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An accelerated observer sees the Minkowski vacuum as thermally excited, this is known as
Unruh effect. The Unruh effect is very fundamental and important, it also relates to physics of
horizons by equivalence principle. However the Unruh temperature is very small for a ordinary
acceleration, so it was difficult to detect Unruh effect directly. But the recent development of
ultra-high intensity lasers makes the Unruh effect experimentally accessible. Now the question
is that how to experimentally observe such a high Unruh temperature.

One proposal given by P.Chen and T.Tajima is to detect the Unruh radiation. Since the
electron feels the vacuum as thermally excited with the Unruh temperature, the motion of
the electron will fluctuate. The additional radiation due to this fluctuation is called Unruh
radiation. P.Chen and T.Tajima estimated this Unruh radiation by an intuitive argument. The
estimated amount of radiation is much smaller than the classical one, but the angular dependence
is different. Hence they proposed to detect the additional radiation by seeing the angular
distribution. The heuristic argument sounds physically correct. But it has been known that in
a case of internal detector, such a radiation is canceled by an interference effect between the
radiation field induced by the fluctuating motion and the quantum fluctuation of the radiation
field.

In our research, first we investigated the stochastic motion of a uniformly accelerated charged
particle. The particles motion does fluctuate because of the Unruh effect. We have shown that
the momenta in the transverse directions actually thermalize so as to satisfy the equipartition
relation with the Unruh temperature. Then we studied the radiation induced by the fluctuations
of the uniformly accelerated charged particle, and see if the cancellation between the interference
effect and Unruh radiation occurs for our case. We found that some terms are actually canceled
each other, but there are other terms that are not canceled completely. Hence besides the
classical Larmor radiation we can expect an additional radiation associated with the fluctuating
motion caused by the Unruh effect.

But our result is still not conclusive due to several problems which will be the future work.
First, in calculating the energy flux at infinity we are faced with the classically unacceptable
contributions. Second, the meaning for the thermalization in longitudinal direction is unclear.
Finally, our calculation was done in the scalar QED case and it is important to generalize it to
the real QED.

This research is based on collaborations with Satoshi Iso(KEK,SOKENDAI) and Yasuhiro
Yamamoto(SOKENDATI).



Higher-dimensional Charged Kerr-NUT Black Hole
and HKT Structure
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Killing-Yano symmetry is a fundamental hidden symmetry, which plays a crucial role in
higher-dimensional rotating black hole spacetimes with spherical horizon topology. Such black
holes satisfying the vacuum Einstein equation

Ric(g) = Ag (1)

are uniquely characterized by the existence of this symmetry[1][2] and derive from it many
remarkable properties, such as complete integrability of geodesic equation, separability of the
Klein-Gordon and Dirac equations, and gravitational perturbations.

In this talk we consider black holes of more general theories with additional matter fields, such
as the black holes of various supergravities or string theory. These black holes are usually much
more complicated and the presence of matter tends to spoil many of the elegant characteristics of
their vacuum brethren. We discuss an extension of the Killing-Yano symmetry in the presence of
skew-symmetric torsion. More specifically, we present a family of charged black hole solutions in
supergravity admitting a generalized Killing-Yano tensor, where the torsion 3-form is identified
with the 3-form field. This identification is rather natural as no additional field is introduced into
the theory. The discovered generalized Killing-Yano tensor shares almost identical properties
with its vacuum cousin; it gives rise to all isometries of the spacetime and implies separability
of the geodesic Hamilton-Jacobi, Klein-Gordon and Dirac equations in this back ground [3][4].
Especially, the relationship between the existence of generalized Killing-Yano symmetries and
separability of the Dirac equation is clarified according to the paper[5].

[1] T. Houri, T. Oota and Y. Yasui, Closed conformal Killing-Yano tensor and Kerr-NUT-de
Sitter spacetime uniqueness, Phys. Lett. B 656 (2007)214 [arXiv:0708.1368].

[2] T. Houri, T. Oota and Y. Yasui, Closed conformal Killing-Yano tensor and uniqueness of gen-
eralized Kerr-NUT-de Sitter spacetime, Class. Quant. Grav. 26 (2009)045015 [arXiv:0805.3877].
[3] T. Houri, D. Kubiznak, C.M. Warnick and Y. Yasui, Generalized hidden symmetries and the
Kerr-Sen black hole, JHEP (2010) 1007:055 [arXiv:1005.4386]

[4] D. Kubiznak, H.K. Kunduri and Y. Yasui, Generalized Killing-Yano equations in D=5 gauged
supergravity, Phys. Lett. B 678 (2009) 240 [arXiv:0905.0722]

[5] T. Houri, D. Kubiznak, C.M. Warnick and Y. Yasui, Symmetries of the Dirac operator with
skew-symmetric torsion, Class.Quant.Grav. 27 (2010)185019 [arXiv: 1002.3616]



Extremal RN-AdS Black Holes in 4D A =2 (gauged) SUGRA
with(out) Hypermultiplets
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Wall Crossing of D4/D2/D0 on the Conifold!
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Quarter BPS classified by Brauer algebra
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Classification of BPS Objects in A/ = 6 Chern-Simons Matter
Theory
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Quiver Chern-Simons theories, D3-branes, and Lorentzian Lie
3-algebras
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Six-point gluon scattering amplitudes from Z,-symmetric
integrable model
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Topological odd-parity superconductors
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Maximally Non-Abelian Vortices
from Self-dual Yang-Mills Fields
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Non-Abelian vortices play an important role in the dual confinement mechanism in gauge
theories and other physical phenomena such as cosmic string for the large scale structure of the
universe. Parameters of soliton solutions are called moduli, which become effective fields in the
low-energy effective field theory. In particular, dynamics of solitons can be described in terms of
moduli space metric. Non-Abelian vortices in the U(N) gauge theories with Np > N flavors of
Higgs scalars in the fundamental representation have been studied extensively, and the moduli
matrix formalism has been particularly useful. However, it has been difficult to obtain exact
solutions for these non-Abelian vortices.

Witten has shown that U(1) vortices on a hyperbolic plane is exactly integrable by dimen-
sionally reducing self-dual equations of SU(2) gauge theory in four-dimensional Euclidean space.
Starting from the Witten Ansatz, we explained that instantons on a line (we call it 7 direction)
give the SO(3) invariant configurations, and the metric of R* is conformally equivalent to the
metric of a hyperbolic plane and a two-sphere with the same radius. Conformal invariance of
the Yang-Mills gauge theory and the self-dual equations imply the one-to-one correspondence
between the SO(3) invariant instantons and the vortices on the hyperbolic plane. Our purpose
is to obtain exact solutions of non-Abelian vortices on the hyperbolic plane.

We have worked out the most general SO(3) invariant configurations of instantons. The
maximally non-Abelian vortices on the hyperbolic plane are found to arise from the dimensional
reduction of SU(2N) gauge theory on the hyperbolic plane and S?. The procedure yields
an S(U(N) x U(N)) gauge theory, with a Higgs field in the bifundamental representation.
The SU(2N) self-dual Yang-Mills equations reduce to Bogomolny equations for vortices on the
hyperbolic plane. These equations are formally integrable, and we present a subclass of solutions
by embedding the Witten solution into our Bogomolnyi equations for the S(U(N)xU(N)) gauge
theory. These exact solutions exhaust all possible solutions corresponding to U (l)N subgroups.
Inside the S(U(N) x U(N)) gauge group, there should be orientational moduli for these non-
Abelian vortices, which remain to be worked out. We should emphasize that these vortex
solutions happen to have the same functional form as the Witten’s U(1) vortex solutions, but
they are genuinely non-Abelian: Single vortex has only 1/N winding in the U(1) factor group,
and the (N —1)/N winding in the SU(N) gauge group. This situation is precisely the same as
the well-known non-Abelian vortices of the U(NN) gauge theory in the flat space R2.

This work is done in collaboration with Nicholas Manton and is published in Phys. Lett. B687,
395-399, (2010) [arXiv:1001.5236].
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Bloch-Nordsieck approximation is well-known to determine the infrared behavior of the
propagator as an renormalization group.Since gauge theory in 241-dimension is super renor-
malizable,we assume the above approximation may be correct for the fermion propagator[l].In
quenched approximation to QED3, we obtained the second order spectral function in the whole
region in position space.At long distance it vanishes and at short distance we find correction as
mass shift and wave function renormalization.After exponentiation of this it is proportional to
the infrared cut-off at short distance.Thus the propagator vanishes in the limit of vanishing bare
photon mass.However there is no infrared mass scale in the model. Therefore we include vacuum
polarization of massive fermion loop to the photon.The spectral function of photon makes a
effective photon mass.At strong coupling the effects of vacuum polarization becomes small and
we have a vanishment of the chiral order parameter. At weak coupling the results reproduce
well the non-perturbative Schwinger-Dyson analysis with vertex correction and vacuum polar-
ization for dynamical mass generation[1l].In Chern-Simon QED we have an extra term for the
wave function renormalization by topological mass term[2].From this term we obtain a relation
between effective fermion mass and topological mass as the ratio of mass and wave renormaliza-
tion.These feature are consistent with ladder Schwinger-Dyson equation too[1]. Spectral function
in Minkowski space has oscillation and not positive definite.Nishijima pointed out non positive
features in QCD fermion propagator using homogeneous renormalization group with infinite
mass insertion[3].Intuitively operator insertion change the dimension of the propagator which
may not be written as the pole sum.In topologically massive QCD the coefficient of Chern-Simon
term is quantized by gauge invariance.In this case the fermion mass is related to the inverse of
this value.Therefore if we average in the theta vacuum effects of CP violation on the mass may
be obtained.

References

[1] RJackiw,L.Soloviev,Phys.Rev.173.5(1968)1485;Yuichi Hoshino,arXiv:1003.0149,SoryusironKenkyu
118-1(2010)A-85.

[2] S.Deser,R.JackiwTempleton,Annals of Physics 281,409-449(2000).
[3] K.Nishijima,Prog.Theor.Phys.81:878,1989.



An Algebraic Model
for the su(2|2) Light-Cone String Field Theory!

