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導入：原子核・ハドロン物理

観測されているハドロンの分類

ハドロン構造の研究
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超弦理論、ヒッグス、 
統一理論、、、

初期宇宙、暗黒物質、ブ
ラックホール、重力波

物理学第１分野 物理学第２分野

強い相互作用(QCD)
の物理統計物理・ダイナミクス

量子物性理論 素粒子

宇宙

原子核・ハドロン

導入：原子核・ハドロン物理

原子核物理学 in 理論物理学
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原子

原子核
10 fm = 10-14 m

1 Å = 10-10 m
電子

原子核(多体系)の性質を核子(陽子＋ 
中性子)間の相互作用から理解する

原子核物理学

ハドロン物理学
ハドロン(核子など)の性質を 
QCDから理解する

クォーク

クォーク

クォーク

1 fm = 10-15 m

グルーオン

導入：原子核・ハドロン物理
原子、原子核、ハドロン



陽子、中性子、Λ粒子、、、
バリオン（重粒子） メソン（中間子）

π中間子、K中間子、、、
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物質を構成する粒子 
カラー（赤,青,緑）と 
フレーバー（６種）を持つ

力を媒介する粒子 
カラー（８色）を持つ 
自分自身と相互作用する

クォーク グルーオン

導入：原子核・ハドロン物理
ハドロンの分類とミクロな理論

ハドロン：観測可能な強い相互作用をする粒子

ミクロな基礎理論：クォークとグルーオンの量子色力学 QCD

クォーク３つで構成 クォークと 
反クォークで構成
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(1979年)

(2004年)

(2013年)

参考：長島順清「素粒子標準理論と実験的基礎」 朝倉書店 (1999)

電磁相互作用＋弱い相互作用 
　-->ワインバーグ・サラム理論

強い相互作用 
　-->量子色力学 QCD

ヒッグス粒子

導入：原子核・ハドロン物理

自然界の力とQCD
素粒子標準理論：重力以外の力を量子ゲージ理論で記述する



クォーク
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グルーオン

LQED = �1

4
Fµ�F

µ� + ē(i�µDµ �m)e

難
易
度
（
複
雑
さ
）
：
高

r ·D = �, r ·B = 0, . . .

LQCD = �1

4
Ga

µ⇤G
µ⇤
a + q̄�(i�

µD�⇥
µ �m⇥�⇥)q⇥

導入：原子核・ハドロン物理

QCDと電磁気学
量子色力学 QCD：クォークとグルーオンの理論

色自由度

色の自由度を無くせば、量子電磁力学 QED
—> 電子が光子を交換して相互作用する

量子効果を無くせば、

非可換ゲージ理論 —> グルーオンの自己相互作用

　　　　　　　　　　古典電磁気学（マクスウェル方程式）
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導入：原子核・ハドロン物理

低エネルギーQCDの難しさ
強い相互作用はQCDで記述される
場の量子論は一般解を描き下せない
—> 結合定数による摂動展開をする（量子電磁力学）

QCDは漸近自由性をもつ

高エネルギー領域：結合定数が小さくなり摂動展開可能
—> 深非弾性散乱でのスケーリングとその破れ：QCDの検証

低エネルギー領域：非摂動的効果
１. カイラル対称性の自発的破れ：真空の変化 
２. カラー閉じ込め：クォークが単体で観測できない

低エネルギーの物理は基礎理論から理解されていない！
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カラー閉じ込め

ハドロン構造
高温／高密度、QGP

核力の起源、核構造

ストレンジネス

核子構造

カイラル相転移

格子QCD

ヘビークォーク

導入：原子核・ハドロン物理
ハドロン物理の研究対象

カラー閉じ込め：ヤンミルズ方程式と質量ギャップ問題
http://www.claymath.org/millennium-problems

6 ARTHUR JAFFE AND EDWARD WITTEN

One hopes that the continued mathematical exploration of quantum field theory
will lead to refinements of the axiom sets that have been in use up to now, perhaps
to incorporate properties considered important by physicists such as the existence
of an operator product expansion or of a local stress-energy tensor.

