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University: Recent progress
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Abstract: The emergence and rapid advancement of ultrafast and ultraintense lasers have created unprecedented
extreme physical conditions and novel experimental methods, significantly deepening and expanding our
understanding of the laws governing the objective world. These developments have greatly promoted innovation in
basic and frontier interdisciplinary fields as well as strategic high technology areas. Particle acceleration using the
interaction of ultrafast and ultraintense lasers with plasmas is regarded as a next-generation technology for accelerators
and radiation sources. It offers the potential to shrink the footprint of conventional accelerator facilities by two orders
of magnitude. This dramatic reduction in size greatly expands the applicability of accelerator and radiation source
technologies in industry, national defense, medicine, and scientific research, enabling transformative possibilities such
as precision nondestructive testing of critical components, ultralow dose and high precision tumor diagnostics, novel
low damage radiotherapy methods, and tabletop ultrafast light sources. The ultrafast and ultraintense laser platform at
Zhengzhou University introduced in this paper is precisely such a next-generation facility dedicated to advanced laser
accelerator research and applications. In addition, this article provides a systematic review of the significant progress
achieved by Zhengzhou University in recent years in strong-field physics and advanced accelerator science.
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Fig. 2 Layout of repetition rate 1 Hz PW ultrashort and ultraintense laser and laser acceleration system

2 M| Hz PW RS HE 5 80t KO I AT 5T 2R S8 A A Js)

2 BMKFEFRER

TGS R~ R RO 5 i i s AT R LS, AT G R A T SR W B S e
WEFEHTA . PN S A R 5 | op R 2 e e RE W) BRATT 5T T . b [ Bk B L ¥ 1L P BRLBIE 5 T, LA S LB B Bk =
FheA I i 25 [ A A0 1 O 55 8 7 O DF 52 AT AR SZ T BB I SRR SC &R o 7EROE T | BOtH
TR 5T LSl I S T [ B R IT T ST, IR AE R XL i B ARORAR . RO B BOR SR
WS PR EOR 1 BUR5EME, MG HCR B 5 R [ A AN RIAT B )2 ST
21 ETERBOL R AR IG5 2 B R T nE

R, WOL BT I bz SR B AR 7 A AR T 2 B, B0 B R RE R AR L ARFCRAT . B EIAG
e WM T 2R A, HXPBOCS B U ML, BT T i A% B AR A O B 7 s BOR A B

031006-4



7B, SR MRS B R R EOLT & B ik LWt

e LA, PRI T 32 0 ] A Ah s B Iz SR TE o S B RS
T A OB A TR T BAT T OK RUBE RO B2 B OK BE O
P15 SRR A, SR K SIS BB A o A 7R S 5 A HL Bk
o BEXHZIRE, FATBCE LA B 2 BE a5 i e iy 1
— T TRRD ORI R AL SRR A D R
7 R — SR 2 A% 1% 0 I PRGROE (RE & B+ =2 45, K98
29100 fs) , 38 = A il 5 i Ot 37 WL R A A, S B AR A )
L i) 4 R A B S Sh AR, A 3 R o dl B R
O 14 25 i) 5 BE A, T AR SO ER S5 PP R R S A 1 R A
P AR TR . AL OB AE T A TR A R X O
SRR R, A (AT D AR, DA T e 3 RO R e

43 I AR DX e A T 0 A ) o X
B 45 SRR, IZ AR AT AR 1 58 O 5 SRR BAE ]

hydrogen gas jet
initial density:
10" cm3~102°cm™ proton energy
spectrometers

m
(30~60 mJ, ~1 )

Fig.3 Experimental setup
B3 S e B A

ghadow graph?

main beam
(1.571,30 fs, 6 um)

Np
sr-MeV

Ig ( )

200 200

150 150

rh ST i S RS . i — 2D SR A 15 I SR O, o.
16 bR b 3 A T iR R i ik 5 MeV IMERL AR T3, L % 100 100
T 480 0E 1 FEBA T 2019 45 BF 4 1 B A AR M i e B 00,
O EE YR, 8 2 200 &SR, dF — R T ORED 30 >0
WOCHRIE Iy R B A& RIF RSB, sl 4 fros o st h & =
T 3O AR SR A P 00 B T AR T — S S AT AT presnr oy by ax.
ﬁ*ﬂ%ﬂf, X S PR R A L AR IS G Y S 0 A energy/MeV
9\3 i HAREN, {E (a) line-gap (b) imploding  (c) imploding

- ° scheme at 0°  scheme at 0°  scheme at 45°
22 FAXENIECEFEREAGEARICRECERTE emission angle emission angle emission angle
'“.'. éi‘i *5 Fig. 4 Consecutive proton results for 200 shots for the two setups