FD R SR B2 TERT A )

E-mail: ikishimo@yukawa.kyoto-u.ac.jp

su(2|2) PR & BT 2 M HER DML OB OB OB E 2T, fERmbN TN D
SEHHIEZER0 pp JEHFZE O $ER OB OB OB DA L R DR ER AR E T 2 L T,
su(2)2) SFHMEEZ O LY RO R EOLOERERT A0 0 BRI 28RETH, Zhid. b
SLREETRTEZ —OAVTIC, &0 RN ARFE T TBEMC NI =T O
HIEREOE %2 R G2 5 b D TH D,

K — 2 DML OB OBRR O HAE I Z & 0 2B DB 5 T D DI R TR
522 & pp WHEZEDHBATH D, LY —ROBAITIT. T b2 bIEOE 1| B OB CHFbICfif
STENFELWD, R FRTEX T L TROGOHGROMAEEAEZRET S, Lo 2 X
WHTH D, £ZC, TZTIREIDOL D REHENRTELY L2002, FHKFZZE L O pp KR
72D BARGIC 350 DA BAEEOEB 72RO ARMN S AR L R MR EHE LR E M LT, — B
BAELENUSHIET 2 bDEMNTHEE D LET 5, COMKES &1, MMM EERICE
J RO M E OB ERT T VX NEEDNORED V), BEO, 72V IFd =y 7 R5%0D
EEEZ V) ST THAEEASICE ST 2 L SRS 280 2B0 b0 0 YV, 2L TER
ARSRER L THTL D50 : X(~ {q,Y}), X(~ {¢,Y}) BEOEW(~ [¢, X]), W(~ [§, X]) T
B, ZNHEANTBERCNINL N=T >0 3MEIERE (|Q), |H) 72 &) % ER L. Bt
FPER SR (B L OV 2 B ESRE L OBAE) b EN S DREERD TN LW ) FetEa & 5,

—J7 . IO A Y IR i < FIEIZB O T su(2)2) B EE2A&H R LTnb 2 &
Do TG, ZOREIL pp WHZED & OMFMEIC LA END Z &0 D, ROBOHEGH O
ICBWCHLAEHTH D LIS D, £ 2 THENIFC su(2)2) [FREE BE T 2 KOG O iR D
BT RO NS R AT L, BT/ ansatz (q|V), [¢, X] 23 Y (2B L CRUE
45) OWPAITIE, pp WOBAIZHON TV HBERNB LN I =7 v OMAIEAEO %
WICHBL L=, S blc—fbicind 7= BEH (gV), [¢, X] B Y I L THEETRVER) 1250
THEEFE L=,

FEEENBRIX =X BEOW =W =0 L3252 L THLALZDT, ZOMERTLEH
e —OBEHNHEGHONX LD Z & T, FROFETEONIZROSOMEmOFEAAEHEO
RIS BICERE ST B Z LN TE B,

LD D TRGE] % pp WRFZELSADOBAIC IS LT 5 2 & T, su(22) MFEZ o &
D —fE D B ZE OO B OB ORER 1T T2 <, AAS/CFT & OB B & BARIIC
JICHATE D LM SN D, £o, 22 TR E 3 M EAEMEO A — 4 —Clif=+ H O
BEZTD, @ROMEEREICE L TIA%OMETH 5,

RILASCR (4R K KMI) & oLRRFZEICES<
I. Kishimoto and S. Moriyama, arXiv:1005.4719 [hep-th], accepted for publication in JHEP.




Light-cone gauge NSR strings in noncritical dimensions
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Tadpole Resummations in String Theory
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Localization of Wilson loop in two dimensional super
Yang-Mills theories.
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HERNERINDZEMTa L NI N THOAVLERHY, —Wie=2—7 U R Emz a7 MeL
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Developments in the S-Deformed Matrix Model of Selberg Type
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This is a talk basd on the three papers in the references. The punchlines are i)2d-4d connec-
tion 0d matrices acting as a bridge; ii) Jack polynomial and the finite N loop equation facilitate
the computation of the Nekrasov function with ¢;, g5 finite. A schematic view of this rapidly
developing field is available in my talk slides.
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Deformed Prepotential, Quantum Integrable System and
Liouville Field Theory!
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N = 2 supersymmetric gauge theories provide us an interesting framework where symmetry
is powerful enough to lead to exact result of the low energy effective action and to an inter-
pretation in terms of classical integrable systems. This interpretation was further sophisticated
by [1] to the relation between the prepotential with a nonzero deformation parameter, which
Nekrasov’s partition function gives, and quantum integrable system. It was also proposed that
the above deformed prepotential can be obtained by period integrals where the meromorphic one
form is changed to the quantum corrected one [2]. The exact WKB solution for the Schrédinger
equation of the integrable model gives this one form.

Meanwhile, a remarkable relation between the Nekrasov partition function and the conformal
block of two-dimensional Liouville field theory was found in [3]. By extending this, the partition
function in the presence of a surface operator was identified with the conformal block with an
insertion of the degenerate field [4]. It was also conjectured that the loop operators correspond
to the monodromy operations for the degenerate field inserted conformal block.

We relate the quantum integrable system with the insertions of the surface and the loop
operators in the partition function [5]. We interpret the differential equation satisfied by the
conformal block with the simplest degenerate field as the Schrédinger equation of the associated
integrable system. The Hamiltonian of the system can therefore be read off from the Liouville
theory consideration. Based on these, we find that the proposal in [2] that the deformed prepo-
tential would be obtained from the period integrals is equivalent to expected monodromies of
the conformal block with the degenerate field.
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Refined cigar and ()-deformed conifold
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In recent studies of N/ = 2 supersymmetric gauge theories (i.e. with 8 supercharges), the Q-
deformation has been playing a significant role. One can study a self-dual {2-deformation of the
gauge theory from the topological string theory where the self-dual graviphoton field strength
is identified with the topological string coupling constant. If one introduces the anti-self dual
)-deformation, it is proposed to correspond to the “refined topological amplitudes”.

Recently Antoniadis et al proposed a relation between the (2-deformation and refined corre-
lation functions of the topological string theory. We investigate the proposal for the deformed
conifold geometry from a non-compact Gepner model approach. The topological string theory
on the deformed conifold has a dual description in terms of the ¢ = 1 non-critical string theory
at the self-dual radius, and the (2-deformation yields the radius deformation. We show that the
refined correlation functions computed from the twisted SL(2,R)/U(1) Kazama-Suzuki coset
model at level k = 1 have direct ¢ = 1 non-critical string theory interpretations. After subtract-
ing the leading singularity to procure the 1PI effective action, we obtain the agreement with the
proposal.

The refined topological amplitude

3g—3+n n no
Fou= [ CTL 16O TT [ TT ¥ )
Mgn) k=1 k=1 =1

can be computed by using the triality relation in terms of ¢ = 1 variable:

~ _ _i\/§ Q
U = Y IY:F, —cce T Xt

P = Yl—:’;l = ce V2
VE x4 N2
1 e T X+ , (2)
so that
39—3+n n n )
Fan= [ CTL lwe- )P ] [ e 5080 [Tece 55050, 3)
(gm) k=1 k=1 =1

After removing the leading order singularity

3 BT iV x| 2 =
/eZTQXJFT%HCEe_ 22X+72¢—>/068X8X+--- . (4)
=1

we obtain the desired radius deformation of the ¢ = 1 theory as refined topological amplitude
on the deformed conifold.



Topological symmetry of deformed instanton effective action
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1A 2Rk Q-background TEE Siz N = 2 %R Yang-Mills BFRIZHBWTA VA ¥
HEAEEFET LSOO LTS 2 L THRRISI TV [5],

AaF 2 1L EORER 2 — O B 28 T2 Q-background (2% L CTHEIE L7, 2D & X R-R
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N=2 Twisted Super Yang-Mills Theory with Central Charge
in 2D
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On the Lorentz-covariant action of self-dual higher-rank gauge
fields
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E6 grand unified theory with three generations by asymmetric
orbifold!
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UABRZEIL. RREFEEK (a). BIUEHEK (a), ZRILASCK (b), @BERIK, MH—BK (a), SFOEMK ().
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RIS D IEBEGRAIDIE L LT, A A VEREE W OBBE RO T WS, R Y R
D-brane OFELIIRNEZE TH H DT, D-brane DSARtE L CEERENICE D Z & & X 5 4 6
W9, Sen D FHATIL., ¥ ¥4 L EEMEIZ L > T D-brane 23 {H 2 TR ORI 72 < 720 . B
DI > TRERBEZEZIR D L I TS,

Z OWFFETIEL DS ORI B TRE-BANC K o THERL S M7 i 72 d B [1] I2 oW T
295, BOBREZOEMEO O TR LEHRAR D Z LT, ZOMITY A4 U EEEIC
KIS T DM THDHEEZ BN TWD, BRI Z DX X7 L EEEfRD £ 0 O PG O B 28RS O figAT
WX LT UL EIEER AR Th 5 2 LA, 2009 FIZEAR-EBIC L > TH LS [2],

ZOBERICE T D LoILEIMNE DA I A DD DT R AT N ILVORMN A L ULk
WEHN T T o7, ZOHMIRII AT A—H—a>—1/2 #b->TED, a>—1/2 THEE2T
TV, a= —1/2 TIEZ XA VEERECHET 5 LB BN TWD, ZOHMEE DY TR
B S BERTIE. a > —1/2 TIHEBEERNEZE LOBEGRTH L0, ¥ X4 kT 25— R
(m? = 1) WIFEETH & THEND, ¥F A4V EZEE (a= —1/2) O Tl D-brane 237H L
TVWD OO TIIMENRIEL ERRNEFHEEIND, TR L-LYIBHETED L 9 ICE
BInsnge R,

LAOLGIBHEIC K DT OFER, a > —1/2 TiX
LULx B BI1EEH A Tt iE T 5 — ROfFE
TENBREICBINT, T A= —DflnR a = —1/2 o e
WZro< L LV 2 TIEZOFE— FOEED 5
25D EMRARIEDE (+3) & & 52 ERbhotz, L
ML, LoUL0 & bbb 2 OFEFTRE R DX, oL ‘
HIT TV olm XD ZDFE— FOBEE NI HONT
DIZ- &Y LIctimiifg ooz, 2720, 5 0
DBHE— FBPEIERT D EWVI) TENS, LNLE |
F5EZDE— FOBEEITERKICHET S &E 2 ot
HOWHKRTHDHN, LUL2 TOEED " F)N —1
MD 43~ AT, O L FE LA Figure 11 LoUL2 & LUL0ICERIT S ¥