4. The Problem

To establish existence of four-dimensional quantum gauge theory with gauge
group G, one should define a quantum field theory (in the above sense) with local
quantum field operators in correspondence with the gauge-invariant local polyno-
mials in the curvature F and its covariant derivatives, such as TrF

ij

F
kl

(x).1 Cor-
relation functions of the quantum field operators should agree at short distances
with the predictions of asymptotic freedom and perturbative renormalization the-
ory, as described in textbooks. Those predictions include among other things the
existence of a stress tensor and an operator product expansion, having prescribed
local singularities predicted by asymptotic freedom.

Since the vacuum vector ⌦ is Poincaré invariant, it is an eigenstate with zero
energy, namely H⌦ = 0. The positive energy axiom asserts that in any quantum
field theory, the spectrum of H is supported in the region [0,1). A quantum field
theory has a mass gap � if H has no spectrum in the interval (0,�) for some � > 0.
The supremum of such � is the mass m, and we require m < 1.
Yang–Mills Existence and Mass Gap. Prove that for any compact simple gauge

group G, a non-trivial quantum Yang–Mills theory exists on R4
and has a mass gap

� > 0. Existence includes establishing axiomatic properties at least as strong as

those cited in [45, 35].

5. Comments

An important consequence of the existence of a mass gap is clustering: Let
~x 2 R3 denote a point in space. We let H and ~P denote the energy and momentum,
generators of time and space translation. For any positive constant C < � and for
any local quantum field operator O(~x) = e�i

~

P ·~xOei

~

P ·~x such that h⌦,O⌦i = 0, one
has

(2) |h⌦,O(~x)O(~y)⌦i|  exp(�C|~x� ~y|),
as long as |~x�~y| is su�ciently large. Clustering is a locality property that, roughly
speaking, may make it possible to apply mathematical results established on R4 to
any 4-manifold, as argued at a heuristic level (for a supersymmetric extension of
four-dimensional gauge theory) in [49]. Thus the mass gap not only has a physical
significance (as explained in the introduction), but it may also be important in
mathematical applications of four-dimensional quantum gauge theories to geometry.
In addition the existence of a uniform gap for finite-volume approximations may
play a fundamental role in the proof of existence of the infinite-volume limit.

There are many natural extensions of the Millennium problem. Among other
things, one would like to prove the existence of an isolated one-particle state (an
upper gap, in addition to the mass gap), to prove confinement, to prove existence of

1A natural 1–1 correspondence between such classical ‘di↵erential polynomials’ and quantized
operators does not exist, since the correspondence has some standard subtleties involving renor-
malization [27]. One expects that the space of classical di↵erential polynomials of dimension  d
does correspond to the space of local quantum operators of dimension  d.

解ければ１００万ドル ～ １億２１０万円

http://www.claymath.org/millennium-problems
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PDG2015：http://pdg.lbl.gov/

ほとんどがqqq/qq̄で記述される量子数（自明ではない！）
~ 350種類全てが単一のQCDラグランジアンから出てくる

観測されているハドロン

観測されているハドロンの分類
ハドロンの多様な性質

エキゾチック~8種類

バリオン~150種類 メソン~200種類
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テトラクォーク候補(Belle)
：Zb(10610), Zb(10650)

観測されているハドロンの分類

ペンタクォーク候補(LHCb)
：Pc(4450), Pc(4380)

R. Aaij, et al., Phys. Rev. Lett. 115, 072001 (2015)

higher mass states are 9 and 12 standard deviations,
respectively.
Analysis and results.—We use data corresponding to

1 fb−1 of integrated luminosity acquired by the LHCb
experiment in pp collisions at 7 TeV center-of-mass
energy, and 2 fb−1 at 8 TeV. The LHCb detector [13]
is a single-arm forward spectrometer covering the
pseudorapidity range, 2 < η < 5. The detector includes a
high-precision tracking system consisting of a silicon-strip
vertex detector surrounding the pp interaction region [14],
a large-area silicon-strip detector located upstream of a
dipole magnet with a bending power of about 4 Tm, and
three stations of silicon-strip detectors and straw drift tubes
[15] placed downstream of the magnet. Different types of
charged hadrons are distinguished using information from
two ring-imaging Cherenkov detectors [16]. Muons are
identified by a system composed of alternating layers of
iron and multiwire proportional chambers [17].

