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One-‐point	  func3ons	  -‐-‐-‐	  Mo3va3on	  

Possibly	  the	  simplest	  observables	  beyond	  the	  spectrum	  

Strong	  signs	  of	  integrability,	  closed	  determinant	  formulas	  
(Similari3es	  with	  three-‐point	  func3ons)	  	  
	  

Lead	  to	  a	  posi3ve	  	  test	  of	  AdS/CFT	  in	  a	  situa3on	  where	  	  
conformal	  symmetry	  is	  par3ally	  broken	  and	  susy	  symmetry	  	  
is	  par3ally	  or	  fully	  broken.	  

Provide	  input	  for	  the	  boundary	  conformal	  bootstrap	  program	  
1+2=3	  
	  
Reveal	  interes3ng	  connec3ons	  to	  sta3s3cal	  physics	  	  
(Quenched	  ac3on	  approach	  to	  non-‐equilibrium	  stat.	  phys.)	  



Consider	  a	  defect	  CFT	  -‐-‐-‐-‐	  with	  string	  theory	  dual	  

1.  One-‐point	  func3ons	  
	  
	  
	  
	  	  	  	  	  	  	  Normaliza3on	  given	  by:	  
	  
2.	  	  	  	  Two-‐point	  func3ons	  between	  op’s	  with	  different	  conf.	  dims.	  
	  
3.	  	  	  	  Mixed	  correlators	  involving	  bulk	  and	  defect	  fields	  

One-‐point	  func3ons	  in	  AdS/CFT	  

hObulk
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Cardy	  ´84	  
McAvity	  &	  Osborn	  ’95	  