L L . L
-0.4 -0.2 0.0 0.2 04

LD THoT, FANCKIET HE— FOBEEORE,
AL L1 0 DGR A2 Fd,
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Tunneling Mechanism in Kerr-Newman Black Hole
and Dimensional Reduction near the Horizon
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AMFFE Tl Hawking i OEHIZHOWCEGRT 5. B b RABIRICIES < BE) 5 Hawking
T OB T 5 H7EIE N R VHEE (Tunneling mechanism) & FFZALTWN D, EOT v &2 R
KON ThDH. 77 v 7 HR—N (BH) WD KT A X ABITFFIB W THRL T « SR DR AR &
ERD. T THARSIIRL AT 251X BH O HLIZ 2 9 ASHE— R &l b i 544
mE— F Wi oihd. ARE—RIBHONTHICHESNZEE 720, —F, SmE— R
ZDO—HNETIFE R N RNV RIZ LS THETA X280 ki), Fxottficsing 2 &
DEFEIND. 22T, HTEIRFRFERL T OGA, Bx OMFIZB W TREICHFIET S Z LN
TEDLDOTHRAIIZOR 2T S Z LN TE, BHIZZOFERFOFS>T AT —LFE OO
TANX—EROEELZ LD, Thwx, BH OE3 72 H Hawking it 25425 =
EMNFREL 72D . Wilczek 25132 @Eﬁm_mmént R xF LT WKB ORERIRIE A 75 L

72 [1]. £ TH LR ZBCEHRRREIZ 31T 5 Boltzmann K7 & g9 2% &, BH OIRE 4K
AT ENTE, T if‘ﬁﬁﬂ%f%%ﬂt Hawking {REIC—E3 25 Z EBRS Tz,
FREOFI (1] 1238V T Wilczek F XM HO 72O FR2 BH #H5 & L, EloxtAdmESinsd

*J%%i‘ﬁﬂf/ﬁﬁﬁ@ﬁb‘ﬁ, R OLEAIZBWCGERN 72 3Nz, Z D hE% Kerr-Newman BH

(ZHERT DR, 4 ROTOIEEHFRZRGHEOEY v ofth, EhESEE) 721 T2 < 7 A EE) & e
EEEBELR2TNEIRLTRSERTHD. BAIZZO P L ERT LR, FRM
PP BT DIRTTHEFRI D ITEDIEF AN TH H T & i L2y,

T A R BB T DIRTHRID T iEEZ NS Z LIk - T, 4 IRTOIFERRHARFHREITH
TN 2 RITCDERHFR R G RIS/ D 2 &, T L THESOEESCHAERZEH T 5 Z LR
END FEMIT 2] ZSHIEXT-\V). T bbb, FHHFmITHICRT RN O EE V2
Z LI E o T 1] 1I2B W T Wilezek S0V E LW RAHB NS, ZOABEGRBELT 5
DIZFEGHHTFIZR SN D2, b R VB S 7 BB E TR O Co iS5 /e
DT, ZOHEEZHNDZENARETH D, ZOERR 2 R TTHEE VT, Wilczek % & [FkE
DFHRZAT > TH D & EBC Hawking £ 2 FEH T 2 [3]. BIfE, b /03 Hawking
T TRBEHIR AT R T AL EBEN TS, ZOFHMIZONTIE 2] #2RIA X 720

References

[1] M. K. Parikh and F. Wilczek, Phys. Rev. Lett. 85, 5042 (2000) [arXiv:hep-th/9907001].
[2] K. Umetsu, arXiv:0907.1420 [hep-th].

[3] K. Umetsu, Phys. Lett. B 692, 61 (2010) [arXiv:1007.1823 [hep-th]].



BRADLGVEDRAEF—HHEVA XF—FH
AAKS KFbc BTEER RTHET¥EL Lk R

E-mail: egami@phys.cst.nihon-u.ac.jp

BRADIRNGRE, ZHETICHA RBLE ORI N TE 2 [1,2,34]. ZO X ikaitih
LMY, HENTA—HEEERVD, WERAEEE L OBl 20Xk 5 RGE, FRZ4koc
IZBWTIE, YA RY—EHNTRELRT HHENMERITHL EEX DD, EEEIZ, EHO
RVBED Y A 2% —ERiT yenko 12 X W 52 btz 3] LavL, 2 CRESNIEMIT2
DOV A AL —FHNTENPNTND RIZYVAAX =B L T4 ER->TED, EEOH W
IZIEARBETHDL EEZLND.

AW TIE, ETRADDORVELICKTT 2 L0 RV A A X —EXE 52 5. @EamOtEDI7IE
RO TH5D. ML, BINRS2GAICIEmE - REBEOIERIIRAE L, ROBRVEAD
FLRTE D AWTOIERAZIRET . &Iz, EBROEHEZAE ST —BRTEL, ) Gusev &
Zheltukhin (2 X0 52 HNAEM [4] EARERICHE LW L2+ 2. £ LT, ZOARET—F
KTOEHE, TGN EE HFRNEZZEL, RIOLRVIKITKT LY A X Z—TE)
NIEHZE L. ZOBRITBEO MR o — A ZHUT T 5 ANV & RT3 5
REMZZET D, BONTIERAITZ1I SOV A AZ —TE PN 2KRK 72D, ZOEROMEE
Z i HEICTHR D &, B O ARWaLlE, Minkowski 22 CITEH$EICI » TEFH L TV 528, &
YA AZ—ZERITILZ OEEBNEERE L TRBEIND Z ERNDND.

WIZBRST &1L E1TH Z L2k~ T, BIOD2WEORE T HFMEE ZiEm T 5. dmd
HEDHFHFIILL T D@ ThH D : N, VA AX—ENTOMEHNEIR T2 1 FROME 2 IEHEH
FOBLEDN LIRS, BRIV A A —CTRE SN RSEHZ2EHL, ZnnhLEREZ LT
Virasoro fN# &7+ = & 245, Wiz, EiRo Virasoro %% AT, BRST B OEZE
PR T S, RLE LT, A UBRICBWTUIEEE NSRS LW LRSS, 20
FEREZTC, MW DA EZEANL, Hiad A—/—Y A 2Z— X ~LHEET D &, B4
DO N XN = 4 OEAIZOH BRST B OEEMEDKRNLT D ENMR IS, Zhik
VA AR — GBI A R ITCTBRITFEDORN N =4 OHGHTHH L LELLTERY, EHDR
WEEE Y A A —BER O LS OGN H L EEX oD, ZORERARICTHI L L,
MBRRIREE R, VA A X —BEKEHWT, BERICHERT 2 Z L1345 % OMETH 5.

¥, ZOWITAROHAE—K, KOFIE—K & OILFENE 6] (I2HK-5<.
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The shear viscosity of holographic superfluids
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Holographic superfluids[1,2] 13 “KAHIERS 28 Z TG5O BRI 2B R TH Y, FH 5
Win EOMITEIN R MEE 2R 2 RO TS, LovL, JOERMDO T 7T % iy
MHRNDT, BT NVEFEMCHANS 2 & CRENDBEREIE & O —BUuR K OFE R &2 BERT 25
ZEMEETHS.

T, HTAIFUTOHEBAND, T OEMRy Lo P E—EE s OIZER L.

e Holographic superfluids |8 % % £ - 7= Einstein-Hilbert {Ef] TRoal 41 5 7= AT R A
Ao TR, BUEFHE DM S 2Ol & A7 fi#tt LoMThitTniedofz. Lasl,
EREREE T /s 2RO DITEDFIET L0 T [3,4], TR EL 52 65.

o EERIZ, ‘He 72 EOMBEN OB A AT, TOKMERNTH R 2R LN mbh T
%. Z OMEE % holographic superfluids 23 FF2720E 9 A MR L7z,

e AdS/CFT & W= 5O BEI OFRIKOMIIE TIL, IEF IRV T ZADGOMEHIZIHB T,
n/s D—EDME 1/41 ZEZRT LWV 2= _"—H VT 4 PRI TS 3,4, Zhn
AR DL Z 2B CH Y SLD E ) A FI~T2u.

n/s Z5&5121%, EAMTEAROT v Y vE— REHBRIICRE, 22 hbhur 57 1y
I L NGO B O = VX —EEh & T 2 Y VIR 5 BIE Green BIEUT 3 L TALRA
ZRAWVAUZ LW, Fx 13RI s-wave, p-wave, X T (p + ip)-wave holographic superfluids & V)9
ZODEFETNEMT LI, 2RO DETIVOEWVIIWELORBBE LN THD (FIZIX[1] &£D
ZEXMESZ RO L).

s-wave DIGHEIZIX, ZiVETO AAS/CFT Z HW T o5 R & RIS, ®iZn/s = 1/4n
2720, 2= =% U T B¥MR_IEND Z L AR LT, p-wave OEITIE, HOHEGRMAORZE )3
HTTHD IO 0 RMERD “OFET D, —DIFEICn/s =1/4n THDHZ L aRL
TZh, b D O EDEL NS ZNETOFELEM LTS 2 Z 813 TEehoTe
(p + ip)-wave DA IXFLEDOIEEHEND T 2 Y VT — RBFERT, (EROFIETITMITHIIC
RO BN ERGnoTl

T hr E—EE s (X RMABEB OB RICB W TER TH LD T, n/s=1/4r L2255
WZIET 0 R TR FEEEZ RS20, 2 U s-wave DA & p-wave D—DDIGEIZIE n 3
FSCTEREMEEZFFZRNZ EEZBERL TV D, pwave DY H — DA & (p+ip)-wave DAL
FEHTHY, BEANHTT 5 2 &b BB,
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Yangian symmetry in sigma model on squashed sphere!
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Boltzmann equation in de Sitter space!
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de Sitter ZEfH] LD OBERZFH~L Z LIZFHAOM BT D4 T b= ay | BEOFHOY -7
ANF—ICHET HREEHR S ETEHETH D,

de Sitter 22 EOLOIEHIZIX, REFFEDITRAFEE 4L U % 72 % Feynman-Dyson OALJ7 CTIIFEAAE
HEBEICHE D 2N TERNE WS BERMEENH D, L de Sitter ZZH]D & 5 7R RERUKAEMEZ £
WEEZE ECHAEER 2 5 IR EEY IR B W THW B 5 Schwinger-Keldysh DAL RN HE L 70 5
1][2][3]c Z DASF TITHFMFE N E ERZFFO72 0, FRAEBITBNTHAER ZBEBNIHR S Z &R TE,
F MBI AIEN OF G0 DR Z R D155, 2 OMHBEBEBO R Z R~ WE S5O
TARLX—EEET Y IV OHIRHEN D effective R FHHDORFURAAMEZTRD Z L R FEA DHBIITH 2,

REFMARATIE &2 FF oW R ZE B Ok, —RICHERE A B 2 2 EE0 5 2 12 O HE B BEE Ik 1- 5o A B4
WEEND, ZORABOABE O AAEMNC X 2 R b 2 I B OREER) 7008 B T dH % Boltzmann
HRERE AW TR &0 I RED A M. Polyakov (2 &k - T &7z [3], FHZmzE B & LIE=xL
F—RAFEDI K D SEOMRIRIZ 35 T Schwinger-Dyson 20> 5 Boltzmann F 24 8 H T 5 F1EXBEIZ N
BTV [4][5][6]. Fex1Z AN T —H0D o3 o BERIZE W T, K74 X O+HNETlEd 2N x L
X —{RIEDR Y ST 7oA — 2 —F T de Sitter 22 O Boltzmann FFRERZ RO 7=,