Events are triggered by a J=ψ → μþμ− decay, requiring
two identified muons with opposite charge, each with
transverse momentum, pT , greater than 500 MeV. The
dimuon system is required to form a vertex with a fit
χ2 < 16, to be significantly displaced from the nearest pp
interaction vertex, and to have an invariant mass within
120 MeV of the J=ψ mass [12]. After applying these
requirements, there is a large J=ψ signal over a small
background [18]. Only candidates with dimuon invariant
mass between −48 and þ43 MeV relative to the observed
J=ψ mass peak are selected, the asymmetry accounting for
final-state electromagnetic radiation.
Analysis preselection requirements are imposed prior to

using a gradient boosted decision tree, BDTG [19], that
separates the Λ0

b signal from backgrounds. Each track is
required to be of good quality and multiple reconstructions
of the same track are removed. Requirements on the
individual particles include pT > 550 MeV for muons,
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FIG. 2 (color online). Invariant mass of (a) K−p and (b) J=ψp combinations from Λ0
b → J=ψK−p decays. The solid (red) curve is the

expectation from phase space. The background has been subtracted.
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FIG. 3 (color online). Fit projections for (a)mKp and (b)mJ=ψp for the reduced Λ" model with two Pþ
c states (see Table I). The data are

shown as solid (black) squares, while the solid (red) points show the results of the fit. The solid (red) histogram shows the background
distribution. The (blue) open squares with the shaded histogram represent the Pcð4450Þþ state, and the shaded histogram topped with
(purple) filled squares represents the Pcð4380Þþ state. Each Λ" component is also shown. The error bars on the points showing the fit
results are due to simulation statistics.

PRL 115, 072001 (2015) P HY S I CA L R EV I EW LE T T ER S week ending
14 AUGUST 2015

072001-2

Λb —> K- + Pc 

                               ↳ J/ψ(cc̄) + p(uud)

Υ(5S) —> π± + Zb 

                                      ↳ Υ(nS)(bb̄) + π∓(ud̄/dū)

where Mmissð!þ!#Þ is the missing mass recoiling

against the !þ!# system calculated as Mmissð!þ!#Þ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðEc:m: # E&

!þ!#Þ2 # p&2
!þ!#

q
, Ec:m: is the center-of-mass

(c.m.) energy, and E&
!þ!# and p&

!þ!# are the energy

and momentum of the !þ!# system measured in the
c.m. frame. Candidate !ð5SÞ ! !ðnSÞ!þ!# events
are selected by requiring jMmissð!þ!#Þ #m!ðnSÞj<
0:05 GeV=c2, where m!ðnSÞ is the mass of an !ðnSÞ state
[7]. Sideband regions are defined as 0:05 GeV=c2 <
jMmissð!þ!#Þ #m!ðnSÞj< 0:10 GeV=c2. To remove
background due to photon conversions in the innermost
parts of the Belle detector we require M2ð!þ!#Þ>
0:20; 0:14; 0:10 GeV=c2 for a final state with an !ð1SÞ,
!ð2SÞ, !ð3SÞ, respectively.

Amplitude analyses of the three-body !ð5SÞ !
!ðnSÞ!þ!# decays reported here are performed by means
of unbinned maximum likelihood fits to two-dimensional
M2½!ðnSÞ!þ( vs M2½!ðnSÞ!#( Dalitz distributions.
The fractions of signal events in the signal region are
determined from fits to the corresponding Mmissð!þ!#Þ
spectrum and are found to be 0:937) 0:015ðstatÞ, 0:940)
0:007ðstatÞ, 0:918) 0:010ðstatÞ for final states with!ð1SÞ,
!ð2SÞ,!ð3SÞ, respectively. The variation of reconstruction
efficiency across the Dalitz plot is determined from a
GEANT-based MC simulation [8] and is found to be small
except for the higherM½!ðnSÞ!)( region. The distribution
of background events is determined using events from the
!ðnSÞ sidebands and found to be uniform (after efficiency
correction) across the Dalitz plot.

