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Recent Highlights in Hadron Physics

~l

5 =0 -1

=280 4, 12 32

e |

‘'
1.
2.
3.

Babar: D ;(2317) O+

Puzzle in Constituent Quark Model(2400)
DK threshold effect

Chiral partner of (0- 1))

Tetraquark

FIG. 17: X(3872) in the J/¢m "7~ channel from Ref. [150].

X(3872), Y(4260), Z(4430) (y'~.

structure
1. DD* molecule

2. cc state ?

3.  Tetraquark

HIM 08-07 - SHLee

FNAL DO E(bsd 5774) bayron

P e 0
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Ay 2, B, available

model

Test of constituent quark




Previous Work on Multiquark Configuration

usus
° d:_s ® )(980), 3,(980) Scalar tetraquark (Jaffe 76)
* Not explicitly exotic
° f, (600)

Search for ®+ pentaquark

15

R b

1 El"l'1 I_
1.8

nli--l-llllIIIIIIIIIIIIIIII 1111
145 15 155 16 165 1.7 1.75
[ 2

MMS, ~ (GeVic?)
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Common feature : attractive scalar Diquark <{£°cu_,Cpyd,>

Important diquark | qq qaq

Color Antisym Antisym
Flavor Antisym (1=0) Sym (I=1)
Spin Antisym (S=0) Sym (S=1)
Total force attractive repulsive

Special feature of QCD
Long history in Baryon spectrum : example A X ...,
Responsible for Exotics (Multiquark configuration)

Theoretically: one gluon exchange, Instanton aor

Color superconductivity: 2SC,CFL, BEC

o 0 kW D BF

sSQGP: Shuryak, Zahed (04) AL RN \

HIM 08-07 - SHLee 5




Attraction in quark-antiquark vs. scalar diquark

qa > qa >
gabc
g2 < q° >
do 1 0 | «ch 14a 1
- ne gluon exchange ——
3T J J 2 3 ¢
. . 1
o xr Lattice calculation EG X T

(Nakamura, Saito 05)

C s, S, Phenomenological fit of 1 C >'S, .S,
m,m, color spin interaction 3 m;m,
to hadron spectrum

HIM 08-07 - SHLee 6




Baryon Mass difference | > Ce s, s, ]

m;m,

m, =m, =300 MeV

u

Mass Diff. | Ma — My| Ms —Ma | Ms, — Ma, | Ms, — Ma
3Cg Cpg " (&5 -2 my | O b L b ms - 500 Mev
Formula 2m? 3 (1—=) 3 (L —) m3 (L =)
Fit | 200 MeV | 77 MeV | 154 MeV | 180 MeV m. =1500 MeV
Experiment| 290 MeV 75 MeV 170 MeV 192 MeV mb — 4700 MeV
- C; C;
Example Mass = Kinetic +..+ [s, -5, |+ (s, +5,) s, ]
mu rnd mu ms
. 3 C
A, Mass = Kinetic +..———2=
4 m,m,
- 1 C C
Y. Mass = Kinetic +..+=—=2———2

4 mm,; m,m,

HIM 08-07 - SHLee




Baryon Mass difference

Mass Diff. |Ma — My| Ms — My | Ms, — My, | Ms, — My,

Formula if;g f;? (1— ) fn‘g (1— ) fn‘g (1—7)
Fit 290 MeV 77 MeV 154 MeV 180 MeV
Experiment| 290 MeV 75 MeV 170 MeV 192 MeV

Y S 55, ]

m;m,

N N

m, =m, =300 MeV, m, =500 MeV, m, =1500 MeV, m, =4700 MeV

Meson Mass difference

Mass Diff. | M, — M |Mg+ — Mx |Mp~ — Mp|Mp~ — Mg
Formula Cu _Cym _Cm _Cn
m3 My Mg Mgy Mg g, 1L
Fit 635 MeV | 381 MeV 127 MeV 41 MeV
Experiment | 635 MeV | 397 MeV | 137 MeV 46 MeV

Works very well with

HIM 08-07 - SHLee

[Si 'Sk]

y

Mm; My

OX _

3x C;=C,, = 635m,2



Why heavy pentaquarks ©_(udusc)

For a charmed Pentaquark

e
3C, 3C,

— 232 MeV =— _ = —-232 MeV
4m? 4m,m,
For a Nucleon and a D-meson
—430 MeV =- 3Cs Cu = —240 MeV

