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Where is the Critical Point ?

# Critical Point Search
= One of the main goals in Low-E progs. at RHIC

# Theory — No Consensus (Sign prob. at finite n)

300

Temperature (MeV)
N
)

100

Hadronic Gas

200

‘ Can we attack CP in LOCD ? — Strong Coupling LOCD I

T T HBU ¢ TEn3
MeV 170§ . LH0
150 - LR4 :
a
5 .
_ DULSE e
nr » ®  #BNLDS
C094 Isyo  CITOZ
L]
WILESh
-l NILO] *»
2 “ : ™
INILOS MIL89x
0 1 1 1 1 1 1 1
g 00 400 800 804 1000 130 1400 1500
250 500 750 1000 pg, MelW'
Baryon Chemical Potential i, (MeV)
Ohnishi, Lattice 2009 (July 26, 2009) (@ Beijing 2



Strong Coupling Lattice QCD

# Large bare coupling — 1/g* expansion v
g SC-LQCD
* MC

8 Success in pure YM

— Lattice MC & 1/g? Expansion
(Wilson, "74; Creutz '80; Munster '81)

— Scaling region would be accessible 1.0 \

in SC_LQCD ! ; Strong coupling region -/l%

s Chiral transition at finite T and p 3% | weak counting region |
in Strong Coupl. Limit (SCL) : \
& Next-to-leading order (NLO) .\
Kawamoto-Smit '81, Damgaard-Kawamoto- 0.17 "
Shigemoto, '84(U(3)), Faldt-Petersson'86 : \
(SU(3)), Fukushima'04(SU(3)), : | T
Nishida '04 (SU(3)), Bilic-Karsch-Petersson, o : - ‘3
'92(NLO), Kawamoto-Miura-AO-Ohnuma B=2N dgﬁ (Nc=2)
07 (Baryons) Munster, '81
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Strong Coupling Lattice QCD with Fermions

8 SC-LQCD with fermions

@ SCL & NLO: Far from “scaling” behavior.
@ B=2N /g’ dep. of the critical point is not studied yet.

@ Condensates other than o are not yet included in previous works.

(Faldt-Petersson '86; Bilic-Karsch-Redlich '92; Bilic-Demeterfi-
Petersson '92; Bilic-Claymans '95)

300 i T |
[ T.[MeV]

In this work, we revisit / develop
NLO & NNLO SC-LOCD
with fermions at finite T and u

and Study Phase diagram

& critical point evolution with f§

100

1.0 2.0 3.0 a0

Bilic-Claymans '95
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NLO & NNLO SC-LOCD: Setups & Disclaimer

# Present setups in strong coupling LQCD
@ Effective action in SCL (1/g"), NLO (1/g*), NNLO (1/g*) terms

@ One species of unrooted staggered fermion (N =4)

@ Leading order in 1/d expansion (d=3=space dim.)
@ Effective potential is obtained in mean field approximation
8 Disclaimer

@ Polyakov loop effects are not included.
— Pure “deconfinement” transition can not be described.
@ Different from “strong couling” in “large N ”

SC-LQCD: Large bare coupling, g >>1
LargeN: N>>1, fixed A=N_g’

Strong Coupling in Large Nc: Ne>>1,A>>1,g<<1
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Effective Potential in
NLO and NNLO
Strong Coupling Lattice QCD

*\QQS
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SC-LOCD with fermions at finite T (Outline)

a8 Lattice QCD action

() (s) x Uy x
SLQCD Z-S’F + Z moM . + SF + Sa U J{NJU &—»O0 O®
v \Y — M_
T 4 U P4 XX
. . 1]
s Effective Action O<«—eo
(U, integral + 1/d expansion)
r+ 00 L
1
Seff =7 Vi(p) — V. (n)] +mo M, -
. .;.Z[ (1) = V7 ()] Z I
]_ x T+ 3
4N, 1=Moyj +ASen i © MM, ,;
x,j=0
s Effective Potential AN

(Bosonization + y & U integral)

