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'ﬂm The Nobel Prize in Physics 1949
“2W Hideki Yukawa
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The Nobel Prize in Physics
1949

Hideki Yukawa

Prize share: 1/1

The Nobel Prize in Physics 1949 was awarded to Hideki Yukawa “for

his prediction of the existence of mesons on the basis of theoretical
work on nuclear forces”.
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distance between proton and neutron [unit 10'13cm

Ishii N., Aoki, S. & Hatsuda, T. Nuclear force from lattice QCD. PRL 99, 022001 (2007)



MIN2016 Topics

>~ Fundamental theories of QCD

> Mesonic atoms

> Mesonic nuclel

> Hadron formation in nuclear medium
> Hadron-hadron interaction

> New facilities



All related to a fundamental question:

co

hadron

1000 MeV

“Chiral” condensate "Higgs” condensate

Nambu (1960) Englert-Brout, Higgs (1964)

Hatsuda, HIN2013




we have been asking
a similar set of questions
over and over

for quite some time



VACUUM
il <Gq><D

T Hatsuda; T Kunihiro, PRL 55 (1985) 158 Z W/~ NUCLEON: valence quarks
- & " push condensate agide”
SCALAR DENSITY ¢ >0

W Weise, Nucl.Phys.A553 (1993) 59c



Where are we now?



Experimentally-accessible regions are rather limited
Lattice i1s powertul, but is limited to pg~0

Hadron-Quark Continuity in dense QCD (N_=3, N=3)
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Chiral symmetry is always broken at finite density
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I L J | ' L J L) | J l | J . )
early universe

quark-gluon
plasma

chemical freeze-out

Ny il

S~

\\
S~

[ thermal freeze-out

hadron gas atomic

nuclei neutron stars .
2 ;| l 2 A ) l 2 2 2 l A s I l I

0.2 0.4 0.6 0.8 1 1.2 1.4
baryonic chemical potential u; [GeV]

NuPECC report




A good starting point for
MIN2016
would be to recall

what were discussed at

HIN2013 (held @ YITP)



In-medium Hadrons -- A Theoretical Overview -- Introduction: NS observations /16

T. Hatsuda (RIKEN)

NS observations QCD phase diagram
T TR Quark-Gluon Plasma
Fukushima, Hatsuda (2010)
5 % baryons N mo = O Mass HON

27 % = dark matter m ~ 1000 MeV mg =~ 3 MeV (1-97 =t 0-04)M@ Relation to stiffness of EOS and the existence of

68 % = dark energy A Demorestetal 20/0) the exotic components ?
(2.01 £ 0.04) My,

Cosmological constant “Chiral” condensate “Higgs” condensate : gotoniadizetal (OLY) . ;

Einstein (1917) Nambu (1960) Englert-Brout, Higas (1964) Cooling Superfluid / Superconducting phase
Cooling of CAS-A Relation to nucleon and quark superfluidity
Condensates < Elementary excitations Srierlyned i sl
T Hatsuda, In-medium Hadrons - A Theoretical Overview - K Masuda, Hadron-Quark Crossover and Neutron Star Observations

Quark Mass Dependence of Chiral Condensate Reduction

16> x 48 lattice with low-lying 120 eigenmodes TOpOIOQicaI models and soliton
@ myq = 0.015 : m, ~ 0.30 GeV

@ myq = 0.050 : m; ~ 0.53 GeV Structure

What is a nucleon
? ? and, in particular,
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its core?

At large number of
colors it still has
the mesonic
content
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From what?

