WHESCKOT RS, X TR E B — R A HE - R RO R R AT . AE I 0 R A
TR S L E S i I B A LG A I AR T R A PR IR A S R TR . 10 psTRIBOGTT A IR L IR S5 K
$8 55 B T R DU 0 A B i KR E o B S S B TR RS X I AR T A K I R R B K S T B AREL A B
7125 AR, AR TR0 N i S A I TR B ROBAE S I AR AT AT T2 W ad o B DT S B A ik
FEAE 3 A0 R A3 M T ) i DX 3 S 4 DU S R B R R AT o e I PR R AR AT W 29300 ps, A A0 X B

T340 ~ 390 eV ], X455 E TR L 80,78,
KHER: Rk BWmESE T XL RS E; FIIREED; R FRETH

75



FLmm R E EYEEF RS KR IENEE

HEDP 2023-172

ZAsmPIEREREIEFESE
uu.'ﬂgzj]jj %*EM

KA
B30 S2 FEL 9P 55 - SEBCHF 50

ﬁ . EBREARESL ACPH WY, BERE BRI A 2 SEBRKER T RIS ARIE R
i 36 F 4E OMEGA 30/ Wit A 5 ik it (NIF) b 3EAT A SERAE B 1 AR 3 5098 & rh i B 40 B 2808 i
ﬁm TEARTAER, AVRM T — Fhkb 035 5 AT 22 20 70 i ) 32, e B T F0 IR B 40 B X R & AR
BRI, BRI CAEREMATH: (O R T —NMREATPEZH R ST B EES, (b)) fif
F AT e S AL 58 T IR b4 2 A 4 ish h 5 R -Z2 8 (RT) AR HI R . g d A2 /NS HE (Kn
<< 1) [ARBRT H 8 AF 1 Z 41 Baer-Nunziato A28 &L IR . A4 By HoEdE W, B ERE —
AMREACHESE . ik, JE4E Baer-Nunziato BRY [F) 5 28 RRAE 45 1 7EAR RAEBE B ARG 14k, 78 {7 B LA PRAR B2
S TE R RE T A A U R AR T R o FRATTIE AR T SRAR T B L S B 1) v AR SR A v o BT T AR M A Y
FEAE T, AT — P TR B R L R A (ICP) BB Bt RT A A R sz m . A B
GERFW, T AR A o AR 2 R s iR A o 2 TR S AL RT AfsoE i, B BA B EMGIEN.
XigiE: AN, BEME, YWRY L, BRSNS R E

HEDP 2023-176

EHEEFES FE R ZMALS 0N @ FEa st

Bl E2E L BFRF L BB AR !

(WK, Kb 410000:2 Jbst B YL S o S ECA AT AU T, Jbat 10008853 % BEE TOK%%,  JfERS 232001)

O WOCSE R TR E M (LP) S 151 249 SR SR A2 (1CF) o v AR g e 1Y) =80 22 i L, 456 52 9 hr = UK (SR'S)
SZAT BN HUH (SBS) XS B 1A 52748 (TPD) S 131, oy T- WO Al & (¥ 451 26 0 7= A 3 v 1 PR BLEAT T34, SRS
SUE T T Z M-, FEREN AR SIS B TR R, NSHBOGTE — 8 A B AT RO, £ RS W B
KAEHUS IR TS, i T BUDCI T AR, 8P ) SRS L2A FIREUNE R WRBUD R E 5N 4
SeREAN S, W52 2 5 HUH (SRBS)P, W SREUN e R B 5 NI SR BAIL LR, W 2k 2 00l #U
(SRSS)I101M, F i |, 2k & M EUH (SRSS) AT AE A — MRS FR IR, RIVEIUH 5 0 22 FR RO, BN 2 i
SO R, ERAAATARBARIEL . FreL, WATEASTHEIL T SRSS HAUS IERHIA, JFANHLE
EE T HRAERAE, RS 4 PIC B B 1 IR R EON MO, A RS B DL T
PR D] BTN W) £ B0l BEAh, FEREIUR R B, EECH S I 1 B A R R A R, HO R A A AN A
s, U R AT A B A IR T, X AT RE SR LPL ) AR RN o 7 A R B SRR B L B SE
RSO T, BB A ARKERIENR, £ ENSHEE N, R Z 00 ER AR BIS.

