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VOLUME 84, NUMBER 5 PHYSICAL REVIEW LETTERS 31 JANUARY 2000

Photonuclear Physics when a Multiterawatt Laser Pulse Interacts with Solid Targets

K. W.D. Ledingham,' I. Spencer,! T. McCanny,' R.P. Singhal,! M.1. K. Santala,”> E. Clark,” I. Watts,> F.N. Beg,?
M. Zepf> K. Krushelnick,” M. Tatarakis,” A.E. Dangor,> P. A. Norreys,” R. Allott,> D. Neely,® R. J. Clark,?
A.C. Machacek4j S. Wark4 A. ] Cresswell > D.C.W. Sanderson,” and ]J. Maglll(’
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FIG. 1 (color). The arrangement for irradiating a number of *

FIG. 3 (color). The activities of the isotopes listed in text as a
function of time. The measured half-lives agree well with the
accepted values.

different targets simultaneously. All samples had dimensions
~10 X 10 X 3 mm. The copper target was used for normaliza-
tion of activities.
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v beam revolution of nuclear physics: similar to laser revolution of
atomic physics in’60s

vy rays: opens new nuclear physics

-measurement of neutron cross section of rare nuclei by inverse process (y, n)
-nuclear resonance fluorescence and spectroscopy
-particular excitation

*nuclear electroweak excitation such as parity measurement

*1somer creation

*particular excitation and interaction with inner-shell electrons
-manipulation of nuclei by more than one gamma pulse

*consecutive excitation to higher levels

*exploration of exotic nuclear states?

*
quantum control of nuclear states i 4 Toshiki Tajimai@ i
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v beam revolution of nuclear physics: similar to laser revolution of
atomic physics in’60s

vy rays: opens new nuclear physics (continued)
- polarized positrons
- non-contact and fast detection of nuclear materials
- monitoring of nuclear reprocessing
- transmutation of nucle1 with small neutron cross section
- materials research with nuclear resonance, Moessbauer

- cold neutron beam generation, etc. etc.

Dawn of Photonuclear Physics: similar to the eve of the laser invention,

spawning new atomic physics

14 [ Toshiki TajimaZdZ R &
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Nuclear astrophysics - the prediction of radiative neutron capture cross

sections for short—lived radioactive nuclei that are difficult to measure can
be obtained using inverse photoneutron reaction data near threshold

Abundances of 35 neutron deficient p—nuclides from 74Se to '°°Hg not

produced in neutron capture chains of s— or r—types could be explained using

photonuclear reactions data

p nuclei are very rare
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PHYSICAL REVIEW C 98, 054601 (2018)
B AR R MR E: H T RiEERELI-NPIIEJRR RS
TR SR 5 L
Determination of the photodisintegration reaction rates involving charged particles: Systematic

calculations and proposed measurements based on the facility for Extreme Light
Infrastructure—Nuclear Physics

H.Y. Lan,! Y. Xu,>* W. Luo," D. L. Balabanski,” S. Goriely,> M. La Cognata,* C. Matei,” A. Anzalone,* S. Chesnevskaya,’
G. L. Guardo,? D. Lattuada,” R. G. Pizzone,* S. Romano,*> C. Spitaleri,*> A. Taffara,* A. Tumino,*® and Z. C. Zhu'
ISchool of Nuclear Science and Technology, University of South China, 421001, Hengyang, China
2Extreme Light Infrastructure-Nuclear Physics, RO-077125, Magurele, Romania
3 Institut d’Astronomie et d’Astrophysique, CP-226, Universite Libre de Bruxelles, 1050, Brussels, Belgium
*INFN-Laboratori Nazionali del Sud, 95123, Catania, Italy
SDepartment of Physics and Astronomy, University of Catania, 95123, Catania, Italy
SKore University, 94100, Enna, Italy

® (Received 23 April 2018; revised manuscript received 2 August 2018; published 1 November 2018)

Photodisintegration reaction rates involving charged particles are relevant to the p-process nucleosynthesis that
aims at explaining the production of stable neutron-deficient nuclides heavier than iron. In this study, considering
the compound and pre-equilibrium reaction mechanisms, the cross sections and astrophysical rates of (y, p)
and (y, a) reactions for about 3000 target nuclei with 10 < Z < 100 ranging from stable to proton dripline

H. Y. Lan et al., Physical Review C 98, 054601 (2018)
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Reaction Discriminable channels E, (MeV) Contribution (%)
%Ru(y,pi)> Tc (v.p1) 9.0 — 10.0 95.4 — 99.4
BRu(y,p:)’" Te (7.p1) 9.5 —10.5 92.5 —99.2
SFe(v,p;)°>°Mn (v,ps) + (V,pe) 14.0 — 14.5 95.5 — 98.8 *
9%Ru(y,p;)*Tc (7,p1) + (7,pa) 105 —11.5 90.0 — 96.6
PSi(y,pi)*2Al (7-po) + (7.p1) 13.0 — 15.0 91.5 — 100 *
3Fe(y,p;)>>Mn (7,po) + (7.p1) 11.5-135 92.9 — 100 *