S = Z; Vi-V)+mM,

Vo(mg;p, T)= =T log [Xn_(E,(mg)/T) + 2 cosh(N_ii/T)]
Xn(z) =sinh[(N + 1)z]/sinhx , Eg(m,) = arcsinh (my)
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Strong Coupling & Cluster Expansion

s Cumulant (Connected Cluster) Expansion (E.g., R. Kubo, 1962)
) =5 / DU; OfU;] %% 2§, = / DU, =55
Zscr,
P o ) L il A
<E -'J{_.> :Z [: ; <9G > :E’KP[Z [: \/] <gg>c:|

| |
! TL.
n=_0 n—1

# Next-to-leading order (1/g”) = Cumulants of plaquettes

. 1 o
<[J'jk~$> 16N -'L ?'IIT;?'J ?Ur ‘|—|I|.j‘lf.]_,—|—|i-;—|—} 1O (d ,2)
1

(Ujo,z). = 47\91 (VT (1) +O(d_3f”) ;' - | o T

Y .,
Faldt-Petersson'86; Bilic-Karsch-Petersson o« —_—2b T ee
'92: Miura, Nakano, AO '08; r e ; T T+ ]
. ’ -y
Miura, Nakano, AO, Kawamoto '09 MM, M, M VoV
X\
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NNLO Effective Action

# Cumulants of two plaquettes
= Correlation part of connected = ==

I " i
S
two plaquettes 1IN A | R S S
— e | 1
T T+3 "r :
I';::‘.
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NNLO Effective Action

# Cumulants of two plaquettes
= Correlation part of connected
two plaquettes

@ Uncorr. & Normalization part
are suppressed in 1/d power

@ Effective Action consists of
Vvt wowr,
MMMM , MMMMMM
V V™ MM

@ New type of Composite

= next-to-nearest neighboring
site coupling in T direction

Wi =XxU, U

O,x+6Xx+26
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Effective Action in NNLO SC-LOCD

Miura,Nakano, AO, Kawamoto, arXiv:0907.4245;
Nakano, Miura, AO, in prep.

SNNLO = Seor, + AST + ASS + ASTT 4+ ASSS 4+ ASTS

1 r F— bﬂ' ‘v
=5 d (VI -V) - ¥, Y IMM]jq SCL
T x,7>=0
+ 15 VIV 4+ V-V,

2 2d ey} NLO
) ,3'5 /

Y [MMMM]jka

2 d(d—1) ,5>0,k>0,k#]
B ";’r{;‘ Z [1_1;4-'”;— + {_,?L..T—‘[_{,-’-l—]jli_ 1 NNLO
z,j =0
855
_ - . > (MMM M]jko[MM],
4d(d — 1)(d — 2) z. >0, |kl >0. 110
'-'!r.=- [yr+yr— F—1F T |
T > VT VTV (MM + MM, )
*\?Qs ' x 70, |k|FE]
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Bosonization & Effective Potential

# Hubbard-Stratonovich transformation

exp[;M VMM}Nexp[—éa V, o—o VMM} @

— applies to the product of same kind M

8 Extended Hubbard-Stratonovich transformation

= /dw EEEDE__C‘{(T“ (A+B)/2)*+(¢— ?'{ﬂq_BL’fE}E}-I-&AB

o~ —(A+B)p—w*+(A-B)w}

stationary

L ™
T

— applies also to product of diff. Kind

Miura, Nakano, AO, 08
Miura, Nakano, AO, Kawamoto, '09

\ Vi \'%
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Effective Potential

# Bosonization + Dressed Fermion — Modification of
Mass, Chemical pot., and W.F. renormalization factor
in the Stronge Coubnlineg Limit action

2 Qi O] sOn
L LY T _

—4x Z {K:ﬂ nm(‘?”q J“* T)\K M r 400 L
X, T, 171 ) v
e —H
@ Spatially decomposed action h e m, O
— Quark & Temporal Link Integral @ O 1Y
in Polyakov loop . - My M
— Effective potential e =
. | -
Vglmg; g, T) = — NI log [j dUy det (G} (mg; fi, TJ)]

= —Tlog [Xn_(Eq(mg)/T) + 2cosh(Ngji/T)]

Xn(zx) =sinh[(N + 1)x|]/sinhz , E,(m,) = aresinh (m,)
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Effective Potential

s Effective Potential in NLO SC-LQCD
Miura, Nakano, AO, '08; Miura, Nakano, AO, Kawamoto, '09
Fcﬁ"("l}; T, 4“3) — Faux{i)) T vq(Tﬁq (f];)), T, p)
; 5&”’5’rE , .BSHﬂg - 2
-Fauz-: (fl’) == 2 s E 2 —+ 7(@,}, ) JT\ hjffZ
# Feff in NNLO SC-LQCD (Nakano,Miura,AQO, in prep.)