K UL L RIS OGS B TR AR S8 I S B 2 O s B (0 ) ER S A T
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HEDP 2023-178

MR BRI MR R IR 1L
RE ST KB

EEm k2 wR Fakl, a4k
(1. dea B A5 oF S = oS A, Ak s, 100094; 2. [E TR b WO R A PO, M) 4B 6219000

o OE. T, O Re B A ) R R A R HE R S 50 e e BUAS 3.5 X 10 R i T A R A — 4R
#) 10% (YOC~10%) . %%zt sl AR R B ALHLEI, FRATR 4L Bk Al AR = 4 Je #% B ¥R 1) LARED-S 27
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i B RSUETHEATEERREENEM. Jil, JLFIT S8, xR B, AR,
HO AL S AT Pk TR GO &% (K77 VA R A o SRS b 5% & A R SN IEAE S B R R, Xt 3
BUZSHAEE B T MRS B A B R A] BEAN ), (AU B I B 8 R A R I SRR AR W L2 o IO TR
Mo AR — AR AR I 5% G O SR K kT RE R QL 2L, (A K 2 P 2 1 45

AR, R T RSO E, ISR TR AT i, TR AR RS TR IR b R S ) R 9% 7Li(D,n)
(TR SR AR R S SRS 7E ST DI J PR A5 B - AR S5 v TR SRR SR ST, R FRL T S RSN 0 L R M) T AL
o NHRHE IR AR AN SIS s, e A R FRAN S X R

KR WO, SR RRNIE
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HEDP 2023-010

B IREFRSBET 93mMo K HXT
92Mo FFE R KB = X

#Lw!, F MH2L Kxm!l, ¥ !
(L MRS, BORHSHORS B, W 0T 4210015 2 b TRMIERIE: BOLRAT S, W 4 621900)

i OE: FARRREFHIOCRERN AT RIES REER, IR EHZ AR BT A 1 2 B ENH .
93mMo 2T 7T I LTSRN AZ OR (NEEC) I B AL & . Ak, HEIRER 93mMo R AR k. (EARTAE
o, BT I SE IR E B Tl I SR O Bk R S T 93Nb(p, n) SN A R A A 93mMo. 244 R 4R IR A ps 1 100
J OBk AR IR AR SRR, AEREZRRE By 2425keV (21/2+, T1/2=6.85h) T =4 93mMo, 4l 1.8%<106 i /K .
FH L 93mMo F=AE IR (E 2R 4108 1017 MR8, XWEAASER FinESEbmb AN RER. #H—5, &
IRESE T 93mMo XA 4+ I RAKYIIE p #% &K 92Mo 7= A FIBIR B2 . ®F 52 & B, 93Nb(p, n)93mMo % N &
P4 93mMo [ E B A GRS, I H.Z M 93mMo =42 92Mo I [ B RE RS W AN 25 AN . BhAk, FRATT U
Bl ST R BEENE(p, n) RN REWEAZ R PGER, FNESHE S~ AR FRBRITHF S Maxwell-
Boltzmann 4345 » BATHIG R, BOLHE SRR THRNHEM p A ERIFRE T — 508 ig%, IR =4 R
B EARNF R

XKHER: FZFREE 93mMo; BOGIIER FI: (p, n)R M REMIE K ME; [FAE 92Mo

HEDP 2023-011

AL B G ® v B3 % v |
BEFH R FER

R 2 ERF 2 KAIE 2 AEE 2 FEB 2 RFE D BEE 2
ARV E@HE 12, 2% 2 RKE V2 B F 12 hHE I kG2
RAEFI. ZERY ANKREY Tl 4 Sk 2AF 4 RF R E
LAbR K%M E SEEAE X E SRS, Jbal 100871; 2. Jbgt R EOCE CE 0, dbat 101407; 395185 K% ES g
TAEBE, WEE KV 410012; A EET ReREART AR BT ST, JEa 102413)

 E:FEFRERLE - RYRAAEN KRS ZBUES ) BEERRE, BORA R E R & n ik 13.8MeV (208Pb,
T1/2=60ns) , #IK{L N 8.3eV (229Th, T1/2=7ps) , HI-FMHK A BT T FEH Ed, EREW. ZRMHL
HFIAZ RAR YAk R B EEAEH . 281, HTBZ AERIME T, 3 W8 LR B 48 1 Y A% S B A =
RIS R R LT 3E 236 A B, XA — e R R LR &I 7 AR SR U A R 8 - AR TAESRAE 7 —Fh A A 0% IR
BRI oy S 2R A% IS AR 1) R R T i (R A R BE R AT AR 2R y RS AT T vk, LB ER A (] oy T
EFIW ps 2, BEETHRPE R T 1019/5(>8 MeV), & T(y, xn), (v, xp), (v, o), FEE(y, DAL N 18 5575 iy R %
SRERIT I,

