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1896 H. Becquerel, from x-rays to 

U rays?  (Heavy Ion)
1898 M. and P. Curie, 

Polonium and Radium, Radioactivity
1911 Ernest Rutherford, 

theoretical picture 
of an atom

1919 E. Rutherford, 
the first nuclear reaction in lab , 14N+ ----> 17O + p

1931 W.Pauli proposed neutrino
1932 J. Chadwick discoveried neutron

1932 J.Cockcroft and E.Walton accelerator
1934 I. and F. Joloit-Curie, artificial radioactive isotope
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1935 H. Yukawa Pion meson theory

1936 N. Bohr Compound nuclei model

1938 O. Hahn and F. Starssmann, fission (energy: 200 MeV)

1 Kg (U)=

2.7x106Kg (coal)

1939 N. Bohr and J. Wheeler, liquid drop model for fission

1942 E. Fermi Reactor, Nuclear energy (52 tons 235U)

1945 J. R. Oppenheimer, Atomic nuclear bomb

1948 M. Mayer and J. H. Jensen, Shell model

1952 E. Teller Hydrogen bomb

1953 A. Bohr and B. Mottelson, Nuclear collective Model

2cME 

26.7MeV222HeH4 41   



4/16

Nuclear Science and Nuclear Science and 
TechnologyTechnology
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Applications ofApplications of Nuclear ScienceNuclear Science
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Heavy-Ion Accelerators at Intermediate Energies

1.
 

HIRFL, CSR/HIRFL (China)
2.

 
GANIL (France)

3.
 

GSI (Germany)
4.

 
NSCL/MSU

5.
 

RIKEN (Japan)
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Outline
1. Introduction 
2. Applications 

2.1 Cancer therapy 
2.2 Seed breeding
2.3 Space radiation
2.4 Problems

3. A Multi-scale microscopic dynamical model
4. Conclusions
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Natural  radiation from space and earth（15,000,000,000 years ！）

medical examination（x-rays, neutron, …）

Modification, evolution (Charles Robert Darwin), death…

Radiation is everywhere, all the time

animalplant human being
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A  Simple history
1. 1895，Wilhelm Konrad Roentgen

discovered  x-rays, won a 1901 
Nobel Prize

2. -rays,  e-,  n,  , …

3. Proton and heavy ions
In 1903, William Henry Bragg found a peak 

as 
 

particle penetration in materials (Bragg 
peak), shared the 1915 Nobel Prize with his son
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Bragg peak - discovered in 1904

William Henry Bragg

1. Bragg and Kleeman, On the ionization curves 
of radium, Philosophical Magazine, S.6, 
8(1904)726

2.Bragg, Die alpha-Strahlen des Radiums, 
Jahrbuch der Radioaktivitat und Elektronik, 
2(1905)4.

3.Bragg and Kleeman, On the alpha particles of 
radium, and their loss of range in passing 
through various atoms and molecules, 
Philosophical Magazine, S.6, 10(1905)318

William Lawrence Bragg
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13/16Physical advantages

PhysicsBeam verification Small range- 
straggling

Strong electro- 
magnetic radiation

Small lateral 
scatteringDeterminate range

1
2

4

36

5

(inverse dose profile) 
Bragg Curve

x,, n,p,HI,…
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1. Proton and HI therapy 
EU, Japan, China, USA,…

2. Seed breeding

3. Radioprotection
(Space, power stations, hospitals)

4. Origin of human beings, evolution 
of  species (to understand it 
from nuclear level)
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对照

12C5+  implantation to the sends of pink
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对照 中国凤仙1号“春霞”
（辐射变异：粉色）

中国凤仙2号“朝阳”
（辐射变异：红色）

Beijing Normal University, flowers (Balsamine)
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（10） 其它进展
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cockscombs (after radiations)
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黄妃舞

时尚

初夏

仙女散花

露半唇

Beijing Lotus Flower 
Park (collaboration)
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Lotus Seeds get larger
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Green pesticide (Avermitilis, Spinosad)

 Very low leave behind, easy decomposition 

with Sunlight,  friendly for health and environment

 The
 

price
 

is high !
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Prelimimary results –Spinosad- 
(collaboration with the Institute of Microbiology, CAS)
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Cosmic Rays 

Three kinds of space radiations 

solar protons 

high energy electrons and 
protons trapped by the Earth's 
magnetic field. 