Z @ Boltzmann SRS 4 13, R FAEKIC K D247 22 VD BRI E S TH v & = VD
L. TRAF =AY b T AOELN—EIRTEND Z L, ety =b, I 72 =V THRIMERD) S
DFEEIZ 1T IRTIHFTHHEL & 2 DK SNICIRIND R IRL P MBI Z 2L S8 5 & D BRIRORER %
f3lze LinL, 2000 ORI EIR EEh &, HE TR T I LICi-oTRaTHT I LA TE, L
AIEE KA LR Z D ENTE D, ZOTOMHAEEHOEFEZE DI effective RFHBEITRIZ L D
VELEE WY IS OB RIEKAENE 2 72 72\, ZHUE T & © Boltzmann FEERA K T A4 X2 ONE#E - b
DTHY, RTA X HNEO B B EIIREHIRRIZR L T—EIRTZNDE0DH Th D,

—J. RTA X OIMZBBHENRHTIT 2 LIZE 5 TR T A X0 B BEEIFRR & & iz kd
5, ZOHHHEOEIT massless, minimal coupling DRI O A/EA M b FHIAICTAZREMETE 2 5 2
% [1)[7). Fex T o3, ot ERICHE WV TRIATERD 2 -OA—F — T, ORI L FHETRHFME & b
W5 L) FHERMEEZEZ 25 ECEE LWERESEZ, Zo/RIL[Tobo s —8T 5,

SHOBEE LTI, AT =BT TRIBENG L EDTSLEORINVIRETRD Z L ERFER
ForfE T 5 S BEERSEFET 720 FEEEN R RAROM Y BN EFTARDL Z ERE T N D,
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Flavor Mixing and FCNC Process in Gauge-Higgs Unification!
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We discuss flavor mixing and resultant flavor changing neutral current (FCNC) process in
the 5D gauge-Higgs unification (GHU) scenario, and then we also estimate a lower bound for
the compactification scale by comparing the obtained result with the experimental date.

GHU is one of the fascinating scenarios solving the hierarchy problem without using super-
symmetry. In this scenario, Higgs in the Standard Model is identified with the extra components
of the higher dimensional gauge fields. Then the quantum correction of Higgs mass is insen-
sitive to the cut-off scale of the theory and becomes finite despite the fact that the theory is
nonrenormalizable, which is guaranteed by the higher dimensional gauge symmetry. This fact
has opened up a new avenue to the solution of the hierarchy problem.

The fact that the Higgs is a part of gauge fields indicates that the Higgs interactions are
basically governed by gauge principle. Thus, since the gauge interactions are universal for
all generations of matter fields, this scenario has the problem of the arbitrariness of Higgs
interactions: how are the variety of fermion masses and flavor mixing realized??

Then, we consider a 5-dimensional SU (3) x SU (3)color GHU model compactified on an orb-
ifold S'/Z,, and discuss flavor mixing in the model introduced bulk masses and brane localized
mass terms of fermions. The bulk masses play a role as the source of flavor violation, and brane
localized mass terms is necessary to realize flavor mixing. However, though the brane localized
interaction contains theoretically unfixed parameters behaving as the source of flavor mixing, if
the bulk masses were universal among generations, the flavor mixing exactly disappears. Thus
the interplay between brane localized interaction and bulk mass is crucial to get flavor mixing.

We also consider FCNC processes in this scenario. In ordinary 4D framework, there exists
a useful condition to ensure the natural flavor conservation®: fermions with the same electric
charge and the same chirality should possess the same quantum numbers. In the scenario, al-
though this condition is satisfied, the new source of flavor violation of bulk masses leads to
FCNC processes in the QCD sector at the tree level. However, this is the feature of higher
dimensional model, and FCNC occur only when non-zero Kaluza-Klein gauge bosons exchange.

As a typical example we calculate the rate of K°— K mixing due to the non-zero Kaluza-
Klein gluon exchange at the tree level. the obtained result for the mass difference of neutral
kaon is suppressed by the inverse powers of the compactification scale, and by comparing with
the date we obtain rather severe lower bound of the compactificaiton scale around 30TeV.

!This talk is based on the work with Y. Adachi, C. S. Lim and N. Maru, arXiv:hep-ph/1005.2455.

2This problem is also shared by superstring theories, where the low energy effective theory, i.e. the point
particle limit, of the open string sector is 10D super Yang-Mills theories, which can be regarded as a sort of GHU.

3S. L. Glashow and S. Weinberg, Phys. Rev. D15, 1958 (1977).
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BT #85L D5 DO (Superstring Field Theory : SSFT) (213 Modified Cubic Superstring
Field Theory (MC SSFT)[1] & Wess-Zumino-Witten type SSFT &9 “5DZ A T3 LT
W5, Fix it MC SSFT O — PEEIZ SV T, Batalin-Vilkovisky (BV) Bz HWTHR~7Z,

AT ghost ZLDOMLIZ picture £X & FRITIL D B A £, HIXOEZEDIERVFITIL picture
B D531 EEMEN S 23, 8% 1L natural picture & FEIXILD picture Bz k58, F7-, picture
& 2 H{HE 1% picture changing operator (PCO) & FE5,

MC SSFT (232 Tld NS 50 picture 1%, natural picture (—1) TiZ72< 0 TS5 &N
HEROEAEDTZDIINETH D, Fiz, MC SSFT OIEAILX PCO 2 E5ATWDLHZ Lk, 20
T Qp [CBb @ O —URHEL, PCO O —VIZRINT 57— UkFE L v 5,
DD — URFHEE FFO, Ramond HIZOWTIE, —o0 7 —UstBiE % EET 57— P RN
2] THEALNTWDH, NS HIZB L CIIEEHR T — VREEDITIEITHESL S TR0,

—77, BV B & W 7 — VEEIE, ZVE TSR Y VKOOSO (Bosonic SFT) (2% L
TSHENTE T, BV EXTIE, #HEmo b7 — U FEICIG U T Y & S 28 AL, v X
S —HRRREWE TR Z RO T, F—VREERL K 2HET D, B Y VRO ORE~
OIS, WAL ghost $ —1 2 FFOuk %, 2T D ghost A FF ORI~ LR L, Z OILES
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SU(2)Yang-Mills(YM) EFHICE W T, —EDH 7 —kih H WFEET D L&, ROBFHRT >
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More on Dimension-4 Proton Decay Problem in F-theory —
Spectral Surface, Discriminant Locus and Monodromy —
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1. R-parity scenario
2. rank-5 GUT scenario
3. factrized spectral surface scenario

4. spontaneous R-parity breaking scenario
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Gauge fixing of open superstring field theory
in the Berkovits non-polynomial formulation
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Covariant quantization of open string field theory is an important unsolved problem. In
bosonic theory, it was discussed in ref. [1] by using the Batalin-Vilkovisky (BV) formalism [2],
but there was a difficulty caused by tadpole diagrams. Moreover, the theory also has difficulty
with tachyons. By contrast, in superstring field theory (SSFT), we expect that these difficulties
will be absent. However, a naive extension of the bosonic theory to SSF'T does not work because
of the divergences caused by the picture-changing operators (PCOs). Therefore, we consider the
open SSFT formulated without any PCOs by Berkovits [3]. As a step toward quantization
in the BV formalism, we will first gauge-fix the theory. In the BV formalism, unlike in the
BRST formalism, we can eliminate all the gauge degrees of freedom at once including those
associated with ghosts: one solves the master equation, which is a sort of Ward identity, and
then gauge-fixes the symmetry of the solution, which can be systematically constructed from a
given action.

We concentrate on the Neveu-Schwarz (NS) sector, where the action in ref. [3] is of the
Wess-Zumino-Witten type:

S = ;/(G_l(QG)G_l(noG) = /01 dt (G"Wﬁ?) {G_l(Q@),G’_l(nOG)}) G=c? G=c.

Here ¢ is a fundamental dynamical NS-sector string field, @ is the BRST operator in the
first-quantized theory, and 79 is the zero mode of 7, which appears in the bosonization of
the superconformal ghost . An important property of the action S is that under the Zo-
transformation (¢, @Q,n0) — (—¢,mo, Q), it becomes —S. Consider first the free theory. We
perform gauge fixing and investigate what kinds of string field appear. We show that a string
field is admissible only when its world-sheet ghost number g and picture number p belong to a
certain region on the g-p plane. In the case of the interacting theory, by extending the above-
mentioned Zs-transformation to all the admissible fields, we determine the form of terms cubic
in fields and antifields in the solution of the master equation.

I would like to thank Nathan Berkovits, Michael Kroyter, Yuji Okawa, Martin Schnabl and
Barton Zwiebach for collaboration. This work was supported in part by Research Fellowships
of the Japan Society for the Promotion of Science for Young Scientists.
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Approach to a Fermionic SO(2N+2) Rotator Based on the SO(2N+1) Lie
Algebra of the Fermion Operators (arXiv:1010.1642v1)
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Boson images of fermion SO(2N-+)Lie operators are given together with those of SO(2N+2)ones.
The SO(2N+1) Lie operators are generators of rotation in the 2N+1 dimensional Euclidian space.
The rotator has coordinate transformations for space fixed and body fixed coordinate frames.
Images of the fermion annihilation-creation operators must satifsy canonical anti-commutation
relations, when they operate onto a spinor subspace. In the regular representation space we use
a boson Hamiltonian with Lagrange multiplier terms to select out the spinor subspace:

L1 1 L1 1 .
H = hoy (Bt 5000) +1108100) (B%+ 500 Bt 58,5} +{E™, Eyg)) + H

1 1 1
H' = Zkap({ch, 5} —dag) + Jlaplch, e} +315s{car o}, (Kog=hsar lag=lsa),
in which the boson images are expressed in terms of boson operators A, B, appearing in the
SO(2N+2) Lie operators (NP. B802 (2008) 121). Expressions for the boson images are given as

(1)

EY= %[CL, col=B! By— AZT A% (A% vy =B, Bapnn =A%), }

Bupy=glea ol =A% By- ALIB ;. EV= Bl =y,

Ca=V2 (ALYV;+VIB,7), y;z% (A%-Bl), d=—c, | @
V=X, ANy =X, Bao=X,, Bonn=—4,

Vv =-Y5, Yo=2, Yun=—Z2, (r=0,...,N,7=0,...,N,N+1,... 2N+1).

