Hadron in nucleus

summary in |0+ min?

Ryugo S. Hayano
The University of Tokyo

YITP 31 Oct - 2 Nov



Excellent talks, many by young participants

In-medium Hadrons -- A Theoretical Overview --

T. Hatsuda (RIKEN)

0, —
SOAJ = baryons my ~ 3 MeV mop = 0
27 % = dark matter my ~ 1000 MeV mg ~ 3 MeV
68 % = dark energy
Cosmological constant “Chiral” condensate “Higgs” condensate

Einstein (1917) Nambu (1960) Englert-Brout, Higgs (1964)

Condensates < Elementary excitations

Medium effect of A hyperon
Modification of magnetic moment in medium

A-spin—flip M1 transition
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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

Numerical results: Green vs. Neff Energy resolution

We focus on subcomponent of (15), ® (331/2);1 AE=300keV
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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

Introduction: NS observations

QCD phase diagram

NS observations

Quark-Gluon Plasma

Fukushima, Hatsuda (2010)

(1.97 £ 0.04) Mo,

Demorest et al. (2010)

(2.01 + 0.04) M,

Antoniadis et al. (2013)

Cooling

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

Superfluid / Superconducting phase

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

Relation to nucleon and quark superfluidity
inside NSs ?

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

In-medium K & 7 mesons
Mesic Nuclei, JU Krakow, Sept. 2013
Hadrons in Nuclei, YITP Kyoto, Oct. 2013

Avraham Gal

Racah Institute of Physics, Hebrew University, Jerusalem

e KN — 1Y chiral dynamics and its consequences
e K nuclear few-body systems

e K-nucleus potentials from K~ atoms
A.Gal in HYP2012 Proc., NPA 914 (2013) 270

e Quest for n nuclear quasibound states
E.Friedman, A.Gal, J.Mares, PLB 725 (2013) 334

c[nb]

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

@ Mmyq = 0.015 : m,; ~ 0.30 GeV

@ myq = 0.050 : m,; ~ 0.53 GeV

Topological models and soliton Nucleon QCD sum rules in the nuclear matter.

preliminary

Positive parity OPE data
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® Density dependence of pion decay const. YITP workshop on Hadron in Nucleus, 31st Oct. 2013 in Kyoto University
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3He(K',Apn) Result Result (preliminary): KSW-NRv2 potenti

NN potential  : Av18 (Central + spin-spin)

a possible upper limit of cross section
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with narrow width =6 eV. 11/1, 2013 Y. Yamaguchi(RCNP) Exotic dibaryons with a heavy antiquark @ YITP 1
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Low Mass Enhancement in Low-p

AutAu

Result & Discussion

Related(?) Topic

Contribution of vacuum condensates
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mass spectrum

Tokiyasu
d(y,K+p) at LEPS
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Peak structure was searched in 2.22 - 2.36 GeV/c2

cut condition

-cos(*Pk,>0.95
-cosq'® _>0.95
0.25<p, <25
0.25<p, <0.6

A
gn—> S K"
S —np
B:
gp >LK'p
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B+ C:~11mb

—No peak structure was observed!

2013/11/1 Hadron in nucleus @ Kyoto University
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> 18 p-3 dld eak in high energy region
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> T g, T It seems 3N abs (or exotic state?
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1 pion tagging spectrum

R, = (Pion coincidence spectrum) / (Inclusive spectrum)
R, o< (rt emission BR) x (it detection efficiency)

QFA and QF2 emit 1 pion
QFY* and tYN emit 2 pions

R, reflects t emission probability,
9 therefore the ratio in QFY* + nYN

region is higher than those in the
other regions.

R, is almost constant at each
region.

Ekawa; d(mmt,K+) at J-PARC




T. Hatsuda (RIKEN)

bare
quark
¢
&
hadron
3 MeV mo = 0
1000 MeV mg ~ 3 MeV
“Chiral” condensate “"Higgs"” condensate

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



VACUUM
<gq><0

NULCLEON: valence guarks
" push condensate agide™
SCALAR DENSITY ¢ >0

W. Weise, NPA 553 (1993) 59






Experimentally-accessible region Is rather limited
|_attice Is powerful, but is also limited for pg~0

Hadron-Quark Continuity in dense QCD (N_=3, N.=3)
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Quark-Gluon Plasma
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Chiral symmetry is always broken at finite density

temperature T [MeV]
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hadron gas
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nuclei neutron stars .
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baryonic chemical potential u; [GeV]

NuPECC report



hadron-nucleon
2-body
baseline

n.b. hypernuclei

HIN - Hadron in Nucleus

how does this “probe”
modify the environment?