Consider	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  SYM	  	  with	  a	  co-‐dimension	  one	  defect	  	  N = 4
<latexit sha1_base64="AhmDBuwyXLTUXDAwLjH2JRDVXbA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OJJKtgPbEPZbCft0s0m7G6EEvovvHhQxKv/xpv/xm2bg7Y+GHi8N8PMvCARXBvX/XYKK6tr6xvFzdLW9s7uXnn/oKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0c3Ubz2h0jyWD2acoB/RgeQhZ9RY6THrMirI3eTqvFeuuFV3BrJMvJxUIEe9V/7q9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfja7eEJOrNInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMn2f9LlCZsTYEsoUt7cSNqSKMmNDKtkQvMWXl0nzrOq5Ve/+vFK7zuMowhEcwyl4cAE1uIU6NICBhGd4hTdHOy/Ou/Mxby04+cwh/IHz+QOv9pBB</latexit><latexit sha1_base64="AhmDBuwyXLTUXDAwLjH2JRDVXbA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OJJKtgPbEPZbCft0s0m7G6EEvovvHhQxKv/xpv/xm2bg7Y+GHi8N8PMvCARXBvX/XYKK6tr6xvFzdLW9s7uXnn/oKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0c3Ubz2h0jyWD2acoB/RgeQhZ9RY6THrMirI3eTqvFeuuFV3BrJMvJxUIEe9V/7q9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfja7eEJOrNInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMn2f9LlCZsTYEsoUt7cSNqSKMmNDKtkQvMWXl0nzrOq5Ve/+vFK7zuMowhEcwyl4cAE1uIU6NICBhGd4hTdHOy/Ou/Mxby04+cwh/IHz+QOv9pBB</latexit><latexit sha1_base64="AhmDBuwyXLTUXDAwLjH2JRDVXbA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OJJKtgPbEPZbCft0s0m7G6EEvovvHhQxKv/xpv/xm2bg7Y+GHi8N8PMvCARXBvX/XYKK6tr6xvFzdLW9s7uXnn/oKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0c3Ubz2h0jyWD2acoB/RgeQhZ9RY6THrMirI3eTqvFeuuFV3BrJMvJxUIEe9V/7q9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfja7eEJOrNInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMn2f9LlCZsTYEsoUt7cSNqSKMmNDKtkQvMWXl0nzrOq5Ve/+vFK7zuMowhEcwyl4cAE1uIU6NICBhGd4hTdHOy/Ou/Mxby04+cwh/IHz+QOv9pBB</latexit><latexit sha1_base64="feYzCSbqj61LrrcowietRi1DSP8=">AAAB5HicbVDLSgNBEOz1GddX9OplMAiewq4XPQpePEYwD0hCmJ3tTYbMzi4zvUJY8gMevIh49Zu8+TdOHqAmFjQUVd10d0W5kpaC4Mvb2Nza3tmt7Pn7B/7h0XH1pGWzwghsikxlphNxi0pqbJIkhZ3cIE8jhe1ofDfz209orMz0I01y7Kd8qGUiBScnNQbVWlAP5mDrJFySGiwxqH724kwUKWoSilvbDYOc+iU3JIXCqd8rLOZcjPkQu45qnqLtl/Mzp+zCKTFLMuNKE5urvydKnlo7SSPXmXIa2VVvJv7ndQtKbvql1HlBqMViUVIoRhmb/cxiaVCQmjjChZHuViZG3HBBLhnfZRCufrxOWlf1MKiHDz9hQAXO4BwuIYRruIV7aEATBMTwDK/eyHvx3rz3ReOGt5w4hT/wPr4BGDqLAg==</latexit><latexit sha1_base64="wZG2eucAQEPGekV93VH8w1HVd/M=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9CIIXjxJBPPAZAmzk9lkyOzMMtMrhCV/4cWDIl79G2/+jZMHqIkFDUVVN91dUSqFRd//8paWV1bX1gsbxc2t7Z3d0t5+3erMMF5jWmrTjKjlUiheQ4GSN1PDaRJJ3ogG12O/8ciNFVrd4zDlYUJ7SsSCUXTSQ95mVJLb0eVZp1T2K/4EZJEEM1KGGaqd0me7q1mWcIVMUmtbgZ9imFODgkk+KrYzy1PKBrTHW44qmnAb5pOLR+TYKV0Sa+NKIZmovydymlg7TCLXmVDs23lvLP7ntTKML8JcqDRDrth0UZxJgpqM3yddYThDOXSEMiPcrYT1qaEMXUhFF0Iw//IiqZ9WAr8S3P2kAQU4hCM4gQDO4QpuoAo1YKDgCV7g1bPes/fmvU9bl7zZzAH8gffxDYdcj7s=</latexit><latexit sha1_base64="wZG2eucAQEPGekV93VH8w1HVd/M=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9CIIXjxJBPPAZAmzk9lkyOzMMtMrhCV/4cWDIl79G2/+jZMHqIkFDUVVN91dUSqFRd//8paWV1bX1gsbxc2t7Z3d0t5+3erMMF5jWmrTjKjlUiheQ4GSN1PDaRJJ3ogG12O/8ciNFVrd4zDlYUJ7SsSCUXTSQ95mVJLb0eVZp1T2K/4EZJEEM1KGGaqd0me7q1mWcIVMUmtbgZ9imFODgkk+KrYzy1PKBrTHW44qmnAb5pOLR+TYKV0Sa+NKIZmovydymlg7TCLXmVDs23lvLP7ntTKML8JcqDRDrth0UZxJgpqM3yddYThDOXSEMiPcrYT1qaEMXUhFF0Iw//IiqZ9WAr8S3P2kAQU4hCM4gQDO4QpuoAo1YKDgCV7g1bPes/fmvU9bl7zZzAH8gffxDYdcj7s=</latexit><latexit sha1_base64="CaUehTf8WslmJKa2kks9Pm1ijXU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OJJKtgPbEPZbDft0s0m7E6EEvovvHhQxKv/xpv/xm2bg7Y+GHi8N8PMvCCRwqDrfjuFldW19Y3iZmlre2d3r7x/0DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjG6mfuuJayNi9YDjhPsRHSgRCkbRSo9Zl1FJ7iZX571yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mF0/IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbz0M6GSFLli80VhKgnGZPo+6QvNGcqxJZRpYW8lbEg1ZWhDKtkQvMWXl0nzrOq5Ve/erdSu8ziKcATHcAoeXEANbqEODWCg4Ble4c0xzovz7nzMWwtOPnMIf+B8/gCutpA9</latexit><latexit sha1_base64="AhmDBuwyXLTUXDAwLjH2JRDVXbA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OJJKtgPbEPZbCft0s0m7G6EEvovvHhQxKv/xpv/xm2bg7Y+GHi8N8PMvCARXBvX/XYKK6tr6xvFzdLW9s7uXnn/oKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0c3Ubz2h0jyWD2acoB/RgeQhZ9RY6THrMirI3eTqvFeuuFV3BrJMvJxUIEe9V/7q9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfja7eEJOrNInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMn2f9LlCZsTYEsoUt7cSNqSKMmNDKtkQvMWXl0nzrOq5Ve/+vFK7zuMowhEcwyl4cAE1uIU6NICBhGd4hTdHOy/Ou/Mxby04+cwh/IHz+QOv9pBB</latexit><latexit sha1_base64="AhmDBuwyXLTUXDAwLjH2JRDVXbA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OJJKtgPbEPZbCft0s0m7G6EEvovvHhQxKv/xpv/xm2bg7Y+GHi8N8PMvCARXBvX/XYKK6tr6xvFzdLW9s7uXnn/oKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0c3Ubz2h0jyWD2acoB/RgeQhZ9RY6THrMirI3eTqvFeuuFV3BrJMvJxUIEe9V/7q9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfja7eEJOrNInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMn2f9LlCZsTYEsoUt7cSNqSKMmNDKtkQvMWXl0nzrOq5Ve/+vFK7zuMowhEcwyl4cAE1uIU6NICBhGd4hTdHOy/Ou/Mxby04+cwh/IHz+QOv9pBB</latexit><latexit sha1_base64="AhmDBuwyXLTUXDAwLjH2JRDVXbA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OJJKtgPbEPZbCft0s0m7G6EEvovvHhQxKv/xpv/xm2bg7Y+GHi8N8PMvCARXBvX/XYKK6tr6xvFzdLW9s7uXnn/oKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0c3Ubz2h0jyWD2acoB/RgeQhZ9RY6THrMirI3eTqvFeuuFV3BrJMvJxUIEe9V/7q9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfja7eEJOrNInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMn2f9LlCZsTYEsoUt7cSNqSKMmNDKtkQvMWXl0nzrOq5Ve/+vFK7zuMowhEcwyl4cAE1uIU6NICBhGd4hTdHOy/Ou/Mxby04+cwh/IHz+QOv9pBB</latexit><latexit sha1_base64="AhmDBuwyXLTUXDAwLjH2JRDVXbA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OJJKtgPbEPZbCft0s0m7G6EEvovvHhQxKv/xpv/xm2bg7Y+GHi8N8PMvCARXBvX/XYKK6tr6xvFzdLW9s7uXnn/oKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0c3Ubz2h0jyWD2acoB/RgeQhZ9RY6THrMirI3eTqvFeuuFV3BrJMvJxUIEe9V/7q9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfja7eEJOrNInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMn2f9LlCZsTYEsoUt7cSNqSKMmNDKtkQvMWXl0nzrOq5Ve/+vFK7zuMowhEcwyl4cAE1uIU6NICBhGd4hTdHOy/Ou/Mxby04+cwh/IHz+QOv9pBB</latexit><latexit sha1_base64="AhmDBuwyXLTUXDAwLjH2JRDVXbA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OJJKtgPbEPZbCft0s0m7G6EEvovvHhQxKv/xpv/xm2bg7Y+GHi8N8PMvCARXBvX/XYKK6tr6xvFzdLW9s7uXnn/oKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0c3Ubz2h0jyWD2acoB/RgeQhZ9RY6THrMirI3eTqvFeuuFV3BrJMvJxUIEe9V/7q9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfja7eEJOrNInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMn2f9LlCZsTYEsoUt7cSNqSKMmNDKtkQvMWXl0nzrOq5Ve/+vFK7zuMowhEcwyl4cAE1uIU6NICBhGd4hTdHOy/Ou/Mxby04+cwh/IHz+QOv9pBB</latexit><latexit sha1_base64="AhmDBuwyXLTUXDAwLjH2JRDVXbA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OJJKtgPbEPZbCft0s0m7G6EEvovvHhQxKv/xpv/xm2bg7Y+GHi8N8PMvCARXBvX/XYKK6tr6xvFzdLW9s7uXnn/oKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0c3Ubz2h0jyWD2acoB/RgeQhZ9RY6THrMirI3eTqvFeuuFV3BrJMvJxUIEe9V/7q9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfja7eEJOrNInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMn2f9LlCZsTYEsoUt7cSNqSKMmNDKtkQvMWXl0nzrOq5Ve/+vFK7zuMowhEcwyl4cAE1uIU6NICBhGd4hTdHOy/Ou/Mxby04+cwh/IHz+QOv9pBB</latexit>

Novel	  features	  
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Certain	  b.c.	  on	  bulk	  fields	  



Plan	  of	  the	  talk	  

I.  The	  AdS/dCFT	  set-‐up	  and	  its	  extra	  parameter	  k	  

II.  	  Gauge	  theory	  results	  on	  one-‐point	  func3ons,	  	  
	  	  	  	  	  	  	  	  featuring	  integrability.	  
	  
III.  String	  theory	  predic3ons	  for	  one-‐point	  func3ons,	  	  	  
	  	  	  	  	  	  	  involving	  double	  scaling	  limit.	  