From the Heisenberg equations of motions for the boson operators, in the c-number limit of
the Lie operators, which is obtained from the body fixed transformation of the bosons, we get
the SO(2N+1) self-consistent field (SCF) Hatree-Bogoliubov (HB) equation for the classical
stationary motion of the fermion rotators (PTP. 57 (1977) 1554) as follows:

B By Fas  Dasg VZM, Fap =hap + [0f[70] Rys,
. ‘a J— * 1
ifi | A%| = Fap | AG| Fas=|"Dag  —Fig VIMI|,  Das=j5larlB8](~Ksy), 3)
y ; | T
y5 yg \/EMﬂ \/—Q_Mﬁ 0 My=kog<cg>c + lop< Cg >aG.

The F,D and M are the SCF parameters. Decomposing an SO(2N +1) matrix into matrices
describing paired and unpaired mode of fermions, we obtain a new form of the SO(2N+1) SCF
equation with respect to the paired and unpaired mode amplitudes. This new equation is applied
to a superconducting toy-model and can be solved to reach an interesting and exciting solution.
A determination of the Lagrange multipliers k& and [ is proposed in the classical limit. Finally
we attempt to approach group theoretical formation of the Lax pair for the SO(2N+2) rotator.
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Universal Extra Dimensional (UED) model is one of the phenomenological model describing
TeV scale physics. The interesting points of this model are as follows. We can take the KK mass
scale Mg around a few hundred GeV scale. (Mkg is a inverse value of the radius of compact
spacial dimension and it is bounded below through oblique corrections.) [1] And there are some
remarkable topics in two extra dimensions. For example, we can derive the thing that the number
of generations is three (up to mod 3) through SU(2) global anomaly cancellation condition [2].
We calculated loop-induced higgs production and decay processes which are important in LHC.
Concretely speaking, we focus on higgs production through gluon fusion and higgs decaying to
two photons via loop. They are 1-loop leading processes and the contribution of KK particles
is considered to be effective. These processes are divergent. Therefore, We employ momentum
cutoff regularization from naive dimensional analysis (validity limit of perturbative calculation).

The result is as follows. The higgs production process cross section strongly increased and
the higgs decay width decreased only about ten percent. Then the total ratio was strongly
enhanced than that of Standard model [3] or 5D minimal UED model [4].
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Creation of Non-BPS D9-branes from Hagedorn Transition of
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Previously, we have presented a conjecture that D9-brane-D9-brane pairs are created by
the Hagedorn transition of closed strings in type IIB string theory. Here, we generalize this
conjecture to the type ITA string theory case.

The one-loop free energy of closed strings diverges above the Hagedorn temperature. A
‘winding mode’ in the Euclidean time direction in Matsubara formalism becomes tachyonic
above this temperature. Atick and Witten have proposed the Hagedorn transition of closed
strings via condensation of this winding tachyon [1]. The sphere world sheet is no longer simply
connected and it contributes to the free energy, since the insertion of the winding tachyon vertex
operator means the creation of a tiny hole in the world sheet which wraps around the Euclidean
time direction. However, we have not known the stable minimum of tachyon potential yet.

We have previously discussed the behavior of non-BPS D-branes at finite temperature [2]. For
the non-BPS D9-branes, a phase transition occurs at slightly below the Hagedorn temperature
and the non-BPS D9-branes become stable above this temperature. On the other hand, for the
non-BPS Dp-branes with p < 8, such a phase transition does not occur. We thus concluded that
non-BPS D9-branes are created near the Hagedorn temperature.

Let us consider the relationship between above two phase transitions. Identifying the bound-
ary of a hole created by winding tachyon vertex operator with the boundary of open string on
non-BPS D9-branes, we present a conjecture that non-BPS D9-branes are created by the Hage-
dorn transition of closed strings. We describe some circumstantial evidences for this conjecture.
First, one-loop free energy of open strings on a non-BPS D9-brane approaches to the propagator
of winding tachyon in the closed string vacuum limit. This is an example that we can identify
the closed string sphere world sheet with winding tachyon insertion with the open string world
sheet in the closed string vacuum limit. Secondly, the potential energy at the open string vac-
uum decreases limitlessly as the temperature approaches to the Hagedorn temperature. It is
natural to think that the open string vacuum becomes the potential minimum.
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THTENEBERLEZ TS, TOHAEE psu(2,2)4) £ 5 BORFMED 8, Green-Schwarz
BIDERANEAINCHER TE S, ULH L dynamics DIERE TH B 728, FOEBTLIT 6 TIREE
THD. spectrum % & DY ERFE—FHMICRDSZ T LIFHEL RN L TWHEY,

% T THi4& & phase space formulation 1ZE:\U /- operator FERZ BT 2 C & T LElMEs
RRL &S LD A TVS, TOPMEDRET. EiZFEMOREED string O zero mode TH 5
particle DEFEICENTEEL BT DM oz, ZTTET RR flux DA -7z AdSs x S° B
ZEF D superparticle 2, {FAZHFERE UTRETIEL. spectrum %3R3 FERFIF LK 2]

%9 Hamilton B TEFALETo T, TOE. WHENZEHEEDOARZAVTHRT 5720,
light-cone gauge[l] Z2RH L7z, 7 — VBRI, T0R DI O FERE S psu(2, 2/4)
Noether charge DERIIEEZZIT 5, BALAIZTNSDOEEZBEN DRI RD B HiE#H
FL Tz,

RICHERL U7z Hilbert 22 H IC1F(ET % state D spectrum %3 X THFE L7z, Energy operator
E B psu(2,2|4) REDTTRD T, < ORI HICEENS psu(2, 2|4) multiplet & L < & supercon-
formal primary( SCP ) state DEFHERE TS L LFM 55, T T THALIE. Noether charge
DEMRILFEICRD dynamics BRKIREN TS & WS SICHEE Uiz, FRT. su(4) C psu(2,2/4)
DERTOREICET I FEAEEADNKILL TWA T BRA LKL, CTOBERREHVWEEH A
O unitary EHRIZ 1/2BPS REDATH B T LARE B, £ LU TEKIICIKEIBIZRERT 5T
ET. (0,1 +2(=E),0;0,1,0) W5 BFHEE 572 SCP state M1 =0,--- IR LT 1ETDH
N2 EZEAL Tz,

CORGEBETHERIC X 2N E B HEOSETRBICHRE L EE X %, BRI,
LFEFER W T string 2f&D dynamics D& L& U spectrum EHOREICE D #HA TV 3,

AFERTEIS FOA R R & UL SR O B — R & OHFERFFRICE DV TVWET,
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in the near horizon geometry of the Kerr black hole
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A non-relativistic limit of 2 dimensional conformal field theory
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KRIR A B —38 3 TIE 2 ot L5 # 50 O FEAR 6 Rm AR R DR 2 8 I LTc, RO ERNE
E ] BEO2IIZESL, 2D 9B [2] 1TFFKFE & Harish-Chandra Research Institute @ Arjun
Bagchi [k, Rajesh Gopakumar X, Ipsita Mandal [k & O ILFRIFZETH 5,

AEIEH U7 R am MR 1, R AR ¢ & 2SR o % (t,2%) — (¢, ex?). (e — 0) DX
AT =N 5 Z LITHIET 5, (1] T d RTOITEREN Z OMRE/EA i L TR 51
#% GCA (Galilean Conformal Algebra) & MY, ZOMENFH~ SN, 3WILLL EOKZE Tl
HWIRE DA RE O AR T2 FF>Z LITxHE LT, WRTHLND GCA AR H AR TH
%o GCADFHOMWHED—-L LT, ZoOREE HRRIE TERFE O LR T2 &5 e REITHLRETE
DT ENFETOND, TOHERSNIZAEDN, AR RIS B GR O PR & L TERBE L T
D7 HIE. Z ORI WS R OB L VB HR S D,

A Bl > 72 2 ot T ERER I TR 2 IR 5 Fi 2 D BWERR T O © 7 Y a8 (KT Lo, Ln) &
RIFRPEE LCRID, IRD L9 iR 2B D 2 & CTEERRITED GCA(AEM T Ly My,) DNENILD,

angﬁa%+im, Mﬁ:E%an—Lm
A Ly My, 132 RITTO ERIR T GCA O A H# BIR A3 7277,
[Lin, Ln] = (M — 1) Lypin + Crm(m? — Ddpmino, [Mm, My] =0,
[Lim, My] = (m —n) Myt + Cgm(m2 — 1)0m+n,0

2WIETIZE T Y o R & BEIRK T GCA N Z D X D ICEHEBR L TWA -0, AFMEOHLIE & U
D MR TCIIIEMXER MR 2 B D = & o ZRIZRIEME D, L L, BERK T GCA % V7= 5 OB
DI FIEZ BT 2720 OFT VL UTTBKEY, R TIE, FIZENNL 2 O0ER (1),
(2) 2R > TR MY 72 2 RO B Gm O AT 217 - 7,

vovaft#H - RVt GCA
@ (1
2d-CFT — FEFARFERAY 2d-CFT

(1) TIZEERKTC GCA % HWV TR RS O Bim OWHBS 235 L, (2) TG
OYHEOMR & U CIEHRXERI S OB OB EE 255, WIREEICRENE T, Zh
52O HEWVCFELRVWHEREEZDITT TH D, HE TIIREORB-CHBEEEICEL T2
O Llemzigim Lz, 2 L-UL OV XOUIREESIZBI L T b ki L 72,
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Numerical study of multi-caloron solutions

JOo00o0ooooooo oooof,oooo s
E-mail: Tj6210615@ed.noda.tus.ac.jp, *sawado@ph.noda.tus.ac.jp

obooboobo oog

E-mail: nakamula@sci.kitasato-u.ac.jp

gbobooooooooooooooooooooooooo oooo

E-mail: kouichi@yukawa.kyoto-u.ac. jp

OO00O0000OD0000000 calorond000O00COCODOOOCcalorond QCDODOODO
confinement 00O OO0O000O00O0DOO0D0OOOOCOOOOODODOODOODOOO confinement-
deconfinement 00000000000 OOO0ODOOOOODOOOODOOOOOODODOOOO
0 SU(2)caloron O caloron0 20 000000000000 1000000000 0OOO0OODO
goboobooobobooobbooboobuoooboooobobooboboobobooobooooobooo
000000000000 caloron00D0OO00OO0OO0OO0ODOOOOOODOODOOOO

OO00D0O0O000O0COO0000OO00bOO00DbDO0Od caloron00OO0OOOOOOOOOODO
gobooboooboboooboboooboooboooobobooboboobobooobooooobooo
OoO0b0b0bOD0Figurel DODODOD M

Figure 1: caloron 0 2 [0 symmetric caloron 0000000000000 0ODO0O0OOO 30000
000DbO00OO0bOooOOobOooOoboo

References

[1] A. Nakamula and J. Sakaguchi, J. Math. Phys. 51, 043503 (2010) [arXiv:0909.1601 [hep-th]].