N7r(y,p)°Y (7,po) + (¥:p1) 10.0 — 12.5 94.9 — 100
87Sr(y,04)8Kr (7,00) + (7,011) 13.0 — 13.5 929 —97.0
123Te(y,0)1°Sn (7,00) + (7,01) 10.0 — 11.5 90.5 — 91.0
1981 (y,p;)8In (7,p0) + (7,p2) 12.5 — 145 90.0 — 91.0
125Te(y,0)'%'Sn (7,00) + (7,00) 11.0 — 125 90.0 — 91.3
102pq(y,p,)'9'Rh (Y:po) + (¥:p3) 9.5—-11.0 91.8 — 99.5
106Cd(y,pi) 1% Ag (7,po) + (7.p3) 9.5 —-10.5 90.8 — 98.0
15Sn(y,p) ' In (7,po) + (7.p3) 11.0 — 13.0 91.3 — 98.4
178n(y,p;)16In (7,p0) + (7,p3) 11.5 — 14.0 90.8 — 98.9
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H. Y. Lan et al., Nuclear resonance fluorescence drug inspection. Scientific Reports 11 (2021) 1306
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Nuclear medicine uses radiation

(1) to provide information about the morphology (/£#:%%) and functioning of a
person’s specific organs (73T l1%)

(2) but also to direct highly destructive charged particles to pathological sites/processes
aiming palliative or curative effects (U VEYT)
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Paula Gould, Nature 460, 312-313 (2009); Van Noorden, Nature 504, 202-204 (2013).
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Research Activity Isotope Issue/Action
Alpha therapy “CAC Current sources are limited. One valuable
At source for “*’Ac, extraction of **Th from
*12pp U may soon be lost.
Diagnostic dosimetry for Used in conjunction with
: 64 67
proven therapeutic agents Cu Cu therapy
Sy Y therapy
1241 11 therapy and immune-diagnosis
203py, 212py, therapy

The issue is the need for a coordinated
network of production facilities to provide
broad availability. There is need for R&D
for common target and chemical extraction
procedures.

Diagnostic tracer ®zr Immune-diagnosis

3.27 d half-life allows longer temporal
window for imaging of MoAbs,
metabolism, bioincorporation, stemcell
trafficking, etc.

Therapeutic *'Cu Requires specialized high-energy
production facilities and enriched targets.
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W. Luo et al., Appl. Phys. B 122, 8 (2016); Nucl. Sci. Tech. 27, 96 (2016)
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Cross
Target , e-beam  yp-ray  p-beam  Specific Amount
Product T}, (y,n) e B section O ax

a ener ener flux activity’™ per da
isotope  (day)  target , (MeV) rms. width (barn) 2 8y y'' per day
g

(MeV)  (MeV) (sh (mCi/g) (MBq)

(MeV)
PmTe 0.25 1'Mo0O; 0.40 14.5 2.09 0.15 650 14.7 10! 1.6 8.9
186Re 3.7 187Re  2.64 13.0 1.72 0.43 630 13.8 10 1.5 24.7
225Ac 10.0  2?Ra  0.63 12.0 1.65 0.29 600 12.6 10! 1.1 1.2
Cu 0.53 64Cu 1.12 17.0 2.27 0.09 710 17.6 10! 1.6 65

*An isotopic target with 2.0 mm radius and 1.0 cm thickness was used for calculation.
*Corresponds to a y-ray energy at the maximum of the reaction cross section.
"Corresponds to a saturation specific activity after a long enough irradiation integral.

* The optimum values of the on-axis y-beam energy at a LCS y-source facility, with respect to the
energy (E,) at the maximum of the reaction cross section (o,,,,) for the above discussed radioisotopes.
» Table 1 also shows the estimates of the achievable specific activities for *?Mo/?*™Tc, 225Ra/??°Ac,
186Re and *Cu radioisotopes which are of the order of a few mCi/g for thin targets with about one
gram of mass, a y-beam flux of 10! s and a beam radius of 2.5 mm for an optimized e-beam energy.

W. Luo et al., Appl. Phys. B 122, 8 (2016); Nucl. Sci. Tech. 27, 96 (2016)



B SAAZHIE R N AR -~ E AR E &
PRI SRBOGIRS Y|

Wakefield 00U e
350TW. 33f electrons 3 ~ ki
’ S _ €
\ nm&&ﬂﬁm
O A
Laser e ‘ Cﬁp‘,_) Cﬁ?
e N 3
Gas jet ' &)
' neutron
Cu
3R LIRS 4964 2Cu R 42 & A T
15
I e
— - /N
) 2 - A
=
10— .
@© L
<
o T - 10 - 25 MeV
3 ol —=— >25MeV
2 i 210 MeV
Ll EN = e
: R DR S Grmemimrmm o
L 1 | | |
0 0.5 1 15

Plasma density (nc)

1011

N

o
~
S)

-
o
©

T IIIIIII|

Photon number (/MeV)