IV.  Confirming	  predic3ons	  (conf.	  symmetry	  is	  par3ally	  broken	  
	  	  	  	  	  	  	  	  and	  susy	  par3ally	  or	  completely	  broken.)	  
	  
	  V.	  	  	  Integrability	  at	  finite	  g	  ?	  

VI.	  	  	  	  Summary/Open	  problems	  
	  



The	  AdS/dCFT	  set-‐up	  and	  its	  parameters	  

Part	  I.	  



AdS/dCFT	  (D3-‐D5	  or	  D3-‐D7	  case)	  

String	  theory:	  	  

Gauge	  theory	  
Defect	  	  of	  co-‐dimension	  one	  

Parameters:	  	  �, N

Karch	  &	  Randall	  ’01,	  

Freedman	  &	  Ooguri	  ’01,	  

S = SN=4| {z }
D3-D3 strings

+ SD=3| {z }
D3-D5 strings or

D3-D7 strings

<latexit sha1_base64="O/mkg1b5kFSX5gLpWACs3MLnzrY="></latexit><latexit sha1_base64="O/mkg1b5kFSX5gLpWACs3MLnzrY="></latexit><latexit sha1_base64="O/mkg1b5kFSX5gLpWACs3MLnzrY="></latexit><latexit sha1_base64="O/mkg1b5kFSX5gLpWACs3MLnzrY="></latexit>

x

0
x

1
x

2
x

3
x

4
x

5
x

6
x

7
x

8
x

9

N D3 ⇥ ⇥ ⇥ ⇥
Probe D5 ⇥ ⇥ ⇥ ⇥ ⇥ ⇥
Probe D7 ⇥ ⇥ ⇥ ⇥ ⇥ ⇥ ⇥ ⇥

<latexit sha1_base64="O5W/wE8/XM+vXM82pXK5HAeLifA="></latexit><latexit sha1_base64="O5W/wE8/XM+vXM82pXK5HAeLifA="></latexit><latexit sha1_base64="O5W/wE8/XM+vXM82pXK5HAeLifA="></latexit><latexit sha1_base64="O5W/wE8/XM+vXM82pXK5HAeLifA="></latexit>

or	  



Brane	  Geometry	  

Issues	  

Geometry	  of	  D5	  brane:	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (1/2	  susy)	  	  	  AdS4 ⇥ S2

Precise	  embedding	  of	  D-‐brane	  determined	  by	  	  S = SDBI + SWZ

Geometry	  of	  D7	  brane:	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  or	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (No	  susy)	  AdS4 ⇥ S2 ⇥ S2
<latexit sha1_base64="LTnfrV3UeGxxrRTzfuDwOyhDoqw=">AAACBHicbZC7SgNBFIZn4y3G26plmsEgWIXdENAyamMZiblAsi6zs7PJkNkLM2eFsKSw8VVsLBSx9SHsfBsnyRaa+MPAx3/O4cz5vURwBZb1bRTW1jc2t4rbpZ3dvf0D8/Coo+JUUtamsYhlzyOKCR6xNnAQrJdIRkJPsK43vp7Vuw9MKh5HdzBJmBOSYcQDTgloyzXLl37LrQ+Ah0zh1n0N/0LXrFhVay68CnYOFZSr6ZpfAz+macgioIIo1betBJyMSOBUsGlpkCqWEDomQ9bXGBG9ycnmR0zxqXZ8HMRSvwjw3P09kZFQqUno6c6QwEgt12bmf7V+CsGFk/EoSYFFdLEoSAWGGM8SwT6XjIKYaCBUcv1XTEdEEgo6t5IOwV4+eRU6taptVe3beqVxlcdRRGV0gs6Qjc5RA92gJmojih7RM3pFb8aT8WK8Gx+L1oKRzxyjPzI+fwA57paG</latexit><latexit sha1_base64="LTnfrV3UeGxxrRTzfuDwOyhDoqw=">AAACBHicbZC7SgNBFIZn4y3G26plmsEgWIXdENAyamMZiblAsi6zs7PJkNkLM2eFsKSw8VVsLBSx9SHsfBsnyRaa+MPAx3/O4cz5vURwBZb1bRTW1jc2t4rbpZ3dvf0D8/Coo+JUUtamsYhlzyOKCR6xNnAQrJdIRkJPsK43vp7Vuw9MKh5HdzBJmBOSYcQDTgloyzXLl37LrQ+Ah0zh1n0N/0LXrFhVay68CnYOFZSr6ZpfAz+macgioIIo1betBJyMSOBUsGlpkCqWEDomQ9bXGBG9ycnmR0zxqXZ8HMRSvwjw3P09kZFQqUno6c6QwEgt12bmf7V+CsGFk/EoSYFFdLEoSAWGGM8SwT6XjIKYaCBUcv1XTEdEEgo6t5IOwV4+eRU6taptVe3beqVxlcdRRGV0gs6Qjc5RA92gJmojih7RM3pFb8aT8WK8Gx+L1oKRzxyjPzI+fwA57paG</latexit><latexit sha1_base64="LTnfrV3UeGxxrRTzfuDwOyhDoqw=">AAACBHicbZC7SgNBFIZn4y3G26plmsEgWIXdENAyamMZiblAsi6zs7PJkNkLM2eFsKSw8VVsLBSx9SHsfBsnyRaa+MPAx3/O4cz5vURwBZb1bRTW1jc2t4rbpZ3dvf0D8/Coo+JUUtamsYhlzyOKCR6xNnAQrJdIRkJPsK43vp7Vuw9MKh5HdzBJmBOSYcQDTgloyzXLl37LrQ+Ah0zh1n0N/0LXrFhVay68CnYOFZSr6ZpfAz+macgioIIo1betBJyMSOBUsGlpkCqWEDomQ9bXGBG9ycnmR0zxqXZ8HMRSvwjw3P09kZFQqUno6c6QwEgt12bmf7V+CsGFk/EoSYFFdLEoSAWGGM8SwT6XjIKYaCBUcv1XTEdEEgo6t5IOwV4+eRU6taptVe3beqVxlcdRRGV0gs6Qjc5RA92gJmojih7RM3pFb8aT8WK8Gx+L1oKRzxyjPzI+fwA57paG</latexit><latexit sha1_base64="LTnfrV3UeGxxrRTzfuDwOyhDoqw=">AAACBHicbZC7SgNBFIZn4y3G26plmsEgWIXdENAyamMZiblAsi6zs7PJkNkLM2eFsKSw8VVsLBSx9SHsfBsnyRaa+MPAx3/O4cz5vURwBZb1bRTW1jc2t4rbpZ3dvf0D8/Coo+JUUtamsYhlzyOKCR6xNnAQrJdIRkJPsK43vp7Vuw9MKh5HdzBJmBOSYcQDTgloyzXLl37LrQ+Ah0zh1n0N/0LXrFhVay68CnYOFZSr6ZpfAz+macgioIIo1betBJyMSOBUsGlpkCqWEDomQ9bXGBG9ycnmR0zxqXZ8HMRSvwjw3P09kZFQqUno6c6QwEgt12bmf7V+CsGFk/EoSYFFdLEoSAWGGM8SwT6XjIKYaCBUcv1XTEdEEgo6t5IOwV4+eRU6taptVe3beqVxlcdRRGV0gs6Qjc5RA92gJmojih7RM3pFb8aT8WK8Gx+L1oKRzxyjPzI+fwA57paG</latexit>