SO AR Jb 5K 2% 200TW S0 ik 2% bk 47[1,2,3], R FH 306 B 3% hn ik ( Laser Wakefield Acceleration, LWFA)
PR IR B R TR AR X R A3 2 WA 43.1 ms 1 115In(y,  n)114m2in B TR BUHE, 7EZR RS KA

89



FLmm R E EYEEF RS KR IENEE

JRUAE 1 R, SRIE ROV T In JOR MR S50 A% I N BRI SR AL 1 BB o AT iR SLONIR N T R A
o AL R R R PO T — AR IR AR, A AN R SR R S A .
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HEDP 2023-020

W IR 5 FREBE RO BB TSI 5

Ak BRFER FTER
624 05 S L 72 BT )

# E: e Hsh % (Strong-field Quantum Electrodynamics) s F% 1) &3 H0H: A BE AL 14 4 2 XA T 2 i
HE) /)% . B8iF SF-QED FHFM —NEZE H LR B WREA 5SS TR EIER . Bl B a7 %
AN ST A 7 PR SR IO Bk 3R Bl (¥ QED B 1Bk, A5 SCTE IE FL T PR AN SR T R R T R AL ) BB BT
RIL, P BE AL B AR08 A0 A0 A B ik v T LS B B R A, (HRTE RN - 1)@A$%A&$H§QT“B’J
MRS A S RERE2)H TR TN, FIATRESHI /AR SEEE 2N ER T, X4 7 —H
Giit 5 iR IR ) SF-QED i FE v B & 1 25 S AR AIE

KB WmHETHEINE, MTHRE, BT

HEDP 2023-023

Bk 28 E R EIHRL QED BT

R ARAH
CRigAS K%, WM R, B 200240)

WE ket B — RO R IR A 7 B, KRB AT PLsE 1012wl Bkt 2 00 B 8 A R K,
TEFP T (A RBE b, BRI 25 5 A N 2t FOPAT U5 ) Bk HAR R0 HEL 37 o 12 37 P 5 A6 ) Wl 38 2 Je o e o
Sl H, Ko PRI R T R RIS . 8 TRB—MREIRZ, Goldreich AT Julian 4 kv & & B2
ZAH — A IR TS TR R EEZ [11[2], VAR R EPAT A B . XL IE T S TR R R T AR
H QED It #2, HlEfEr v e IEm oAt v b7, yOU FRHEACONIESR B X, MEIMW M IHESERSZ
Ko

ARG H, AT kbt BRJZE P4k QED B FE I S Wi Fu ik g, & AR v b T 1wk
PERT, DA RO TE SR 0 2 AR R R e o AT I B AL 7 VA AR SRR P AT PIC FEF . X P R AR
J7 FL A AR TR 0% 1 4% S R IE SRR 7 PR AR AR, R A T IE SR T HR AR T IRAR AN, PEAN AT UL S
AT AT TAE3][4]. AR &5 R AR~ T ko £ 042 o i 2245 5 Ccurvature radiation) F R 2545 44 (synchrotron
radiation) EAHANEKDCF MR . H4h, 55— RBOCE S 74 BAE A B2, il 2585 o7 3k 3505
LA R T IE S TR A
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HEDP 2023-030

SR GEE SRS WHREEER

#A
Crp BB R R D
B OE: MREOCSYREA AR Z N T RO R SRR s R PRI A R
X R YRS U o ELA% 8 (9 TR 4% w5 DD A HOL S5 W B ELAF B T B OR8N SR O S Bt S Hok Sl K
Hh S AR ) AR R O SR AR TR A R MO R 5K A % D' U5 R A O S e (EUGH R U A I )z K Ok
ik o FE RO B AR L B AR X o B O RE R UIR X BE R, AR e T BARMEHEAT A RO 4% . IR IR
AR 58T 37 A 42 18 T 2RO S5 ) AR LA T RS AT 1 RGN SR IR 7T L 45 A BUE IR B T — SR LR, i
R R AR B GR I) SE 36 S BE 7T R EL R AR AR IE 7 AR LRI K BH X5 i B J= A I (10 B K R et G 5 T S R PO
AT R A DAL D« WA MG SR BOL Bl Bk G DO AR ROG TR B BOR . FERE SR WO R AR W 7 %=
S5 o AR 0T BRI 7 4R R T WO 5 W UM BAE X — W 007 R AT R R, A SR R P A L W
PRAE T NS A & Ve
KER: WIFRBOCEMFARLAEN, sklin, ML

HEDP 2023-035

B R B X AF £ 14 IR W B S Y 2 0

KA FH
L K2 )

