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Physics of exotic branes in string theory
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Exotic branes are important ingredients of string theory whose significance has
long been unappreciated. In the present research, we studied basic properties of exotic branes, and
clarified how to define their charges and how to classify them. Exotic branes are expected to play an
important role in black hole microphysics, because black hole microstates may be represented by
superstrata which %enerically include exotic branes. In this research, we constructed simple superstrata
in the framework of supergravity, and showed that they are parametrized by arbitrary surfaces, leading to
large entropy.



B X C—19, F—19., Z—19 (GtaH)

1. WSO 5

(1) HRITRICHESSHBTH IR, £D
WBELD LV 5Eay GEEEIRZ) BEAFICIX T
L— ) ERRIEIN D hiE A3 EE B e R A R T
T ENMBIN TS, flt, AFFEREEIX
W 1IC BN CREBERRICAAET D =%
F v 7T L—r ] OIRWREEEZ LN
L. EOEHGmIZB T HALEMT 2 L
7o BRIZ, =X F v T L=y, BB
WCHEETDICHLELL T2 EEMEN i
TENTER, REROARA RIERESR T
HDHZEEHLMT LT,

(2) L»L, BHmckI2=XxyFvr7
L— 2 DOMRITELE R E TN TH 5,
WOERELE LT, =%y F o7 L —roik
B T TR, 2 szBiimoEEE)
I ER 7 T8 H 2 BRBICHH B v 3
HI ENRMBOTEETHD,

2. WHEOHEM

(1) =XV F v T L —rORERBIEED
102, ZRAEE OLZEDFeN TILEtR
TERW, DFED FERMER) Thb, &
WO ZEnbh D, T, BB HIEK
M ZR 7R 2 B9 5 72912 “double
field theory (DFT)” 72X [5EEEGRAITHA
ik SV E ) BER ) ORI AR RE LoD
HY, XV F v I T L= ERBTDHDI

ARIZEBFS D, AFEOERID 120,

TX Y F 7T L— S DET 70 8 OFSRA T
EryBBREIN20M0 2|5 W) 2 LT
H 5D,

Q) 7T v AR— Iy hu b —%fFo
72, < OMERPIREN DRI LTV D
EEZLNTWS, LL, T 5 OEA
REN LD LS DORONERIZTITEL
Do TEOLT, BURWBLT: O BHE 72 KM
MED 1 > Th D, WeRFEEIX. Pl
LEHERICBIT DT 7 v 7 AR— I LT
X, MRERETI Y Fy s T — B R
AR ER L LTED E PAELE(1],
AWFFED D 121X, ZOFPHEE, =%
Fo I T VL=V BENET T v I AR—ILD
WARB IR RE 2 BRI T2 2 &2 kY
FEHH (F3EBE) 7605 EThHD,

B) DTl —rbzXxyF T —rEH
HBEDEEE N EEZX D LITED, =%
Fo I RBEIFENETDHLOHERmEEBLT
EXHLEMHEEIND, FOX O RBOHEROY
BAERDLDOLARMIEOBHID 1 >TH D,

3. WL HE

(1) FERMEMR Xy F v T L— RN
DFT O TE IR EINDDONEHEMNITT
B, £ TER LY F v
JT VL= OHRTHLRERIERLDOTH D
“T~foldY” D& DANFERIIZ DFT O EE) HHE

KOFTHLZ LamRL, KIS HIZELW
“U-fold BY” (THELFHEI TH 5,

(2) 7T v 7 AR—IL OB IR E % ] 2
M7eBepL & LT (oF 0, HMEHEROM -
LC) #EL LD &) RADTER iz
1TTOhNTEY ., EEIZZEOD X 9 72 %20
EREE (TEfRRE]) N T hvE TlosZ<
FRENTND . ZOk 5 % MiRiEx,
HHE R T DR R E F VS FE
DI A R A EZ R A L CTRERR T 2
FEEAWDZ EICL D, BRI, AR
ZETIE. 2O L&D B M FEEIS
HAWETs ity For7L—
VEETRMARIRE R T S Z & AR
LTW5,

@) DTl —ritzxIF I T L — %R
HBH bR, ¥ —Y -« 'S
(AdS/CFT %)) EFEEN D & DI X » T AdS
ERIF O F v 7 7 L— xR T
HZEMTED, RFETIE, ZoxtsxH
WCTIHOBROME 2 FHRLFHETH 5.

