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EOS

Superfluid / Superconducting phase

Introduction: NS observations

Fukushima, Hatsuda (2010)

Mass

Cooling

1/16

QCD phase diagramNS observations

(1.97± 0.04)M�

(2.01± 0.04)M�

Demorest et al. (2010)

Antoniadis et al. (2013)

Relation to stiffness of EOS and the existence of 
the exotic components  ？   

Cooling of CAS-A
Heinke et al. (2010)

Relation to nucleon and quark superfluidity
inside NSs ？

Quark Mass Dependence of Chiral Condensate Reduction
163 × 48 lattice with low-lying 120 eigenmodes

mud = 0.015 : mπ ∼ 0.30 GeV
mud = 0.050 : mπ ∼ 0.53 GeV
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� What is a nucleon 
and, in particular, 
its core? 

� At large number of 
colors it still has  
the mesonic 
content 

October 31, 2013 Talk @ YITP, Kyoto 2013  

Meson cloud 

Core… 
From what? 

Structure 
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Positive parity OPE data
Negative parity OPE data

term

term

n0: nuclear matter density

Positive parity OPE data:

Negative parity OPE data:

The peak position 䠄 䠅
is hardly sifted.

vMqE �++= 2*2

EJ and lifetime (W)  can be measured by J-ray spectroscopy  
    using Ge detectors of a few keV resolution 

(If Br M1 =100%,�W�= 1/*M1) 

W�

 Medium effect of / hyperon 
Modification of magnetic moment in medium          

gc ; g-factor of core nuclei 
g/; g-factor of /  

Main motivation of J-PARC E13 

It’s  Halloween,  today.    My  talk  is: 
 

In-medium Tomozawa-Weinberg Relation 
with nuclear correlation effects    

Ryoichi Seki 
California State University, Northridge 

 
Hadrons in Nucleus, YITP 10/3/2013 

𝐸ఊ (MeV/𝑐ଶ)

𝛾𝑁 → 𝜋𝜋±𝑁 cross section

• Acceptance correction using 
Geant4 based Monte-Calro
simulation with obtained 
detector efficiency. 

• Those plots with higher 
energy above 800 MeV are 
newly obtained. 

• Our data covers 2nd and 3rd

resonance region. 
13

Density dependence of pion decay const. 

NLO contribution is small around normal nuclear density. 
Within NLO, linear density approximation is good up to       . 

NLO 

In symmetric  
nuclear matter 

up to O(ρ4/3) 
O(ρ) 

•Input 

S-wave  isoscalar  πN  sca.  len. 

 V. Baru et al, PLB (2011) 

Need to install all equipments
within 1 day

F5

F7

Target

SRC

     
   

Tracking

ΔE / TOF 
measurement

particle ID

Q measurement

MWDC×2
segmented plastic scintillator ×1

d beam 250 MeV/u
~ 1012 /s

3He 350 MeV
~ 102 Hz

BigRIPS 

plastic scintillator ×1

p 250 MeV
~ 105 Hz

(break up)

YITP workshop on Hadron in Nucleus, 31st Oct. 2013 in Kyoto University

Experimental setup

18

TotalTotal

Green Neff

Numerical�results:�Green�vs.�Neff Energy�resolution
'E=300keVWe�focus�on�subcomponent�of��

Different�behavior�of�peak�structure�(Green:�Asymmetric,�Neff:�Symmetric)

Precise�theoretical�spectrum�is�important�to�deduce�pion�properties�in�nuclei�
from�future high�resolution�experiment

In-medium K̄ & η mesons
Mesic Nuclei, JU Krakow, Sept. 2013

Hadrons in Nuclei, YITP Kyoto, Oct. 2013

Avraham Gal

Racah Institute of Physics, Hebrew University, Jerusalem

• K̄N − πY chiral dynamics and its consequences

• K̄ nuclear few-body systems

• K̄-nucleus potentials from K− atoms

A.Gal in HYP2012 Proc., NPA 914 (2013) 270

• Quest for η nuclear quasibound states

E.Friedman, A.Gal, J.Mareš, PLB 725 (2013) 334

1

σ =       dVps |M|2 ³F
1

|M|2  ~ |M0|2 |MFSI|2 

|MFSI|2 ~ |Mpp|2 |Mp1η|2 |Mp2η|2 

          dynamics    →  |M0|2  

         interaction  →  σ (Q)  