@ OF: BATHIIT 7 B IR LR AR X Rk T B0 Al 2 b R A O R Ol 1 AR NS A
sl Y BN . fE3RY QED , BIEMA Y RAEM X WIRE TR/, B Ay & — MR REEeh. A
FFARBIE TE 1 I A I ALLAE 3R 2 1 B U v B Rk o Dbt BRATESGE 1 T BB AT 1 i R 42 ) M SR R B
R, SR A o W AR T xR S O 3 h R A s e e T AT R . AR A Baier A1 Katkov 58 T 54T
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HEDP 2023-047

A B 37 B N3 3R Bh By Sl R ~T R B il

FWER; BA; T4 BER; B4TF; % ALK,
RE R, MKk HRAEH

(QUER SN )

B OF. BkoR P U R R SRR AR A PR IR S N IR SGBRE  R T, A St kst R U TR T
PBRSFR (mm 8. BReF PSR (ns B 4R), fE LASEBLm 2 8] 20 M o O 0 WRAC T F) v ox B JRE b 1 B AR
AHE T TARSR 7 —F™ AR NIRRT R K o b TR SR S, B BOLEE T R A TNk SR
JE etk RS BURAR )N L fE 100 TW Bolt Bt b, &t MeV #EE M7 IR & 7R SF 4 500 pm.
FRELI (]2 36 ps AU PR o TR RORO ST il A Hik vk b 1 U BB A DR b W (0 BE B 0 R AR m BT,
fE£ 1.65 MeV THEAE 100 eV, XA M T H & PR op 5 AR AN Hh -3 47 B PR A TR PO R N B

KR Reb s ESRERBOE BOLRBSINE; SO RN

HEDP 2023-049

ETHE Gamow-like B R E FiZH) o R
A A S

B AR, AR

(1 E B RHE K2, 2%, K¥b 410073)

B OE: EARTEF, RATED SN P Gamow-like BEALFEAT 7 ki, HWHH T o AR
TR TT. 5 A5REY], JEAL Gamow-like B AE T 47 i 75 & S0 Hiodls, HAR L & 7 5ER I, BB
SRR S B0 B0 A R A 0 PO T o 2 2R 0 Rl P SR S 5 e TN S S S PO A 0 BT RS S R, RAS R T
IG5 B G -SSR R E . BeAh, RATWAEH LA Gamow-like BIRHFE IR T K 7e 451, TEIEHT 5T I ATE
AR AN [R] 3 B AZ 0 AR A T AN S IR Bl A S R M PR TR, KRBT R — AN T R SR T RE R 162, X
T AR AT RE AT R T R R T A B A AT ) S5 T A R

KHEim: Gamow-like BEAL; o 3EAZ; JRFHBUNTE; Feait; W R TREAR
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B TR S IR A e E A
ElRReERILNE
ik 2R LKA R A 125 Rk 1B g LR E 12D kE 121y

BOLIFH KD R EA AR SR 2

(1 dbsU R BB S5EEARERE G2k, b 100871; 2. JbatMEEOEIEE B o, Jbat 101407; 3. WM K% W
SRR T, WK K 4100120

B

B OE: U B SN R IR [ A% S RE 3 A LA AL S R L RS AL ) AR A R A A B A A R
AEER L HTEILRUREY B 225 CLAPA SER = 200 TW B 2% E, I HOE R B s it o 7 7 o e 315
WA 55 2 1019~20/s. UL REENETBIEH MeV. BKSENEt ps MBS, & T 6 SRR~ 2 48 K
[ J5 7 8 2% LURFF C o SR OGN S IR EAT T 197 Au(y, xn) R OGRS (I &, 15 1 197Au 19 2 17 K 41 il
14 ) 0 S T 2 4B DA K 196m,gAu [ [FL B R REFR bL o IR T T IR TR BE AR LS B L RES R L R B0 Al o
JEZ BRI B S 5 SR R S R 5 SR T xS TR A G S AT L A AR SRR L AR A% R MR K B A%
MR ErE, g T — RANEIGUTRERAE T AR B, A TALYS THE S5 R AR BT 7™ A4 — R [R5+ e R KD
SR, JFai N Geantd BT REAT 5 RALL, SRIT TR OGRS 6L S R T — L R 7] B SR RE R K T AT
Pho TR AR, TR T X A7 i [7] A% 5 R 2R AT AR 2 I R A S T R

KR WOLHTINE, WBGES RN FRFRER

HEDP 2023-052

B IREH BREAL “BIE A TREFS

FR, EaM 2 Fadh 12, Sk, Rk, R8H2, MEO, EXE?, £
TR, FAXY, EE, BA, PXE, AL, RE2
(1. AE5UR MBS H S ECERT S AT, JbET 100094; 2. JbRURy: MAMEE ARG O EETYEGI. BB S R