-
o
3

Illllll

4 F #

= H

F

F-Y e

T I|[IIII|

¢ ®Cu(y,n)*cu 1
+6sCu(y,n)64Cu i

o

01".,:('|||)'||||||||||||

I 1 I 1
20 30 40

4

UNIVERSITY OF SOUTH CHINA

(@] (00} -
o o 8
Cross section (mbarn)

~
o

N
o

=1 AL BT R A5 R o9 MBS AL

A

Z. G. Ma et al., Matter and Radiation at Extremes 4, 064401 (2019)



MIZsEz B RN AR -—ERRNERSE

%Cu yield (/shot)

Production rate (/shot)

N
(@]
®
TT

107

H BB I = A

—e— W/O convertor
--=-- Ta convertor, 2 mm
--»--- Au convertor, 2 mm

Target thickness (mm)

—
o
[
LI

107:

—&— production

- B - detection

v by by by by
10 15 20 25 30 35

Target thickness (mm)

UNIVERSITY OF SOUTH CHINA

(=]

~

—

NEREAE

10°

10°

Activity (Bq)
3,

—
o
[S4)

—
(@)
[*2]
I IIIlIII| I IIIIIII| T IIIIIIl| I IIIII|T| I IIIIIII|

—
L

¢ RAL,''C
B RAL, '°F
2% This work, ®Cu

2 This work, #Cu

IIIIII| IIIINIl

—

o
—
©

107 107!
Laser irradiance (W cm’)

PETR {2z & ZF A% /) i r42 Bog

=4
*

UL LR P 2 K AL

AERIPETRATE WFl=E

Z. G. Ma et al., Matter and Radiation at Extremes 4, 064401 (2019)



MIgSetz ¥ B v AR -——BE AR EE ,ﬁéf i é
ETXGIEEKIEH R R4 LY

BESE: ~10017T,~0.9 ps; N, f&: 0.5-1.0 Mpa
B BF; B+ g V{4 : 2mm Ta + Smm Cu + Smm Ga,0,

—n

veS\\\\ R

Magnet i

mf///AI'/////Am

W E Jet Structure

-
wn
)
F
&)
Z
SN\

Image Plate

S Laser

A g Tet Optical Spectrometer

Long distance E] iﬁ %‘J%Iﬁi%ﬁnii%%&%i@%ﬁ%

Shoté (1Mpa)

-

Shot9 (0.7Mpa)

beam Shot10 (0.5Mpa)

N |
\ I
/
AN I /
/
N\ ! ps
\ | /
N | /
N Z
\. 1 /
D 1 ,
N /
N ! /
. 1 /

%

B_l_,lbble #_1 /_Conver_tor/Target
j 7, . _ _

AN
- \ #4
| N
! N
N
| .
I
I AN
| N
| N

Long distance
microscope

040608 1 1.2
P (Mpa)

Pinhole
camera

- "N L 1 1 1 1 1 1 1
7 10 20 40 10 15 20 25 30 35 40
E (MeV) Electron energy (MeV)

ATXGIIXEWERRAEE ZEKEBHA FRE AR T 69k & F i 5 A




MIZsEz B RN AR -—ERRNERSE 'ﬁ% } ?

N —t /M. Ny S
ETXGINEE R IEH R EFZAE SR
10°E
- 62.64C11.68Ga
: SH —Cu y
10%k 104 — 511keV of *“Cu
> f E — 511keV of *Cu
é 10%} © 3
o | = 10
c - C i
2 10°F > |
O @ 102;
10} ;
: x10°
1 PR T TN NN TN SR WA AT SN N S SN TN S T N SN NN R N Al . 0 2
0 200 400 600 800 1000 1200 1400 Ti .
Energy (keV) ime (min)
EA T a4 AR e O ST R M E 4 AT PE R 42 E 6L HCuI R T dh &,

WIS AT, ARIRITHE SRS B R R $24Cuf= & A5%10° per shot



MIgSetz ¥ B v AR -——BE AR EE 'ﬁ% } éf
ETXGIEEKIEH R R4 LY

—n

8
10 &
7
10"
5
>
6
2 10 -
=
©
Ll
K] 5
S 10k
g e)
4
10 :
0 1 2 3 4 5 6

En (MeV)

B INARME (LSD) R R ay T8 iE A



NES5REE

O BRI A R A BB D R T
i

R

O BT B st
HIX/INES SRR BN FE

O %

Aﬁﬁ;: K

O

-k

FEIRAF

= Ltb ]

THEz;

FIFE

XLERLH

LA CREMINERRIXZIRILCSHMIEES IR |, HAfSa

1R,

-k

2

RETTRE

IR RS R AN HYSRER i

A=

W%%Aﬂ
RIE,

E—

50 . IE

B

RELEMZS N EIRIERE ISR

EE S

-k

25

ST

7 £

iRy Ry

=, &7

FEANZZEE(E . BEMEY e
HREER.

FEEERE TR
br LR ZE .

. IR IEFERRIZ 2N

y

v =1V

i

—*/F

JRER |



- RE N A GE R E TR £
%/ﬂ/é/w 7///2 /

1L

RF TX

u s c University of South China