CELSIUS 
 
COSY 
 
SATURNE 

Alfons Khoukaz 

Erzeugung von K-Mesonen 

The  Reaction  d+p  →  3He+K�

Fit to data very close to threshold: Only s-wave 

Fit parameter: 
• Complex scattering 

length  a=ar+iai 
• Complex effective 

range  r=rr+iri 
• Finite momentum 

width Gpbeam of the 
accelerator beam � �

2
2

0

2

prod

2
11 ff

i

f

prapai

f
p
p

d
d

������

� 
:
-V
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Excellent talks, many by young participants



3He(K-,/pn) Result  
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+ all events 
● w/ forward n in the NC 

*including 60ÆJ/ events 

Dalitz plot of�/pn 

In�/p evens , /pn events are minority (~400evens). 
 =>main evens are  /p + N+S?/N+SS?/N*? 
In Dalitz plot of /pn, events are scattered  widely in phase space 
 =>It seems 3N abs (or exotic state?) exists.  

 

M.M. of 3He(K-,/p) [GeV/c2]�

3He(K-,/p) missing mass 

n 

N+S�SS�1�'" 

Result (preliminary): KSW-NRv2 potential
NN potential     : Av18 (Central + spin-spin)
KbarN energy  is  fixed  at  Λ*.  (Not  self-consistent!)

EKN [MeV]

θ = 30 deg.-Γ/2  [MeV]

Kbar-N-N 
continuum

Λ*-N continuum

“K-pp”
(-29.9, -21.0) MeV

N N

Kbar

2.1 - i 0.3 fm

1.4 - i 0.2 fm

Kbar-N-N

NIST
TES system

a possible
Setup

stop K-
in a target

K- beam

X-rays

Kaon beam
detectors

2013/11/1 14 

-G= 20 MeV 
 0.17 - 0.55 mb 
 
-G = 60 MeV 
  0.55 - 1.7 mb 
 
-G =100 MeV 
  1.1 – 2.9 mb 
 
1.5 - 26 % of  YK+p- 
production cross 
section. 

B.E. !15 points (10-150 MeV) 
G      !3 points  (20, 60 and 100MeV) 

Hadron in nucleus @ Kyoto University 
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1!pion!coincidence�

1!proton!coincidence�

p!cut!:!π!or!slow!p�
p!cut!:!proton!(p!>!280!MeV/c)!

We!studied!coincidence!
data!by!using!RC!cut.�

_�

This week photos

BGOEGG with all PMTs

RPC support frame

DAQ system 12 

•  Large Nc counting 

Witten-Veneziano formula at finite T (Kwon, Morita, Wolf, Lee: PRD 12 ) 

( ) ( ) ( )
m

ikx GGxGGdxikP �= 0~,~e

2
cN

•  At finite temperature, only gluonic effect is important  

2
cN cN

( ) Term Scattering 
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|~|0
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Contributions from and mesons

Ԣߟ contribution

ܸǡ ܹ ൌ െሺͳͷͲǡʹͲሻ MeV

ࣘ contribution
ܸǡ ܹ ൌ െሺ͵Ͳǡ ͳͲሻ MeV

࣓ contribution
ܸǡ ܹ ൌ ሺͶ͵ െ ͳͻ݅ሻ MeV

(repulsive case)

large tail but smooth
total
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elementary corss sections

Ԣߟ ... 13.5 Pb/sr (Lab.)

߶ ... 20.8 Pb/sr (Lab.)

߱ ...  27 Pb/sr (Lab.)

ܥ ǡ ݀ ଵଵܥఎᇲǡఠǡథଵଶ

Nagahiro et al.,  PRC (2013)

consistent with predictions by:
 S. Bass and A.W.Thomas, Acta Phys. Pol. B 41 (2010) 2239
 H. Nagahiro et al., PLB 709 (2012) 87.          ����������������������������������
��ρ=ρ0) = -10±2.5 MeV, M. Nanova et al., PLB 710 (2012) 600.

⎮V ⎮>> ⎮W⎮ !  ➯ search for η’ mesic states promising

estimation of the of η’-nucleus potential depth
from the η’ momentum distribution

pd’ [GeV/c ]
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d
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p d
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]

C data Ea=1500-2200 MeV

V(l=l0) = 0 MeV

V(l=l0) = -75 MeV

V(l=l0) = -25 MeV

V(l=l0) = -100 MeV
V(l=l0) = -150 MeV

V(l=l0) = -50 MeV
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V(ρ=ρ0) = -32±11 MeV 

　　　

Structure-finding sensitivity

25

In-medium η’  mass  
with linear sigma model 

About 80MeV reduction of η’  mass  @  ρ=ρ0 
About 50MeV enhancement of η mass  @  ρ=ρ0 

15 

Mass difference between η and η’  reduces  about  130MeV. 