WO R W I 235 K ) A S b B R e A R R 4 PIRNTST 200 YCHESE KUY I F S g0 4
st JBT, S T o) 249 DTS i g PRI & R xR B 3 e I 1 R FE L2 e - Be 1o b8 SR, 32 PR T HfeoK
G 73 () RUBE T I 6 S A (] VP R AT, S 50 0 o I ™ DR Bk o A R R G — MR, FRATTER G DA 68 51 BRI 2 B A AR
B R A REP AR XS BT 8 U5 (Femtosecond ultraRelativistic Electron Microscopy, FREM) X B i 377 Ak i FE #4755
BF 25 3 BE AR OO AR RO R o 3 7 A= 9 1 B K AD H  RVE S AR B, (R ) 2 R R B S A A, &
Yl J AT WETE W37 B 1) 2 3 EUAR o A B RED AR 38 L - S AR AR H R, I 1A BATE [ B b 8 Uk SE B 1 %k
ORI 37 4 JR A R AL B 25 B SR, R s O A R AR RIS ARL K B AL RO EK B R I 1)
SRR Bl JE I e 4 S O B R . KL 5(a) R TR TSI S B L Gl T AR B ) 2 A B A G
S B TR B A A, o z=0 X ARG I PG, 2 Bl E T ) R OGAERE I . B S(b) Hh, TRRRRE X I F T B O
B GG W8 7R 1 R B AL B = AN B 58— B B H I AR IO R B B B B (B1~B5) o 4 iR
JEE O ok v 55 SR EE b T R B A BRI, 0 R A B R BT IR T (B, B2) s B & BOLHE A 5 B 1
TRIX (B3), & I 4k A 3 Ak, 8 ] g R s/, R 5 R 8 K, b ik & AR R PR R I A 80 1 # W s TE )R
SLA R R (B4, BS), RREL0y A R LUV #E— D1 5R T R R . 5B B BoAl & R A AR M X R
S (B6. B7) o >4 & i 37 4 i it ok i 5L B AEL 1), &R 1 N 52 J2 L - A AR 0T it (B6) 5 [w] isf, WL 381 2 38 37 i 31
R S 1] S BB T K, UE S L VRS T AAREE S i Y 8 R BV (B7) o 5 = B BOR RO BK Bl 2 I 3 T By
Bt (B8~B10) . Ffi & WOGAE % FE T BEUT A A 6 JT 055 , 2 B 37 WU ML H OB 3l e S AR i Bk 3 (B8 ) o 5246 b
N, HL SR P A b S A5 4 o R TP R ) T (B9, B10), 52 B0 M ] B4 BH g 8, LA ) RUST il P - SR AR T
P, A G L RO K Bl 5 B A B ) MUBUARAE o X R4 U T RO R I8 B S OSUIR BOR A S R R
J& o A S Dy T R I AL, R T IR B A RO R TR i O B A BRI ) DA B S ) AR T B o T R
L
23 ETFHtmERMESBTFRTRENHAL

151 € HL - (Very High Energy Electrons, VHEE, fig i3t il 24 50~300 MeV) FHARE T4 58 = e X S B A3 Bl

031006-5



[N |

BT R

1) R0 e OB AR | AR T 5T/ S o A SR A R
A7, DA S Re 6% 52 30 fen I A 0 o R A AL 5, 3 A R 32 B [ B
WP U Tz T . WOG R I HL N (Laser Wakefield
Accelerator, LWFA ) fE A AR 1= 0 I s B, AN 75 76 22 K )
AH AR B B RN ECT 5 oK 0 o T AR B AT 72 246 MeV &=
G0 R, AR R TR0 I i R L TR R AR R
R b AT 5% GO 1o 4 BRI S, AT AR T
)5 ok 5 @A . FRATTIE A TRk R AR T L I AR 2 A A
A ) AF A 5 T 3O R D R R 1 R e R HL T D
AU (RFR WO 717 P, HE5 g an &l 6 firs . iz 5 Al
R EHA LRI (DE5 R, Bk S HmA/N T S m’,
o FEREIA BT AEE; (2)iafrhae, H&iEs— 1A
SEIBATHE Y, HRFRIA 10 h N [E] W AR (3) 7] 5 45 kG
A S B TR (4 24 50 3 A A A, SRR ) B Bl 45 ] AE T 2 oK
g0

Bifi Je , FRATTAR FH 3% Dt 75 2 e 6t /N BROBS A MR B AU R A7 T
PRS2 00 . 7 ] JWeg DX J0RG M 3 3% 5.8 Gy+0.2 Gy MY 7l )5,
ST A2 R /N B s S A e A A SO (BT 7))
5 K24 5 — B = B 19 B B ¢ Edge 1 X 5407 1%
A RON T 1Y SE IR A5 A L, WOt R T BT SR BRI A
FHY, FEAT B UE T3 T O n B 0 8 & Be R H T R
SRR TR o AR, FRATTHE i — IR AR O T JT R G

relative density modulation

|
(=]
(o)
—_

|
[N)
ISt = [t = It
b b

Bl i g -—1.25 mm——

|
N
O

B2 PRY ~——0.81 mm

|
N
[

B3 pAY z=0.35 mm

B4 25 SRR

[
)
O

B5 Y z=0.66 mm

y/um y/pm y/um y/um y/um y/um y/pum y/um y/um y/pm

é , —25
N B6 2(5) z=1.31 mm &
-25
B7 28 z=1.68 mm
-25
2L
B8 2(5) z=2.14 mm
—25
e ]
3l 0 -25
B 2(5) z=3.36 mm
) -25
1016 1018 -400 -300 —-200 —-100 O
nJem™ z/um
(a) diagnostic positions and (b) FREM image of wakefield
plasma density distribution
in the FREM setup

Fig. 5 The evolution of plasma wakefield
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Fig. 6 The LWFA-based VHEE therapy prototype
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