4. WFFERRE

(1) =%y F o7 7L —rORMTITGED
BOALMRIL TN D=8, 2D &2 1E LT
b OBNLR TR » TR, LMt (7
Ke3I—) 2>, £/ FueI—0DFETD
R T T, FELRVEY OSA TR
DGR WEEA RBIENEZ Y . FOWHE A A
LN T AT F o s T L—0D
BRIZ DN D, PlziE, =% F v ripE
J Re X —TFTIEEMORGFNEIL D X
INCHRZDMN, Fxld, ZOXHRWTFT
LEMZ EDERTHIOVEETHY ., Y
REZRDILCTIIBBMBPRGET L EE2L
oo TOMIZHTRA X, £/ K I — L
Tt OSSO R F v s T L—
D FEARR 72 2B & iz L,

(2) TXVF oI T L —rDOEEOBMITE
J Fe I —TRHEoOT 6NN, ENETT
WFEE, BRI D L) B E oS
VT I T = DR ICARE T D D,
EWVWH Z BN TIER Y, FZTH AT
3 WoLHEE ) BRGR O Mk A 2 I TR
EEOTXF o T L — DS ELITo
77 ZHICEY, BRWRz T I T
— VOEN DL FE N FE BT nilpotent
orbit EFEENA OO ESHET A &
DGR | FOfREEEHAWT, BEx
BOBMHMEEFOXF Y F s T L—
DB 2 HARICHER T 5 2 &N TE 1=,

B) =XV F oI T L —rNEITHLWD
MEO1HE LT, =%V F v I T L—)n
[supertube $Af%] & IMEIILD B FEAI DRI
BEREILTRKRITID RAAL T 53—/
DR SN DB ER T2, FrlC, B R



RHEZXSF v 7 T L—rRNHETHRIC
BIFHRNAAL T — N EEELORDIE
HUZRMAEERZHHR. 2O EED T,

1) TS5 IR —NDOXFSF T L —
U E S DHARNIREEIL “superstratum” &
MEEN D, LR (BboWiX, 2 250l
) Lo TRT A NTAXEINDEHE B
MNTHD, ELLETICHFZREZ T TR L=
[2], —f%D superstratum [T F v 77
L — 2 mE HIERMFERTH 208, Kl /e
BT & 7o > T, B OEE ) Pwm O
PENTRERLATRE T D, L, ZDOHEIC
BEEHBEICL 2 TRTIANTIAL XEND
LUV 9 superstratum OEEAMEIIETZN
%o WFFEARFEFH I, superstratum OPEE % B
SEMNICT D0, 0 X ) %R
superstratum fiRIZRFICE R L, B E 1 E R
FWTZE O BRI FLATE,

@D —& D superstratum iz V& 722 0 AR
L2 LN TH DO, FTEBHELRLO
ERERT DO OMERT 7 = v 7 &R R
SHz, UL, &SI RE iR A AR T
Hl=bDFMEL 2D,

@ Superstratum NIFETDHEWND Z & D
FERIRERLII e S0 B B DY, oA 1R F U ERR
WCIFEL, EBHIZT T v 7 R— IV ORFOR
MREEZ AT AT ORLEODEHBRE %
FfoZ L OFFLA . AS/CFT s a1 5%
TEWEVREB L, 2. — &R
superstratum fEZ KT D7D DFEH L L

TH&NLD,

@ FxlT 6 WoTEBENHERICB T M0
BERXoREMEZAMHEL T, ZMM%EH
superstratum fif & BARBICHERL L, 235
BICEZEOMEIZEL > T/NT A FT A4 XS
NDHEBONRIGELoTNDZ E&RL
7o OFE V., 2R superstratum DIFLE
BRI KX VEER L, Zhix, 77
v 7 R — )V OIARIREEZE superstratum 2>
DR T AT DORE 70— Th b, Wk
FEIX, WHEHROTE TR LR D 5 EES
#% Strings Z B0 % < OEBES ITHFE S
AVCAMZEIZ B3 D3 1T o 70, 272 L.
AR TCERLYA T OKMNER
superstratum TIX 7 7 v 7 R — /L O E 7
FHT Y ha E—2FE T 51213% 0N
RO\ Ebhgholz, 2FED, oL —
M DOYATHH) superstratum NIE1ET 5 & Hi
HFE, ZOWRIDNFREORETH 5,