南瓜身形如钟(Pumpkin) 彩棉是纯天然(Cotton ) 太空佛手茄子(Eggplant )

Chinese academy of agriculture：space seed breeding
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nucleolus

cell chromosome

DNA

Cell, nucleolus, chromosome, DNA

Heavy Ions Nuclear Process, Electron excitation

Relaxation, to a new structure

Common problem: heavy ion interactis with biomolecules
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mutation mechanism

DS Breaking

Cell DNA
Ionization radical

Secondary
particles

Heavy Ions

repair

excitation

SS Breakingwrong repair

can’t repair

survive
mutation

death

direct 
damage

damage

damage
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Experiments: biological molecule therapy with 
heavy charged particles

Myoglobin protein
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Physics analysis


 

Object (Solute, protein,DNA, etc)


 
solvent molecules (water, etc.)

 incident particles (heavy charged particles, 
x-rays, photons)

Physical process: projectile fragmentationprojectile fragmentation, 
ionization,electron transport and emission,
linear energy loss, strong potential energy and 
polarization, internal structure changes, etc.
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Outline
1. Introduction 
2. Applications 

2.1 Cancer therapy 
2.2 Seed breeding
2.3 Space radiation
2.4 Problems

3. A Multi-scale microscopic dynamical model 
4. Conclusions
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A multi-scale microscopic dynamic approach to 
study interaction of heavy ions with biomolecules
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Decomposition of this approach

(1). Nuclear multifragmentation (C, N, and Ne 
induced reactions)

(2). Electrons excitations during interactions of 
beam and/or fragments  with molecules

(3). Dose distributions
(4). Properties of sub-unit of DNA, such as 

adenine(A), thymine(T), C,G,U
(5). Structure changes of DNA

(6). Structure-->biological functions ?
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Nuclear Multifragmentation，
F. S. Zhang and L. X. Ge, 
Science Press, Beijing, 1998

(1)Nuclear Multifragmentation
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Zhang and Zhang and SuraudSuraud, , 

Phys. Rev. C51,1995,3201Phys. Rev. C51,1995,3201
40Ca+40Ca, 90 MeV/u

tot 1.5 x 10-24 cm2

frag 1.2 x 10-25 cm2

frag /tot 
 

8 %
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12C+12C, 28.7 MeV/u
Exp. Czudek et al, Phys. Rev. C43(1991)1248）
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12C+12C
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12C+14N
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12C+16O
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Isotope distributionsIsotope distributions
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54/16107Sn, 124Sn, 124La (600MeV/u)+124Sn
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x

y

z

Impact parameter

Charge

Orientation

HI + C2
 

H4
 

molecule

Energy (velocity)

bb

(2) Electron excitations and ionic motions(2) Electron excitations and ionic motions
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Collision process 02, 7 Q b a
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(a)influence of impact parameter  b (b)influence of velocity  

(a) (b)

b and v dependence
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Different charges 

06b a

3Q 6Q
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x

z

y

C2
 

H4
 

Explosion at Q=6

粒子辐照下分子的电子－离子关联动力学粒子辐照下分子的电子－离子关联动力学
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Contribution to the total energy deposition from secondary fragments produced 
in nuclear interactions of 330 MeV/u Carbon in water (Linear Energy Deposition 
as a function of penetration depth)

(3). Dose distributions(3). Dose distributions
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Secondary beam fragments produced by 200 and 400 MeV/u C6+ ions in water
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Structure of Uracil

（（44））Structure properties of Structure properties of biomoleculebiomolecule: U: U
(Wang, Zhang, Wang, Zhang, GuGu, Zhou, Zhou , 

Chinese Science Bulletin 51(2006)1804)
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Experimental data:
1. Graindourze, Grootaers, Smets, et al. J. Mol. Str.(Theochem), 237(1990)389 
2. Palafox, Rastogi, Spectrochim Acta，A58 (2002 )411 
3. Florian, Hrouda, Spectrochim Acta, A49(1993)921

Vibrational frequencies of Uracil
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Vibrational frequencies of hydrated Uracil (in cm-1)
(only vibration of U molecule)
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0.26 nm