AREZFELLKE, b 100871; 3. JFE FReFstbt ZEAE 7R, dbal 102413;
4. bR R% e T ari R o, dbst 100871)

v

W OE: QEZHCRESPTRELOREZ — RPN EHEREREDMXR, AEEEEZR. &
1M, H T ARE MR RR S RE AR 0 22 (K R 2Rk, IR G5 A4 AT R 4 Rp WL IR A7 72 18 o [Ny =3 W00 43 48 455 3 1)
BR 1), Jo068 HL T 1 DX SR e 20 HE LN o 3K BLFRATTH HY 17— ol A ST 36 7 58 P DR AE SI2 36 = Pl i v T 3 ok
W IF TR 4 X S5 LA IR 5 A TR PSR AL (KIS W, M) P o A = A S A T S AR R S T R 5 R R
YR B R S i R, Rk — B I T SR U R AT EEE Gl O R B, A 2 R A 2
Wi A e 25 R S TR IR AR B /14T 8 T HIR Oy ARG (B 0=3.5) IUTEOL, BUA ARRES T et
T 7 A R K SO T A S 8 TR A A T s R R 8 PR 808 0 s 2 08 K o O ol s X A DR 485 00 1T ) S 3%
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HEDP 2023-065

Manipulation of $\gamma$-ray polarization in
Compton scattering

Yu Wang; Mamutjan Ababekri; Feng Wan; Jia-Xing Wen; Wen-Qing Wei;Zhong-Peng
Li;Hai-Tao Kang; Bo Zhang; Yong-Tao Zhao; Wei-Min Zhou; Jian-Xing Li

P 222030 R )

Abstract: : High-brilliance high-polarization $\gamma$ rays based on Compton scattering are of great significance
in broad areas, such as nuclear, high-energy, astro-physics, etc. However, the transfer mechanism of spin angular
momentum in the transition from linear, through weakly into strongly nonlinear processes is still unclear, which severely
limits the simultaneous control of brilliance and polarization of high-energy $\gamma$ rays. In this work, we investigate
the manipulation mechanism of high-quality polarized $\gamma$ rays in Compton scattering of the ultrarelativistic
electron beam colliding with an intense laser pulse. We find that the contradiction lies in the simultaneous achievement
of high-brilliance and high-polarization of $\gamma$ rays by increasing laser intensity, since the polarization is
predominately contributed by the electron (laser photon) spin via multi-photon (single-photon) absorption channel.
Moreover, we confirm that the signature of $\gamma$-ray polarization can be applied for observing the nonlinear effects
(multi-photon absorption) of Compton scattering with moderate-intensity laser facilities.

Keywords: Compton Scattering;$\gamma$-ray;polarization
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XA T PR RRNE FIEEHR

x| opy 2, X R, AGEYP!
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(1. KIEF TR WH¥%EE, KiE 116024)
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3+1 R B RIEAB Schwinger MY

x| 44

(FEIF R PER %% p, KE 300071)

A OE. 31N E A RAEHH Schwinger RN, D FEREAT ELAE I ARSR AR, (R AT T SEANBUE
R AR W . RS RE R T HEAR B M Bt A, KT SRR B AR # B, Schwinger 2808 T AT Ay i
POk TR R A R B0 R IEAS, FEAE SRR A E L TR B 0B 1 ST i B Uik, R R R E
r A BT BN, PR IER AT IR H o XA THEAME R IR T T S e, hRE R
HAE S AE IR Schwinger 0822 6k 95 52 4 2208 B 0 24P . 1207 DOMME R AR bR B I A 2 iR % T
FRATT X A 5t Fi 357 B I 0 30
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i OE: Lok, AR SHIEAE R @ WA T B AR HOL R E, Bl i RO R E
(SULF) . Rk Mot 2 36 at Bt CELID 5% X RBWOLA B0 — A HE 2 H br 2 SRR W w537 51 4R 24k
QED RN JZ FL R o B2 MK 3w 0t 3 5 W SR LA T v B VF 22 W BRI A6 A P R R B T TR 4, IRIE R 20T
RER IS SRR TT, PO AR R SLIG 0T 732 At 225 MBI Bl o 3], FRATIR Y 7 — M 437 i B2 05 5 R AT
FuRY QED AU, R M R AN S S GeV NS S 2. 1207 R RVSIURR 2 A AN FEAE OB ke Bk S
& A FH ARG 18 B A [ RS O B AR AR o el T AR i B e sROR AT MEAOK AR . 229N PR . K
MK vEA 1012 B wmot 74, IR SR AT DU AR Uy SR U R UL B SR AT BT R AR e R
GeV i £, A E N5 QED WBE. RMEL. 1 e B S U6 5 O M B A5 ATUSURIT 7T B R T Bl