Extra Dimensions at the LHC
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ERTTEEN LHC ERICEZ B A2 87 MicOWT LY a—9 3%, W OMRENTERID
B - KR EICRENAL . TEAROEDIEMc DRV T A X — « 7 F U DONT
EALUTZ W,

1 Introduction

WEWWE LHC EEA EBREIL o, BT —2REEEIN T3, $53A LHC EAOEMNIE .
R —DRRERR T (v A BRDIF BT ETH BN, NI Tldx  EHEEEE
B2 28 WO RLEERHNTH 5, EUEEE] (SM) 1X, BT V3 —EBRT— 2B IEH
KK LSFHAT 3D, TORBICIEWAWARENEH S, Z0D 1 Dic TBEEMHME] BH b, T
DIFPFRZFEERIE U TH L WL £ 2 2 O Zh 1D model building DE#HE E > T
EXWVWEA S, COREEURMEREI T T a—F L TRDIZATICHET BT LN TE S,

¢ Dynamics (Technicolor)
e Symmetry (SUSY)
e Geometry (Extra dimensions)

TIZhT—ICREINBEANL, TeV A —)VICHBHEEX AT IV ABEAL L YT AET ¢
WAV ORMIRREEE U THRT 5, SUSY &, K FOBNHRELY S— F—TH 5 @R
ZEHAL Ty AEEORETHIEICNT % 2 RFERZ T %, Extra dimension (&, AE[IZ=R]
DR EZFIHL TRRT 27 70 —FThH 5, R#HETIE. TD3DHDOT T H—FT
$ B extra dimension ¥ F UAICEHL ., EDQX S BEENEZ 5N TVWT, FN 5 LHC £Ek
KEDE SRV TFNEEZZhERERL THVERS,

BEAWNE S VA OFHIC ABENC, NF B2 3T A2 —YEEO MR E Z 5 DWW T
THEDZELIBRWEAS, BAKRTOVAREZZILHT>T. RDART v T THEDS,

Step 1: SM &#EET 2H L WRIF “X7 2T,
Step 2: X B TEBRIZLERT AT AZFEET %,
Step 3: HAWTTHRE o (pp — X) ZFTHE.

Step 4: (1)X WLEXRGZE. ZORFHEDEMER,
(2)EM DA, DX ICRE S,
(b)Color DIfFE. NFOF A XT3,
(c) FWHEMER (BN ZL) DEAIE . missing energy,
(2) X BARZED L & | FEEIIK FICAHET 20, TNThOIRHERET 5,

Step 5: HEEBIL T 0 A X5 ERMTHBEZHEL . 7PV EHET 5,

LoEY . BRTEREREL TWABDT, XBALVY Y « 2534V HFTH B,

1



PEDTENSE NFRYATGAE BT —FESE IO AE. BHS5—&E DR TH SH
i X WERIN, A7 EVKFICRET AT av ATH 32,

T & O RENR BRI DEANL T A7 7 2 EEICHENL . Fh 5 OB Sz a
FGAR =T FNEERT B, HEL. TRTOVYFIUNCOOTHENT ZDRRAEERDT, T
XEMNE D EFNFNOBEN @R Y 7 F IV B BN D W F F IV ESAR ST TH
720,

2 KK graviton

E RN ERTCHEC BV T E graviton [d 6T REZEMITEIFT 2D T, SRXTHBORELS BT
Hns,

2.1 Large Extra Dimension

Large Extra Dimension(LED) [1] Tid. 7oV 7 BICHANE 2D KEVWREIEMEEZZ ST L
T, BRMEROT S0 7 R —)V & NS CRENMER AT 5, flZE. (4+n) KTOE/H
M FENFL O R —F ACAVNRI MET R LZ2EZ XS, TBE. (4+n) KLDS
SYYRT =)V M, b ARTTT 5V I Ror—)V Mp DRIC. R = o= (Mp/M,)*/" %2 2 BFNDE,
M,=TeV &L nIZJGL TA VR MEER RDRE S 3,

LED DI A &X— 7+ & LU T, KK graviton BMEHEST 2 OB RO AERIC X > T 21
¥EZ 5N 5 (Figure 1)o WEROHAW . HlAIE KK graviton REUC KB pp — 111~ TH O [2].
SHRDGEE . pp — jet + Br DX 5T O ANBHEEITH S [4),

4

105 . T T 10
- ]
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~ ]
g 4
~ 18 . ox % M + 108 5
L 3
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Figure 1: KK graviton 2884 X % pp — 171~ (EX)o. FHRNEHEREINSDOFE ., BRI (UA) D
Ty hd M, = 2.5(4.0)TeVIC b pp — jet + Br (F&)o a(b) /83— kY OELRI XV
F—BEGRITLT TV I Ar—)V (JERR) £TRLIZED,

2.2 Randall-Sundrum Model
Randall-Sundrum(RS) ##l& . k% AdS OHIE R —)L & U TRHEN
ds? = e~ 2, dotda” + dy? 1)
TEz2 5N 3 50T AASHZE B A —E T4 —)UR §Y/Z,1c a0 MEL TeEEITH % (3]0 RS
BRITIR . graviton P A 5 RoTEGREL . FEREIDRIE y =7rRD 3T L— (TeVI L —Y)
2nS—EEDE, QCDICE BNy IF IR - Tut AN YT T VOMEN EEEO TR Oy a5 14—

T %,
SHPEDZ o — P VAIOEBRDHS | n=1,2 3FHRENTVS,
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KRELTWVWSERET S, CDLEL vy T ADERIE ., my = Mpe ¥R LI 50D T kR ~ 12
ETNE. 1 TeV &7 b BEBMERER R T 5, graviton DPIE—R (KK E—F)iZ. y=00D
TL—2 (TeVIL—)ICRET BT EICEFET 5,

B REORRICE . v T RIZIH TeV T L—VICBEL TR LK. fHOFEHEERY
DL 5 RTTIAGREL TE LW, FHC. B)IIRE%EEHHT 2RI v Id TV T L—ric /R
FELHETNE RS RV, DT Eh 5, KK graviton & b v IAELMHEMERT B LAY,
99 — GW — 1t (GM : 1st KK graviton) [5] AEAIMAE TS A X —2 7 F)LEHED, 1-2 TeV O
st KK graviton B8UAIFIEETH 5 (Figure 2)%,

3000 T T T T

v =10

< =
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L i
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Figure 2: g9 — G = D5 A XY A v by Mg:lst KK graviton B8, v, :right-handed
Za—hUJONVIEEIRT ART, REWEIEZE TeV 7L —VICRBET %0 My :ARXTT5
VORI, L =1/k

2.3 Black Holes

ADD ¥ F VAT, BEAEHROTS S I A —)u TeVICEDBBDT, TeV Ar—)VCEF
HIDOMENAFTE S, L. =P VDEECBOTAVIST IIRTG AR’ 2TV V)b
¥ Rs KO/NEWVE, 7T Zk—)V (BH) A (FHEICIR) BREN., ZOWHEER
1 [Mpg8D((n+3)/2)1%/ "+ @
THZ56N3 (7,80 My =1TeVTIVI /¥ 7 130 tb~1/y TI&, 1FRIC 107 D BH A ER
ENB, TOEREIZ. LEP EERICHBIT 3 ZR Y VAERBICILET B3 ¢, 5 . LHCH BH T
KR BRETERDNE, ULHL. TOBHEEKR—F VTGN K D 1272 BICEEHERERR T A
BETB3LEZLNTND, ZORIELIE. KWIELUTRFOREY , NEEBEEIC L >TRDX
ICIRES,
G,q:72%, 1:11%, Z,W:8%, wv,graviton:6%, H:2%, ~:1% (3)

e, VBT —RICEEHT A &, REXTOBICH DL Mgy =110 TeV I b iz o TIEHERER]
SHF DS DTHAERITE ST EARENTVS (Figure 3) [7]

o(Mpy) ~ TR% =

3 Universal Extra Dimension

Universal Extra Dimension (UED) >/ UAid., HHERILE O 87 b A7 — )R TeV Ar—)b
D SRS HLRL BT H B 9], T ORENIFEEMERIER FRL ZWVARD & S L BN

YEIC, Y —UiRE—FR ELT g9 » GV — ZpZ1, — 4l (Z1 : the longitudinal component of Z boson) i D>
TEMEIN TV 6],
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Figure 3: dotted line (dashed line) l&. Z(ee) + X (Z(ee) + jet,y + jet) MEDNNY 7T 55
Fo shaded region{d. RERITTOY n=2-7TICXfFT B AV |,

H%, 1D, KKNUTF 4 TaAVy MeOFERE S REXTAROEENRHEFAITH S, KK
FEBOME « FHIRU T ol - FFTHIET B0 KKV T 113, FNFRERIC BT 2 RS T 1124l
TWT, —BBVKK NV 7 ¢ FORF (LKP: Lightest KK Particle) i3 ZEIi D, BEEYIED
BRAC R B, ZOMIC 6 ReBIREZ L Vv TV 7 /) — AL 5 3 HH mod 3
TTPEIND [10]. REZEICHNT 2 0—L 2 Y RO BEER 2 BIC X - TR TFORENE%E
RiET % [11] T& & UED & Z 2 KELRETH %,

FRC — & 5 JoTBBIOMAING a5 A X —2 7 F V&, 1st KK 74— 7 OFE#EE—F
Q1Q1 — 4l + missing energy [12] TH D . HIZIE 10 fb~! D integrated lumiosity Tlk. 50 L\
IWTOD R =1.2TeV D 1st KK 74— 7 DFENIAGFTE S (Figure 4)o TN 5 DFAEI X2 —
V&, RNV T 42 EDENHHERIC X STV B TBIC, ZhERAIT % 2HIcid 2nd KK i
FOREE—RZ2ERTHENEETH S [12),

102

AR=20

10—3 1 1 1
[+ 500 1000 1500 2000
R (GeV)
Figure 4: 5 X7t minimal UEDIZ B} % Q1Q1 — 4l+missing energy DIV I /7 1, R“1 < 300
GeV DfEEIE . CDFIC & % excluded region,

4 Gauge-Higgs Unification

B by A (GHU) [13] TR & v AR BT —VRORERS & 5 5.
TBL . BOABRARTHEC &5 T ERTHFEDIBIC L v 7 ZEF VY vl byl AER
i B THIEIC R L TAIRIC /& D BB YRS R R d 5

BRI KD NS T F VR BB IIc P — VB e v Y AN DR B A—BELL S, —&
BT S1 /7, Ic T3 82 MEENTe 5 XERIIC S ET 5, € oy A 2 EEES — VRN 5135
T DI BRI D — DB BT K E BT — VB GH B L R E RS RV, ZLT. Z
IRUT 4 B FOL ST HT T L THOEEH = SU2) x UQ) IS,

All(—y) = All(y) Af(—y)=-A](y) (4)



AGH (—y) = —AG/H (y) A (—y) = AG/H (y) (5)

LB H 2 2—T, FED coset G/H VI RZ—TH 5B, Z, U F 4T 5 ADHEAI
DHLOEBEMNFHFEN. coset G/H DREINKGTT —VH A, OVIE—R L LT v ANER
N3, CTTHEETZDE. ZOL vy ADMETH S SUQ2)2 BEF—VH AT th5, ©
DT =DV, TV T oIV I AV DORECHIKS THEET B,

B2 RSHFZELTDT—Y « b w T AM—RIEEZ 2L TO SU(2) 2 HEY —VHIE
TeV 7 L—VICREL. KK by 774+ — 27 L HHEEHT %, ZC TREMEZ IS AE —
TFNVELT, bg — Weth) — b+ 2tW [14] BEHIN TV B, (We : SU(2) charged 5 — IR
V.t 1st KK top quark) FIZiE. 100 b1 )V /25 ¢ T 2 TeV @ SU(2) charged 7*—3
RV VM 30(5 AR ) TBIMIATEETH B (Figure 5).