October 31, 2013 Talk @ YITP, Kyoto 2013

T Iritani, Partial restoration of chiral symmetry in the flux tube from lattice QCD U Yakhshiev, Structure changes of the nucleon in nuclear matter



Medium effect of A hyperon
Modification of magnetic moment in medium

A-spin—flip M1 transition

Nucleon QCD sum rules in the nuclear matter.
preliminary

m—— POSitive parity OPE data

. : . Negative parity OPE data T
- n=0.75n, . (@d) y term — J.+1/2 @
I | E

\

e ‘]C /' <
' — 4§
(4'9) px term ﬁ W &=1/2 é;
. 1Z c )

A

(core nuclei) A-spin—doublet
BIM1) = (2dyp + 1)1 K Wigw [l 1 | Wyp > 12
_ 1 2
Negative parity OPE data: - C'(qq),, + C2(q'q) s, (2dyp + 17 1< war we ll il wat we >l
H=geJde+ GAJA = GcJ + (Ga- 9c)Ia

G(s,7)x107[Ge V]

Positive parity OPE data: + C' <§q>ﬁw + CQ(QTQ>,0N

g, ; g-factor of core nuclei
g,; g-factor of A

| I R N . |
L T R T = T O T S T U |
'

— —

_ 8 2Jpppt1 2
- 8n 2JC+1 (gA gC)

. [ 2
The peak position ( E—W@ _ 16mn

is hardly sifted. r=BR/t =—g- E:;" B(M1) (If Br M1 =100%, © = 1/T",)

[ HNZ]

pigyx10*

Ey and lifetime (t) can be measured by y-ray spectroscopy
using Ge detectors of a few keV resolution

Main motivation of J-PARC E13
K Ohtani, Nucleon spectral function in nuclear medium from QCD sum rules M Ukal, Study of the A\ g-factor in hypernuclel via the y-ray spectroscopy at J-PARC

0.+ :
It’s Halloween, today. My talk is: )/N —nTn N Cross section

In-medium Tomozawa-Weinberg Relation * Acceptance correction using

. . Geant4 based Monte-Calro
with nuclear correlation effects . . ) .
simulation with obtained

detector efficiency.

o DAPHNE(1995)
A Mainz(2001)
O Mainz(2003)

Total cross section (ub)

* Those plots with higher : A T T TP
energy above 800 MeV are : '
newly obtained.

Ryoichi Seki r " L W. Longeriner o7, Phye, Few Lot 57 (3001) 052001
* Our data covers 2"® and 3" ) Abyone et . Bhys.Lott 551 (20
California State University, Northridge ANRs g P A A A L L —

: 600 700 800 900 1000 1100 1200
resonance region. Ey (MeV/CZ)

13

Hadrons in Nucleus, YITP 10/3/2013

R Seki, In-medium Tomozawa-VVeinberg Relation with nuclear correlation effects S Matsumoto, n°m* photoproduction on the deuteron at ELPH




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

Experimental setup

77%)4%]? +} " In symmetric
my’ m2 nuclear matter

Q measurement {1racking

up {0 NLO e

©lnear —— 0(p) plastic scintillator x1

pr=ep{eallo{le <JalE

up to O(p*?) L, o Ui

Input F5
0N = 45MeV g4 = 1.27 MWDCx2
f =92.4MeV segmented plastic scintillator x1

S-wave isoscalar itN sca. len.
at =0.76(31) - 10~*m_*

V. Baru et al, PLB (2011)

0.5 1 1.5 2 2.5 3 AE / TOF

P/ Py
¢ NLO contribution is small around normal nuclear density. measurement

e Within NLO, linear density approximation is good up to o . particle ID

S Goda, Partial Restoration of Chiral symmetry and In-medium Pion Properties T Nishi, Systematic study of deeply-bound pionic atom and future perspectives

Numerical results: Green vs. Neff | In-medium K & 7 mesons
Energy resolution Mesic Nuclei, JU Krakow, Sept. 2013

We focus on subcomponent of (15)7 & (331/2);1 AE=300keV Hadrons in Nuclei, YITP Kyoto, Oct. 2013

Green Neff
Avraham Gal

Racah Institute of Physics, Hebrew University, Jerusalem

e KN — wY chiral dynamics and its consequences

e K nuclear few-body systems

| e K-nucleus potentials from K~ atoms
o . o A.Gal in HYP2012 Proc., NPA 914 (2013) 270
139 138 137 -136 -139 -138 -137 -136
Q [MeV] Q [MeV]

