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String	
  Landscape	
  is	
  richer	
  than	
  expected	


1.  Ultimate question: unique vacuum? 

2.  String field theories for the answer 

3.  Massive states and boundary SFT 

4.  Many new vacua: interpretation? 
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Ul7mate	
  ques7on	
  :	
  unique	
  vacuum?	


Gravity	
 Quantum	
  field	
  theory	


String	
  theory	


	
  	
  	
  String	
  theory	
  acYon	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  =	
  	
  Fields:	
  	
  	
  Massless	
  +	
  infinite	
  number	
  of	
  massive	
  modes	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  InteracYons:	
  	
  	
  gauge	
  invariance	


(Quantum)	
  calculaYons	


Non-­‐perturbaYve	
  Vacua	




At	
  least	
  you	
  need	
  to	
  describe…	


D-­‐brane	

No	
  

D-­‐brane	


tachyon	


V (T )

T

[Sen,98]	


MulYple	
  
D-­‐branes	
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String	
  field	
  theories	
  for	
  the	
  answer	


1.	
  Low	
  energy	
  supergravity	
  +	
  non-­‐perturbaYve	
  effect.	


2.	
  Matrix	
  models.	


3.	
  String	
  field	
  theories	
  (“SFT”).	


IIB	
  matrix	
  model,	
  BFSS	
  Matrix	
  Theory,	
  Matrix	
  string	


CSFT	
  (cubic	
  SFT,	
  Wiien)	
  ,	
  HIKKO’s	
  SFT.	
  	
  	
  Open/closed.	

BSFT.	
  (boundary/background-­‐independent	
  SFT)	


KKLT,	
  Moduli	
  stabilizaYon.	
  	
  	
  KKLMMT,	
  inflaYon.	

Are	
  vacua	
  truly	
  non-­‐perturbaYve?	


How	
  to	
  solve	
  them?	
  Gravitons?	
  AdS/CFT?	


Non-­‐perturbaYve,	
  intuiYve,	
  straighmorward.	


Among	
  non-­‐perturbaYve	
  approaches…	




Importance	
  of	
  SFT	
  :	
  Proof	
  of	
  Sen’s	
  conjecture	


U = T25V26 e�T (T + 1)

Sen’s	
  conjecture	
  [Sen	
  98]:	
  
	
  	
  Open-­‐string	
  tachyon	
  condensaYon	
  	
  
	
  	
  on	
  unstable	
  D-­‐branes	
  
	
  	
  =	
  Disappearance	
  of	
  the	
  D-­‐branes	


V (T )

T

Proof:	
  	
  	
  both	
  by	
  BSFT	
  and	
  CSFT.	
  
	
  	
  	
  [Gerasimov	
  Shatashvili	
  00]	
  
	
  	
  	
  [Kutasov	
  Marino	
  Moore	
  00]	
  
	
  	
  	
  [Sen	
  Zwiebach	
  99]	
  [Moeller	
  Taylor	
  00]	
  
	
  	
  	
  [Schnabl	
  07]	


Importance:	
  	
  	
  	
  Touchstone	
  for	
  any	
  non-­‐perturbaYve	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  formulaYon	
  of	
  string	
  theory.	


BSFT	
  tachyon	
  potenYal	
 T

V (T )



Virtue	
  of	
  the	
  BSFT	
  against	
  CSFT	


Consistent	
  truncaYon	
  system.	


U = T25V26 e�T (T + 1)

Puqng	
  other	
  fields	
  to	
  zero	
  is	
  a	
  consistent	
  soluYon.	


Field-­‐theoreYcally	
  intuiYve.	


S =

Z
d

26
x

q
� det(⌘µ⌫ + Fµ⌫)

Cf)	
  CSFT:	
  Intrinsically	
  infinite	
  DoFs,	
  level	
  truncaYon	
  needed.	


DBI	
  acYon	
  is	
  a	
  part	
  of	
  BSFT.	