Foff =_'Fif?:' + Vg(mg; 3,T) — Nelog 2,

g =ébﬂr o éxi‘,gr:r" B ) W, Ja %(,{ET 138 N ni)
+ iii'TTHl[fonq}gl[i,::f — mEJ — 44, Myip; 0 + o) oo (:,-:.3 — -;.-,'EJ :
byo +mp — 28,-(2m'p, — o) - byo + mg + 28,0

z. (L4 48ep0) 2,
Zy =1+ (Br + 2Brs02)(r £ wr) + 4Brr Zymg(2Zymg(r + wr) — ) ,
b, =b, + 28.0° + 68..0" + 20, ['L,-:E — u,ﬁjl ;

My =
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Phase Diagram and Critical Point Evolution
in NLO and NNLO SC-LOCD

*\QQS
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Stationary Condition --- Multi-Order Parameter

N.=3, p=2N_g’=4.5

#a Stationary Condition JF.g
0P
@ (4(NLO) /10 (NNLO) aux. field)— (o, w..)

s Multi-Order Parameter (o, ®)

am—aFeﬁ:Chiral Cond.

om,

oF .
WA — a:‘:‘C=Quark number density

@ Two indep. var. in Vq(m, i)

@ Scalar (o) and Vector (@) potential
for Quarks

— Saddle point in Feff(o, )
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Critical Temperature and Chemical Potential

8 Te(n=0) 2 S .
: : _ 2 N.=3 T(NLO) —
— rapid decrease with p=2N /g . ¢ £MC) a
NLO) ---
@ W.F. Renom. factor Z, 5 1 0 (‘];“]gpﬂqz; .
— suppression of mass Sl -
| P —— BT
@ Larger than MC results 0.5 R
(de Forcrand '06; Gottlieb et al. 0 R .
'87; Gavai et al. '90) 6o 1 2 3, 4 5 6
2N/g
K (1=0) : | | NNLO —
— small deps. on f . \ . rﬁin':'-:; .
@ Suppression of mass ) ..
~ Suppression of p R e,
@ Consistent with previous results I e T
Bilic-Demeterfi-Petersson, '92 e
s NNLO ~NLO o 1 2z 3 1 s 6
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Phase Diagram Evolution

# Shape of the phase diagram is

suppressed in T direction with 8 NLO(NLO-A)

— Improvements !

@ Real world value:
Tc ~(160-200) MeV

1 > 350 MeV (nuclear matter)
R=p /T ~(1.5-3)

@ MC -R>1

@ SCL— R~ (0.3-0.45)

@ N(NDLO - R~1

8 First order P.T. boundary
@ NLO: u(CP) ~ Const.
@ NNLO: n(CP) decreases with p "

“5 uS’
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Critical Point Evolution

s Critical Point in NLO L, OGBLOY
approaches pn axis | | B=INJg=0.0.5. 10, ... 6.0
3=0
@ Larger p 0.8 | P
— Stronger Vector Pot. ®_ = 0.6 |
0.4 t
@ Consistent with NJL models. 02 | %
(Kitazawa et al., '02; Sasaki- 5 R L
Friman-Redlich, '07; 0 01 02 03 0.4 0.5 0.6 0.7 0.8
Fukushlma'08) Critical Pnirj;i in SC-LQCD
and MC suggestion T I —
(de Forcrand-Philipsen, '08) 1 NNLO -« p=0,0.5,1.9, .. 6.0 |
# CPin NNLO— p(CP)/T(CP)~1 % 0.8 | .._.'
2 0.6 |
@ Contradict to MC (W/T>1)? E /l_.
(Ejiri, '08; Aoki et alL(WHOT), = "% .
'08; Allton et al., '03,'05) 02 ] *
ﬂ L 1 1 1 1 1 L L J
@ Underestimate of Tc may be 0 0.1 02 03 04 05 0.6 0.7 0.8
4\903# the reasen IJ.iI (Lattice Unit)
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Summary & Conclusion

# We have derived the effective potential with next-to-leading order
(NLO, 1/g°) and next-to-next-to-leading order (NNLO, 1/g*) effects
in strong coupling lattice QCD.

@ Several auxiliary fields including chiral condensate () and quark
number density (pq) are introduced on the same footing.

| scalar (o) and vector ( p, — ®_) potential for quarks |

@ NLO & NNLO effects are found to modify the quark mass,
dynamical chemical potential, and W.F. renormalization factor.