KR 5% QED M NSHES; KRS %S AT

HEDP 2023-099

Strong laser driven votex gamma photons and
vortex photonuclear reaction
Jian-Xing Li

Abstract: Vortex y photons with intrinsic orbital angular momenta (OAM) possess a wealth of applications in
various fields, e.g., strong-laser, nuclear, particle and astro-physics, yet their generation remains unsettled. In our recent
works, we investigate the generation of vortex y photons via nonlinear Compton scattering of ultrarelativistic electrons
in a circularly polarized laser pulse. We develop a quantum electrodynamics scattering theory that explicitly addresses
the multiphoton absorption and the angular momentum conservation. We find that, emitted y photons possess intrinsic
OAM as a consequence of spin-to-orbital angular momentum transfer, and they are in a mixed state of different OAM
modes due to the finite pulse shape of the laser. Moreover, the nonlinear Breit-Wheeler scattering of the vortex y photon
in a strong laser can reveal the phase structures of the vortex y photons. Our findings emphasize the special role played
by the intense laser regarding both generation and detection of vortex y photons, and call for further investigations.

Meanwhile, traditional photonuclear reactions primarily excite giant dipole resonances, making the measurement
of isovector giant resonances with higher multipolarties a great challenge. In our recent works, the manipulation of
collective excitations of different multipole transitions in nuclei via vortex y photons has also been investigated. We
develop the calculation method for photonuclear cross sections induced by the vortex y photon beam using the fully self-

consistent random-phase approximation plus particle-vibration coupling (RPA+PVC) model based on Skyrme density
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functional. We find that the electromagnetic transitions with multipolarity J < my are forbidden for vortex y photons due
to the angular momentum conservation, with my being the projection of total angular momentum of y photon on its
propagation direction. For instance, this allows for probing the isovector giant quadrupole resonance without interference
from dipole transitions using vortex y photons with my = 2. The electromagnetic transitions with J > my are strongly
suppressed compared with the plane-wave-y-photon case, and even vanish at specific polar angles. Therefore, the giant
resonances with specific multipolarity can be extracted via vortex y photons. Moreover, the vortex properties of y photons
can be meticulously diagnosed by measuring the nuclear photon-absorption cross section. Our method opens new
avenues for photonuclear excitations, generation of coherent y photon laser and precise detection of vortex particles, and
consequently, has significant impact on nuclear physics, nuclear astrophysics and strong laser physics.
Keywords: Breit-Wheeler Process Dressed in Intense Laser Field
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HEDP 2023-0125

Production of Multioriented Polarization for
Relativistic Electron Beams via a Mutable
Filter for Nonlinear Compton Scattering

Lig#k;, BT, 25 E
kzke)

Abstract: We propose a feasible scenario for directly polarizing a relativistic electron beam and obtain an overall
polarization in various directions through a filter mechanism for single-shot collisions between an ultrarelativistic
unpolarized electron beam and an ultraintense circularly polarized laser pulse. The electrons are scattered over a large
angular range of several degrees, and the polarization states of the electrons are connected with their spatial positions
after the collision. Therefore, we can employ a filter to filter out a part of the scattered electrons based on their position,
and obtain a high degree of overall polarization for the filtered beam. Through Monte Carlo simulations with
consideration of spin, polarizations with a degree of up to 62% in arbitrary transverse directions and a longitudinal
polarization of up to 10% are obtained for filtered beams with currently achievable laser intensities.We analyze
theoretically the formation of the distribution of the scattered electrons and investigate the influence of different initial
parameters through simulations to demonstrate the robustness of our scheme. This scenario provides a simple and flexible
way to produce relativistic polarized electron beams with various polarization directions.

Keywords: beam polarization; quantum description of light matter interaction

HEDP 2023-0127

Generation of medical radioisotopes through
laser induced (y,p) reaction

KA %
CIEBR B 2B )

Abstract: Generally, short-lived medical isotopes and/or their generators are produced in nuclear reactors and
cyclotrons. However, considering the environmental concerns and economic costs posed by these traditional approaches,
laser-induced photon-nuclear reactions can serve as a potentially supplementary method. In this work, we have used
both experiment results and PIC-GEANT4 simulations to demonstrate a promising way of medical isotope production.
We have developed a model capable of calculating isotope yields under various laser conditions and acceleration
mechanisms. Using this method, it has been shown that a 10 Hz 30 fs 4J laser pulse is well suited to the production of
therapeutic amounts of medical radionuclides (47Sc,67Cu) .