@ S BT, 3 BEHOEEREICKTT
% superstratum fif & #RFZITELCHERL L 72,
X, BEAERICIL. T v I R—10
WA EEE R T, TRETICEZ LT
R T2 IEE BN T T A DN FIET
HTEDFHLTH D, ZORERIL, GENT

BEIND I HIZ—f%D superstratum % #EEK
TDHRMMD ERD ., 7T v 7 R—ILDMER
AR RE~ OB 2R D 5 DI HE o % E %
Rl LHrEIn5,

(5) FERMZHRT T v 7R — L DRI
WheZ | fHERGAICIRY . BRI IR
SN 7B E R O T BRI L
7o ZhuF B O F ) superstratum fi#
0P o LHHERLDOTIEH D0, FFRH
IR 21972 — X D superstratum % AERK
TAHBCHERARMAERDTHAD,

(6) IARK I PREEWF ST AT IS B W CIEIBR
W24 TExotic Structures of Spacetime]

B L Microstructures of Black Holes]

ZEML T, KIEOT—~D1OThHD
double field theory (DFT) DAFFEELT 7
v 7 R — VOSBRI BE DB SEE % [E N - 1
ANPOHEEL CTHEHEZ L TH HWERIZE
R AAT o7z, FrlZ, DFT O—#OWFEHE
CLERLERFTOMBENET LN TE
oo Flz, MHESICAREL THRHFEES 26
- PEL, —OFIZT T v I AR—
OEFEImERIT L, 2IE ERmEK -1z,

51 SCHEk

[1] J. de Boer and M. Shigemori, “Exotic
branes and non—geometric backgrounds” ,
Phys. Rev. Lett. 104, 251603 (2010),
DOI:10. 1103/PhysRevLett. 104. 251603

[2] I. Bena, J.de Boer, M. Shigemori, N.
P. Warner, “Double, Double Supertube
Bubble” , JHEP {¥bf 10}, 116 (2011),
DOI: 10.1007/JHEP10(2011)116

5. FreRFiHLE
(WFgEf . W o8 R ONBHEERFIE 8 1
=Y

(MERERm S0 (B9 1)

O M Park  and M. Shigemori,
“Codimension—2 Solutions in
Five-Dimensional Supergravity,”  JHEP
1510, 011 (2015), #FA Y

DOI: 10.1007/JHEP10(2015)011

@ 1. Bena, S. Giusto, R. Russo, M.
Shigemori and N. P. Warner, “Habemus

Superstratum! A constructive proof of the
existence of superstrata,” JHEP 1505, 110
(2015), #HA Y

DOI: 10.1007/JHEP05(2015) 110

® 1. Bena, M. Shigemori and N. P. Warner,
“Black-Hole Entropy from Supergravity
Superstrata States,” JHEP 10, 140 (2014),
HHA Y

DOI: 10.1007/JHEP10(2014) 140



@ J. de Boer, D. R. Mayerson and M.
Shigemori, “Classifying Supersymmetric
Solutions in 3D Maximal Supergravity,’
Class. Quant. Grav. 31, 235004 (2014), #&
B

DOI: 10.1088/0264-9381/31/23/235004

® M. Shigemori, “Perturbative 3-charge

microstate geometries in six
dimensions,” JHEP 10, 169 (2013), ##
Y

DOI: 10.1007/JHEP10(2013) 169

® M. Shigemori, “Exotic branes and black
hole microstates,” Int. J. Mod. Phys.
Conf. Ser. 21, 77 (2013), #HifEL

DOI: 10.1142/S2010194513009422

@ J. de Boer and M. Shigemori, “Exotic
Branes in String Theory,” Phys. Rep., 532,
65 (2013), &EFHif Y

DOI: 10.1016/j. physrep. 2013.07. 003

(F2%R) G40 1)