# NLO and NNLO effects seems to be favorable.

@ T (n=0) decreases from 1.6 (SCL) to around 0.5 (NLO, NNLO),
and give closer value to MC, but it is still larger.

@ p_(T=0) is rather stable, showing smaller effects of gluons at low T.

@ Critical point moves in the lower T direction.

# Further studies incl. Polyakov loop, 1/d, meson fluc. are necessary

Ohnishi, Lattice 2009 (July 26, 2009) @ Beijing 20
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NNLO Effective Action

# Cumulants of two plaquettes
= Correlation part of connected =) _'-':":
two plaquettes gi ol

s 1/d expansion: X MM ~ Const.
—> o ~ d-4

-0 0] ]

— — — — .I‘ +i | |
12 quarks 16 quarks i =
power in d o——1" =
3-1/4x12 3-1/4x16 ’ ]
=() = .1 ‘_ e
4\""} —
, Ohnishi, Lattice 2009 (July 26, 2009) (@ Beijing
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Dressed fermion

# Next-to-nearest neighboring site interaction W=

@ By introducing the “Dressed Fermion”, mixture of the quark field
on the next temporal site, NNN interaction is rearranged to NN.

wiw"
Q A
* Xz = Xz + AUy, X0 * +
© =0 + | r »E ------- i
T {,1 — ii T Aif—kﬁﬁ_ﬁ(r{r} 1 + *
©= o+ ‘:( ¢ O

Qi scminer 2009/529
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Phase diagram

NLO
NNLo (B=6.0)
| | st -
o= 2nd -eeeeeee- |
CEP o
670 o<<1 |
P?(?tially chiral restored phase
0.2 : 0.8 1
! Preliminary

QH seminer 2009/5/29
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Truncation Deps. in NLO

# Phase diagram is sensitive — 1 "

to details, such as the truncation =
. NLO-A |log, [ 32 _ i V, (g, @, T)
scheme in NLO. || e [ -

‘\1]{ .I-I.!l |'.i-.|.'- Tlﬁf_' —."'|-:- I:II.": 1 4+ H. 1 :, ':'-:‘T: 'T!-j-_f}- 'I- 1
NLO-C| Aw. [mi™e—c L V, (g, a@,T)
; R — o i a3V,
NLO-D| o0  |ml¥er . Volinng, 1, T) — Bru, ==L

0.8 - ' ' '
0.6

= 04

0.2 t :

ELDI—C e 1 x.—_f."'_ NLO-B

[} 1
0 0.2 0.4 0.6 0.8 1
u

OhniShi, Lull«bbc P-AVAV 4 ‘(IWI/J/ Uy aUVUSY wuc’:’l«lls -




Critical End Point in the Chiral Limit ?

# Vector field generates repulsive pot. 2
for large p, states, which may cause L5 | |
two local min. structure t ‘r
— Partially Chiral Restored matter nn ]

may appear. 1t B=INJg'=3.0-

SCL

-1.80

. . , 0.4
1=0.09, 0.10, ....0.15, T~ 0.2} \
_1.81 | CEP ]

(I“I(T) | 08 B=4.5 |

T opp=0.1548, U=y,
1.82 1 g—2N /g’=6

3 -1.83 | TN

-1.84 f_r_'-_;'-_.'—.':fl'.::':'_----_-_--_':'_'_':___ _ _J‘“?

185 om— e ~ 04

_1-86 ' L . = | | -'|

‘t\? Qs
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Effective Potential with 1/g° (1)

# 1/d expansion of Plaquette action (Spatial One-Link Integral)
Faldt, Petersson (86), Bilic, Karsch, Redlich (92)

[avu,ul=--6,0,

N, ; Npr = oM
@ Spatial plaquett - MMMM _ - C ?