Different behavior of peak structure (Green: Asymmetric, Neff: Symmetric) e Quest for n nuclear quasibound states

d’6/dQdE [ub/sr/MeV]

—=> Precise theoretical spectrum is important to deduce pion properties in nuclei E.Friedman, A.Gal, J.Mares, PLB 725 (2013) 334
from future high resolution experiment

N Ikeno, Formation spectra of deeply bound pionic atoms in the (d,°He) reactions A Gal, In-medium K & n mesons
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P Moskal: Search for the eta-mesic helium in the deuteron-deuteron fusion reaction

------ 1

+ all events I
h | @ w/ forward n in the NC I

[N
o
o

Count/20MeV/c?

(%
o

Pt
o N+7t/mt/N*/A.

04 06 +08 12 14 16 18
M.M. of 3He(K,Ap) [GeV/c?]

(=)

In Ap evens, Apn events are minority (~400evggs).
=>main evens are Ap + N+m?/N+nrn?/N*? (T -T, )H_Q

In Dalitz plot of Apn, events are scattered widely in phase space
=>|It seems 3N abs (or exotic state?) exists.

Y Sada, Analysis status of the J-PARC E15 experiment

MUNSTER

The Reaction d+p — 3He+n

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

500

450 Data: ANKE Collaboration Fit parameter:

400 ' .. al il furtl  © Complex scattering
length a=a +ia,
« Complex effective
range r=rir,
| * Finite momentum
= | width 8p, .., of the
150 ] ; . accelerator beam
100

350

olnb]

300

250

total cross section

50

excess energy Q [MeV]

Alfons Khoukaz

A Khoukaz, Investigation of the 3He-n system in deuteron-proton collisions
at COSY-ANKE

Result (preliminary): KSW-NRvZ2 potential

NN potential  : Av18 (Central + spin-spin)
KvarN enerqy is fixed at \*. (Not self-consistent!)
Kbar_N_N EKN [MeV]

“K_pp - »
(-29.9, -21.0) MeV Kbar_\.-

L4

6 = 30 deg.

A Doté, Study of Kpp with an effective KP¥N potential on coupled-channel complex
scaling model



a possible
Setup

NIST

detectors

S Okada, High-resolution hadronic-atom x-ray spectroscopy with transition-edge-
sensor micro-calorimeters

1 pion coincidence

We studied coincidence
data by using RC cut.

inclusive

T 21 2.2 2.3 2.4 25 26
Missing Mass[GeV/c?]

1 proton coincidence

T 21 2.2 . 2.4 25 26
Missing Mass[GeV/c?]

p cut : tor slow p
p cut : proton (p > 280 MeV/c)

H Ekawa, Kpp search experiment in the d(p,K*) reaction at J-PARC

uppet limit of cross section

B.E. 215 points (10-150 MeV)
G 23 points (20, 60 and 100MeV)

-G=20 MeV
0.17 - 0.55 mb

(oY)
N

-G =60 MeV
0.55 - 1.7 mb

-G =100 MeV
1.1 -29mb

Upper Limit of the K pp production
( d’o/dcostl/dcosOl® [w b] )

222 224 226 228 23 232 234 236 section.
Missing Mass [GeV/c?]

2013/11/1 Hadron in nucleus @ Kyoto University

AQO Tokiyasu, Search for the Kpp bound state via photon-induced reaction

BGOEGG with all PMTs
DAQ system

M Miyabe, Recent status and plans at SPring-8 LEPS2 facility

1.5 - 26 % of YK*pr

production Cross



~ Contributions from w and ¢ mesons

Large N, counting P(k)=i dee”“<Gé(x), Gé(0)>m 12c( pa d) 11}:
’ n.we

@ Q Q elementary corss sections
i 7' ... 13.5 pb/sr (Lab.)

7\ \ - ¢ ... 20.8 ub/sr (Lab.)