2

4m’ - 4m, ) | m,

HIM 08-07 - SHLee




Possible diquarks in sQGP

Scalar diquark Mass = Kinetic +..—§ Ce
4 m,m,
- —145 MeV Binding

sQGP: Shuryak, Zahed (04) argued that

scalar diquarks might exist in sQGP

Additional Production of multiquark
states from Diquarks in sQGP

HIM 08-07 - SHLee 10




Additional production of T_.(udcc) through 2-body coalescence

coalescence

T../D >1x10 4
>2x 104

HIM 08-07 - SHLee

Tcc production
through 4-body

________

________

3 times

________

________

Tcc production
through 3—-body
coalescence

RRIC
LHC

11



Additional production of A (udc) through 2-body coalescence, and A/D ratio

®
©:

D meson
production through
2—body
coalescence

Ac production
through 3—-body
coalescence

_______

©

v

@ AcC production

through 2-body

@ @ coalescence

D meson production
through 2—body
coalescence of diguark
and ¢ - suppressed

HIM 08-07 - SHLee
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A./D ratio in coalescence model (same in RHIC and LHC)

Parameters
T.=170 MeV, m,=m, =300 MeV, m =450 MeV to 600 MeV

0.89 m =450 MeV

0.44 my=600 MeV

- -
With diquark Without diquark

HIM 08-07 - SHLee
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A, /D ratio in other processes

0.89

0.44

0.11

Coal.

With diquark

HIM 08-07 - SHLee

m,4=600 MeV

m_ =450 MeV

Coal.

Stat. PP

Without diquark

B decay

14



Summary of Korean idea 1

1. Diquark are unique in QCD

2. Mutltiquark states will exits in Heavy sector, due to diquark
structure T, (ud cC) ®. (udusc)...

LHC can be a very useful heavy exotic factory

L1 If found, it will be the first exotic ever,
1 will tell us about QCD, g-q interaction and dense matter
[ great step forward in QCD

3. If diquarks exists near Tc, additional production of T, and O.

Ac/D enhancement can be a signature of sSQGP
[ LHC plans to measure Ac and D - Koreanideal (1.K.Yoo, SHLee, PRL08)

4. H dibaryon could be found at LHC?

HIM 08-07 - SHLee

15



OtOICI O 2

ir

__o;

i

16

HIM 08-07 - SHLee




J/win Quark Gluon Plasma

1986: Hashimoto, Miyamura,..: Mass shift of J/y Near Tc

Mass(GaV)
38

1986: Matsui, Satz: J/y will dissolve at Tc

—@— PHENIX : Au+Au |y|<0.35

—®— PHENIX : Au+Au 1.2<y|<2.2

0.4: E E -]
r () ]

0.2} 0 T’L E {
O e e

Number of Participants

1988: Hansson, Lee, Zahed: ]/y states in QGP

34

30
e
26 l_ 05

1 1 1 1 | T/T,
02 04 06 08 10 /T

2004: Asakawa, Hatsuda: J/y will survive up to 2 Tc

Confirmed by other lattice calculations: Datta etal.

and potential model: Wong. ..

HIM 08-07 - SHLee

25 T T
(a) T=078Te
2 T<16T. T-t=m
15 ' c 1.62Te
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MEM Lattice Results for Charmonium

e Datta et al. (04)

0.06

04

d.75T,—
0zt 9-71'?,Tc' R b) 5’3‘1’ 11T,°
T = ".
1. = |
c | p=2 ; { |
[\ 03} nil p=3 - f [
015 A 1 II \ 004 } | || ‘ ‘
ne ‘\' \ v ‘\5 5 i mis ~ Yo || | Yo || \'
g : b 2 02p 09T, | 15T 8 ‘ |
= L | il - L c &
a 01 ‘.|r.:‘= ; | { [ i I |I | I‘
i\ Ei D 0.02 } o n
005 | Iy Foh 01t 1 | / AN
. .‘5‘ ‘EII . lt I"‘- 3 ! 1 v \ | 1 I\
iAl g % \ " Vo
0 [, U R } ; - 0 L 0 PR ] A‘I
0 2 4 0 2 4 2 4 [CeV] 0 2 4 0 2 4
o[GeV] o[GeV]

i i oig;c 45 ;
8 1. ; P
¢ 4o \lf Lol
(b) ! e [T P ’
m_(GeV) i
) n x5 s :
b Xog
T4t '—‘]_’ 4 25 \]/\Ij
F","a'h ----- a0
2 4
+ 5
0 . " . . " . - 10 . . . . . .
8 9 10 11 8 9 10 1 12 o 20 40 150 200 250 200 150
o[GeV] TiMe\)
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J/win Quark Gluon Plasma

e Tc<T<2Tc is important in RHIC

Kolb, Heinz, nucl-th/0305084

e Large uncertainty in lattice MEM

Jakovac et al. hep-lat/0611017

e Tc<T<2Tc is non perturbative region

HIM 08-07 - SHLee

400F
<3001
@]

=

=200}

100-””'

0.14

012

i)

1.2T,

T=0, Ngyy=20 -

1.0

1.5

Karsch hep-lat/0106019

20

25 30 35

4.0

45
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heavy quark system in QCD ?