AdS4 ⇥ S4
<latexit sha1_base64="zyNYhYJ2Zu8hVnb3HZBUXnt9MNk=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoiBT1WvXis1H5AG8Nms2mXbjZhdyLU0l/ixYMiXv0p3vw3btsctPXBwOO9GWbmBangGhzn2yqsrW9sbhW3Szu7e/tl++CwrZNMUdaiiUhUNyCaCS5ZCzgI1k0VI3EgWCcY3cz8ziNTmifyHsYp82IykDzilICRfLt8FTb9Wh94zDRuPtR8u+JUnTnwKnFzUkE5Gr791Q8TmsVMAhVE657rpOBNiAJOBZuW+plmKaEjMmA9QyUxi7zJ/PApPjVKiKNEmZKA5+rviQmJtR7HgemMCQz1sjcT//N6GUSX3oTLNAMm6WJRlAkMCZ6lgEOuGAUxNoRQxc2tmA6JIhRMViUTgrv88ippn1ddp+re1Sr16zyOIjpGJ+gMuegC1dEtaqAWoihDz+gVvVlP1ov1bn0sWgtWPnOE/sD6/AF7H5JP</latexit><latexit sha1_base64="zyNYhYJ2Zu8hVnb3HZBUXnt9MNk=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoiBT1WvXis1H5AG8Nms2mXbjZhdyLU0l/ixYMiXv0p3vw3btsctPXBwOO9GWbmBangGhzn2yqsrW9sbhW3Szu7e/tl++CwrZNMUdaiiUhUNyCaCS5ZCzgI1k0VI3EgWCcY3cz8ziNTmifyHsYp82IykDzilICRfLt8FTb9Wh94zDRuPtR8u+JUnTnwKnFzUkE5Gr791Q8TmsVMAhVE657rpOBNiAJOBZuW+plmKaEjMmA9QyUxi7zJ/PApPjVKiKNEmZKA5+rviQmJtR7HgemMCQz1sjcT//N6GUSX3oTLNAMm6WJRlAkMCZ6lgEOuGAUxNoRQxc2tmA6JIhRMViUTgrv88ippn1ddp+re1Sr16zyOIjpGJ+gMuegC1dEtaqAWoihDz+gVvVlP1ov1bn0sWgtWPnOE/sD6/AF7H5JP</latexit><latexit sha1_base64="zyNYhYJ2Zu8hVnb3HZBUXnt9MNk=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoiBT1WvXis1H5AG8Nms2mXbjZhdyLU0l/ixYMiXv0p3vw3btsctPXBwOO9GWbmBangGhzn2yqsrW9sbhW3Szu7e/tl++CwrZNMUdaiiUhUNyCaCS5ZCzgI1k0VI3EgWCcY3cz8ziNTmifyHsYp82IykDzilICRfLt8FTb9Wh94zDRuPtR8u+JUnTnwKnFzUkE5Gr791Q8TmsVMAhVE657rpOBNiAJOBZuW+plmKaEjMmA9QyUxi7zJ/PApPjVKiKNEmZKA5+rviQmJtR7HgemMCQz1sjcT//N6GUSX3oTLNAMm6WJRlAkMCZ6lgEOuGAUxNoRQxc2tmA6JIhRMViUTgrv88ippn1ddp+re1Sr16zyOIjpGJ+gMuegC1dEtaqAWoihDz+gVvVlP1ov1bn0sWgtWPnOE/sD6/AF7H5JP</latexit><latexit sha1_base64="zyNYhYJ2Zu8hVnb3HZBUXnt9MNk=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoiBT1WvXis1H5AG8Nms2mXbjZhdyLU0l/ixYMiXv0p3vw3btsctPXBwOO9GWbmBangGhzn2yqsrW9sbhW3Szu7e/tl++CwrZNMUdaiiUhUNyCaCS5ZCzgI1k0VI3EgWCcY3cz8ziNTmifyHsYp82IykDzilICRfLt8FTb9Wh94zDRuPtR8u+JUnTnwKnFzUkE5Gr791Q8TmsVMAhVE657rpOBNiAJOBZuW+plmKaEjMmA9QyUxi7zJ/PApPjVKiKNEmZKA5+rviQmJtR7HgemMCQz1sjcT//N6GUSX3oTLNAMm6WJRlAkMCZ6lgEOuGAUxNoRQxc2tmA6JIhRMViUTgrv88ippn1ddp+re1Sr16zyOIjpGJ+gMuegC1dEtaqAWoihDz+gVvVlP1ov1bn0sWgtWPnOE/sD6/AF7H5JP</latexit>

	  
One-‐point	  func3ons	  at	  leading	  order	  in	  QFT	  involve	  a	  high	  number	  	  
of	  loops	  
	  