Keywords: laser-driven y-photons, photonuclear reaction, isotope production
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Experimental study of high yield neutron
source based on multi reaction channels

Cui Bo'*; Zhang Zhimeng'; Qi Wei!; Deng Zhigang'; He Shukai'; Teng Jian!;
Zhang Bo'; Wu Di?;
(1. Science and Technology on Plasma Physics Laboratory, Research Center of Laser Fusion, CAEP, Mianyang 621900, China;

2. State Key Laboratory of Nuclear Physics and Technology, Peking University, Beijing 100871, China
e-mail (*): cuijiali326@126.com)

Abstract: Intense short-pulse laser driven neutron source (LDNS) has the characteristics of micro focus, short
pulse duration and high fluence. It has attracted extensive attention and interests in the world. LDNS of the laser-ion
driven method (pitcher-catcher method) is most possible to achieve high yield and to meet the application requirements.

Our research group had carried out many experiments about LDNS in the XGIII laser facility at the Laser Fusion
Research Center of the Chinese Academy of Physics, and hitherto reaches the yield of 2x109 n/sr using a 147 J
picosecond laser with intensity of 6 <L019W/cm2. Compare with our former experiments, the yield is increased about 10
times by using advanced TNSA target and more efficient convertor.

Keywords: laser pulse neutron source; neutron yield; neutron converter; multi reaction channels
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Systematic study of laser-assisted proton
radioactivity and o decay from deformed nuclei

iR ARE
Crr N R A i 22 [ 5 BB oK 28D

Abstract: The ultrahigh-intensity laser has provided a new tool to explore the firmly bound nuclear matter. To
obtain achievable quantitative evaluations of the laser influences on proton radioactivity and a decay, we present a
systematic study of the laser-assisted proton radioactivity and o decay of deformed nuclei based on the state-of-the-art
Gaussian laser. The calculated results show that ultrahigh-intensity laser fields affect the decay half-life by changing the
penetration probability to some small but finite extent. Moreover, we found that the rate of change of the penetration
probability is negatively related to the released energy of proton radioactivity. To obtain a more significant average rate
of change in penetration probability, we study the effect of the chirp-laser pulse on the average rate of change in proton
radioactivity penetration probability. It is shown that the rational use of a positive chirp is equivalent to increasing the
laser intensity by two orders of magnitude. Furthermore, the relationship between laser properties and the average rate
of change of the a decay penetration probability is investigated. The calculations indicate that the shorter the wavelength
of the laser pulse is, the larger the average rate of change of the penetration probability.

Keywords: laser; proton radioactivity; a decay
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Three-dimensional Dynamic Optical Trapping
using non-iterative computer-generated
holography

Fengyu Sun,'** Linwei Zhu,>" Wenpeng Wang,',* Zhiyong Shi,! Yanqi Liu,! Yi Xu,!
Qiang Shi,> Yuxin Leng,!* Ruxin Li'-3"

(1State Key Laboratory of High Field Laser Physics and CAS Center for Excellence in Ultra-intense Laser Science, Shanghai Institute of
Optics and Fine Mechanics (SIOM), Chinese Academy of Sciences (CAS), Shanghai 201800, China.; 2School of Physics and
Optoelectronic Engineering, Ludong University, Yantai 264025, China; 3School of Physical Science and Technology, ShanghaiTech
University, Shanghai 201210, China ; 4University of Chinese Academy of Sciences, Beijing 100049, China; 5Yantai Magie-Nano

Technology Co. Ltd., Yantai 264006, China)

Abstract: Holographic optical trapping enables three-dimensional (3D) particle manipulation based on a traditional
iterative algorithm. However, this type of particle manipulation is typically unstable. It is challenging to realize
continuous dynamic 3D optical trapping because uniformity and a unique solution cannot be obtained over several time-
consuming iterations. In this study, highly uniform 3D multifocal spots were generated via non-iterative algorithms
(using a complex amplitude coding method and fan-shaped subzone phase method) to realize stable dynamic optical
trapping for 3D particle manipulation. The corresponding experimental results pave the way for potential applications
of colloid transport and the micro-assembly of objects in the micro-operation field.