35% reduction of 〈qbarq〉 @ρ=ρ0 is input. 

S.S,D.Jido,arXiv:1309.4845 

π atom:K.Suzuki, et al., PRL92,72302(2004). 
π-nucleus elastic scattering:E.Friedman, et al., PRL93,122302(2004). 

(The partial restoration of chiral symmetry leads to the degeneracy of η and η’) 

From the η’  mass  reduction,  the  η’N 2body interaction is expected to be attractive. 

Garcia-Recio, Nieves,  
Salcedo, LT ‘10, ‘12 

Initially predicted in 208Pb within QMC 
model Tsushima et al. ‘99 

Within the self-consistent coupled-
channel approach that incorporates 
HQSS 

D mesic nuclei 

PANDA @FAIR? 

Working on analyzing 
hidden charm states, 
eg. J/ψ, ψ(3770),.. in matter 
(at finite temperature) for 
PANDA/CBM @ FAIR.  
Signal for deconfinement? 

Chiral'
symmetry'

Heavy'
quark'

symmetry'

Quarks'&'Gluons'

m→0' m→∞'

Relations between scattering length  a  of                      and 
binding energy  B  of                         and

Lattice QCD

8Be is a resonance state, 0.09 MeV above the α+α  break-up threshold 
with  narrow  width  Γ=6  eV.

α-α interaction : folding Hasegawa-Nagata potential with OCM
A. Hasegawa, S. Nagata, Prog. Theor. Phys. 45, 1786 (1971)

3-body system

. . . . . .

.. Outline

...1 Introduction

Heavy Quark Spin Symmetry

π exchange potential between
heavy meson and nucleon.

...2 Results of D̄(∗)NN and B (∗)NN

...3 Results of P (∗)NN in mQ → ∞

...4 Summary
3-body system

11/1, 2013 Y. Yamaguchi(RCNP) Exotic dibaryons with a heavy antiquark @ YITP 1

Theory
Decay Constants

I The decay constants are evaluated using the
relation[15],

f 2
P/V =

12
�� P/V (0)

��2

MP/V
C̄ 2(↵S) (8)

Where C̄ (↵S) is the QCD correction factor given
by[16]

C̄ 2(↵S) = 1 � ↵S

⇡


2 �

mQ � mQ̄

mQ + mQ̄
ln

mQ

mQ̄

�
(9)

Excellent talks, many by young participants



Low Mass Enhancement in Low-pT

2013/11/02� YITP workshop on "Hadron in Nucleus" at YITP, Kyoto University, Oct. 31 - Nov. 2, 2013�

0<pT<0.7 GeV/c 

0.7<pT<1.5 GeV/c 1.5<pT<8 GeV/c 

0<pT<8.0 GeV/c 

p+p 
Au+Au 

Low$mass$excess$in$Au/Au$concentrated$at$low$pT$
2/Nov/2013 Hadron in Nucleus at YITP 18 

⇒Most dominant contribution of mass shift to higher 
energy is D-dependence of chiral condensate 

Effect by 
all of OPE 

Effect by only 
chiral cond. 

Effect by only 
mixed cond. 

21 

arXiv:1308.1363 [hep-ex]  
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ʔ photo-production on proton target ʔ photo-production from the deuteron target  
W.C. Chang et al. Phys.Lett., B684:6–10, 2010. 
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Transparency ratio at forward angles: 

some effect other than nuclear density 
at forward angles ? 

the nuclear medium effect is minimal  since 
the deuteron is composed of a loosely bound 
proton and neutron 

 Significant Reduction 

Related(?) Topic 
Result & Discussion 

20

ω→π0γ lineshape analysis
M. Thiel et al. , Eur. Phys. J.  A49 (2013) 132 

comparison with reference 
measurement on LH2

no significant structure in spectral function;
signal on Nb,C slightly broader than on LH2
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CB@MAMI
Eγ = 0.9 - 1.3 GeV

32 000 ω

comparison with GiBUU calculations for 
different in-medium scenarios (J.Weil, U. Mosel)

data consistent with collisional broadening; 
mass shift scenario less likely
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The$double*peak$structure$of$�$$
expected$at$J*PARC$E16�

Nov.$2,$2013� YITP$workshop$on$$Hadron$in$Nucleus$@$Kyoto� ���

E16$expectaLon$
(��<0.5$&$�=5MeV)�

•  �ass$modificaLon$of$� 
–  The$mass$shiW$is$3.4%$at$
E325$if$the$excess$is$
interpreted$as$the$shiW$of$
the$peak$posiLon$

•  Double*peak$structure$
on$invariant$mass$
distribuLon$
–  Observe$�$decayed$inside$
and$outside$the$nucleus$

–  In$addiLon$to$$the$mass$
dist.$obtained$w/$proton$
target$(CH2),$we$can$
understand)the)mass)
distribu.on)of)�))

Proton�

Pb�Cu�

� meson at finite density 

ruled out !?  