Luminosity [ﬂ:f]]
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Figure 5: Charged coset 77— RV Y We % 2, 3, 5o TEIHITA2DICHEBERIVI /T 1,

5 Higgsless Model

Higgsless AIE . © v J XA H T —5% AW I BRoTHERC B 2 BARAZ M- T, B
EOBNEZERL X5 L WVIBLNEFEITHZ, ETANL YT ANGFEELBWERTE.
WW % Z7Z BELRIED unitarity Y 1-2TeV TN %, BRTHRATIE., WRZAV VD KK £—
RAZDOBERIHES T Lick b, EBIC unitarity ZEIE I 312 . KK E—F D7 — VS
BB EORNC LT O sum rule Aifi/c TN AT RS &0 [15, 16],

gwwzz = Gwwz + 2 Gy g (6)

n
(M7 — Mi)*

M4 2 2
2gwwzz — gywz) My + M3) + giywz —MzZ =Y 9w |2Moysi — e
w n W =£(n)

(7)

TOEME . WZHELOE DTH BN WW BELDS AT FRRORAMNEPN 2, Sum rule(6) il

FLIRMED FYIE, sum rule(7) 13 E? BEMRT 246TH5, TNDDsum rulesid, () —

SRMEZ B B AHEVERDN V) SRoey — YV EERICH L TR HEINIC# SN2 T LICHERT %0
7z, sum rules(6), (7) EIEHEIC KVIELIT 1st KK E—F DATHRD LB,

2
g ZMZ
< IWwWzVz (8)
WIS = My Mo
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DAFEXZBT %, Fermilab DEEN 5 gy 7y < 0.04 for Myy.ay > 700 GeV T3 T & A4
5NTWT, unitarity D7eDITEE 1st KK WRY VR FEEN S, TO unitarity i, &
KRS BRODTIDRG AT AX— T F ) qg — WED S WEZ 31+ v+ 2 jets TF 2w &
TRTEMREEINTVS [17], 10(60)fb L DIV /¥ F 4ITHL T, 550GeV(1TeV) D 1st KK
WRYNCX BT TF VA 10 ARV M TE % (Figure 6),

T T T T T
102 | Higgsless Luminosity: 300 fb™! 5
E, > 300 GeV
Pr; > 30 GeV
2.0 < gyl <45
Iml < 25

-
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N (events/100 GeV)
g
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-

Figure 6: q¢ — W) - WEZ -3l + v+ 2 jets TOLADARY T k.,

6 Higgs

LHC OARDHMIZ . v 7 AERTH D, v T ADAT AX YR BT EBRXTYHEOE
BRIEHETERY, LHC TR, JIV—F VEEiEE (g9 — H)Ic X3 v 7 RERD &S KB
THb, ERENTce v T ANFERTIN FICHRET 20, v/ ADERIC X > THEE—F
DN 2D 5T K % (Figure 7)o FHACTDETIE . & v 7 ABNBENEE (my < 140 GeV) D

o(pp—+H+X) [pb]

- 100 S L I N A
0ie =14 TeV I D
e wed M. - 173 ey :
0op ~——— CTLMM 1071 1
) - |
Cb T pa— F
S "-~\\‘ o 2l ;
A R e @ 10~ !
10 R ™ E ‘
& s
i
A 1073 =z M\ el N |
w0’ )
. ot S, 3~ My, Lol
100 200 300 seo w0

M, lrev] Dy, (GeV)

Figure 7: fZHERIRNC BB1F B & v 7 ZAEKBTHIRE (EX) & v AR L (G ).

g9 — H -2y TavRACEHL &5, 2HFHEIE . 2L 0.1% OA—X —7ZH QCD /3w 7
759V R OBERIEFIC DRV ) —rnE—R b U THEERTIR L U R AL BRI DOPHEA
THIZEENTW3, I —FVEidiEfEe 1)V—7&. BIFEEICHEIT 272D KK b v T 74—
2 =T OBEERBRATH D, 2WHTFHRERREe 1 V—TT&. KK N v T 74— DEERT
TELSKKWRYYEEET S, HILWYHEOPER, V—S1CHE5T 5 KKK FOEEEE Y
TREDBI, F—IkEETEBIcEND,

E&F1& LT, UED [18], 7' — « & v 7 AMFE—HEL [19]. RS #H [20] 2 & D HIF, ERHERE
BIDFERD B DT NERITL T2 (Figure 8)e TNEDORMNEHAINSZDE., 7= + Lv T X
RO B A DO PR HAHIHI XN T D, UED, RSFEHFEARL TWBT & THB, OF
DEBARL ANV TEZS—Y « bl AR UED S RS L AT BT LN TE 5,
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Inflaton versus Curvaton

in Higher Dimensional Gauge Theories!
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GMSB with hidden sector renormalisation in MSSM
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It has been pointed out that in supersymmetric Standard Models the hidden sector con-
tributes to the mass renormalization of the visible sector and hence the physics of the hidden
sector may be visible in future collider experiments, such as in the Large Hadron Collider [Dine,
Fox, Gorbatov, Shadmi, Shirman, Thomas, Phys.Rev.D70 045023 (2004)]. Understanding the
mechanism of supersymmetry breaking, in particular, is essential for constructing particle theory
beyond the Standard Model. It is thus important to investigate how the hidden sector affects
the masses of the superparticles at low energy.

Quantitative study of hidden sector effects on the renormalization group flow has been done
by several groups. In [Cohen, Roy, Schmaltz, JHEP 0702:027 (2007)] it was found that the
mass formula of the minimal supersymmetric Standard Model (MSSM) is unaffected by the
hidden sector effects. The renormalization group equations are solved in the constrained MSSM
scenario [Campbell, Ellis, Maybury, arXiv:0810.4877 [hep-ph]] and the mass shift in the low
energy was computed. In [Arai, Kawai, Okada, Phys.Rev.D81 035022 (2010)] we investigated
the hidden sector effects in the gauge mediated supersymmetry breaking (GMSB) scenario.
GMSB is favored as it is free from the problems associated with the flavor changing neutral
currents, and in this scenario the lightest superparticle (LSP) is the gravitino and the next
lightest superparticle (NLSP) is either the neutralino or the stau. In our analysis we found
that the hidden sector effects render the soft scalar masses smaller, enlarging the parameter
space for the stau NLSP. This has interesting implications in collider physics as the stau is a
charged particle; it leaves distinctive signals in detectors and its detailed decay processes should
be observable in collider experiments, if the stau is the NLSP.

The above studies are based on a simple toy model of a self-interacting hidden sector, ignoring
actual mechanism of supersymmetry breaking. In a more realistic scenario the supersymmetry
is expected to be broken dynamically. As a first step towards a realistic model, in [Arai, Kawali,
Okada, in preparation (2010)] we studied the effects on the low energy mass spectrum of the
MSSM superparticles from a hidden sector modeled by A = 2 supersymmetric QCD, perturbed
by a Fayet-Iliopoulos term that breaks the supersymmetry down to N' = 0. A merit of using
this type of QCD is that it is possible to compute the low energy effective dynamics exactly,
due to holomorphicity and duality of the unperturbed theory. We found in this model that
the effects of the hidden sector are more involved than in the toy model example. The masses
of the soft scalar particles can be made larger or smaller, depending on the dynamics of the
hidden sector and the coupling to the messenger fields. We expect such features to be generic
in supersymmetry breaking models based on supersymmetric QCD.
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Nonlinear Supersymmetric ganaral Relativity(NLSUSY GR)
-NL/L SUSY structure and physical meanings-

Kazunari Shima
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We have shown that considering nonliner(NL) SUSY degrees of freedom at every point of Rie-
mann spacetime, we can construct NLSUSY GR theory by the geometrical argunments, whichi
is the NLSUSY invariant generalization of Einstein General Relativity with the cosmological
term. NLSUSY GR would decay (called Big Decay) sponteneously to ordinary Riemann space-
time with NG fermion(called superon) matter corresponding to %, which is the highly
NL SUSY invariant theory for superon, graviton and their interactions(called SGM action) with
the cosmological constant indicating the positive vacuum energy and ignites the Big Bang of
present spacetime. The strong (spacetime) SUSY symmetry of SGM action allows to construct
the equivalent familiar N-LSUSY theory in terms of the (massless) composites of superons
through the precise algebraic arguments. Remarkably the true vacuum in the (flat) local frame
is achieved by the massless composite states of all (observed) particles in LSUSY theory, which
appears from the cosmological term of SGM action. That is, the cosmological term is the origin
of matter and forces, where the theories and the physics of both edges of the enrgy scale would
be related. From this, new insights into nutrino mass, dark energy, dark matter and possible
superfluidity of spacetime are obtained. SGM scenario predicts spacetime dimension(D) is 4,
ie. SO(1.D—-1)~SL(d,C); w =2(d? — 1) holds only for D=4, d=2. From the group
theoretical arguments we have shown that N =10=5+5*"NLSSUSYGR is the promissing
(unique) candidate for realistic model building with 3 genneration SM. NLSUSY GR scenario
with spin 3/2 NG fermion has been shown.



Fractional superstrings, multi-cut matrix models and
non-critical M theory!
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String theories in non-critical dimensions are formulated by matrix models and solvable
even in the non-perturbative viewpoints. Furthermore, it has also often been non-critical string
theories which uncovers various interesting features of non-perturbative string theory. Our
motivation of this series of works is to obtain deeper understanding of various phenomena by
extending these matrix/string correspondences in the non-critical dimensions.