Keywords: Optical Trapping, Computer-generated Holography, Non-iterative, Three-dimensional

HEDP 2023-038

Plasma harmonic generation for highly efficient
Breit-Wheeler pair creation

Suo Tang

(College of Physics and Optoelectronic Engineering, Ocean University of China, Qingdao, China)

Abstract: Observation of efficient Breit-Wheeler electron-positron pair creation is one of the main goals for
modern-day strong laser-particle experiments. We propose exploring this process by colliding plasma generated
harmonics, from currently available laser pulses, with a beam of GeV photons. We show that the creation yield is
enhanced for more than one order of magnitude, compared with the yield obtained without high-harmonic generation.
The robustness of the yield enhancement is demonstrated by considering multiple interaction parameters and the
potential photon source for the upcoming experiments. Moreover, we show that due to the evident field asymmetry in
the plasma-generated harmonics, the spin polarization of the created pairs could be as high as 60%.

Keywords: plasma harmonic generation, Breit-Wheeler pair creation
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Dose rate Assessment of Spot-Scanning Very
High Energy Electrons Radiotherapy Driven by
Laser Plasma Acceleration

Jianfeng Lv!-2, Xingyi Zhao'?, Jiaxin Liu'-2, Di Wu'2, Gen Yang'2:3,a), Minglei Kang* a),
Xueqing Yan'2,a)
G PN=D)

Abstract: Laser plasma accelerators (LPA) can produce very high energy electrons (VHEE) with ultra-short bunch
duration, which may facilitate the application of ultra-high dose rate radiotherapy (FLASH-RT) to treat deep-seated
tumors. The study aims to evaluate the dose rate delivery by spot-scanning VHEE beams produced by LPA and to discuss
the feasibility and beam specifications for FLASH-RT implementation. Various dose rate metrics, including averaged
dose rate (ADR), dose-averaged dose rate (DADR), and dose-threshold dose rate (DTDR), are examined in the context
of spot-scanning. Theoretical analysis and Monte Carlo simulations are employed to quantify the dose rate distribution
for a water phantom and explore the impact of beam parameters. All the beam parameters are based on experimental
results. With a lower pulse repetition rate of 5 Hz, ADR can only reach a dose rate in the order of 10°(-1) Gy/s, while
attaining the FLASH-RT dose rate of 40 Gy/s necessitates the utilization of high-power lasers with a kilohertz working
repetition rate. In contrast to ADR, DADR and DTDR remain independent of the scanning path and can reach the ultra-
high dose rate surpassing 10714  Gy/s at the phantom surface. Meanwhile, the ultrashort electron bunch can be stretched
during the scattering within the water, resulting in a dependence of DADR and DTDR on the penetration depth. Both
the charge per shot and angular spread are important parameters in dose rate calculations. This investigation offers
insights into the practical beam parameters for preclinical applications and supplies guidance for designing the LPAS
suitable for future spot-scanning VHEE FLASH-RT.

Keywords: laser plasma acceleration, very high energy electron, dose rate
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Generation and Regulation of Electromagnetic
pulses generated by femtosecond lasers
interacting with multi targets

Yadong Xia!2, Qiangyou He'?, Di Wu!2, Defeng Kong!, Dongjun Zhang?, Jiaxin Liu'-2
Ping Zhu?®, Wenjun Ma'!-2, Xueqing Yan!? and Chen Lin'-2-*
(1State Key Laboratory of Nuclear Physics and Technology, and Key Laboratory of HEDP of the Ministry of Education, CAPT, Pekin g
University, Beijing 100871, China; 2Beijing Laser Acceleration Innovation Center, Beijing 101407, China; 3National Laboratory on High
Power Laser and Physics, Shanghai Institute of Optics and Fine, Chinese Academy of Sciences, Shanghai, 201800, China. ;
*1c0812@pku.edu.cn )

Abstract: Ultra-short and powerful laser interaction with the target will produce intense and wide band
electromagnetic pulses (EMPs). In this study, we report EMPs generated by the interactions between 1 PW (30 fs,
1.4x1020 W/cm2) and 200 TW (30 fs, 6 1019 W/cm2) femtosecond (fs) lasers with plastic, metal, nanowire-array and
gaseous targets. The effects of target configuration on EMP spatial distribution, time domain, frequency domain and
radiation energy are thoroughly unveiled. The results indicate EMPs for metal targets show larger amplitudes at varying
angles than those from plastic targets, and gaseous targets produce more polarized EMPs. EMPs induced by nanowire-
array targets are remarkably enhanced. The peak values of EMPs triggered by PW laser are about 3 to 6 times higher
than TW laser, and the corresponding spectra are broader. The study paves a new avenue to regulate EMPs by controlling
laser power and targets and also beneficial for electromagnetic shielding design.

Keywords: electromagnetic pulses, femtosecond laser, time domain, frequency domain, targets
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