The φ meson mass shift strongly depends on the strange 
sigma term.�

Excellent talks, many by young participants



π, K, η, η’ 
vector mesons 

N, Λ 
K-pp 

c, b, .. 
HEHI 

neutron star



new data



                           COSY-11   

  SOLID LINE (CFS)                 DASHED LINE 
|Re_a| = 0.3 +0.1 -0.2 [fm]     |Re_a| = 0.2 +-0.2 [fm] 
Im_a = -0.1 +- 0.1 [fm]           Im_a = -0.0 +- 0.1 [fm] 

____   J.P. Naisse, Nucl. Phys. A 278 (2997) 506 
---- B.L. Druzhinin et al., Z. Phys. A 359 (1997) 205 
….  R.  Shyam, U. Mosel, Phys. Lett B 436 (1998) 1. 

σ =       dVps |M|2 ³F
1

|M|2  ~ |M0|2 |MFSI|2 

|MFSI|2 ~ |Mpp|2 |Mp1η’|2 |Mp2η’|2 

preliminary 

pp→ppηꞌ 

Moskal

                       WASA-at-COSY   

PRELIMINARY DATA 

SIMULATIONS 

dd → 3He n π0  

dd → 3He N* →  3He n π0  

Nanova

consistent with predictions by:
 S. Bass and A.W.Thomas, Acta Phys. Pol. B 41 (2010) 2239
 H. Nagahiro et al., PLB 709 (2012) 87.          ����������������������������������
��ρ=ρ0) = -10±2.5 MeV, M. Nanova et al., PLB 710 (2012) 600.

⎮V ⎮>> ⎮W⎮ !  ➯ search for η’ mesic states promising

estimation of the of η’-nucleus potential depth
from the η’ momentum distribution
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C data Ea=1500-2200 MeV

V(l=l0) = 0 MeV

V(l=l0) = -75 MeV

V(l=l0) = -25 MeV

V(l=l0) = -100 MeV
V(l=l0) = -150 MeV

V(l=l0) = -50 MeV
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V(ρ=ρ0) = -32±11 MeV 

η-4He

η & η’
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2N abs 

K-pp 
B.E = 50MeV 
* = 50MeV 

3N abs 
From MC,2Nabs makes peak in high 
energy region 
=>real  data  spectrum  don’t  have  the  
peak in high energy region. 
It seems 3N abs (or exotic state?) is 
dominant. 
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Sada 
3He(K-,n) at J-PARC
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→No peak structure was observed! 

expected signal 

A: 
  g n → �- K+ 

    �- → n �- 

B: 
  �  p → � K+ �- 
C: 
  � p/n → �-/0 K+ �- 

   
 B+ C : ~11 �b Peak structure was searched in 2.22 - 2.36 GeV/c2. 

A 

B 

C 

Hadron in nucleus @ Kyoto University 

cut condition 
 
-cosqlab

K+>0.95 
-cos�lab

��>0.95 
-0.25<pK+<2.5 
-0.25<p�-<0.6 

Tokiyasu 
d(γ,K+p) at LEPS 1$pion$tagging$spectrum�

19"

Rπ!=!(Pion!coincidence!spectrum)!/!(Inclusive!spectrum)!
!!Rπ!�!(π!emission!BR)!x!(π!detecDon!efficiency)�

QFΛ!and!QFΣ!emit!1!pion!
QFY*!and!πYN!emit!2!pions!
!
Rπ!reflects!π!emission!probability,!
therefore!the!raDo!in!QFY*!+!πYN!
region!is!higher!than!those!in!the!
other!regions.!
!

Rπ!is!almost!constant!at!each!
region.�
�
�

Ekawa; d(π+,K+) at J-PARC

?

