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2. Two-Component Boson — pseudo-spin (Flavor)
SHEMTAEE 2 REVHF + BEC, HOBE

(Super Counter flow, Super Solid, Frustration, etc...)

3. Low-energy Excitation @ BB
—FTEFEMIED Nambu-Goldstone boson (mode) , Amplitude mode ?(Higgs)



http://maru.bonyari.jp/texclip/texclip.php?s=/begin{eqnarray}

  {}^{87}Rb /nonumber

/end{eqnarray} 


http://maru.bonyari.jp/texclip/texclip.php?s=/begin{eqnarray}

  {}^{85}Rb /nonumber

/end{eqnarray} 


http://maru.bonyari.jp/texclip/texclip.php?s=/begin{eqnarray}

  {}^{41}K /nonumber

/end{eqnarray} 


http://maru.bonyari.jp/texclip/texclip.php?s=/begin{eqnarray}

  {}^{87}Rb /nonumber

/end{eqnarray} 
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http://maru.bonyari.jp/texclip/texclip.php?s=/begin{eqnarray}

/hat{S_x}=(/hat{a}^{/dagger},/hat{b}^{/dagger})/hat{/sigma^x}

/left( /begin{array}{c}

/hat{a} //

/hat{b}

/end{array} /right)

=/hat{a}^{/dagger}/hat{b}+ /hat{b}^{/dagger}/hat{a} /nonumber

/end{eqnarray}


http://maru.bonyari.jp/texclip/texclip.php?s=/begin{eqnarray}

/hat{S_y}=(/hat{a}^{/dagger},/hat{b}^{/dagger})/hat{/sigma^y}

/left( /begin{array}{c}

/hat{a} //

/hat{b}

/end{array} /right)

=-i(/hat{a}^{/dagger}/hat{b}- /hat{b}^{/dagger}/hat{a})/nonumber

/end{eqnarray}


http://maru.bonyari.jp/texclip/texclip.php?s=/begin{eqnarray}

/hat{S_z}=(/hat{a}^{/dagger},/hat{b}^{/dagger})/hat{/sigma^z}

/left( /begin{array}{c}

/hat{a} //

/hat{b}

/end{array} /right)

=/hat{a}^{/dagger}/hat{a}- /hat{b}^{/dagger}/hat{b}

/end{eqnarray

MC Simulation

Bosonic t-J model
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http://maru.bonyari.jp/texclip/texclip.php?s=/begin{eqnarray}
 A&=&-/frac{1}{V_{0}}/sum_{x,/tau,i}(/phi_{i,x+/tau}-/phi_{i,x})+/sum_{x,/mu}/biggl[C_{1}cos(/phi_{12,x}-/phi_{12,x+/mu})/nonumber//
 &&+C_{3}cos(/phi_{13,x}-/phi_{13,x+/mu})+C_{3}cos(/phi_{23,x}-/phi_{23,x+/mu})/biggr]/nonumber
 /end{eqnarray}

http://maru.bonyari.jp/texclip/texclip.php?s=/phi_{12,x}&=&/phi_{1,x}-/phi_{2,x}/nonumber//

http://maru.bonyari.jp/texclip/texclip.php?s=/phi_{13,x}&=&/phi_{1,x}-/phi_{3,x}/nonumber//
http://maru.bonyari.jp/texclip/texclip.php?s=/phi_{23,x}&=&/phi_{2,x}-/phi_{3,x}/nonumber
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http://maru.bonyari.jp/texclip/texclip.php?s=+V_{0}/sum_{i}(/delta/rho_{1}^2+/delta/rho_{2}^2+/delta/rho_{3}^2)
http://maru.bonyari.jp/texclip/texclip.php?s=/begin{eqnarray}

&&e^{-i(/phi_{1,x}-/phi_{2,x})}=e^{-i/phi_{12,x}} /Rightarrow /Phi_{x}/nonumber//

&&e^{-i(/phi_{1,x}-/phi_{3,x})}=e^{-i/phi_{13,x}} /Rightarrow B_{1,x}/nonumber//

&&e^{-i(/phi_{2,x}-/phi_{3,x})}=e^{-i/phi_{23,x}} /Rightarrow B_{2,x}/nonumber

/end{eqnarray}
http://maru.bonyari.jp/texclip/texclip.php?s=/begin{eqnarray}
Z=/int[d/Phi][dB_{1}][dB_{2}]e^{A_{eff}}/nonumber
/end{eqnarray}
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http://maru.bonyari.jp/texclip/texclip.php?s=/Psi=/left(

/begin{array}{c}

 /Psi_{/uparrow /uparrow } //

 /Psi_{/downarrow /downarrow }

 

/end{array}

/right)