O EHAIEH, “ABJ Theory in the Higher
SpinLimit” , ZRFPFERAIZES 2016 ~ &
ISP - HKERROMERE~, 2016 4 3 H
16 H, SNEKT GRS EX)

@) B & E B “Codimension-1
supertubes” , Duality and Novel Geometry
inM-theory, 2016 451 H 27 A, A ()

® HEARIEH, “Branes and black holes in
string theory” , 20th APCTP Winter School
on Fundamental Physics, 2016 4£ 1 H 23 H
~24 H, Yo (#FE)

@ ELIEM, “Habemus Superstratum” ,
KEK Theory Workshop 2015 Dec., 2015 4E 12
A2 B, B AX—NEISITHERE (R
WS < IETH)

® ELLIFEH, “The microstate geometry
program and superstrata”’ , 8th Taiwan
String Workshop, 20154F 11 A 16 H~18 H,
T (B

© ERRIEM, “Superstratum fEIZOWT”
H A B4, 201549 A 26 H, KBifisz
K (KPR RBRTT)

@ FERRIEHR, “Codimension—2 solutions in
five—dimensional supergravity” ,
KIAS-YITP Joint Workshop 2015 — Geometry
in Gauge Theories and String Theory, 2015

FE9H16H, Yo (HHE)
AR IEHT,

“Habemus Superstratum” ,

International Workshop on Strings, Black
Holes and Quantum Information, 2015 4F 9
H 10 B, #ALKF (3 RALE )

© HEAREMR, “Codimension—2 solutions in
five-dimensional supergravity” ,
CERN-CKC TH Institute on Duality
Symmetries in String and M-Theories, 2015
FE-8HI4H, YVax—7 (AALR)

B EA, “Habemus Superstratum” ,
Strings 2015, 201546 H 26 H, X 4w
— (LK)

@ FEARIEM, “Habemus Superstratum” , de

Sitter and Microstate Landscapes in String

Theory, 20154 6 H 16 H, Gif-sur-Yvette
(772 R)

©@ HEARIEM, “The Microstate Geometry
Program - the Past, Present and Future” ,
Second String Theory in Greater Tokyo,
201546 H 9 H, BYLFEARFERT (B ERADE
1)

@ EHIEM, “Toward construction of
supergravity superstrata states” , & 6
[l § i R I ) —, 2014 4F 12 H 5
H, FRER () B )

@ HEAHRIFEH, “Black holes and exotic

branes in string theory” , Advanced String

School” , 201449 A 22 H~25 H, 7' U —
(A F)

® ELHLRIEM, “The black hole puzzle and
string theory” , AU = —F V- F4t
e v mRT A, 201449 A 12 H, 7Y
7 (AU =—T V)

FEARIEM, “Aspects of exotic branes” ,
Fourth Joburg Workshop on String Theory,
20134E9 H 20 H, IARATAY (T 7
Y 71)

@ EARIEM, “Aspects of exotic branes” |,
KIAS-YITP joint workshop 2013 - String
Theory, Black Holes and Holography, 2013
FTH2H, FEKT G R T)

FEARIEM, “Aspects of exotic branes” ,
KEK Theory Workshop 2013, 2013 4 3 H 21
H, @3 X—NdHesiroesis (RR -
<1Eh)

FEARIEM, “Exotic branes and black
hole microstates” , Progress in Quantum
Field Theory and String Theory, 2012 4F 4
A48, KBRS (ORBRF KRB



[ D)
7Y R Y —FE:

MG E [ fRARERERR 1 0 0L 7 T
v I IR—I) ~T T U R — VORI
B~ % 2015 4F 11 H 22 HIZHHER R HLAE
W BRI SR AT A - B,

AR EACHE, 177y AR—nofixl
IR TNDEDN?

URL:

http://www2. yukawa. kyoto—u. ac. jp/” shimi

n. kouenkai/lec20151122/1ec20151122. html

6. BF7EHK

(D) WFgefzs
B4 A (Shigemori, Masaki)
THERR S - FEMEM B STRT - FEEHEETR
oeEFKH: 60608256

(4) WFet 17
Tosif Bena (CEA Saclay)
Jan de Boer (7 AATIVH AKE)
Nicholas Warner (Fg /L7 # /L =7 K%)