N2 N2 N w ... 27 ub/sr (Lab.)

c c

w contribution
Vo, Wo) = (+43 — 19i) MeV

At finite temperature, only gluonic effect is important

[nb/sr/MeV]

d?c

e-dQdE -
oy
S

= 2 ~ 2 80 (repulsive case)
<O|GG|glueball> <O|GG\meson> . o
P(k)z ° . : +y e 5 ~ +Scattering Term large tail but smooth
glueballs k mn mesons k mn
Glue N.2 40 n' contribution
ue INe Quark N, Quarl; N2 " (Vo, Wy) = —(150,20) MeV
(01GG| Y | -
P(k=0)=F, 0) —+scattering ? -150 ~100 >0 . 1.00
2 E, — E, [MeV] ¢ contribution
Nagahiro et al., PRC (2013) A Vo, Wy) = —(30,10) MeV
SH Lee, Another look at n‘ in medium H Nagahiro, n’(958)-nucleus bound states and their formations by missing mass
spectroscopies

estimation of the of nN’-nucleus potential depth
from the N” momentum distribution

Structure-finding sensitivity

Vy(r) = (Vo +iWp) PT) 20

70 g Disfavored by CB-ELSA

transparency measurement. TS T
16 (Nanova et al.,PLB710 (2012) 600) P A

(V,, Wp)=-(100, 20) MeV

n

it

4

3
i

‘v
+
o+
+
+

don,/dp , [ub/GeV/c]

V(p=p,) = 0 MeV

IW| [MeV]

V(p=p,) =-50 MeV
- V(p=p,) =-75 MeV
V(p=p,) =-100 MeV
- V(p=p,) =-150 MeV

+
o

0 02505075 1 1.25 1.5 1.75 2 150 -100 -50 0 0
p, [GeV/c] potential depth [MeV] 60 80 100 120 140 160 180 200 in 4.5 days DAQ

V(p=po) = -32%11 MeV

consistent with predictions by: (P=po) IV°I Myl for'y9s % C.L.
S. Bass and A.W.Thomas,Acta Phys. Pol. B 41 (2010) 2239

H. Nagahiro et al., PLB 709 (2012) 87.

W(p=po) = -10£2.5 MeV, M. Nanova et al., PLB 710 (2012) 600.

|V |>> |W]| ! = search for N’ mesic states promising

M Nanova, n’-nucleus optical potential and the search for N’ mesic states in photo YK Tanaka, Plan of n” mesic nucleus spectroscopy with (p,d) reaction at GSI and FAIR
nuclear reactions



In-medium n’ mass
with linear sigma model

5.5,D.Jido,arXiv:1309.4845 Initially predicted in 208Pp within QMC
model Tsushima et al. ‘99

D mesic nuclei

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

Meson Mass [MeV]

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

00 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 . PAN DA @FAIR?

0 002 004 006 008 01 012 0.14 0.16
Nuclear Density [fm~] Nuclear Density [fm~]
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35% reduction of (q*'q) @p=p, is input. About 80MeV reduction of n” mass @ p=p
1 atom:K.Suzuki, et al., PRL92,72302(2004). 0

Working on analyzing
ni-nucleus elastic scattering:E.Friedman, et al., PRL93,122302(2004). About SOMeV enhancement Of n mass @ p=p0

hidden charm states,

eg. J/y, @(3770),.. in matter
(at finite temperature) for
PANDA/CBM @ FAIR.
Signal for deconfinement?

B +I/2 [MeV]

» Mass difference between n and n’ reduces about 130MeV. 0 04 04 04 04 04 042 0123

. . . B i} 2~ 2 2771 28a: 32 0 8 208
(The partial restoration of chiral symmetry leads to the degeneracy of n and n’) 201 °c *Mg “Al *si *s “ca sn pp

0
From the n’ mass reduction, the n’N 2body interaction is expected to be attractive. D"-nucleus bound states

S Sakal, In-medium ' mass and N'N interaction in vacuum based on a chiral effective L Tolos, Strange and Charmed Mesons in Nuclear Matter and Nuclel

theory
Quarks & Gluons

J/Y — a — a 3-body system
Relations between scattering length a of J/¢¥ — N and
binding energy B of J/¢) —*He and J/¢—a—a

Heavy

a < —0.16 fm

quark
symmetry

.J.-"qf-"j'He + o (u= (1.0 fm}l'E}l
Jy-®Be (p= (1.0 fm)?)