@ Temporal Link — V'V-

1;3:'_ — EL&WEJJLFD [I)ﬁ"f:rq_ﬁ -0
Vo = E_'M“ET_I_E]UEJ][ (%)X ﬁ VI_ _I 1

<+—0
s Effective Action

'T{T} L 1 _|_ i _|_ .
3% = Nz > VIV + VIV )
c x,j =0
J(s) 1 ﬁ

x, k=50

: Ohnishi, Lattice 2009 (July 26, 2009) (@ Beijing 27
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Lattice QCD

# Lattice QCD=ab initio, non-perturbative theory (c.f. Teper's talk)

1 .
SLQC'D :E Z [??”-Tfl’["II’--EX1‘+!'} T ﬁ';t :’EI+F zf zX ] X U X
T, ] U ﬂ O:
_i_ tr [[E‘|—[ ]"‘ﬂl'ﬂz:fr:’fm L L U 7 M=xx
g e o<e

# Problems to overcome

@ DOF is too much, and MC is necessary for numerical integration
— Faster Computer + Faster Algorithm

@ Doublers appear for chiral fermions — different types of fermions

@ Weight for gluon config. (Fermion determinant) becomes complex
at finite n
— Taylor expansion, Analytic Continuation, Canonical, ...
— Not Yet Applicable for Dense and Cold Matter !

Strong Coupling Limit/Expansion makes it possible
to obtain (approx.) Effective Potential analytically !

Ohnishi, Lattice 2009 (July 26, 2009) @ Beijing 28



Strong Coupling Lattice QCD: Pure Gauge

8 Quarks are confined

K. G. Wilson, PRD10(1974),2445
M. Creutz, PRD21(1980), 2308.

in Strong Coupling QCD G. Munster, 1981

[[o]

@ Strong Coupling Limit (SCL) s

— Fill Wilson Loop ;
with Min. # of Plaquettes a’K

— Area Law (Wilson, 1974) ?

1 i B
ASrL{:EC-D - — E Z tI‘ |:L"|: ‘|— LI&]
n
@ Smooth Transition from SCL
to pQCD in MC (Creutz, 1980)

L
- >

t o

=1/N_g’

" Creutz, 1979 \
N 0.0 — L 1 L

— e—

2.0

“3 B=2N /g’
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Strong Coupling Limit of LOCD with Quarks

N. Kawamoto, NPB190('81),617, N. Kawamoto, J. Smit, NPB192('81)100
Kluberg-Stern, Morel, Napoly, Petersson, 1981

# How about spontaneous chiral symmetry breaking ?

s Strong Coupling Limit (SCL) of Lattice QCD with Quarks

@ No Plaquette in SCL
— Mesonic Effective Action from One Link Integral

— Effective Potential in ¢ and & from contour integral
— SSB of the Chiral Sym.

Kawamoto, Smit,
1981

M —
V:N[%[n [u'2+1ri}-M{T—dF{ﬂ'z+1T1}] XX MXX
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Chiral Transition at Finite Temperature

P.H.Damgaard, N. Kawamoto, K.Shigemoto, PRL53('84),2211; NPB264 ('86), 1
Faldt, Petersson, 1986, Bilic, Karsch, Redlich, 1992; Fukushima,2004, Nishida, 2004

# Chiral Symmetry would be restored at high temperature
— SCL-LQCD at Finite Temperatures

@ Staggered Fermion Ve
with Anti-Periodic B.C. 0.6 |
— Matsubara Product

0.4
@ Polyakov gauge & Group integral B= 1*]5'
(Vandermonde determinant) 0.2}
@ Effective Potential (U(3)) o ~
_ 1 2 ,.)sinh[(N+1)8s] oo |
Ver= 3N lnl sinh(Bs) v

-0.4F

— Chiral Phase Transition
at T _=2.5 al i |

DKS 1984
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Chiral Phase Transition at Finite Density

P.H.Damgaard, D. Hochberg, N. Kawamoto, PLB158('86)239
Hasenfatz, Karsch, 1983; Azcoiti et al., 2003; Kawamoto, Miura, AO, Ohnuma, 2007

8 QCD phase transition is also expected at high density

@ Baryon Rich QGP and/or Color SuperConductor are expected
in the Neutron Star Core

a Strong Coupling Limit in SU(N)

@ Quark Chemical Potential and Baryonic Composite
— Chiral phase transition at ],lc ~ (.66

n_=0.66 a’

/
Ui U (Uy)’ - /
~ = /

M(x) M(xtj) o
DHK 1985

B=eXXX/6_B=€XXX/6
# Ohnishi, Lattice 2009 (July 26, 2009) @ Beijing 32

de UabU:d=NL6ad5bc

de UabUch é aceebdf




Evolution of Phase Diagram as a function of Time

# Phase Diagram “Shape” becomes
closer to that of Real World,
R=3 n /T ~(6-12)
@ 1985 — R=0.79 (Zero T / Finite T)
@ 1992 — R=0.83 (Finite T & p)
@ 2004 — R=0.99 (Finite T& p)
@ 2007 — R=1.34 (Baryon)

T s Damgaad, Kawamoto, Finite T

Shigemoto, 1984 T =1.1 GeV

— Conjecture !

