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Introduction

Relativistic Treatment of 2-Body Problem
Composite systems with light quarks
Systems with large coupling strength
Dissociation and recombination of Jhy
Jy+mn «— D+ D?

Useful information on the suppression or the enhancement of
n high—energy heavy—ton collisions

2-body Dirac equations of constraint dynamics

successfully tested on relativistic 2-body bound states Tn
QED, QCD, & 2-body NN scattering.

(Horoce W, Croater et ol, PRD7U, o65Uu0628 (206064))

Will be tested on heavy—quarkontum dissociation
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2-Body Constraint Dynamics

In o separoble two—body basts

Particles Ttnteracts pairwise through scalar and

vector interactions,
Spin—dependence 1s determined naturally.
YT1elds simple Schrodinger—type equation,

No cutoff parameter
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2-Body Constraint Dynamics

+ P.van Alstine et al, 3. Math, Phys 23 1997 (1982)

Two free spinless particles with the mass—shell constraint

Hi=p +m'~0, H’=p'+m ~0
Introducing the Poincare Tnvariant world scalar S(xp.p,)

m, —m +S(X, p,, P,) =M, (X, p,, p,)
m2 _) m2 + S(X’ pl’ pZ) = MZ(X’ pl’ pz)

Dynamic mass—shell constraint
H, = p?+M? = pZ+m? +V,(X, p., p,)

Schrodinger-like equation

iRk lnaidg bl

H =p®+V —b*(W) =0

2 2 2
where  b“(w) =¢;, —m,

2 2 2
_wi-m —-m,
2w W

with &

w
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2-Body Constraint Dynamics

+ 2-body Dirac Equation (p2 +VW)W =b’ (W)l//
: where V =V AV AV NV AV AV AV AV

V,=2m S+S%+2¢ A— A’
_ 2F'(cosh2K -1) i K'2+F'2+2K sinh2K
r r

- — — | F' F'(cosh2K-1) (cosh2K -1) K'sinh2K
Wi L-(0'1+0'2)[—T— ( z )—( = )+ . }

V =

D

V*F

_ 2(cosh2K -1) )
r

Vo, & Vo3 =0 V. =L-(0, - ,)[I'cosh2K —g'sinh 2K ]

when m;=m, V. =iL-(o,xa,)[q'cosh2K +1'sinh 2K ]

— Y— .» — —.| K'(cosh2aK -1) sinh2K K' F'sinh2K
Ve (Gl i rxo-z ' r)[ (0, +O_2)‘:_ ( r ) b r2 _T+fj|

vss:a-a’{k(r)_(p'_KﬁjS'”*‘ el _(F-_K-AJW}
r r r r

V=l o, f{n(r) +(3F'—K'+1js'”h 5 +(F'—3K'+1)—(C°Sh2K =il b K'—VZK}
r r r r
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2-Body Constraint Dynamics

Here

F=(L-3G)/2 ond K=(G+L)/2
G(A)=—(1/72) In(I-2A/w)
L=>1/2) InLU+2(5-A)/w+S5_/m_)/(I-2A/wW)]

W : center of mass energy
'(r)= -(I/2r (E M -EM)/(E M+EM)(L-G)’
q (r=0/2r) EM, -E M)/ (EM+EM NL-G)’
m(r)=—(1/2)\V2G+H(3/W)G" +G F -K’2
k(r)=(/2)V2Ga-(I/D)G TG F -(1/2(G /) HK /v)
n(r)=V2K-(I/2) VG 2K'F+G'F+(3G /2r)-(3K /v)
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2-Body Constraint Dynamics

\V/ o ond Vsmzo when m=m,

5
For singlet state,
no spin—-orbit contribution < E-(a+;2):2t-§=0

Vot Visot Vst Vg0

H=p?+2m 5+5*+2¢5 A-A*
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Relativistic Application(l)

+ Applied to the Binding Enerqy of chamonium

+ Without spin—spin interaction

M(exp)=3.667 GeV
Compare the result with PRC b5, 63u962 (2662)

T/Tc
o

o.b
67
6.8
6.9

(.o

At zero temperature, [0/

BE(non-rel)
—0.b7

—ohb

—6 U

—0 3

—0.18

—06.6067b

BE(rel) Rel. Error(/.)