Dalitz distributions of events in the!ð2SÞ sidebands and
signal regions are shown in Figs. 1(a) and 1(b), respec-
tively, where M½!ðnSÞ!(max is the maximum invariant
mass of the two !ðnSÞ! combinations. This is used to
combine !ðnSÞ!þ and !ðnSÞ!# events for visualization
only. Two horizontal bands are evident in the !ð2SÞ!
system near 112:6 GeV2=c4 and 113:3 GeV2=c4, where
the distortion from straight lines is due to interference with
other intermediate states, as demonstrated below. One-
dimensional invariant mass projections for events in the

!ðnSÞ signal regions are shown in Fig. 2, where two peaks
are observed in the !ðnSÞ! system near 10:61 GeV=c2

and 10:65 GeV=c2. In the following we refer to these
structures as Zbð10 610Þ and Zbð10 650Þ, respectively.
We parametrize the !ð5SÞ ! !ðnSÞ!þ!# three-body

decay amplitude by

M ¼ AZ1
þ AZ2

þ Af0 þ Af2 þ Anr; (1)

where AZ1
and AZ2

are amplitudes to account for contribu-
tions from the Zbð10 610Þ and Zbð10 650Þ, respectively.
Here we assume that the dominant contributions come
from amplitudes that preserve the orientation of the spin
of the heavy quarkonium state and, thus, both pions in the
cascade decay !ð5SÞ ! Zb! ! !ðnSÞ!þ!# are emitted
in an S wave with respect to the heavy quarkonium system.
As demonstrated in Ref. [9], angular analyses support this
assumption. Consequently, we parametrize the observed
Zbð10 610Þ and Zbð10 650Þ peaks with an S-wave Breit-

Wigner function BWðs;M;"Þ ¼
ffiffiffiffiffiffi
M"

p

M2#s#iM"
, where we do

not consider possible s dependence of the resonance width.
To account for the possibility of !ð5SÞ decay to both
Zþ
b !

# and Z#
b !

þ, the amplitudes AZ1
and AZ2

are symme-
trized with respect to !þ and !# transposition. Using
isospin symmetry, the resulting amplitude is written as
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FIG. 1. Dalitz plots for !ð2SÞ!þ!# events in the (a) !ð2SÞ
sidebands; (b) !ð2SÞ signal region. Events to the left of the
vertical line are excluded.
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FIG. 2. Comparison of fit results (open histogram) with ex-
perimental data (points with error bars) for events in the !ð1SÞ
(a),(b), !ð2SÞ (c),(d), and !ð3SÞ (e),(f) signal regions. The
hatched histogram shows the background component.

PRL 108, 122001 (2012) P HY S I CA L R EV I EW LE T T E R S
week ending

23 MARCH 2012

122001-3

A. Bondar, et al., Phys. Rev. Lett. 108, 122001 (2012)

ごく少数(8/350)しか発見されていない。なぜ少ないのか？

qqq/qq̄で記述できない状態



調和振動子などの閉じ込めポテンシャルに
３つのクォークを閉じ込める（バリオンの場合）

~!
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i=1,2,3

✓
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+
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ハドロン構造の研究
構成子クォーク模型

QCDからクォーク模型へ：平均一体ポテンシャル

n = l = 0

n = 0, l = 1

空間波動関数（エネルギー）は主量子数nと角運動量lで決まる

 nl =
Y

i

fnili(xi), n =
X

i

ni, l =
X

i

li,
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� =  nl ·  c ·  f ·  s

ハドロン構造の研究
クォークの内部自由度

クォーク模型
エ
ネ
ル
ギ
ー 内部励起

クォークの波動関数：空間と内部自由度（色、香り、スピン）

クォークはフェルミ粒子：同じ準位を同じ状態が占有できない
—> 粒子の入れ替えに対して完全反対称

�00 = f00(x1)f00(x2)f00(x3)

空間：基底状態（l=0）は完全対称

カラー：完全半対称（白色）
—> スピン・フレーバー：完全対称

�01 = f00(x1)f00(x2)f01(x3)

励起状態：クォークをl=1の軌道に上げる
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ハドロン構造の研究
構成子クォーク模型

対称性で決めた波動関数に、摂動として取り入れる

QCDからクォーク模型へ：閉じ込めポテンシャル

~!