-0.5 0.4 -0.3 -0.2 01 0
a fm
a-a interaction : folding Hasegawa-Nagata potential with OCM
A. Hasegawa, S. Nagata, Prog. Theor. Phys. 45, 1786 (1971)

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

S Yasui, Charm hadrons in nuclear medium A Yokota, Possible existence of charmonium-nucleus bound states

m-—yoo




Theory

Decay Constants

Q Introduction » The decay constants are evaluated using the
o Heavy Quark Spin Symmetry relation[15],

o 7 exchange potential between
heavy meson and nucleon. - (8)

@ Results of DX)NN and BHNN )
Where C(as) is the QCD correction factor given

@ Results of PHINN in mg — oo by[16]
3-body system
Q Summary

(.:2(045):1—% Q_MME (9)

T mqg + ma ma

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

Y Yamaguchi, Exotic dibaryons with a heavy antiguark AK Rai, Quarkonia and their decay properties

Low Mass Enhancement in Low-p; Contribution of vacuum condensates

AutAu
s 0,07 : "
E o ¥ in vacuum
AN 0.0 GeVic <p_<8.0 GeVic PHENIX Preliminary 0.0 GeVic <p_<0.7 GeVic 0.06 - D(1.0pg) —
~ O min. bias Au+Au (Rund) ui O min. bias Au+Au (Rund) ’ <Jg> at 1.0p,
]

<qgoho> at 1.0py

@ p+p (Runs) o ® p+p (Run5)
— Cocktail p+p i — Cocktail p+p
both normalized to m_, < 100 MeV/c? 4 both normalized to m_, < 100 MeV/c?
b

0.05

D" in vacuum —— 0.04
D (1.0py) ——

<qg> at 1.0p,
<0goGa> at 1.0pg ===

1N, dN/dm,

._'i‘,'il. — - |
oy
o |

-

0.03

p [dimensionless]

0.02
0.01
0 7 N _-—
1.8 2 22 24
o [GeV]

0<p,<8.0 GeV/c ' 0<p,<0.7 GeV/c

PHENIX Preliminary 0.7 GeVic <p, <15 GeVic PHENIX Preliminary 1.5 GeVic < p <80 GeVic
O min. bias Au+Au (Rund) O min. bias Au+Au (Rund)
® p+p (Runs) o ® p+p (Runs)
— Cocktail p+p = — Cocktail p+p
both normalized to m_, < 100 MeV/c? e , both normalized to m_, < 100 MeV/c?

p [dimensionless]

1.8 1.9
® [GeV]

; : =Most dominant contribution of mass shift to higher
Low mass excess in Au-Au concentrated at low p, energy is D-dependence of chiral condensate

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

H Hamagaki, Study of Hadron Properties in QCD Medium using the High-Energy Heavy- |K Suzuki, Medium modification of heavy meson spectra from QCD sum rules
lon Collisions




CB@MAMI wW—TT% lineshape analysis
Result & Discussion Ey = 0.9 - 1.3 GeV

M.Thiel et al., Eur. Phys.]. A49 (2013) 132
comparison with reference comparison with GiBUU calculations for
measurement on LH> different in-medium scenarios (J.Weil, U. Mosel)

Related(?) Topic

¢ photo-production from the deuteron target ¢ photo-production on proton target
W.C. Chang et al. Phys.Lett., B684:6-10, 2010. arXiv:1308.1363 [hep-ex] Yy Nb—ow+X
mass shift

32000 w

: mass shift +CB [P |
Transparency ratio at forward angles: @

0=22.9+0.4 MeV
d=-0.12+0.02

counts / [9MeV/c?]

counts / [9MeV/c?]