Damgaad, Hochberg,
Kawamoto, 1985

o ¢ | Finite T& p
| Finite T& p £ G0 ”
1992
0 e Co=0 1st—order
0.0 0.2 0.4 uy 0.6 A
oy o 0 0.2 04 0.6
Blllc, KaI’SCh, Quark Chemical Potential w

Redlich, 1992 Fukushima, 2004, Nishida, 2004

0 0.1 02 03 04 05
wT,
Kawamoto, Miura, AO,

Ohnuma, 2007

w‘ i -l-“
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Towards the Realistic Phase Diagram

# Why we cannot explain the phase diagram shape ?
— N_(Staggered fermion) ? quark mass ? Finite Coupling ?

@ p (SCL) ~M_/3 (within a factor 2) , T (SCL) >> 200 MeV
— Larger problem should be in T _, rather thanin p_

Expectation before Calc.

T 2nd order
| TCP

Strong Coupling Limit

1st order

Voekr,  CEP |
cross over

Forcrand-Philipsen

.-'_i

Fodor-Katz

Baryonic Effects

Reality (1/g%, mg, Ny, ...)

L

MC / Real World

Kawamoto, Miura,
AO, Ohnuma, 2007

Preliminary Resuls
with 1/g*effects

SCL (no B)
1.5

2007 £
T /N

0.5
u
[3=6/g2 AO, Kawamoto, Miura, 2007

Gluon Contribution is

important at High T

YITP Kyoto 33,5
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Effective Potential in SCL-LOCD

# QCD Lattice Action (Finite T treatment)

Damgaard, Kawamoto, Shigemoto, 1984, Bilic et al., 1992,
Nishida, '04; Fukushima, '04; Kawamoto, Miura, AO, Ohnuma, '07; .

S=X+ S(FS )-I- SE:t) +M, X X Strong Coupling Limit

m_1 v uy )t — vy
SE=5 2 [€'X,U (X)X, ;e "X oUa (X)X, =XV dU
X
V
15 ¥ v (\/t) Spatial-link integral X X MO XX
2(><><)VM(><><)+><(V +m,) X (1/d expansion) AV
1 S (1) Hubbard-Stratonovich |
- B oVyo+X(V7+V, o+m)X Transf. (Bosonization) i 8 X6
Fermion and Temporal-link Integral XU . X ?
d _ O
— LN,[——5"+V(b,&,T ,u)
4N, SCL Effective Potential ¢%-4Uo
o . . 0C
We can obtain the Effective Potential -
analytically at finite T and u 56
35
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Effective Potential with 1/g° (1)

# 1/d expansion of Plaquette action (Spatial One-Link Integral)
Faldt, Petersson (86), Bilic, Karsch, Redlich (92)

[avu,ul=--6,0,

N, ; Npr = oM
@ Spatial plaquett - MMMM _ - C ?

@ Temporal Link — V'V-

1;3:'_ — EL&WEJJLFD [I)ﬁ"f:rq_ﬁ -0
Vo = E_'M“ET_I_E]UEJ][ (%)X ﬁ VI_ _I 1

<+—0
s Effective Action

'T{T} L 1 _|_ i _|_ .
3% = Nz > VIV + VIV )
c x,j =0
J(s) 1 ﬁ

x, k=50

. Ohnishi, Lattice 2009 (July 26, 2009) @ Beijing 36

ofo .
| I NIV S



	ページ 1
	ページ 2
	ページ 3
	ページ 4
	ページ 5
	ページ 6
	ページ 7
	ページ 8
	ページ 9
	ページ 10
	ページ 11
	ページ 12
	ページ 13
	ページ 14
	ページ 15
	ページ 16
	ページ 17
	ページ 18
	ページ 19
	ページ 20
	ページ 21
	ページ 22
	ページ 23
	ページ 24
	ページ 25
	ページ 26
	ページ 27
	ページ 28
	ページ 29
	ページ 30
	ページ 31
	ページ 32
	ページ 33
	ページ 34
	ページ 35
	ページ 36

