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Wmae

N, .
n(r, ) = D) | $;(ry ) |2, (32)
i=1

{$;(ry £y j=1-N.} Jy— 4 % R B} A H X Kohn-
Sham B IEXH-KAR T HEH, VaRAHR
#, EAIMTARE.
Ve (1y t[n]) = Ve (F» t[n]) +
DVl Ri—r D+ Vi (rs ) + V. ([nD) ,

(33)
H Veu(r, t[nD RBFHRESCH.
Ve (rs 8) = ezfdar' LG )R VAN
lr—r"|

Ve(nDRZBLEBES, MR V(2D RRRH &
BB, KA V. (2D 8B 5 R85 B,
783 TDLDA; VAR Na* B Fih 5 FHE
fER BT HEYS, X Na" BN B FREE
5 B B ¥ 3R A Troullier-Martins 5 8 # 804,
Vi (rs DREEFH, ER—TBRIFHUT MR RLA
HNERTFROEHRES ., UBABEBEORER, W
FRFEXRN MBI ERLERER, BEETFE -2z F
E(y=0# = Wiz, % = M ER TR AH
ERiESHRs., Yo KTHENELH, K
UEERTFRERLNIIGRAETRNESCE, M
WHEQ I HMWERTENE R
Vim = —Q »
VIz—vG—0.5t)F + 5 F (z—b)°
(35)

Kz, y flz BROIFHBEN SN S RLRR, vl
ENTFHER,  RREESH,  REE FEHN
6], to R IERIE. BIR(t—0.52) =0 A EHE FIE
EHABERE, —BMARNERTE z TR 5HEER
K F 100 a,(1 a,=0.529 A)F B AT LA F & R T 55
ﬁ[sz. :13]°

RBMEZSZLTRPENEHLEIBO TR
B, T4 TDKS i, - T BN_RE
PR 2243 77 #: (SOD),

¢,~ (tpt1) == 2AtH s (2,09, (t,) +¢j(tu—1) ’
(36)

Hep ar BRABE B K. SOD kB ERGRR
P BB AR T, EREBRE RPERNR

BHHEME, oA K.

MLEESHES, BEGEFANBEFAR,
BN 2 SREEE TR %, BFH3h
ZUREMNZAMNEE. AMEEEFEHT, #
ALt s W FHRBRAEIR, BFHEXHEBS.
HERTRIMBBNBHRIEXR 20 fs B TR
SGsh 1%, AT ARBAGREE FER, ARk
BTHMEI %, RASSET DFT il F3hh
2B XA, 188 Na, 2 (R FMBE%T5.789
a ) ERH— ST ERNH RS, BRAMELR KRG,
& Na, TR BT 5 (SO M S £, i 3 Bb AU
SR8 K DA R 44 B 7 (B) A L 4B . Kohn-Sham b T
Y HAFHAECEWEREREMNEY I 88
¥, LR AE® 8. 01 Ry(1 R-y=’13. 605 8 eV), B4
HBEBE 0 a, MR RIERERAATERTUE
S . X AHE EA B MR GER /AN AR SR
ShH R B P R ORIEBA . HE 4T R B 0 B
GHERE ORISR 84 X84 X84 MR A, BFEIEK
At=0, 001 at. u, (1 at. u. =2, 418 9X10"s),

EXRHHFE N (D =NG=0)— [y dm (r,
D, VAIERAEME KR, EXANE FEE
MR T, EHAK AR BT, X Nap R U,
VEBERR 13 a 3K, 50V AEET1.998 13
ARF. B4BETHEEROS e AR C,
C", C" M C" BT, ERIESECH 15 a i 5 Na,
MR R FRHBENRERL. AEFESL, C*

1.0

- Ct A
08 | —-— C* / ‘e‘["v"-“"‘w
A+ I [
R
06 F 77 ! .
g | f ol
|
= 04 | -
i:
L ’:l
02 | f;:-: PR
A
- ;:' ”
0.0 . . e f e ]
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tifs

B4 EAGFHFC,CL, CRMC LIEER 12,5 a/fs
MEREBHHR 15 a5 Na, R B FREKEW
B 1) 9 Ak

EFSHENETAHEL C" REHNETFRH KRB
2 BSB/BHTCTMCTASRBEFERBESEN
15 a,Bf, AR 12.5 a,/fs 5 Na, Mt %k H
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W, BT SEWHFHERRMMRY S 2EE C 31 .