-0 bl 920
—o0hK2 7.1

—O Ul b8
-0 .30 32
=0 17 u.o
—06.667b 6.6

difference ot most!

Inha Nuclear Physics Group




Relativistic Application(2)

+ With spin—spin interaction
M(5=6) = 3.6969% GeV
M(S=I) = 29788 GeV
At T=0, relativistic treatment gives
BE(5=06) = —6.682 GeV
BE(S=I) = —658b GeV

Spin—spin splitting ~ 66 MeV
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Overview of QQ Potential(l)

0.2

¢ Pure Coulomb : A=—— ad $=0

BE=—06.0Iu8 GeV for color—-singlet

=—6.06129 GeVV for color—triplet(no convergence)

0.2
+ + Log factor : A=- lj and. — $,=0

rlln e’ +
2 Nr?

BE=—06.0124 GeV for color—singlet
==06.06122 GeV for color—triplet

- )  2NEr &
% - B Scr‘eenlng . A=— 058 and S=0

1 5 1
r=In| e + s
2 Ar

BE=-0.0l2U4 GeV for color—-singlet

No bound stoate for color—triplet

Bl

2
&, »
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Overview of QQ Potential(2)

+ t+ String tension(with no spin—spin Tnteroaction)

A=-— U and S=-br

1 (2 il )

r-Inje +

2 A8
When b=617 BE=-635u7 GeV
When b=62 BE=—065257 GeV

Too much sensitive to parameters!
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QQ Potential

+ Modifried Richoardson Potential

4 e
A:—gas 1 1 ond S =—8—7Z-A2I’
K

r=In
2

2

Nr?

Parameters : u, A

And moass=m(T)

A © color—Coulomb Tnteraction with the screening

S  Itnear Tnteroaction for confinement
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V(3/1))

G Vss
[(—+1 Vsr
&< Vss+(1/3)Vsr ||
A—A Vd 1

tot

0.15

Too Much
Attroctivel




V(I/)) *r?

0.5 T T
— Vss
— Vsr
-+ Vsstot
i — Vd
Vtot ]
O -
-0.5
0 0.5 1
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0.5 ! | /
6—o Vss
&—-& Vsr
—— Vs+(1/3)Vsr
_ — Vd i
Vtot

1
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2.5

2.5H

—— VSso
=—o Vso*rh2

s~ Vso*rr2.5
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*

c—o V_main*R"2.5
=— Vso*RM.5
* ~—= Vtso*RM2.5
”s +—+ Vss*R~"2.5

. ¥ kK Vitss*RA2.5
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V(3/y) at small range

0.5 I I I I I

— V_main*R"2.5
— Vso*RM2.5
— Vitso*RM2.5
— Vss*RA2.5
Vitss*R"2.5

0.5 ! | ! | ! | ! | !
0 0.02 0.04 0.06 0.08 0.1
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V(3/9y) with mixing

200 | ‘\ | | | | |
150 —

For 3/, 5=I and J=I i \ e
Y. : 100 - V02 |H
N N -~ V221
WTthout mixing(L=6 o R
only), splitting Ts ol TEEEETTT B
reversed. 1001 N
Therefore there has 1O B
e 2200 —
to be mixing between . -
250 —
L=6 oand L=2 states. - -
-300 -
-350 -
~400 —
-450 —
&0 L | . | . | ]
%, 0.02 0.04 0.06 0.08 0.1
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V(3/9y) with mixing

5 | | |
I — V02*rA2
5—a VO2*RA2.5 ]
—— V02*RA3
— V22%2
25~ A A V22¥RA25
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Work on process

+ To solve the S5S—eq. numerically,

+ We Tntroduce basis functions
@, (r)=N rlexp(-nfr2/2) Y,
@, (r)=N _rlexp(-fr/n) Y,
¢, (F=N rlexp(-Br/y n) Y,

None of the above 1s orthogonal.

We con calculate {p*> analytically, but all the other terms has
to be done numerically.

The solution 1s used as an Tnput again — need an Tterotion
Basts ftns. depend on the choice of ﬁ quite sensitively and

therefore on the choice of the range of r.
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Future Work

Find the QQ potential which describes the mass
spectrum of mesons and quarkonia well.

Extends this potential to non—zero temperature,

Find the dissociotion temperature oand cross

section of a heavy quarkontum.

And more. ..
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Thoank You
For your oattention.
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