The	  D3-‐D7	  probe	  brane	  set-‐up	  is	  unstable	  to	  fluctua3ons	  
	  
AdS/dCFT	  a	  strong-‐weak	  coupling	  duality	  (eternal	  problem)	  
	  



Consider	  a	  non-‐trivial	  vacuum	  	  
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<latexit sha1_base64="Kmjxz/LeXE6tvmRHHSUKh5NOv+I="></latexit><latexit sha1_base64="Kmjxz/LeXE6tvmRHHSUKh5NOv+I="></latexit><latexit sha1_base64="Kmjxz/LeXE6tvmRHHSUKh5NOv+I="></latexit><latexit sha1_base64="Kmjxz/LeXE6tvmRHHSUKh5NOv+I="></latexit>

Constable,	  Myers	  
&	  Taqord	  ´99	  
	  

k	  is	  	  an	  addi3onal	  (tunable)	  parameter	  

�

cl
i (x) = �

cl
i (x3), i = 1, . . . , 6,  

cl
↵ = 0, A

cl
µ = 0,

<latexit sha1_base64="TYT1JnKUxbqWXAXJai7yK+JrsS8="></latexit><latexit sha1_base64="TYT1JnKUxbqWXAXJai7yK+JrsS8="></latexit><latexit sha1_base64="TYT1JnKUxbqWXAXJai7yK+JrsS8="></latexit><latexit sha1_base64="TYT1JnKUxbqWXAXJai7yK+JrsS8="></latexit>

�cl
i = 0, i = 4, 5, 6

<latexit sha1_base64="R23VS/OtCxhCueqwq9Nsne1sO8I=">AAACBXicbVDLSsNAFJ3UV42vqEtdDBbBRSmJ1MemUnDjsoJ9QBPDZDpth84kYWYilFAXbvwVNy4Uces/uPNvnLRFtPXAhcM593LvPUHMqFS2/WXkFhaXllfyq+ba+sbmlrW905BRIjCp44hFohUgSRgNSV1RxUgrFgTxgJFmMLjM/OYdEZJG4Y0axsTjqBfSLsVIacm39k037lOf3qau4BCzUcUu3tNKuXhSPDV9q2CX7DHgD3FmSQFMUfOtT7cT4YSTUGGGpGw7dqy8FAlFMSMj000kiREeoB5paxoiTqSXjr8YwUOtdGA3ErpCBcfq74kUcSmHPNCdHKm+nPUy8T+vnajuuZfSME4UCfFkUTdhUEUwiwR2qCBYsaEmCAuqb4W4jwTCSgeXhTD38jxpHJccu+RclwvVi2kcebAHDsARcMAZqIIrUAN1gMEDeAIv4NV4NJ6NN+N90pozpjO74A+Mj286UZZt</latexit><latexit sha1_base64="R23VS/OtCxhCueqwq9Nsne1sO8I=">AAACBXicbVDLSsNAFJ3UV42vqEtdDBbBRSmJ1MemUnDjsoJ9QBPDZDpth84kYWYilFAXbvwVNy4Uces/uPNvnLRFtPXAhcM593LvPUHMqFS2/WXkFhaXllfyq+ba+sbmlrW905BRIjCp44hFohUgSRgNSV1RxUgrFgTxgJFmMLjM/OYdEZJG4Y0axsTjqBfSLsVIacm39k037lOf3qau4BCzUcUu3tNKuXhSPDV9q2CX7DHgD3FmSQFMUfOtT7cT4YSTUGGGpGw7dqy8FAlFMSMj000kiREeoB5paxoiTqSXjr8YwUOtdGA3ErpCBcfq74kUcSmHPNCdHKm+nPUy8T+vnajuuZfSME4UCfFkUTdhUEUwiwR2qCBYsaEmCAuqb4W4jwTCSgeXhTD38jxpHJccu+RclwvVi2kcebAHDsARcMAZqIIrUAN1gMEDeAIv4NV4NJ6NN+N90pozpjO74A+Mj286UZZt</latexit><latexit sha1_base64="R23VS/OtCxhCueqwq9Nsne1sO8I=">AAACBXicbVDLSsNAFJ3UV42vqEtdDBbBRSmJ1MemUnDjsoJ9QBPDZDpth84kYWYilFAXbvwVNy4Uces/uPNvnLRFtPXAhcM593LvPUHMqFS2/WXkFhaXllfyq+ba+sbmlrW905BRIjCp44hFohUgSRgNSV1RxUgrFgTxgJFmMLjM/OYdEZJG4Y0axsTjqBfSLsVIacm39k037lOf3qau4BCzUcUu3tNKuXhSPDV9q2CX7DHgD3FmSQFMUfOtT7cT4YSTUGGGpGw7dqy8FAlFMSMj000kiREeoB5paxoiTqSXjr8YwUOtdGA3ErpCBcfq74kUcSmHPNCdHKm+nPUy8T+vnajuuZfSME4UCfFkUTdhUEUwiwR2qCBYsaEmCAuqb4W4jwTCSgeXhTD38jxpHJccu+RclwvVi2kcebAHDsARcMAZqIIrUAN1gMEDeAIv4NV4NJ6NN+N90pozpjO74A+Mj286UZZt</latexit><latexit sha1_base64="R23VS/OtCxhCueqwq9Nsne1sO8I=">AAACBXicbVDLSsNAFJ3UV42vqEtdDBbBRSmJ1MemUnDjsoJ9QBPDZDpth84kYWYilFAXbvwVNy4Uces/uPNvnLRFtPXAhcM593LvPUHMqFS2/WXkFhaXllfyq+ba+sbmlrW905BRIjCp44hFohUgSRgNSV1RxUgrFgTxgJFmMLjM/OYdEZJG4Y0axsTjqBfSLsVIacm39k037lOf3qau4BCzUcUu3tNKuXhSPDV9q2CX7DHgD3FmSQFMUfOtT7cT4YSTUGGGpGw7dqy8FAlFMSMj000kiREeoB5paxoiTqSXjr8YwUOtdGA3ErpCBcfq74kUcSmHPNCdHKm+nPUy8T+vnajuuZfSME4UCfFkUTdhUEUwiwR2qCBYsaEmCAuqb4W4jwTCSgeXhTD38jxpHJccu+RclwvVi2kcebAHDsARcMAZqIIrUAN1gMEDeAIv4NV4NJ6NN+N90pozpjO74A+Mj286UZZt</latexit>

