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1898 M. and P. Curie,
Polonium and Radium, Radioactivity
1911 Ernest Rutherford, m——
theoretical picture i
of an atom |
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1919 E. Rutherford,

the first nuclear reaction in lab , 1*N+ a----> 'O + p
1931 W.Pauli proposed neutrino
1932 J. Chadwick discoveried neutron

,Be+;He——"C+,n
1932 J.Cockcroft and E.Walton accelerator
1934 1. 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 (V)=
2.7x10%Kg (coal)

(a) (b)

1939 N. Bohr and J. Wheeler, liquid drop model for fission
1942 E. Fermi Reactor, Nuclear energy (52 tons 23°U)
1945 J. R. Oppenheimer, Atomic nuclear bomb

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

1952 E. Teller Hydrogen bomb
A'H——*He+ 28" + 2y +2v +26.7MeV

1953 A. Bohr and B. Mottelson, Nuclear collective Model
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Applications of Nuclear Science
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Heavy-Ion Accelerators at Intermediate Energies

104

1. HIRFL, CSR/HIRFL (China)
2. GANIL (France)
3. GSI (Germany)
4. NSCL/MSU 10°
5. RIKEN (Japan) ~
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HIRFL-CSR

94 Tm - 9 /N
WLLL Y-y REEN T A%
760 AMeV (12C6) s /A
500 AMeV U2t

12.1 Tm
1.1 AGeV(12C%)

520 AMeV U™+
2.8 GeV(p)
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Outline

1. Introduction
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Radiation is everywhere, all the time

Natural radiation from space and earth (15,000,000,000 years ! )

medical examination (x-rays, neutron, ...)

plant animal human being

Modification, evolution (Charles Robert Darwin), death...
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A Simple history

1. 1895, Wilhelm Konrad Roentgeny
discovered x-rays, wona 1901 |
Nobel Prize

2.y-rays, e, n, m,...

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

William Lawrence 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
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Fig. 1. Average linear energy deposition by 12C jions
in water. The beam energies are given 1n the boxes.

GEANT4 calculations are shown by histogrgbms; experi-
mental data from GSI (Sihver et al. 1998)[2(] are shown 11/16

by circles.



The Lawrence Brothers

TEE RN i; - Ernest Orlando Lawrence (1901-58)
' > "*t K 1% 1931 The first cyclotron was produced
= . % 4= .". "4 byLawrence and Livingston. It was
e TN ! "\ 4.5inches in diameter and used 1800V
: ~ to produce 80KeV protons.
/8 i —_ 1939 EOL was awarded the Nobel Prize
- 1A for his invention of the cyclotron.

E.O. Lawrence (right) poses with
his sixty inch cyclotron.

John H. Lawrence (1903-1991)
Ernest's younger brother John was

a Doctor of Medicine. He came to

the Radiation Laboratory in '35.

John Lawrence was the first to treat
cancer with cyclotrons when, in 1954, |
he began irradiating the pituitaries of 't k

patients with metastatic breast cancer. John H. Lawrence using the 60 inch
cyclotron to treat a patient with neutrons.




Xy, np.HI,... g*,?‘,@ e R
y "1=' =

Electric
LN

Muclear

Strong electro-

4 250 MeV/u

[300 Me\a‘.fui

magnetic radiation

1L L L 1
(o] 5 10 15
depth in water [cm]

(inverse dose profile)

Bragg Curve

Small range-
straggling

Beam verification

Small lateral
scattering

Physical advantages

Determinate range

13/16



. Proton and HI therapy
EU, Japan, China, USA,...