Hcs = � fcs
mimj

(�c
i · �c

j)(�i · �j)

例）カラースピン相互作用（１グルーオンの交換）

平均一体ポテンシャル以外のクォーク間の相関：残留相互作用
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ハドロン構造の研究
実験との比較

バリオン第一励起状態（負パリティ）のスペクトル

模型の予言と実験データが幅広く一致：qqq構造が支配的
再現できない状態：Λ(1405)は別の内部構造？

実験データ

Λ(1405)

模型の予言
N. Isgur and G. Karl, Phys. Rev. D18, 4187 (1978)
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qq̄対生成による励起：マルチクォーク状態

様々なハドロン励起
ハドロン構造の研究

- クォーク間の相互作用で束縛
- q̄はqと反対のパリティ：qqqqq̄(l=0)

- ハドロン間の相互作用で束縛
- 最も軽い擬スカラー中間子（南部ゴールドストーンボソン）
通常ハドロンの中にもエキゾチックハドロン的な構造？

中間子生成による励起：ハドロン分子状態

qqq(l=1)と
同じ量子数

B
M
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ハドロン分子５クォーク３クォーク

+ + + . . .|�(1405) � =

ハドロン構造の研究
構造の解明に向けて

Λ(1405)の可能な構造

B
M

量子力学 —> 可能な状態の重ね合わせ

どのようにして構造の違い／主要な成分を実験で観測するか？

(a) ３クォーク：クォーク模型に基づく構造（軌道角運動量１）

(b) ５クォーク： クォーク模型に基づく構造（軌道角運動量０）

(c) ハドロン分子：ハドロン間相互作用に起因する構造
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ハドロン構造の研究
相対論的重イオン衝突

高エネルギーで原子核２つを衝突させる

クォークグルーオンプラズマ(QGP)

K. Yagi, T. Hatsuda and Y. Miake, Quark-Gluon Plasma, Cambridge (2005)

QGP

多数のハドロンを観測する
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Multi-quark hadrons from Heavy Ion Collisions

Sungtae Cho,1 Takenori Furumoto,2, 3 Tetsuo Hyodo,4 Daisuke Jido,2 Che Ming Ko,5 Su Houng Lee,2, 1

Marina Nielsen,6 Akira Ohnishi,2 Takayasu Sekihara,2, 7 Shigehiro Yasui,8 and Koichi Yazaki2, 3

(ExHIC Collaboration)
1Institute of Physics and Applied Physics, Yonsei University, Seoul 120-749, Korea
2Yukawa Institute for Theoretical Physics, Kyoto University, Kyoto 606-8502, Japan

3RIKEN Nishina Center, Hirosawa 2-1, Wako, Saitama 351-0198, Japan
4Department of Physics, Tokyo Institute of Technology, Meguro 152-8551, Japan

5Cyclotron Institute and Department of Physics and Astronomy,
Texas A&M University, College Station, Texas 77843, U.S.A.

6Instituto de F́ısica, Universidade de São Paulo, C.P. 66318, 05389-970 São Paulo, SP, Brazil
7Department of Physics, Graduate School of Science, Kyoto University, Kyoto 606-8502, Japan

8Institute of Particle and Nuclear Studies, High Energy Accelerator
Research Organization (KEK), 1-1, Oho, Ibaraki 305-0801, Japan

(Dated: November 4, 2010)

Identifying hadronic molecular states and/or hadrons with multi-quark components either with
or without exotic quantum numbers is a long standing challenge in hadronic physics. We suggest
that studying the production of these hadrons in relativistic heavy ion collisions offer a promising
resolution to this problem as yields of exotic hadrons are expected to be strongly affected by their
structures. Using the coalescence model for hadron production, we find that compared to the case
of a non-exotic hadron with normal quark numbers, the yield of an exotic hadron is typically an
order of magnitude smaller when it is a compact multi-quark state and a factor of two or more
larger when it is a loosely bound hadronic molecule. We further find that due to the appreciable
numbers of charm and bottom quarks produced in heavy ion collisions at RHIC and even larger
numbers expected at LHC, some of the newly proposed heavy exotic states could be produced and
realistically measured in these experiments.

PACS numbers: 14.40.Rt,24.10.Pa,25.75.Dw

Finding hadrons with configurations other than the
usual qq̄ configuration for a meson and qqq for a baryon is
a long standing challenge in hadronic physics. In 1970’s,
the tetraquark picture [1] was suggested as an attempt
to understand the inverted mass spectrum of the scalar
nonet. At the same time, the exotic H dibaryon [2] was
proposed on the basis of the color-spin interaction. While
results from the long search for the H dibaryon in various
experiments turned out to be negative, we are witness-
ing a renewed interest in this subject as the properties of
several newly observed heavy states cannot be properly
explained within the simple quark model. These states
include DsJ (2317) and X(3872) discovered, respectively,
by the BaBar collaboration [3] and the Belle collabora-
tion [4].