=R/left(

/begin{array}{c}

Z_{/uparrow /uparrow }   //

 Z_{/downarrow /downarrow }

/end{array}

/right)


http://maru.bonyari.jp/texclip/texclip.php?s=/left|Z_{/uparrow /uparrow } /right|^2+/left|Z_{/downarrow /downarrow  } /right|^2=1
http://maru.bonyari.jp/texclip/texclip.php?s=F_{SO}=F_{N0}+/int [/frac{/hbar^2}{4m}|/nabla /psi-/frac{2ie}{/hbar}A(r)/psi|^2+/alpha|/psi|^2+/frac{/beta}{2}|/psi|^4]d^3r /nonumber
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Motivation

Dipole-Dipole Interaction: (S: spin matrix, q:three momenta)
1L " 2

Vappar (@) = g”/z [3(Soa - 4)(Sppr - G) — Saar - Sppil.

Long range and anisotropic nature induces some unexpected

phenomena!

High Density Nuclear Matter Cold Atomic System

Neutron Superfluid in 3P2 channel Idealistic Environment in the Experiments

Nice Realization of the BCS-

Meson Condensations BEC crossover

Realized inside Neutron
Stars and Important
Effects to the Cooling

Success of the Degenerated
Fermi Gas with the Dipole-
Dipole Interaction

(Recent Progress!)

Realization of the dgenerated|
dipolar Fermi gas (B.Lev)

T.Takatsuka, et al., PTP59,1933 (1978); M.Lu, et al., PRL108,215301 (2012)



RG flow equation
We define the effective action S with the path integral

exp(~Swlb.7) = | [] dudbyexp(=S).

A< [k—kp|<A

By repeating the successive A
integrations with the infinitesimal R~ 1/8
shell, we can get the flow

of the effective couplings in Sj. (%=1

Il
=
g

space of bare

A=0 " couplings

If the effective cutoff A is much higher than other scales such as
1/, the flows in the vacuum and in the matter coincides, but at
the scale A ~ 1/ those flows show different behaviors.



Solution of the Flow

In the simplest approximation (i.e., Only the Renormalization of
the four-point couplings), we find the RG flow in the BCS
channel:

Ao A’ 1 B NN
V(A) = ‘/O (1 . ‘/D/A A 5 tanh <§UFA )) 5

V,: the dimensionless bare coupling matrix.

We see that if it has a positive eigenvalue the Landau pole
appears in the low-temperature regions.
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http://arxiv.org/abs/1205.3621v1
http://arxiv.org/abs/1205.3621v1
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Key Concept 5R < tHA{EFE
BT S7 B g i}

I

|>J/U§H E’EV Maxwell/Gibbs @ " (2+1)-flavor NJL .

condltlon b

l LTW3 :ET)I(

1—|—tanh( p)
2

0
_I_ PQ X : P = ,02 (5/’0) Asakawa & Hatsuda

6 P Phys. Rev. D55 (1997), 4488
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Philipp GublerGE#ft), FH #8 (RRKEW), [ E(ER I X,KEK)

P. Gubler, K. Morita, and M. Oka, Phys. Rev. Lett. 107, 092003 (2011)
K. Suzuki, P. Gubler, K. Morita, and M. Oka, arxiv:1204.1173 [hep-th]
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Submitted on 14/Aug/2012

QGPHETIZ A—a =D LMELT HIRZF

S. Chatrchyan et al. [CMS
« LHCAh L DOm#AMER Collaboration], arxiv:1208.2826

CMS pp Vs = 2.76 TeV CMS PbPb sy, = 2.76 TeV

Cent. 0-100%, lyl < 2.4

Iyl <24
p. >4 GeVic
L =230 nb”’

Y(2S,3S)

pi >4 GeVic
Ly = 150 ub™

s data

— total fit % — total fit

VA—2= LDIESE 1 | : F i
(I¥,ne,Y...) I2&>T /AL

HRRENELD
=QGP®;mE5t!

e data

Events / ( 0.1 GeV/c?)

11

10 "
Mass(utu’) [GeV/c]

Mass(u*1) [GeVic?]
P-pfEIZR & Ph-PhEZETHEMT 2 YD YN = Z LL B
=>YD Ik EE(2S,3S)FEEIRREQS) &L YRR TIHEK
2012/8/22 EAMEKIBEO=EFiREZ DA ]
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Y (2S):10.02GeV

4. BRABEDHFES (AtHED)

Coming Soon!

2012/8/22 EUMMAEESI B DEFH/EZTDI A

Y (18):9.46GeV @ Y(35):10.36GeV ' .) g E
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E.Witten,NPB156,269(1979)
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U,(1)anomaly® A G.Veneziano,NPB159,213(1979)
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