. Origin of human beings, evolution

of species (to understand it
from nuclear level)
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Outline

2. Applications
2.1 Cancer therapy
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HIRFL-CSR
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Outline

2. Applications

2.2 Seed breeding
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Beijing Normal University, flowers (Balsamine)
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Beijing Lotus Flower
Park (collaboration)
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Lotus Seeds get larger




R1 R2 X-Y
Avermectin Ala CH; CuHs CH=CH
Alb CHj CHjy CH=CH
AZa CHjs CaHs CH,~CH(OH)
AZb CH; CH; CHo~CH(OH)
Bla H CoH: CH=CH
Blb H CHj,4 CH=CH
B2a H CoHs CHy=CH(OH)
B2h H CH CH,-CH(OH)

s

® Ve

with Sunlight, friendly for health and environmen
® The price is high !

ry low leave behind, easy decomposition

o N
.;,‘_'-.' & 4--.-3”
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Streptomyces avermitilis sp. nov.
Irin I Svsr Eved. Microbioal, 52: 201 1-2014 (2002)



(collaboration with the Institute of Microbiology, CAS)
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peanut

B A

] Y-direction @ X-direction
2 | 2y
i & m_J
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Vanadium*(9x10%%/cm?) at 200keV,
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Outline

2. Applications

2.3 Space radiation
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Three kinds of space radiations
high energy electrons and
protons trapped by the Earth's
Cosmic Rays solar protons magnetic field.

Chinese academy of agriculture: space seed breeding

B RG Eagh(Pumpkin) | AR &4l KK (Cotton ) XA hF i1 (Eggplant )




Outline

2. Applications

2.4 Problems
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Common problem: heavy ion interactis with biomolecules

Nuclear Process, Electron excitation

Heavy lons

Relaxation, to a new structure

Cell, nucleolus, chromosome, DNA —_—



mutation mechanism

radical o’a,77 .
Q

o
o N
\O

direct
Heavy lons=—p Cell = Tamage /DNA
Ci[afi Q)%
\% Secondary a8
particles

survive —— repalr

mutation wrong repair >S Breaking *=

death  «———can’t repai DS Breaking«
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Experiments: biological molecule therapy with
heavy charged particles

Object molecule: Heavy charged particles, C

protein, DNA, etc.
Y% environment molecule
" 4P - Hp0, ethanol, etc.
Myoglobin protein
) :

o

6+

HZO




Physics analysis

® Object (Solute, protein,DNA, etc)

® solvent molecules (water, etc.)

® incident particles (heavy charged particles,
X-rays, photons)

©Physical process: projectile fragmentation,

a
—4

etc.
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Outline

3. A Multi-scale microscopic dynamical model
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A multi-scale microscopic dynamic approach to

hydrogen bond ) ) ) ' .
base 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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(1)Nuclear Multifragmentation

—E-F-§ oy

Nuclear Multifragmentation,
F.S. Zhang and L. X. Ge,
Science Press, Beljing, 1998




b=0fm

b=11m

FIG. 8. The correlations between the three largest frag-
ments of an event by a charge-Dalitz plot for the *°Ca+*"Ca
system at 90 MeV /nucleon with the events of impact param-
eters 0, 1, 2, 3, 4 fm and the mixing events with different
impact parameters except & = 0 fm. The number of events is
the same as in Fig. 5.

Zhang and Suraud,

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

Oyt #1.5 X 1024 cm?

Gfrag 1.2 X 102> cm?

~ 0
cSfrag / Oiot ® 8 %




12C+12C, 28.7 MeV/u

Exp. Czudek et al, Phys. Rev. C43(1991)1248)
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Fragmentation cross sections of 2YNe collisions
with different targets at 600 MeV /nucleon
Bao-An Bian *°, Feng-Shou Zhang ****, Hong-Yu Zhou *®

A The Key Laboratory of Beam Technology and Material Modification of Ministry of Education,
Institute of Low Energy Nuclear Physics, Beijing Normal University, Beijing 100875, China
b Beijing Radiarion Center, Beijing 100875, China
€ Center of Theoretical Nuclear Physics, National Laboratory of Heavy lon Accelerator of Lanzhou,
Lanzhon 730000, China

Received 5 February 2008; received in revised form 28 March 2008; accepted 30 March 2008
Available online 3 April 2008

Abstract

Within the framework of the isospin-dependent Boltzmann—Langevin equation, the production cross sec-
tions of fragments are calculated for reactions of Ne collisions with C, Al. Cu. Sn. Ta. and Pb targets at
600 MeV /nucleon. It is found that the production cross sections for fragments Z = 2 to 9 are qualitatively
reproduced by the present calculations except for C target. The enhancement of even-Z fragments (C, O)
cross sections shown in the experimental data is not well reproduced except for Ta target, however the ob-
served suppression of the F fragment cross sections is described very well. The suppression of F production
is discussed 1n terms of isotopic distribution of fragments. This is the first time to use the 1sospin-dependent
Boltzmann—Langevin equation model to calculate the fragmentation cross sections for these reaction sys-
tems.
© 2008 Elsevier B.V. All rights reserved.