2.8 nmMinor
groove

Major
groove

C GA T

T A
G C

C G
G C

T A

A T

G CT 
A

A TC G

A T

G C

1.2 nm

A DNA

1 nm

Major
groove

Minor
groove

A T

T A
G C

C G

C G
G C

T A

A T

G C
T A

A T
C G

0.34 nm

3.4 nm

B DNA

+34.7o Rotation/Bp
11 Bp/turn

-30.0o Rotation/Bp
12 Bp/turn

+34.6o Rotation/Bp
10.4 Bp/turn

C G
G C

G CC G

C G

G C
G C

G C
C G

G C
C G

0.57 nm

6.8 nm

0.9 nm

Z DNA

J.Chem.Phys.135（2011）034509, X. Shen et al

(5). Structure changes of DNA 



70/16

• C-DNA:
– Exists only under high dehydration conditions
– 9.3 bp/turn, 0.19 nm diameter and tilted bases

• D-DNA:
– Occurs in helices lacking guanine
– 8 bp/turn

• E-DNA:
– Like D-DNA lack guanine
– 7.5 bp/turn

• P-DNA:
– Artificially stretched DNA with phosphate groups found 

inside the long thin molecule and bases closer to the 
outside surface of the helix

– 2.62 bp/turn

Even More Forms Of DNA

BB--DNA appears to be the DNA appears to be the 
most common form most common form in in 
vivovivo.  However, under .  However, under 
some circumstances, some circumstances, 
alternative forms of DNA alternative forms of DNA 
may play a biologically may play a biologically 
significant role.significant role.
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“Knowing which properties of water are particularly sensitive to 
its structure can help to show how fine-tuned for life the liquid 
properties are”

What we most care for？

Factors to keep 
helix of DNA

base stacking

hydrogen-bonds

solvent

counterions

Solvent environmentWater

NATURE
 

Vol
 

.436
 

25 August 2005

“water in changing”， “counterions in changing”，
 “temperature in changing”

Temperature，pressure，
 free radical, etc.

DNA conformation transition ?
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22 Na+ neutralizing ions
5800 charge-scaled water

1 171d DNA
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DNA ： 171d   PDB  (Protein Date Bank)

d(CGCGAATTCGCG)

One cell:   Hexagonal(60 X 60 X 58 A3),  NVT, 298 K

171d DNA (1) + Na+ (22)neutralizing ions + H2 O（~5000）

NMR structure of a synthetic B-type dodecamer

Na+ interacts with DNA
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Charge Scale

Scale Charges(|e|) O/H Polarity(C·m×10-29)

0.6 -0.492/0.246 0.4551

0.7 -0.574/0.287 0.5310

0.8 -0.654/0.328 0.6068

1.0(SPC) -0.820/0.410 0.7585

1.2 -0.984/0.492 0.9102

Ions 

Ion σ (A) ε(kJ/mol)

Li+ 2.37 0.149

Na+ 2.73 0.358

K+ 3.36 0.568

Ru+ 3.36 0.568

Cs+ 3.57 1.602

Temperature Scale

T(K) 200 260 280 298 310 343 …
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(1)x-displacement(Xdp) 
(2)inclination angle(Inc) of 

a base-pair from helical 
axis, 

(3)sugar pucker angle (Phi) 
(4)end to end length (Len) 
(5)width of Major groove MW
(6)depth of Major groove MD
(7)width of minor groove mW
(8)depth of minor groove mD

Averaged DNA structure parameters (2 ns)
typical A(orange), B(blue), and starting PDB(red) 

A,
B,
171d
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空间分布函数
x-y截面

O(P)周围的Na+ B. Gu et al.,  PRL100 (2008) 088104
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Radial distribution functions (RDF) and the 
coordination no. of Na+

 
ions and H2

 

O

Na+

H2O
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Counterions effects



79/16

Temperature effects

With the 
temperature rises, 
DNA structure 
changes
to (A-B) Mix-DNA
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Li+、K+、Rb+、Cs+ induced 
DNA conformation changes
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Outline
1. Introduction 
2. Applications 

2.1 Cancer therapy 
2.2 Seed breeding
2.3 Space radiation
2.4 Problems

3. A Multi-scale microscopic dynamical model
4. Conclusions
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ConclusionsConclusions
A preliminary version of:

A multi-scale microscopic dynamic approach to study 
interaction of heavy ions with biomolecules


 

Smooth connections between different processes

Nucl.Elec.Relax.Micro-dose


 

Relationship between the structures and    

biological functions of biomolecules


 

Your ideas, suggestions, comments ? 
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