Nuhb/( ;('\':)

o
o

—— Nb (average)

0=25.7+0.4 MeV
d=-0.16+0.02

min

[t

Significant Reduction

o
2~

18 18 2 22 24

E, (GeV)

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

Transparency Ratio

do/de(t

NPT PPTTY FRTRN TP PR PR P |

2 025 3 35 4 35 sss s
™ vy N

photon beam energy (GeV)

[ (do/dt) / (2*deP/dt) ...,
Differential cross section do/dt at t=t,,,

B —~— 600 650 700 750 800 850 900
“some effect other than nuclear density™ m, [MeV/c?]
~at forward angles ? A

T no significant structure in spectral function; data consistent with collisional broadening;
signal on Nb,C slightly broader than on LH; mass shift scenario less likely

600 650 700 750 800 850 900
m,,, [MeV/c?]

20

T Sawada, Backward ¢ photo-production from C and Cu targets at Ey = 1.5 - 2.4 GeV  V Metag, In-medium properties of hadrons studied with CBELSA/TAPS and HADES

The double-peak structure of f

® meson at finite density
expected at J-PARCE16

e Mass modification of f

— The mass shift is 3.4% at $(1020) $(1020) . = ; — 74 MeV —p—
E325 if the excess is OsN = e

interpreted as the shift of Proto osy = 134 MeV
the peak position oN = 22 MeV =——i—

o,y = 8 MeV —EH—
* Double-peak structure
10le-p osn = 49 MeV
on Invariant mass Hatsuda and Lee (y=0.12) ——

. . . ~ - Hatsuda and Lee (y=0.22]
distribution : - ";' 0o D95 GeVic] JLQCD (spectrum method) —#—
— Observe f decayed inside JLQCD (ratio method) —&—

Junnarkar and Walker-ILoud

. ruled out !?
and outside the nucleus . ' 1
E16 expectation

— In addition to the mass (bg<0.5 & s=5MeV) P/Pg
dist. obtained w/ proton
target (CH2), we can The ¢ meson mass shift strongly depends on the strange
understand the mass sigma term.
distribution of f

m ¢( P)/m q)( 0)

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

Y Aramaki, Experimental approach to the mass modification in nucleus P. Gubler, The phi meson at finite density from a QCD sum rules + MEM approach
by the J-PARC E16 experiment



m, K, NN
vector mesons
N, /A

K-pp

cC, b, ..

HEH]

neutron star



Theory - Experiment interaction
essential in this field

However ...



Theorist’s dreams are...

Wish list by an innocent theorist

1 Spectral difference between chiral partners
m-0, p-a,, w-f,, etc

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

2 Individual properties of NG and "Higgs” bosons
M, K, n (NG), o (Higgs), n’ (anomaly)

, Mesic nuclei
022y, N2y, N >2y Dipion

3 Individual properties of vector bosons

p, W, K*and ¢ Dileptons

. . . Hadronic deca
Precision/systematic studies Y

(dispersion relation, different targets, ...)

hatsuda



Experimentalist’s nightmare

e.g., how to do this 1 in medium®??

<VV> - <AA> from z-decays at LEP-1

ALEPH 91-95 ALEPH CoIIaboration,
R Phys. Rep. 421 (2005) 191

— Perturbative QCD (massless)

---- Parton model prediction

0
i

A~ 0 oA 0~ ¢ e
nin 3nn 6n(MC)

NOIE

mm on ot KKY(MC) AlLEPH 91-95

Bl nKK-bar(MC)

T (VA=

— Perturbative QCD/FParton model

Mass® (GeV/c*)*

T (A=), ALEPH 91-95

— Perturbative QCD (massless)

[Pv(S)-Pa(S)] /5

Parton model prediction
n2n’ 3

)y~ 0
[ ] ?EﬂI?EE:.jIL-;"IEE,trIE

Pa(S)/s

oy
L

|
4

Mass™ (GeV/c

Mass> cj:Ge'*-f-“'.-"c:E jJE

hatsuda



MIN2016 -

New (young) people
New results

New Ideas

Lively discussion