For x3 > 0
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cl
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1

x3

✓
(ti)k⇥k 0

0 0

◆
, i = 1, 2, 3

where ti constitute a k-dimensional

irreducible representation of SU(2),

in particular [ti, tj ] = ✏ijktk,
<latexit sha1_base64="ksPzDKWQNrPGJvwWwXPL+Lb5/9s="></latexit><latexit sha1_base64="ksPzDKWQNrPGJvwWwXPL+Lb5/9s="></latexit><latexit sha1_base64="ksPzDKWQNrPGJvwWwXPL+Lb5/9s="></latexit><latexit sha1_base64="ksPzDKWQNrPGJvwWwXPL+Lb5/9s="></latexit>

“D3-D5 brane solution:”

<latexit sha1_base64="rou5lVV2pnhMAny7PtG12sWmH10=">AAACCnicbVDLSgMxFM3UV62vUZduokXqxjLjA8WFFOzCZQX7gHZoM2nahmaSIcmIZejajb/ixoUibv0Cd/6NmbaIth64cDjnXu69xw8ZVdpxvqzU3PzC4lJ6ObOyura+YW9uVZSIJCZlLJiQNR8pwignZU01I7VQEhT4jFT9/lXiV++IVFTwWz0IiRegLqcdipE2UtPebQS+uI9breLxYfEU+hJxApVgUWJf5HJD2LSzTt4ZAf4Qd5pkwQSlpv3ZaAscBYRrzJBSddcJtRcjqSlmZJhpRIqECPdRl9QN5SggyotHrwzhvlHasCOkKa7hSP09EaNAqUHgm84A6Z6a9hLxP68e6c65F1MeRppwPF7UiRjUAia5wDaVBGs2MARhSc2tEPeQRFib9DImhJmXZ0nlKO86effmJFu4nMSRBjtgDxwAF5yBArgGJVAGGDyAJ/ACXq1H69l6s97HrSlrMrMN/sD6+AYyaJlG</latexit><latexit sha1_base64="rou5lVV2pnhMAny7PtG12sWmH10=">AAACCnicbVDLSgMxFM3UV62vUZduokXqxjLjA8WFFOzCZQX7gHZoM2nahmaSIcmIZejajb/ixoUibv0Cd/6NmbaIth64cDjnXu69xw8ZVdpxvqzU3PzC4lJ6ObOyura+YW9uVZSIJCZlLJiQNR8pwignZU01I7VQEhT4jFT9/lXiV++IVFTwWz0IiRegLqcdipE2UtPebQS+uI9breLxYfEU+hJxApVgUWJf5HJD2LSzTt4ZAf4Qd5pkwQSlpv3ZaAscBYRrzJBSddcJtRcjqSlmZJhpRIqECPdRl9QN5SggyotHrwzhvlHasCOkKa7hSP09EaNAqUHgm84A6Z6a9hLxP68e6c65F1MeRppwPF7UiRjUAia5wDaVBGs2MARhSc2tEPeQRFib9DImhJmXZ0nlKO86effmJFu4nMSRBjtgDxwAF5yBArgGJVAGGDyAJ/ACXq1H69l6s97HrSlrMrMN/sD6+AYyaJlG</latexit><latexit sha1_base64="rou5lVV2pnhMAny7PtG12sWmH10=">AAACCnicbVDLSgMxFM3UV62vUZduokXqxjLjA8WFFOzCZQX7gHZoM2nahmaSIcmIZejajb/ixoUibv0Cd/6NmbaIth64cDjnXu69xw8ZVdpxvqzU3PzC4lJ6ObOyura+YW9uVZSIJCZlLJiQNR8pwignZU01I7VQEhT4jFT9/lXiV++IVFTwWz0IiRegLqcdipE2UtPebQS+uI9breLxYfEU+hJxApVgUWJf5HJD2LSzTt4ZAf4Qd5pkwQSlpv3ZaAscBYRrzJBSddcJtRcjqSlmZJhpRIqECPdRl9QN5SggyotHrwzhvlHasCOkKa7hSP09EaNAqUHgm84A6Z6a9hLxP68e6c65F1MeRppwPF7UiRjUAia5wDaVBGs2MARhSc2tEPeQRFib9DImhJmXZ0nlKO86effmJFu4nMSRBjtgDxwAF5yBArgGJVAGGDyAJ/ACXq1H69l6s97HrSlrMrMN/sD6+AYyaJlG</latexit><latexit sha1_base64="rou5lVV2pnhMAny7PtG12sWmH10=">AAACCnicbVDLSgMxFM3UV62vUZduokXqxjLjA8WFFOzCZQX7gHZoM2nahmaSIcmIZejajb/ixoUibv0Cd/6NmbaIth64cDjnXu69xw8ZVdpxvqzU3PzC4lJ6ObOyura+YW9uVZSIJCZlLJiQNR8pwignZU01I7VQEhT4jFT9/lXiV++IVFTwWz0IiRegLqcdipE2UtPebQS+uI9breLxYfEU+hJxApVgUWJf5HJD2LSzTt4ZAf4Qd5pkwQSlpv3ZaAscBYRrzJBSddcJtRcjqSlmZJhpRIqECPdRl9QN5SggyotHrwzhvlHasCOkKa7hSP09EaNAqUHgm84A6Z6a9hLxP68e6c65F1MeRppwPF7UiRjUAia5wDaVBGs2MARhSc2tEPeQRFib9DImhJmXZ0nlKO86effmJFu4nMSRBjtgDxwAF5yBArgGJVAGGDyAJ/ACXq1H69l6s97HrSlrMrMN/sD6+AYyaJlG</latexit>

For x3 < 0

�

cl
i = 0 2 su(N � k)

<latexit sha1_base64="YRe9kJb7b41tu7tOax/9e56iYGo="></latexit><latexit sha1_base64="YRe9kJb7b41tu7tOax/9e56iYGo="></latexit><latexit sha1_base64="YRe9kJb7b41tu7tOax/9e56iYGo="></latexit><latexit sha1_base64="YRe9kJb7b41tu7tOax/9e56iYGo="></latexit>



``D3-‐D7	  brane	  solu3ons’’	  	  