K-pp



Cosmological constant 
Einstein (1917) 

Universe 

baryons 

5 

27 
68 

“Higgs” condensate 
  Englert-Brout, Higgs (1964) 

bare 
quark 

3 

quark 

“Chiral” condensate 
Nambu (1960) 

quark 

3  

hadron 

     In-medium Hadrons -- A Theoretical Overview -- 
T. Hatsuda  (RIKEN) 

Condensates 䳓 Elementary excitations 



W. Weise / Nuclear aspects of chiral symmetry 65c 

is trivial, so that tile local change of the scalar density is Aps(r)  = ps(r) - ps(o~) = 

- ( f i t ,  + dd)oO(R - r). The sigma term becon,es 

o [ 4 ~  2 2 
aN = m ~ 'l'3r Aps(r)  = --~-R°m, f~, (17) 

where we have used the GOR relation again, itence one finds R "" 0.S fro for on, = 

45 M e V .  In this picture, each nucleon represents a small volume 4rrRa/3 ~ 2fro 3 inside 

of which chiral symmetry is locally restored. This volume is about one third of the specific 

volume o = p~-! 2 5.9fro a availahle to a nucleon in nuclear matter,  in practice, the scalar 

density profile of the nucleon is generally not that simple, but essential features remain 

[15]. 

Figure 2: Picture of the nucleon as an "impurity" in the non-pertnrbative vacuum. 

ChirM effective theories have been used extensively in order to estimate both the 

density and the temperature dependence of the {~q) condensate. Its behaviour with 

temperature,  in the chiral limit, is determined entirely by the pion decay constant. [16]: 

< ~ q > r  = 1 -  + O  (18) 
< eq >r:0  2 \2f ) 

(for N! = 2 flavours). Below T <~ 100 M c V ,  there is hardly any variation with temper- 

ature. The density dependence is far more pronounced. Hence the place to look for 

indications of chiral symmetry restoration is dense, rather than hot, systems. Fig. 3 

shows a qualitative impression of how ((/q) behaves with both p and T; this is a typical 

result of NJL modei caiculations [14]. 

DENSITY 

Figure .~: The condensate {#q) as a function of  density p and temperature T (adapted 

from ,'ef.[I4] ). The density is 9iven in units of nuclear matter density Po = 0.17 f m  -3 

W. Weise, NPA 553 (1993) 59



Ratio of Chiral Condensate in 3Q system

r3Q(x) ≡
⟨q̄q(subt)(x)W3Q⟩
⟨q̄q(subt)⟩⟨W3Q⟩

< 1

about 20 ∼ 30 % of chiral condensate is reduced in 3Q-system
“partial restoration of chiral symmetry” in 3Q-system
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QGP 

  

Quark-Gluon Plasma 

Quark  
superfluid 

Hadron 
phase 

Chiral symmetry is always broken at finite density  

Baryon  
superfluid 

Hadron-Quark Continuity in dense QCD 䠄Nc=3, Nf=3䠅 

Experimentally-accessible region is rather limitedUnderstand matter  
under extreme conditions 

Pion 

Kaon 

D-meson 

Δ
E

be
am

 

FAIR 

NuPECC report 

Lattice is powerful, but is also limited for µB~0



HIN - Hadron in Nucleus

N

H

hadron-nucleon 
2-body 

baseline 
n.b. hypernuclei

nuclear matter

H

Strange and Charmed 
Mesons in Nuclear Matter 
and Nuclei 

Laura Tolós 
ICE, IEEC/CSIC, Barcelona  
FIAS, University of Frankfurt 

D, K 
_ 

how does this “probe” 
modify the environment?

missing mass 
invariant mass 

transparency ratio 
excitation energy 

…



HIN - Hadron in Nucleus

Strange and Charmed 
Mesons in Nuclear Matter 
and Nuclei 

Laura Tolós 
ICE, IEEC/CSIC, Barcelona  
FIAS, University of Frankfurt 

D, K 
_ 

• π 
pionic atom - assisted by Coulomb & recoilless 
mass shift ~0, it is fπ (ft) which gets modified

• Λ 
hypernuclei (in-medium µΛ )

• ω, Φ, … 
η, η’, …  
mass reduction + ~recoilless ?

• charmed, cc???



mass reduction?
• Chiral order parameters; not unique : Dim.3 condensate, Dim.6 

condensate, etc

• ~30% reduction in           ; what does this mean for mass?  
 

• Subthreshold behavior (energy dependence) of fηN, … is crucial

• imaginary part W << real part V?