B P, W P AT LR PO gyt Rl B4k,
MBS, ASHETFHamme, 80 E8E,

C++Naz

o[ e e

5 6 7

N_
td =
bl o

Bs EAFHEFCT(EEDMCT (FEDAEE N 12.5 a,/
{s, Eﬁﬁﬁ%ﬁﬁ 15 aoW, ’l_j Nazﬁiﬁﬂ‘f:m‘%?ﬁ\ -
e, T T o LR A R 4k

3.3 £MSTHRBRARRHHFER

MEESTES, RNETFELTERESK
BV T REREGERD TR, BAHERE
. BB REYEE N T TR A

H = H, + Hp,, 37

K, HOREYMD FHBREWE, Ha REYER
43 (Biology) 5| (solvent) M EAEFH &,

YRR FSBRMMEERE—- s 1%
R, AL AE), BER RO BN 3 77 S
B E—BFRT, &PEER D78 E N T
mHEREEE H, B X AR E, %59 65 mal
LRI, Ead BB atE, Hia58IR
MABMABEER. A 3 FBReE, B4R BER
Rl S RE B IR AT (B] T, B G HREd (R SUMEAH T, 0
sifgAHAtE T, . X=HHPXRE

= e o (38)

EHRHITIE T, BERMELBENFRRITEELR
"BERNEEERER, AL T E, KRE
BT LIRR A

iho = [(Hy + Hy+H)v ol . (39)

FHIEBERERE R, RIWKWELEM o
LA R

ot = ;—Jo[mm, H* (1—p]dr ,

HY = exp(iH,t) H,(t)exp(—iH,t) , (40)
p+- (t) = exp(iH,t)pexp(—iH,t) ,
RTRBRFE, UEBENBRFOEL, 5T
AAEERAG), AMEER E; = (n+1/2Dhy, HRE
Y 7l 4> F (Biology) Lﬁ?ﬁ?ﬂl (solvent) 1 HE B
Hyp IR A 47 ¢ RIT, FHRB — W,

Has =— F(t)c+"' y (41)

Foth F(o) = —aH,, /3¢ BRI E WAL R ¢ 60 BReY
Jr. MR R, B3 0E R AL H N
dE _ E—E=
R TE P
5 T L A4 B 0 BR 5T 1 R U R 2% SR A
o

(42)

) Ly Uy SR PR Ot

RAMME, SHABPFHRE, B8 /T,

L:Q(tanh(m/ZK)> T,
chos(wtﬂF(O)F(t))dt : (44)
0

% E
I; () = rcos(wsz(O)F(mdn

0

— Jmcos(thFq(O)Fq(t))dt—Q—
0
Jmcos(wt)(Flj(O)Fu(t)>dt+
]
zrcos(w:><m(o>Fq_1j(:>>d:, (45)
0

H, QREFBIEATF, m Mo SR RIERTFH
AMAEEMEAMRE, Kb F(O XAy AESCHE
fEFI#1 Lennard-Jones M BEAEF, B %% F I (w)
B 2 AH TAE % % % #0 Lennard-Jones A B.{EF
TR LR AT 3 URA K .

PR A AR R o AR B 3y R AR X MR B
TEREESGES, B SBIEL

S == Z «/rTReal(pwH) o (46)

M BT, BAIR N R RN — 2 Fdg
HIRA R, %8 Kubo B8, 4R A0 i T BB 4R
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s EFEWE ¥R

w23 %

R, BP
1 o oo
75 = j (5w (0)dw(2)>dt , “Un

Ho sw() RES ) ¢ B BB R B % . X B W IR T
BMTFERSBUMERERH T Ha REWHRY G T
L5930 M A P IR B BB BT
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K; %, sAEEmpam, ey as e
b5 E R A4S (KRR N
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DB, B BIAmARR

Ax =
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A, MTFEYSFHENELAERRES %
wE, HEURE LD EEREAE L, WA
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Co (D
e cos(wt)exp(“%) , (52)
2

A 3l B 156 48 B BB B 5t PR 1]
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Cke(t) =

1 _t
7cos.(zwt)exp( T2(2w)) . (53)
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FH 138 ST Cj-q) e i) 5 Bk oS 260 B B 1) 143 B 4
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Interactions of Heavy Ions with Biomolecules:
A dynamical microscopic approach’

ZHANG Feng-shou
(The Key Laboratory of Beam Technology and Material Modi fication of Ministry of Education ,
Institute o f Low Energy Nuclear Physics, Beijing Normal University, Beijing 100875, China)
(Beijing Radiation Center, Beijing 100875, China)
(Center of Theoretical Nuclear Physics, National Laboratory of Heavy Ion Accelerator of
Lanzhou, Lanzhou 730000, China) ‘

Abstract, The status of studying biology system therapy with X-rays, y-rays, neutron, proton, and
heavy ions is reviewed. The depth dose profile, called Bragg profile, makes heavy ion an ideal tool for ra-
diotherapy. The physical process of therapy with heavy ions is analyzed and a 3-step interaction processes
of heavy ions with biomolecules is proposed, that is, nuclear fragmentation in nuclear interaction, electron
excitation in Coulomb interaction, and the biomolecules relaxation in surroundings, finally leads to a new
structure of biomolecule. Since this physical process is the base of the following chemical process and bio-
logical process, a dynamical microscopic approach is strongly demanded to be built.

Key words: heavy ion; biomolecule; nuclear fragmentation; electron excitation; relaxation
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