[Kutasov	
  Marino	
  Moore	
  00]	
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Our	
  BSFT	
  poten7al	


T, uµ
k (k = 1, 2, 3, · · · , µ = 0, · · · , 25)Fields	
  (Variables)	


The	
  BSFT	
  potenYal	
  [Li	
  Wiien	
  93]	
  [Murata	
  KH	
  12]	


Tachyons	
  and	
  massive	
  fields	


U = T25V26 e�T (T + 1)

With	
  vanishing	
  massive	
  fields,	
  it	
  reproduces	
  	




BSFT	
  =	
  set	
  of	
  all	
  2d	
  theories	

[Wiien	
  92]	
  [Shatashvili	
  93]	


SBSFT = Z2d

Z2d ⇠
Z

DX exp


�
Z
d2� ⌘ab@aX

µ@bX
⌫ � Sint

�

Sint ⇠
I
d⌧ @⌧X

µAµ[X] = �1

2

I
d⌧ @⌧X

µFµ⌫X
⌫

The	
  interacYon	
  includes	
  all	
  2d	
  nonlinear	
  boundary	
  couplings	


Ex)	
  The	
  DBI	
  acYon	
  can	
  be	
  calculated	
  by	
  	


SoluYons	
  of	
  Eq.	
  of	
  moYon	
  of	
  BSFT	
  	
  	
  
	
  	
  =	
  Conformal	
  fixed	
  points	
  on	
  worldsheet	
  
	
  	
  =	
  Consistent	
  background	
  in	
  string	
  theory	


[Kutasov	
  Marino	
  Moore	
  00]	
  
[Marino	
  01]	
  [Ghoshal	
  01]	
  
[Niarchos	
  Prezas	
  01]	
  



Exact	
  treatment	
  of	
  Massive	
  stringy	
  excita7ons	

Free	
  2d	
  theory:	
  exactly	
  calculable,	
  consistent	
  truncaYon	


Non-­‐local	
  mode	
  expansion	


SBSFT =

✓
�i[�]

@

@�i
+ 1

◆
Z
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Solving	
  the	
  poten7al,	
  easy	


@U

@T
= 0

Our	
  BSFT	
  potenYal	


First,	
  solve	
  the	
  tachyon	
  equaYon	
  of	
  moYon	


Sol.1	


Sol.2	


(Sen’s	
  vacuum)	
  

(New	
  vacua)	


Extremizaion	
  of	
  	
  f(u)	
  	
  gives	
  new	
  nonperturbaYve	
  vacua	




Strange	
  behavior	
  of	
  the	
  numerical	
  results	


Energy	
S/(T25V26)

SoluYon	
  label	


Cut-­‐off	
  
of	
  modes	


-­‐	
  Range	
  :	
  between	
  the	
  D-­‐brane	
  tension	
  and	
  zero	
  energy	
  
-­‐	
  Uniform	
  distribuYon	




Interpre7ng	
  them	
  as	
  closed	
  strings?!	

Are	
  they…	
  mulYple	
  D-­‐branes?	
  
	
  	
  	
  	
  	
  	
  -­‐-­‐-­‐	
  In	
  bosonic	
  string	
  theory,	
  there	
  is	
  no	
  D-­‐brane	
  charge,	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  so	
  D-­‐brane	
  bound	
  states	
  do	
  not	
  necessarily	
  give	
  integers.	


Are	
  they…	
  closed	
  string	
  excitaYons	
  at	
  the	
  no-­‐D-­‐brane	
  vacuum?	
  
Evidence	
  1.	
  	
Closed	
  string	
  vertex	
  inserYon	
  	
  

	
  〜	
  	
  Nonlocal	
  boundary	
  interacYons	


Evidence	
  2.	
  	
 Almost	
  uniform	
  
distribuYon	
  of	
  	
  
energy	
  values.	


(Normalized	
  energy	
  differences)	

(En1 � En2)/(n1 � n2)

Evidence	
  3.	
  	
 Huge	
  degeneracy,	
  looks	
  like	
  a	
  closed	
  string	
  spectrum.	


SoluYon	
  with	
  different	
  μ	
  combinaYon.	
  
Uniformity	
  of	
  f	
  giving,	
  say,	
  f2	
  =	
  2	
  f1	
  	
  etc.	


[Baumgartle	
  Sachs	
  	
  
	
  	
  Schatashvili	
  04]	
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