An important aspect in understanding a multi-quark
hadron involves the discrimination between a compact
multi-quark configuration and a loosely bound molecu-
lar configuration with or without exotic quantum num-
bers. In a loosely bound molecular configuration, the
wave function is dominantly composed of a bound state
of well separated hadrons. On the other hand, in a
compact multi-quark configuration, the dominant Fock
component is a compact quark configuration typically
of a hadron size, with little if any separable color sin-
glet components. For a crypto-exotic state, one further
has to distinguish it from a normal quark configuration.

For example, f0(980) and a0(980) could be either normal
quark-antiquark states [5], compact tetra-quark states [1]
or weakly bound KK̄ molecules [6].

Previously, discriminating between different configu-
rations for a hadron relied on information about the de-
tailed properties of the hadron and its decay or reaction
rate [7]. Moreover, searches for exotic hadrons have usu-
ally been pursued in reactions between elementary par-
ticles. In this letter, we will show that measurements
from heavy ion collisions at ultrarelativistic energies can
provide new insights into the problem and give answers
to some of the fundamental questions raised above [8–
10]. In particular, we focus on the yields of multi-quark
hadrons in heavy ion collisions. To carry out the task,
we first use the statistical model [11], which is known
to describe the relative yields of normal hadrons very
well, to normalize the expected yields. We then use
the coalescence model, which has successfully explained
the enhanced production of baryons at midrapidity in
the intermediate transverse momentum region and the
quark number scaling of the elliptic flow of identified
hadrons [12, 13], to take into account the effects of the
inner structure of hadrons, such as angular momentum
and the multiplicity of quarks [9, 14].

In the statistical model, the number of produced

ハドロン構造の研究
ハドロン生成量と構造

相対論的重イオン衝突でのハドロン生成量を計算
S. Cho, et al., Phys. Rev. Lett. 106, 212001 (2011); Phys. Rev. C 84, 064910 (2011).

構造の違いが生成量にあらわれる？

?

?

? B
M

QGP
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ハドロン構造の研究
生成量の計算結果

Coalescence model：ソースと状態の波動関数の重なりを評価

N coal ⇠
Z Y

i

dpidxif(xi,pi)f
W (x

1

, · · · ,xn : p
1

, · · ·pn)

QGP

構造の違い —> 生成量：実験で決定できる？
マルチクォーク << 通常 << ハドロン分子

baryon/meson ratio at intermediate transverse momenta
[15–17] as observed in experiments [19,20].

We conclude from the above discussions that the yield of
a hadron in relativistic heavy ion collisions reflects its
structure and thus can be used as a new method to dis-
criminate the different pictures for the structures of multi-
quark hadrons. As a specific example, we consider f0ð980Þ.
So far, STAR has a preliminary measurement of f0ð980Þ=!
and "0=! from which we find f0ð980Þ="0 # 0:2 [32].
Using the statistical model prediction for the yield of
"0 ¼ 42 leads to f0ð980Þ # 8. Comparing this number to
the numbers predicted for f0ð980Þ in Table II, we find the
data consistent with the K !K picture. Therefore, despite the
quoted experimental error of around 50%, the STAR data
can be taken as evidence that the f0ð980Þ has a substantial
K !K component, and a pure tetraquark configuration can be
ruled out for its structure. Such a conclusion could not be
reached from analyzing the data for f0ð980Þ ! 2# [7,33].
Because of the large error bars in the STAR data, further
experimental effort is highly desirable for putting an end to
this controversial issue. Similarly, efforts to measure the
yields of other hadrons and newly proposed exotic states
listed in Table I will provide new insights to a long-
standing challenge in hadronic physics.
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FIG. 1 (color online). Ratio of hadron yields at RHIC in the
coalescence model to those in the statistical model.
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導入：原子核・ハドロン物理

観測されているハドロンの分類

ハドロン構造の研究

- ハドロン物理：低エネルギーQCDを理解する

- エキゾチックハドロンはなぜ少ない？

- ハドロンは多様な構造を持つ
- 重イオン衝突の生成量で構造を検証する

まとめ
まとめ

ハドロンの多彩な構造とその検証方法を議論した

B
M
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