HIM 08-07 - SHLee

How can we treat

Properties of QGP from lattice

20



G-, E° and B* across T, -- (quenched case)

A A

| e

) 1

T

Lattice result for purge gauge (Boyd et al 96)

Shifts from Vacuum / T4

1 1.5

Maximum at 1.1Tc

HIM 08-07 - SHLee
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Using energy momentum tensor

p and ¢ - local operators

Taﬂ :_Ga,uGﬂ,u +gaﬂ ﬂ(g) GZ

operators — <T “ﬁ> = —(u“uﬂ —% g ” sz +% g aﬂGo

Lattice — <T"‘ﬂ> =(u"‘u’” —%gaﬂj((% p)+%gaﬁ(5—3p)

E and B Condensates [GeV4]

0.005

0.004 |

0.003
0.002

0.001 |

0
-0.001

-0.002 |
-0.003 |

-0.004

Extraction from lattice: Morita, Lee (08)

29

e ————

~
________

~
N
w

N
v
_{

I
o

| <a/n E2 >

(o TE)E2 —_
. | (aifn)az -—-
0.80.850.90.95 1 1.051.11.151.2
TIT,
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E="and B’ across T_. -- (relation to potentials ?)

Manousakis, Polonyi, PRL 58 (87) 847

“Nonperturbative length scale in high T QCD’ Shifman NPB73 (80)

Time
W(S-T) = 1- <a/n E2 (ST)2 +...
W(S-T) | =Exp(-pF) W(S-S) = 1- <a/n B2 (SS)? +...
L 3o
> Space gom|
L £ 0.001
T 0
8 -0.001
e siml g
w 0.80.850.90.95 1 1.051.11.151.2
Space e
W(S-T) | <a/nE?> | W(S-S) | <a/nB?
T<Tc | Area

Area

T>Tc | Perimeter i

If <E2> suddenly increases across T, what will happen to J/y immersed in it ?

HIM 08-07 - SHLee 22




-0.06

-0.08

-01

-0.12

-0.14

Energy [eV]

i i
=] = ]
- —
[=e] o

©
M

-0.22

Hydrogen Atom in an external E field

Stark effect in hydrogen

n= 8

0 05 1 15 2 25 3

Electric field [V/m] x 10°

<E >external > <E2 >T

HIM 08-07 - SHLee
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http://upload.wikimedia.org/wikipedia/en/4/44/Stark_splitting.png

QCD 279 order Stark Effect (peskin, Luke, Manohar, SHL, CMKo)

0.005
0004 _____________ /-
0003} = Tte---— -

0.002
0.001

-0.001

E and B Condensates [Gev4]

203 (ol —
Al B2, atsar T et
. Y (t|=E]n) |7
Attractive for ground state AM; =%
a E-z'. — ki,

128 a’ X' 1 a

Or°| &, (1+x)° x+ajem \z /;
T/Tc 1.0 1.05 £
AmJ/w -44 MeV -105 MeV 311 MeV
Amy -4.3 MeV -10 MeV 580 MeV

A non-perturbative method ?
HIM 08-07 - SHLee 24




QCD sum rules for Heavy quark system T=0

d n
an[szj <J(Q), J(0)>_jds

Phenomenological side

Jhy

HIM 08-07 - SHLee

pP(s)
+Q%)"

OPE

M, =a{1+a+ (n+4) <Gz> }

2
- (am?)
Mn—l
M, . «— with (G?)
a3l sy
] ®
) 3.2k Iy 3 "
kN il 5--5---1(--1--1 - =----3.095
o ® 2o o © 0o o O« <GZ>:O

3 4 5 6 7 8 2 10 11 12 13 14 15 .
n

— predicted M, .<M,,,, before experiment
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QCD sum rules for Heavy quark system T near Tc

Phenomenological side

Jhy

Matching M,.;/M,, from Phen to OPE

- Obtain constraint for Am;,, and I

HIM 08-07 - SHLee
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S
g 001
& 0.005
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2 -0.005
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Constraint for J/yv Mass and Width above Tc