Dim.3 Chiral condensate  
in the medium  

Lattice QCD, (2+1)-flavor 
Borsanyi et al., JHEP 1009 (2010) 

Finite Temperature (LQCD) 

Nuclear chiral perturbation  
Kaiser et al., PRC 77 (2008) 

)LQLWH�EDU\RQ�GHQVLW\��ǒ37� 

3

Link between hadronic and QCD- descriptions

Q2

⇥

Z 1

0
ds

Im⇥(s)

s(s+Q2)
= � 1

8⇥2
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�s

⇥
)ln
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�2
+

mqhqqi
Q4

+
1

24

h�s
⇥ G2i
Q4

� 112

81
�s⇥

hqqi2

Q6
+ ...

QCD sum rules:
hadronic side QCD side

no direct relation between in-medium properties of hadrons and QCD condensates
QCD sum rules provide important constraints for hadronic models

partial restoration of chiral symmetry

｜‹qq›ρ,T｜→ 0 for ρB , T➚−

parameter range (ρB,T) reached in 
reactions with heavy-ion, γ,π, p-beams 

S. Klimt et al., PLB 249 (1990) 386

chiral condensate as function of 
baryon density ρB and temperature T

but, chiral condensate is not an
 experimental observable

Metag



How well do we understand QF?

Binding�energy�[MeV]

0.0䚹<�T�<�0.5 䚹

0.5䚹<�T�<�1.5 䚹

1.5䚹<�T�<�2.5 䚹

T.�Nishi,�private�communication

Binding�energy�[MeV]

Theory�vs.�Experiment

Energy�resolution
'E=500keV
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not easy even for pionic atoms
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Theoretical spectra of 12C(p,d)11C×η′

Vη’=(V0+iW0) ρ0

ρ(r)η′ nucleus optical potential : 

○ proton energy 2.5 GeV

○ Green’s function method 

������������!���������������	���
�����

V0=Δm(ρ0),  W0=-Γ(ρ0) / 2
good understanding of QF, (and good energy resolution) essential for shallow V, large W



or the excitation function?
excitation function for η’ photoproduction off C

decay mode:  η’ → π0π0η  

comparison of CBELSA/TAPS data with 
calculations by E. Paryev, J. Phys. G: Nucl. Part. Phys. 40 (2013) 025201  

and priv. communication

strong mass shift not supported by data 
7

excitation function

calculations normalized to data for 
Eγ = 2000-2500 MeV; downscaled by 1.2

exp. data and the 5 scenarios divided by the 
calculation for scenario V(ρ=ρ0)=0 MeV
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To tag, or not to tag, that is the question

decomposition into different final states

13

Based on the coupled-channel cal.
three final states

Ԣߟ

(a) ߟԢ escape

Ԣߟ

(b) ߟᇱܰ ՜ ܤܯ
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(c) ߟᇱܰܰ ՜ ܰܰ
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how to understand 
(1-p tagged)/(inclusive) 
“2 proton tagging rate is very low”

Ekawa



exotics in HEHI collisions

• exotics such as antihypertriton found in HEHI
STAR

Ω-p

• other exotics may have been formed, but not 
reconstructed - (Hamagaki, private comm.) 
such as strange-strange-strange dibaryon



A final remark



Theorist’s dreams are…

Mesic nuclei 
Dipion 

2  Individual properties of NG and “Higgs” bosons  
         ʌ��.��Ș��1*���ı��+LJJV���Ș¶��DQRPDO\�   

 ıÆ�Ǆ��ǆÆ�Ǆ��ǆ¶Æ�Ǆ� 

Dileptons 
Hadronic decay 

3  Individual properties of vector bosons  
         ȡ��Ȧ��.�DQG�ĳ� 

Precision/systematic studies 
(dispersion relation, different targets, …) 

1  Spectral difference between chiral partners   
         ʌ-ı��ȡ-a1��Ȧ-f1, etc   

Determination of D=6 chiral condensates in the vacuum? 
Tau-decay in nuclei ? 

Wish list by an innocent theorist 

hatsuda



Experimentalist’s nightmare

ALEPH Collaboration,  
Phys. Rep. 421 (2005) 191  

<VV> - <AA> from䃣-decays at LEP-1  
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e.g., how to do this ↓ in medium??

hatsuda



Experimentalist’s nightmare

ALEPH Collaboration,  
Phys. Rep. 421 (2005) 191  

<VV> - <AA> from䃣-decays at LEP-1  
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e.g., how to do this ↓ in medium??

hatsuda

Homework for  
talented young people



Excellent program!!

Let us all thank the organizers 