For x3 > 0
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<latexit sha1_base64="VPcI+LwbD8FlnREaRgOqdGrlHx0="></latexit><latexit sha1_base64="VPcI+LwbD8FlnREaRgOqdGrlHx0="></latexit><latexit sha1_base64="VPcI+LwbD8FlnREaRgOqdGrlHx0="></latexit><latexit sha1_base64="VPcI+LwbD8FlnREaRgOqdGrlHx0="></latexit>

Broken SU(N) invariance

<latexit sha1_base64="LjHena7CAW4boooasNCQuKhmpXo=">AAACEHicdVDLSgNBEJz1bXxFPXoZDKJewmzweRHRiydRNEZIQpiddJIhs7PLTK8YlnyCF3/FiwdFvHr05t84eQgqWtBQVHXT3RXESlpk7MMbGR0bn5icms7MzM7NL2QXl65slBgBRRGpyFwH3IKSGoooUcF1bICHgYJS0D7u+aUbMFZG+hI7MVRD3tSyIQVHJ9Wy6xWEW0yPTNQGTbv0orhxukkHIpX6hhvJtYBuLZtjedYHZflt5u/v+I4Uttn+HqP+0MqRIc5q2fdKPRJJCBqF4taWfRZjNeUGpVDQzVQSCzEXbd6EsqOah2Craf+hLl1zSp02IuNKI+2r3ydSHlrbCQPXGXJs2d9eT/zLKyfY2KumUscJghaDRY1EUYxoLx1alwYEqo4jXBjpbqWixQ0X6DLMuBC+PqX/k6tC3md5/3wrd3gwjGOKrJBVskF8sksOyQk5 I0UiyB15IE/k2bv3Hr0X73XQOuINZ5bJD3hvn21KnNU=</latexit><latexit sha1_base64="LjHena7CAW4boooasNCQuKhmpXo=">AAACEHicdVDLSgNBEJz1bXxFPXoZDKJewmzweRHRiydRNEZIQpiddJIhs7PLTK8YlnyCF3/FiwdFvHr05t84eQgqWtBQVHXT3RXESlpk7MMbGR0bn5icms7MzM7NL2QXl65slBgBRRGpyFwH3IKSGoooUcF1bICHgYJS0D7u+aUbMFZG+hI7MVRD3tSyIQVHJ9Wy6xWEW0yPTNQGTbv0orhxukkHIpX6hhvJtYBuLZtjedYHZflt5u/v+I4Uttn+HqP+0MqRIc5q2fdKPRJJCBqF4taWfRZjNeUGpVDQzVQSCzEXbd6EsqOah2Craf+hLl1zSp02IuNKI+2r3ydSHlrbCQPXGXJs2d9eT/zLKyfY2KumUscJghaDRY1EUYxoLx1alwYEqo4jXBjpbqWixQ0X6DLMuBC+PqX/k6tC3md5/3wrd3gwjGOKrJBVskF8sksOyQk5 I0UiyB15IE/k2bv3Hr0X73XQOuINZ5bJD3hvn21KnNU=</latexit><latexit sha1_base64="LjHena7CAW4boooasNCQuKhmpXo=">AAACEHicdVDLSgNBEJz1bXxFPXoZDKJewmzweRHRiydRNEZIQpiddJIhs7PLTK8YlnyCF3/FiwdFvHr05t84eQgqWtBQVHXT3RXESlpk7MMbGR0bn5icms7MzM7NL2QXl65slBgBRRGpyFwH3IKSGoooUcF1bICHgYJS0D7u+aUbMFZG+hI7MVRD3tSyIQVHJ9Wy6xWEW0yPTNQGTbv0orhxukkHIpX6hhvJtYBuLZtjedYHZflt5u/v+I4Uttn+HqP+0MqRIc5q2fdKPRJJCBqF4taWfRZjNeUGpVDQzVQSCzEXbd6EsqOah2Craf+hLl1zSp02IuNKI+2r3ydSHlrbCQPXGXJs2d9eT/zLKyfY2KumUscJghaDRY1EUYxoLx1alwYEqo4jXBjpbqWixQ0X6DLMuBC+PqX/k6tC3md5/3wrd3gwjGOKrJBVskF8sksOyQk5 I0UiyB15IE/k2bv3Hr0X73XQOuINZ5bJD3hvn21KnNU=</latexit><latexit sha1_base64="LjHena7CAW4boooasNCQuKhmpXo=">AAACEHicdVDLSgNBEJz1bXxFPXoZDKJewmzweRHRiydRNEZIQpiddJIhs7PLTK8YlnyCF3/FiwdFvHr05t84eQgqWtBQVHXT3RXESlpk7MMbGR0bn5icms7MzM7NL2QXl65slBgBRRGpyFwH3IKSGoooUcF1bICHgYJS0D7u+aUbMFZG+hI7MVRD3tSyIQVHJ9Wy6xWEW0yPTNQGTbv0orhxukkHIpX6hhvJtYBuLZtjedYHZflt5u/v+I4Uttn+HqP+0MqRIc5q2fdKPRJJCBqF4taWfRZjNeUGpVDQzVQSCzEXbd6EsqOah2Craf+hLl1zSp02IuNKI+2r3ydSHlrbCQPXGXJs2d9eT/zLKyfY2KumUscJghaDRY1EUYxoLx1alwYEqo4jXBjpbqWixQ0X6DLMuBC+PqX/k6tC3md5/3wrd3gwjGOKrJBVskF8sksOyQk5 I0UiyB15IE/k2bv3Hr0X73XQOuINZ5bJD3hvn21KnNU=</latexit>