PACS: 25.70.-z; 25.70.Pq; 98.70.Sa
Keyvwords: Low and intermediate energy heavy-ion reactions; Multifragment emission; Cosmic rays




Isotope distributions
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Odd-even effect in heavy-ion collisions at intermediate energies

Jun Su.'-? Feng-Shou Zhang,!->-*"

and Bao-An Bian?

LCollege of Nuclear Science and Technology, Beijing Normal University, 100875 Beijing, China
2Beijing Radiation Center, Beijing 100875, China
FCenter of Theoretical Nuclear Phvysics, National Laboratory of Heavy fon Accelerator of Lanzhou, Lanzhou 730000, China
*School of Science, Jiangnan University, Wuxi, Jiangsu 214122, China
(Received 7 December 2010; published 31 January 2011)

Heavy-ion collisions at intermediate energies are studied by the isospin-dependent quantum molecular

dynamics model in the company of the GEMNMINI model. The isospin-dependent quantum molecular dynamics

model is applied to describe the violent stage of the collisions. while the GEMINI model is applied to simulate

the decays of the prefragments. The present study mainly focuses on the odd-even effect in the wields of

the final fragments. We find that the odd-even effect appears in the deexcitation process of the excited

prefragments, and is affected by the excitation energics and the isotope distributions of the prefragments. Both the

projectile-isospin-dependent odd-even effect in the region of —4 = 7> = 1 and the role of the symmetry energy
on the odd-even effect are studied. We find that the odd-even effect depends sensitively on the symmetry energy.

DOI: 10.1103/PhysRevC.83.014608
PHYSICAL REVIEW C 83, 014608 (2011)
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FIG. 1. Fragment cross sections presented as charge distribution

for the reaction of *"Ne + *7Al at 600 MeV /nucleon. The experi-
mental data [29] are shown as open circles. The calculations by the
IQMD 4+ GEMINI model are shown as a solid line. The calculations
by other models are also shown: dashed line for Nucfrg2 [29], sohd
squares for Qmsfreg [29], and open stars for IBLE [35].
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FIG. 4. Experimental V(Z) (open cir-
cles) for fragments produced from the same
reactions as in Fig. 2, plotted in compari-
son with the calculations by the IQMD +
GEMINI model (solid lines).
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Isotopic dependence of nuclear temperatures

Jun Su'+ and Feng-Shou Zhang'~=-*"
' The Key Laboratory of Beam Technology and Material Modification of Ministry of Education, College of Nuclear Science and Technology.
Beijing Normal University, Beijing 100875, China
’Beijing Radiation Center, Beijing 1008735, China
*Center of Theoretical Nuclear Physics, National Laboratory of Heavy lon Accelerator of Lanzhou, Lanzhow 730000, China
(Received 28 June 201 1; published 1 September 2011}

A systematic study of isotope temperatures has been presented for heavy-ion collisions at 600 MeV /nucleon
via the isospin-dependent quantum molecular dynamics model in the company of the statistical decay model
(GEMINI). We find that the isospin dependence of the isotope temperatures in multifragmentation is weak;
however, this effect is still visible over a wide isotopic range. The isotope temperatures for the neutron-rich
projectiles are larger than those for the neutron-poor projectiles. We also find that the isotope temperatures
calculated by the model decrease with increasing nuclear mass.