If I'=0

_______ Oiewees tees,
gT4 -0.05 T8,
I ‘ 1 4 | -0.1 ’ : .
P A, 33
] . — 3 __,-‘ p Gev 0.2 ™ *
5 | 0.25 1.0 ¢
i - =0. Oy qse=T1. [ ]
2 tqqt=2.0
i ! - . 03 |og f=3.0 .
' LT o J 0.9 0.95 1 1.05 1.1
T,
I—) f Am=0
y— 350
< u, o, E=1.0
% 0.005 T T T T T T T 300 [ Ogqe E_,fZ.O
(.2, 0004 ¢ ____________ B 250 Ogq £23.0 < . .
» [T TS~ ___- £--"]
9 0.003 1_" oo .
S 0.002 )
s 0.001 ] MeV 150 ——
L
-g 0 T 100 ® Aot
8 -0.001 | ] 0 . .
L J *
o -0-002 - (ocsln)Ez — ] s laeeeeee®”
o] '0-003 (Ocs/ﬂt)Bz .
S -0.004 — . L 0.9 0.95 1 1.05 1.1
W 0.80.850.90.95 1 1.051.11.151.2 TIT,
T/T,

|Am|+I" =15xT, near Tc

HIM 08-07 - SHLee 27




Due to the sudden change in gluon condensates, there will be a critical
behavior of J/y near T,

|Am |+A" =150 MeV  from Tc to Tc + 10 MeV

. Model calculation is needed to get the changes separately,
- Use QCD Stark Effect ?

From I" =constraint—Am (Stark effect)

oF
0.05 || 160 aqq’ g:‘l ® I -
e 140 | | %aqr 5=2
oc::, =3 J/l,]! ¢
= -01 120 |
5 100 :
S .15} > ,
> 2 380
5 =
‘g '0.2 [ — 60 ° *
()tqq,g:‘l .0 [ ] L 2 40 | H -
-0.25 | ot 0,E=2.0 - Jhy [}
thq,g=3.0 . 20 _ :
-0'3 -; Stark — i i : 0 | " .98 9 ? ; ; A4 ‘ ‘ ]
09 0.95 1 1.05 1.1 1.15 1.2 0.9 0.95 1 1.05 1.1
T/T, TIT,

QOCD sum rule constraint with AI'=0

HIM 08-07 - SHLee
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Lattice vs. QCD sum rule results

K.Morita, Y. Song, SHL

1. . states i T 0o
. C Karsch et al. -0.1 . HE0
= )
000 S £ A g -02 - 400 MeV
0.75T, [t n B T
f -0.3 )
| F" : =20 o 2
004t |“| " 1 Rl EY v <« 11T,
Yeo 3.
g il B ==
® 1l |h .,
| -
002 f 11T, 11 \ ‘1 1 -0.1 L HET
| i \ —_ )
l Ir \ j I‘ \ E -0.2
. I\ [\ K 0
NI DL 5 R g s ,
0 2 4 0 2 4 E=20 e .
w(GeV] -0.4 H ;z.s *
1 GeV o5 =30 H
Y 0.95 1 1.05 1.1
T,
2' Xb states K.Morita, Y. Song, SHL
0 «——— 09T,
-
Karsch et al. e
_ 01 .
09T, =S .
8 ' 15T, 8 o2 ; ¢ . 400 MeV
— b0
(b) b% . +
6} 03 [E=0 o
T | q %5 0.5 . . |e—— 15T,
k-4 L b xbﬂ | 1 +
4 —-]-— . 0 +
I .
2k a L]
=0.1 *
'_I_' % . .
0 " . i 2 A 2 . ) +
8 9 10 11 8 9 1 12 2 -02 Ae1 . .
©lGeV] £
03 . .
15T,
400 MeV -04
HIM 08-07 - SHLee 0.9T, 0.8 1 T1_-|? 1.4 1.6 29




Summary of Korean idea 2

1. ‘Order parameter’ of QCD Phase transition:

Critical behavior of heavy quark system near T,, mass shift and width
broadening

2. A precursor phenomena takes place in nuclear matter
- Mass shift could be observed through anti proton project at GSI

3. Consequences in HIC?. Non trivial effects expected to y., v’, Y, Y’...
- direct measurement of mass shift
=> confirmation through sudden increase in yJ/Jhy or y/Jhy ratio

HIM 08-07 - SHLee 30
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