D, K

MISSINg Mass
Invariant mass
transparency ratio
excitation energy

nuclear matter



HIN - Hadron in Nucleus

* 1T
pionic atom - assisted by Coulomb & recoilless
mass shift ~0, it is fn (ft) which gets modifieo

A\
L_./ hypernuclei (in-medium pa)
D K ° (), CD
n,n, ...

mass reduction + ~recoilless ?

e charmed, cc??7?



mass reduction”
e Chiral order parameters; not unique : Dim.3 condensate, DIm.6

condensate, etc

e ~30% reduction In 83; - what does this mean tor mass”
0
hadronic side QCD side
Q% [ . ImIl(s) ] | Q¢ o] (%Cﬂ) 112 (qq)° |
7/0 d85(5+Q2) e ) iy 224 24 Q! 81" Q5 Mota

» Subthreshold behavior (energy dependence) of fyn, ... IS crucial

* imaginary part W << real part V7



How well do we understand QF?
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good understanding of QF, (and good energy resolution) essential for shallow V, large W

80 : 1 , 60,
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H.Nagahiro et al.,PRC 87 (2013) 045201



or the excitation function®

excitation function

=10 Fcaata .7~ T %
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Nanova



lo tag, or not to tag,

Coincidence study

1 pion coincidence

> F
. .. $20000f-
We studied coincidence 218000k
. £16000F
data by using RC cut. $1a000f
12000
10000
. . 8000
inclusive X -
100210° < C\) 6000: - - g
%> F - Q 4000 5
3 90f . 2000 b R
g 80f =R T2z 23 B4 25 26
é’ 70§ R Missing Mass[GeV/c?]
i ‘ 1 proton coincidence
= - > C
40F 2 C 1
30F S AR 'OQ/Z‘ B1200] ft
20t E S1000]- ft
11— T °© [ t
T e T 800 b
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Missing Mass[GeV/c?] 600f- ﬁ ++
E ¥
400
_ B +
p cut : or slow p 200f B
p cut : proton (p > 280 MeV/c) T SR T R T R VI T 1

Missing Mass[GeV/c?]

how to understanad
(1-p tagged)/(inclusive)

"2 proton tagging rate is very low”

that Is the question

decompositiqn into different final states

Based on the coupled-channel cal.
three final states

(a) n’ escape (b)n'N - MB (c)n'NN - NN

® e

0 [nb/sr/MeV]

|a,y| = 0.3 fm | 30| 0.5fm
20 | —
Jo| 1" escape
10| J
— ./K 10}
NI V/ I~ f— /A
—50 0 50 50 50

Ee,— Ey [MeV] Eex— Eg [MeV] Eex— Eg [MeV] 13

nagahiro



exotics in HEHI collisions

e exotics such as antinhypertriton found in HEHI

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

(p



A final remark



Theorist's dreams are...

Wish list by an innocent theorist

1 Spectral difference between chiral partners
-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, N22y, N 22y 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.qg., how to do this | in medium®?

<VV> - <AA> from 7-decays at LEP-1

ALEPH 91-95 ALEPH CoIIaboration,
T (=Y, Phys. Rep. 421 (2005) 191

— Perturbative QCD (massless)

- Parton model prediction

nn
IE?J?EG:BTETIU,EI?T[P\-‘H: )
mm onnan’ KKYMC) i ALEPH 91-95

Bl nkK-bar(MC)

T =V A= M.
— Perurbative QCD/Parton model

Mass? (GeV/c?)?

T —(A7I=1)v, ALEPH 91-95

[ — Perturbative QCD (massless)

[Pv(S)-Pa(sS)] /s

Parton model prediction

2n° 3n
B ndn® 3n2n° 50

mm nKK-bar(MT)

Mass® (GeV/c?)

hatsuda




EXperimentalist’'s nightmare

e.qg., how to do this | in medium®?

<VV> - <AA> from 7-decays at LEP-1

Homework for
taented young people

. T__}{.'ﬁk_.lz'] ::"r'l_ AAAAAAA '95 D q :_ l+
Perturbative QC assless) . [ -

[ Parton model prediction 0 -
— D :

05 F

_’]lll

hatsuda



—xcellent program!!

| et us all thank the organizers