DOIL: 10.1103/PhysRevC.84.037601 FACS number(s): 25.70.Mn, 25.70.Pq, 24.10.Lx
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(2) Electron excitations and ionic motions

HI + C,H, molecule
y

Energy (velocity)

Impact parameter

Charge

Orientation
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C,H, Explosion at Q=6
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(3). Dose distributions

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)
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Secondary beam fragments produced by 200 and 400 MeV/u C®* ions in water
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(4) Structure properties of biomolecule: U

Wang, Znang, Gu, Zhou

Structure of Uracill
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Vibrational frec

uencies of Uracil
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eigen modes of Uracil
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Vibrational frequencies of hydrated Uracil (in cm1)
(only vibration of U molecule)
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(5). Structure changes of DNA
J.Chem.Phys.135 (2011) 034509, X. Shen et al

: 2.8 nm

0.26 nm




Even More Forms Of DNA

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

D-DNA: B-DNA appears to be the
— Occurs in helices lacking guaninmost common form in

— 8 bp/turn vivo. However, under
E-DNA: some circumstances,

— Like D-DNA lack guanine alternative forms of DNA
— 7.5 bp/turn may play a biologically
P-DNA: significant role.

— 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
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DNA conformation transition ?
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‘Water = Solvent environment
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“Knowing which properties of water are particularly sensitive to
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PRL 100, 088104 (2008) PHYSICAL REVIEW LETTERS 29 FERRUARY 2008

Solvent-Induced DNA Conformational Transition

2.3.

B. Gu.'” E.S. Zhang,'”* Z.P. Wang,"” and H. Y. Zhou'~
'The Key Laboratory of Beam Technology and Material Modification of Ministry of Education, Institute of Low Energy Nuclear
Physics, Beijing Normal University, Beifing 100875, China
:Bffﬁng Radiation Center, Beljing 100875, China
*Center of Theoretical Nuclear Physics, National Laboratory of Heavy lon Accelerator of Lanzhou, Lanzhou 730000, China
(Received 15 October 2007: published 29 February 2003)

Modified water models with scaled charges are used to investigate solvent polarity effects on DIMNA
structure. Several intensive molecular dynamics simulations of the DNA EcoRl dodecamer
diCGCOAATTCGCG) in different model solvents are performed. When the polarity of the solvent
molecule decreases, from overpolarized to less polarized, DNA experiences the conformational transitions
of constrained — B form — (A-B)mix — A form. We demonstrate that one important cause of these
structure changes is the competition between hydration and direct cation coupling to the free oxygen
atoms in the phosphate groups on DMNA backbones.

DO 1001 103/ PhysReviett. 100.088 104 PACS numbers: 87146 —., 61.25.E o

cCodaa
CRIGGELOOC
LN T
CY AR
© oo

1 171d DNA
22 Na+ neutralizing ions

Y
=]
v
L]
(8]
=0
oo
D
o
';.
i

b
2

5800 charge-scaled water




Nat interacts with DNA

DNA : 171d PDB (Protein Date Bank)

NMR structure of a synthetic B-type dodecamer

d(CGCGAATTCGCG)

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

171d DNA (1) + Na* (22)neutralizing ions + H,O (~5000)



Charge Scale

Scale Charges(Je]) O/H | Polarity(C-m>X<10-%9) lons
0.6 -0.492/0.246 0.4551
2 o (A) e (kJ/mol)
0.7 -0.574/0.287 0.5310
' 0.149
0.8 -0.654/0.328 0.6068 Li+ 2.37
1.0(SPC) | -0.820/0.410 0.7585 Na+ 2.73 0.358
K+ 3.36 0.568
1.2 -0.984/0.492 0.9102
Ru+ 3.36 0.568
Cs+ 3.57 1.602
Temperature Scale
T(K) | 200 | 260 | 280 | 298 | 310 | 343
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Averaged DNA structure parameters (2 ns)
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Radial distribution functions (RDF) and the
coordination no. of Na® ions and H,0
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Solvent effects on the conformation of DNA dodecamer segment:
A simulation study
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Li*> K*. Rb*. Cs*induced
DNA conformation changes

151 (@) 298 K

a(r)

FIG. 8. EDFs of four ions around free phosphate oxygen atoms on the DNA
backbones at two temperature. (a) ions-0~-(P) at 298 K. (b) ions-0~ -(P) at

343 K. 80/16



Outline

4. Conclusions
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Conclusions

oA preliminary version of:

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

e Smooth connections between different processes
Nucl. 5Elec. >Relax. -5Micro—dose

e Relationship between the structures and
biological functions of biomolecules

e Your ideas, suggestions, comments %
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