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Reorganization of LNS into ELPH

® LNS was reorganized to be ELPH.
Laboratory of Nuclear Science (LNS)
attached to Faculty of Science

J

Research Center for
Electron Photon Science (ELPH, Elphs Lab)

affiliated directly to Tohoku University

® Elphs Lab started operation from Dec.1, 2009.

® Elphs Lab will be a Joint Usage/Research
Center for Electron Photon Science from
FY2011.
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Research activities
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Researches conducted at Elphs Lab

(3 research divisions)

® Nuclear Physics
Quark Nuclear Physics
Penta-quark baryons
QCD vacuum
Low Energy Nuclear Physics
Electron scattering off unstable nuclei
® Accelerator Science
Beam Physics
Free electron laser
Super coherent light source
® Radio Chemistry
Radio activity in fullerene



Experimental apparatus at Elphs Lab, Tohoku U.
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Radio-chemistry @ Elphs Lab
Discovery of the life time affected by a

PRL 94 (2004) 112501
PRL 98 (2007) 252501
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Radioactivity speeds up © Phys Aow Lot 83, 112501 (2004)

21 Septawber 208¢ ' The radioactive decay of beryllium-7 (Be)
Nuclear physicists in Japan have shown that the electron-capture d speeds up when individual atoms are trapped
radioactive beryllium-7 can be increased by almost 1% by placing it inside the cage of a fullerene molecule (C,,),
carbon-60 "cage". This is the largest change in the decay rate of an according to T. Ohtsuki and collcagues. An
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Scientists in Japan have
persuaded a radioactive material
to decay significantly faster than
normal.



Accelerator science @ Elphs Lab

New accelerator principle for a super coherent light source
New J. Phys. 8 (2006) 292
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Quark Nuclear Physics
at Elphs Lab

hadron structure



Quark nuclear physics @ Elphs Lab
Quark Nuclear Physics 1

® Structure of hadrons

° o

W

proton fraCtion

di-quark cluster (S-quark) picture:
|p>~|uud > + €l | [ud][ud]d >
+ €2 | [ud][us]s >+ ...

> Search for exotic hadrons



Hadrons realized in color singlets

(color SU(3) scheme)
¢ meson qq9 ud ;" ud "
3@3=8@1

 baryon 999 uud:p udd : n
QCD allows 303®3=1008@8®1

exotic hadrons having different configurations

* meson 9999 ccuu : X(3872),7(4430)

* baryon 99999 yudds : ©*
color singlet states pentaquark baryons



search for Intensive work on

Exotic Hadrons )¢ dibaryons 999994
in these decades * baryoniums 9999
e hybrid hadrons qqqg,q&g
* glueballs gg

Narrowness ® _.....
of the width No clear exotics

were established before!
ﬁ the key

for identification of exotics ¢= not have to be narrow
(fall-apart decay)

extra degrees of freedom

®* came in. - pentaquark  wuudds
S=+1 10

Search for other members of the anti-decuplet



Quark Nuclear Physics
at Elphs Lab

non-perturbative QCD
phenomena

-chiral symmetry-



Quark Nuclear Physics 2
® Non-perturbative QCD
chiral symmetry:
most fundamental property of QCD
spontaneously broken chiral transition
vSB = a phase transition of the QCD vacuum

QCD-motivated effective theory (NJL)
L= q(id —m)q+ gllqq)” + (qginsTq)’] AV
o~ qq
amplitude fluctuation of
the order parameter (qq)

phase fluctuation of (qq) 4 x
NG boson of xSB G n




Nuclear Force s
(OBEP) U, =~500MeV  X(o) = (1+2+5)V()

L, =500MeV  7i) - (Lo L)y

® scalar meson o v
B 512 - 3(0-1 x)(ZO-Q w) - (Ul ' 02)
L1 = —gs¥7iY i intermediate range |
2 2 12
. Lg( [ .
Vary = BIs L (1— L) V(per) — =L - SZ(jer)
4 Am? ‘7m

state-independent attractive force
® pseudoscalar meson

Lp= — JpUp 175 UVpOps

strong tensor force
. ppls 2 | ' | '
Vo(r) = [(01 02)Y (ppr) + S12X (p1pr)

T 3

'J:,‘




Chiral symmetry restoration

Wigner phase . Nambu-Goldsone phase
A
A V(o) C S 00 Vi)
9.1{‘0‘;3 5 ““e
“ -
> “.:;‘w 2
=

UIER)
vacuum
o o vacuum

%S restoration = o and & degenerate in mass: a parity doublet
SSB = dynamical mass is generated. M =m — 2g{qq)
o meson : QCD Higgs (0)=(qq)

:> Precursory phenomena are expected
even in nuclei.



QCD vacuum Quark nuclear physics @ Elphs Lab

Search for precursory phenomena of
the chiral transition in a high density world

® Where is a super high density world?