In this talk, we studied extension to multi-cut two-matriz models. These models admit several
types of critical points. In particular, we focused on two types: The one has Z; symmetry in
the k-cut cases (Zj symmetric critical points). The other does not have Zj symmetry when
k > 3, but the critical points correspond to k-th fractional superstring theory (k-cut FSST
critical points) [3]. Quantitatively, we obtained several analytic formulae for macroscopic loop
amplitudes in the infinitely many critical points of these kinds [1,2].

Based on our results, we proposed the following intriguing applications of these matrix
models [1]: The one is about model for non-perturbative string landscape. So far the matrix
models are so simple that the string theory admits only one stable perturbative string vacuum.
Their non-perturbative effects are those of instantons which represent adding unstable D-branes
in background. This was understood as open-string tachyon condensation of these D-branes.
However the multi-cut matrix models include more non-trivial situations. They admit several
perturbatively stable vacua in its string-theory landscape (i.e. in the moduli space). Therefore,
it provides useful toy models for non-perturbative string-theory landscape problem.

The other is about a solvable toy model for non-critical M theory. Our claim is that the
multi-cut matrix models in the FSST critical points are understood as non-critical M theory by
applying the philosophy proposed by Hofava-Keeler. Basic features are: 1) Mother theory of
fractional superstrings; 2) The new third dimension is observed only by non-perturbative effects;
3) M/String duality is by KK reduction and Strong/Weak duality; 4) The KK momentum is DO
charge; 5) M does not have good large N expansion (not string?); 6) Several perturbative string
theories are distributed in the third spacetime dimension. Therefore, it is very interesting if our
M theory is described by membrane and/or shares several aspects with the critical M theory.

[1] Chuan-Tsung Chan, H.I and Chi-Hsien Yeh, Nucl.Phys.B838:75-118,2010
[2] Chuan-Tsung Chan, H.I, Sheng-Yu D. Shih and Chi-Hsien Yeh, Nucl.Phys.B828:536-580,2010
[3] H.I, Nucl.Phys.B819:351-374,2009

!This talk is based on collaborations [1,2] with Chuan-Tsung Chan (Tunghai Univ.), Sheng-Yu Darren Shih
(NTU and transfered to Berkeley from Sep. 1 2009) and Chi-Hsien Yeh (NTU), and my own work [3].



Model of M-theory with Eleven Matrices
IN:IPNE R U 34PN

E-mail: msato@cc.hirosaki-u.ac.jp

BFSS {75BE513 M B o0 IMF Ml % =4 L & 2 5N TV A5 TH % [1], BFSS {751
PRER L IMF fRRSRK T, 22/ 9 D &2 RIATHNERFH LvE ATV, Ko T, 113 H ORpze
FEDEAF I Azl 2008 FICH#ETH S5, #lziE, DO 7 L—r 0 11 FH DI O
HEEREOSCY Y BMTONDHAF 7 AFEIRBRTRENMS TR,

11 K OCHRFZEH O — (KD supermembrane % & 1EH % light-cone 7' —VIZEET H &, ATV
VHEIN & REBBIE A RIER O A TEIT 5, ZhEaH &b+ 25 Z & T BFSS AT D
EHGLZENTED 2, BELEFITART Y 5% Lie fEl CTEES X 5 2 L TERIND,

Foxid, 11 WokEZE |2 81) 5 supermembrane /EM 23, semi-light-cone 7 — 1235 TR
FEINE REBRIEAHRIER DAL TEIT L Z L2 H LRI TR LE 3, BIZZ 6 DM T T
HMIAFEDEFHED I TH > T, supermembrane 1ML volume preserving diffeomorphism T
HEIZHZETH D, ZOEMIZY —5 y FREZEIZ 11 RoeD N=1 B EEZ > T 0., 16 {HD
dynamical 728 % FR: & 16 {8 O kinematical 72 X FRME CTHEEL S D,

WIZ, supermembrane {Ef] & Z DI THEMICRA2EHEZE B {ELTHOLND, DD
3-algebra [ZES < EHZ M BRGR O & UCIRET 5, 3 B IXRg Il 2 A RK T o 3-
algebra D7 77w N TEIHMZ DL TERIND, \_i’b%@ﬁ%ﬁ” 1%S0(1,10) Tix72 <, SO(1,2)
X SO(8) £7-1% SO(1,2) X SU(4) X U(1 )@xﬁ’ﬂibﬂﬁfo“@‘foﬁbvﬁ M R O 11 8 oD IRf 22 i
FEZ%$ IS L7z dynamical 72 11 @l D175 % ¢ - “Cb\é £z, SU4) DT OBFT, % 3-algebra
ZEAH L7 b 01k, DLCQ MR T BFSS 118 ICIRE T 5.

BT S 11 o272 M BER O T HIR) i%ﬁkéhfb\fib\ Fox ORI E Z DI 72T
%t L. semi-light-one 7" — Y %M ->7- 8 O LR S 4v, M Biig @ﬂ”/\f@%fj@%ﬁ\d‘%ﬁT ETHD
EHIREE N D,

References

[1] T. Banks, W. Fischler, S.H. Shenker, L. Susskind, “M Theory As A Matrix Model: A
Conjecture,” Phys. Rev. D55 (1997) 5112, hep-th/9610043.

[2] E. Bergshoeff, E. Sezgin, P.K. Townsend, “Supermembranes and Eleven-Dimensional Su-
pergravity,” Phys. Lett. B189 (1987) 75.

[3] M. Sato, Model of M-theory with Eleven Matrices,” JHEP 1007 (2010) 026,
arXiv:1003.4694



Generalized factorization method for the overlap problem in a
matrix model with complex action
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Supersymmetry non-renormalization theorem from a computer
and the AdS/CFT correspondence !
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Two-dimensional lattice for four-dimensional N/ =4
supersymmetric Yang-Mills
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This talk was based on collaboration with M. Hanada and F. Sugino (arXiv:1004.5513).

In constructing our lattice theory for 2d N = (8,8) SYM, two of the sixteen supersymmetries
Q@+ and SU(2)g subgroup of the R-symmetry play an important role. We then first express the
fields in the form of SU(2) g multiplets and rewrite the action in a Q -exact form, Sy = Q+Q _Fo,
where Fy is a functional of the component fields. Note that ()1 are nilpotent up to gauge
transformations.

We next deform the Q4+ transformation and add mass terms AF to Fy. After this deforma-
tion, Q4 are still nilpotent up to not only gauge transformations but also SU(2)g transforma-
tions. The deformed action is written as S = (QJFQ, - %) (Fo + AF), which is still @+ and
SU(2)g invariant. As a result, all the scalars obtain masses and a Myers term is added to the
SU(2)g triplet. This theory has two important properties: (1) the flat directions of the scalar
fields are lifted, and (2) fuzzy S? configuration is a SUSY preserved classical solution.

We can put this deformed theory on a lattice with keeping (Q+ by the method developed by
F. Sugino. We can explicitly write down the Q1 transformations for the lattice variables and
the lattice action is obtained by trivially latticize Fo 4 AF.! This lattice theory shares the same
properties (1) and (2). In particular, (1) means that this theory does not have the problem of
the scalar flat direction. We can show that there is no relevant or marginal radiative correction
to this lattice theory, that is, we can now simulate matrix string theory on a computer without
any fine-tuning by simply sending M to zero after taking the continuum limit.

Finally let us discuss a possible scenario to obtain 4d A/ = 4 SYM from this 2d lattice theory.
Let us consider the continuum 2d theory with the gauge group U(k(2n + 1)). If we expand all
the fields around the k-coincident fuzzy sphere solution, we obtain 4d N = 4 U(k) SYM on
R? x fuzzy S? with the UV cutoff A = Mn and the non-commutative parameter § = Mn?.
Thus, it is expected that we can formulate 4d N’ = 4 SYM via the lattice theory by taking the
2d continuum limit followed by taking a large n limit with fixing 6 (4d continuum limit). The
only problem is whether there appear additional radiative corrections in taking the 4d continuum
limit or not. However, since the supersymmetry is softly broken by the deformation parameter
M, possible divergent terms are of the order of MP(logn)? with some positive integers p and g,
which vanishes in taking the scaling large n limit. Furthermore, it is believed that 6§ — 0 limit
of 4d N' = 4 SYM is continuous. Therefore we strongly expect that we can formulate 4d N = 4
SYM via the 2d lattice theory without any fine-tuning.

'In addition, we need an admissibility condition in order to single out the trivial vacuum of the gauge field.
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APV oy —0HBEEZTFICEWE LT HO0>7 L EDA ML YR AZETL Y
FUIOVT, ZuZ 57 4 7 QCD OWHEABR (1] 1c 7 + — 7 HREZE&ED 2R L
DTHZ5 [2], Skyrme A TIE, u,d D2 7L — =57 % Skyrmion £ ZDEHH TOP S
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WEHEABRNIC 7 + — 7 EBEED 5720122 T THOZFETIE, K XY v OERIZEN
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Melting Spectral Functions of the Vector Mesons in a
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Strongly correlated quark gluon plasma (QGP) has interesting non-perturbative properties. For
example, the shear viscosity /entropy ratio /s = 1/(4r) for d = 4 N’ = 4 strongly coupled SYM
could be derived by using the gauge/gravity correspondence, while it is difficult to reproduce this
result from the gauge theory side. Secondly, it is known that heavy mesons like .J/1) survive in
the deconfinement phase even above 27, as observed in the lattice simulations [1]. J/1 mesons
seem to melt since the screening of color forces weaken ¢c pair binding.

Main purpose of our work was to compute the finite temperature spectral functions of heavy
mesons by using the gauge/string duality. Since we analyzed the heavy mesons particularly, we
adopted the soft-wall model [2] which can reproduce the Regge trajectory of the light vector
mesons m2 ~ 4cn, where ¢ = 0.151 GeV? for the p meson. According to our paper [3], it was
shown that the soft-wall model can be applied for c-mesons like J/1 as a holographic QCD
model. In our work, we concentrated on only the first and second level of the c-mesons since
only these excitations obey Regge trajectory.

The soft-wall model for the c-mesons can be easily applied for the finite temperature case. We
computed the spectral functions of vector mesons and axial vector mesons. Our results showed
that J/1 survives above the deconfinement temperature (7" ~ 1.27;), while the axial-vector
mesons melt at T' = T,. These results were consistent with the lattice simulations. The spectral
functions of scalar and pseudoscalar could also be computed and were melt at the deconfinement
temperature.
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