: inside the nucleus! _ 1014g lem?® =100Mt/ cm’
® How?

: with a photon beam capable of going inside the nucleus
and a 4n EM calorimeter

nucleus



Quark Nuclear Physics
at Elphs Lab

chiral symmetry
in the baryon sector



Quark Nuclear Physics 3

mass spectrum

GeV GeV
A meson sector Y baryon sector
15 20+
1 _
1+ (71(1260) fM) A(1670) 2(1750)
mN(1535) T
10 70 750) 15 2 —
e 1P -0 .
i 9550 L : A1) 24129
05} 1o L£NOY)
0 m(138)

® No parity doublets in our real world!
® Existence of parity doublets in the Wigner phase?
® Chiral symmetry in the baryon sector?



2 iso-doublet baryons (y partners)

® Lagrangian
L= (ElvEQ)(i’y'ua,u — M ) o M = ¥ Mo
/ mo 0

U2

® 2 kinds of chiral transformations
<naive assignment> m, =
V1 — Dp(a)Dgr(B)ir ~ (1 R %) U1 + (1 — i3 - %2 1R

| | T\ TN
VYo — Dp(a)Dg(B)2 ~ (1 — Q- 5) Yoy, + (1 —if3- 52 VoR

<mirror assignment> my = 0

41 — Dp(@)Dr(B)in ~ (1 —ia.

by DL(B)DR(a)sz<1—iB-




Masses of D. Jido et al., Prog. Theor. Phys. 106 (2001) 873

the positive and negative parity nucleons
chiral partners

— 2000 ! '
> Naive
S _ m_
= | =m=——— Mirror J
N
7o Y
< Y.
= J
v 7
1000 |- J ) -
2 )y m,
Nnon-zero S P
s Py~
baryon mass L
my=270 = A~
0o

50 100
Chiral condensate 0, [MeV]

mirror assignment



Experimental apparatus

penta-quark baryons
with hidden-strangeness



<GeV photon beam>
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Single n photoproduction
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Search for hidden-strange pentaquark baryons

d - uudds
¢ X 10 2@"  1540MeV
NS
uud(dd + ss
-1600MeV

“ d
O (uudds)

quantum number  dds(uu +ss) dd +s5)

\/ uus(
(S=+1) uds(uy+dd +55) /" 1560-1810MeV
impossible to be built-up -
with any 3q system 551, uussd

dss(uu +dd ) uss(uu +dd)
anti-decuplet members

Investigation of N*(1670) through ) channel

5 year project approved by the Ministry of Education
(2017-2012)



U-spin conservation

EM interaction i 'Jf‘sp"i‘n members of a U-spin multiplet
PN have the same Q.
“‘pentaquark nucleons” N. N. V- SuB
U-spin 1 3/2

Members of Ewith
hidden-strangeness

—

n p

y +n— NJ

0®1—=1 = -

y+p - N :

0®1/2++3/2 - = E
|

U-Spin U-Spin U-Spin

pii U-Spin U-Spin
Triplet Singlet Doublet Triplet Quartet



Research project afurther study

SPring-8/LEPS: pentaquark ©+*(1540)
STB ring at ELPH: narrow N*(1670)

ﬁ to reveal structure of hadrons
® to determine the spin and parity of N*(1670)

detection of neutral mesons decaying into photons
N*(1670)—>nn  N*(1670)—x’n

g —>
Ty j> 4n EM calorimeter

n—=v FOREST
® to establish the anti-decuplet scheme experimentally

100 times
more statistics!



Experimental apparatus

47 EM calorimeter



<Detector>

. Experimental setup
previous

SCISSORS IT :206 pure CsI Crystals
(1.57 str = 12.5% of 4 m)

16.2 X, for Forward 148 crystals

13.5 X, for Backward 58 crystals

tic Counters

Pseudosphere 55 cm

Forward
Block(74)

Fbrwa’rd
Block(?é)

Block(29) Solid Target

Chamber
Hydrogen/Deuterium

Solid Target
t=8 cm (N; ~4X10%/cm?)

Y+N—=>n+X

Identification of | meson
I, =039.43£0.26)%
— vy Decay Channel

vy Invariant Mass Analysis

M., * = 2E71E72(1 - cosD,,)



Experimental apparatus

construction of
FOREST



FOREST

ke ~ SCISSORS III

| PR y detector
BG assembly



EM Calorimeter FOREST assembly of detectors

BG

SCISSORS III SPIDER

R

LOTUS

Rafflesia I1

g

30°-110° 110°-175°

206 pure Csl erystals S3
2.3%@1 GeV rearrangement of S2
72 plastic scintillators

B
252 lead scintillating fibers G

7.2%@1 GeV from SPring-8
18 plastic scintillators
Raf
10 SF-5§ and 82 SF-6 lead glasses
4.9%@1 GeV from KEK
12 plastic scintillators