SU(N � dG) invariance
<latexit sha1_base64="TgyMsCXnyfKR5ThiXG/0OWpfnHQ=">AAACBXicdVDLSgNBEJz1bXxFPephMAh6MMyKz4sIHvQkikYDSQizk04yZHZ2mekVw5KLF3/FiwdFvPoP3vwbJw9BRQsaiqpuuruCWEmLjH14Q8Mjo2PjE5OZqemZ2bns/MKVjRIjoCAiFZliwC0oqaGAEhUUYwM8DBRcB62jrn99A8bKSF9iO4ZKyBta1qXg6KRqdvmisHa6Uaser9Mywi2mVOobbiTXAjrVbI7lWQ+U5beZv7/jO7K5zfb3GPUHVo4McFbNvpdrkUhC0CgUt7bksxgrKTcohYJOppxYiLlo8QaUHNU8BFtJe1906KpTarQeGVcaaU/9PpHy0Np2GLjOkGPT/va64l9eKcH6XiWVOk4QtOgvqieKYkS7kdCaNCBQtR3hwkh3KxVNbrhAF1zGhfD1Kf2fXG3mfZb3z7dyhweDOCbIElkha8Qnu+SQnJAzUiCC3JEH8kSevXvv0XvxXvutQ95gZpH8gPf2CWYzl+Q=</latexit><latexit sha1_base64="TgyMsCXnyfKR5ThiXG/0OWpfnHQ=">AAACBXicdVDLSgNBEJz1bXxFPephMAh6MMyKz4sIHvQkikYDSQizk04yZHZ2mekVw5KLF3/FiwdFvPoP3vwbJw9BRQsaiqpuuruCWEmLjH14Q8Mjo2PjE5OZqemZ2bns/MKVjRIjoCAiFZliwC0oqaGAEhUUYwM8DBRcB62jrn99A8bKSF9iO4ZKyBta1qXg6KRqdvmisHa6Uaser9Mywi2mVOobbiTXAjrVbI7lWQ+U5beZv7/jO7K5zfb3GPUHVo4McFbNvpdrkUhC0CgUt7bksxgrKTcohYJOppxYiLlo8QaUHNU8BFtJe1906KpTarQeGVcaaU/9PpHy0Np2GLjOkGPT/va64l9eKcH6XiWVOk4QtOgvqieKYkS7kdCaNCBQtR3hwkh3KxVNbrhAF1zGhfD1Kf2fXG3mfZb3z7dyhweDOCbIElkha8Qnu+SQnJAzUiCC3JEH8kSevXvv0XvxXvutQ95gZpH8gPf2CWYzl+Q=</latexit><latexit sha1_base64="TgyMsCXnyfKR5ThiXG/0OWpfnHQ=">AAACBXicdVDLSgNBEJz1bXxFPephMAh6MMyKz4sIHvQkikYDSQizk04yZHZ2mekVw5KLF3/FiwdFvPoP3vwbJw9BRQsaiqpuuruCWEmLjH14Q8Mjo2PjE5OZqemZ2bns/MKVjRIjoCAiFZliwC0oqaGAEhUUYwM8DBRcB62jrn99A8bKSF9iO4ZKyBta1qXg6KRqdvmisHa6Uaser9Mywi2mVOobbiTXAjrVbI7lWQ+U5beZv7/jO7K5zfb3GPUHVo4McFbNvpdrkUhC0CgUt7bksxgrKTcohYJOppxYiLlo8QaUHNU8BFtJe1906KpTarQeGVcaaU/9PpHy0Np2GLjOkGPT/va64l9eKcH6XiWVOk4QtOgvqieKYkS7kdCaNCBQtR3hwkh3KxVNbrhAF1zGhfD1Kf2fXG3mfZb3z7dyhweDOCbIElkha8Qnu+SQnJAzUiCC3JEH8kSevXvv0XvxXvutQ95gZpH8gPf2CWYzl+Q=</latexit><latexit sha1_base64="TgyMsCXnyfKR5ThiXG/0OWpfnHQ=">AAACBXicdVDLSgNBEJz1bXxFPephMAh6MMyKz4sIHvQkikYDSQizk04yZHZ2mekVw5KLF3/FiwdFvPoP3vwbJw9BRQsaiqpuuruCWEmLjH14Q8Mjo2PjE5OZqemZ2bns/MKVjRIjoCAiFZliwC0oqaGAEhUUYwM8DBRcB62jrn99A8bKSF9iO4ZKyBta1qXg6KRqdvmisHa6Uaser9Mywi2mVOobbiTXAjrVbI7lWQ+U5beZv7/jO7K5zfb3GPUHVo4McFbNvpdrkUhC0CgUt7bksxgrKTcohYJOppxYiLlo8QaUHNU8BFtJe1906KpTarQeGVcaaU/9PpHy0Np2GLjOkGPT/va64l9eKcH6XiWVOk4QtOgvqieKYkS7kdCaNCBQtR3hwkh3KxVNbrhAF1zGhfD1Kf2fXG3mfZb3z7dyhweDOCbIElkha8Qnu+SQnJAzUiCC3JEH8kSevXvv0XvxXvutQ95gZpH8gPf2CWYzl+Q=</latexit>

SU(N � k1k2) invariance
<latexit sha1_base64="BETU71M5IdpCnda5xusVVKV1F74=">AAACCHicbVDLSgNBEJz1bXytevTgYBDiwbAbBD2J4MWTRDQaSJZldtLRIbOzy0xvMCw5evFXvHhQxKuf4M2/cfJAfBU0FFXddHdFqRQGPe/DmZicmp6ZnZsvLCwuLa+4q2uXJsk0hxpPZKLrETMghYIaCpRQTzWwOJJwFXWOB/5VF7QRibrAXgpBzK6VaAvO0Eqhu3leK53udkK/E1Z2aBPhFnMqVJdpwRSHfugWvbI3BP0i/m9SJGNUQ/e92Up4FoNCLpkxDd9LMciZRsEl9AvNzEDKeIddQ8NSxWIwQT58pE+3rdKi7UTbUkiH6veJnMXG9OLIdsYMb8xvbyD+5zUybB8EuVBphqD4aFE7kxQTOkiFtoQGjrJnCeNa2Fspv2GacbTZFWwIf17+Sy4rZd8r+2d7xaPDcRxzZINskRLxyT45IiekSmqEkzvyQJ7Is3PvPDovzuuodcIZz6yTH3DePgEXiZjC</latexit><latexit sha1_base64="BETU71M5IdpCnda5xusVVKV1F74=">AAACCHicbVDLSgNBEJz1bXytevTgYBDiwbAbBD2J4MWTRDQaSJZldtLRIbOzy0xvMCw5evFXvHhQxKuf4M2/cfJAfBU0FFXddHdFqRQGPe/DmZicmp6ZnZsvLCwuLa+4q2uXJsk0hxpPZKLrETMghYIaCpRQTzWwOJJwFXWOB/5VF7QRibrAXgpBzK6VaAvO0Eqhu3leK53udkK/E1Z2aBPhFnMqVJdpwRSHfugWvbI3BP0i/m9SJGNUQ/e92Up4FoNCLpkxDd9LMciZRsEl9AvNzEDKeIddQ8NSxWIwQT58pE+3rdKi7UTbUkiH6veJnMXG9OLIdsYMb8xvbyD+5zUybB8EuVBphqD4aFE7kxQTOkiFtoQGjrJnCeNa2Fspv2GacbTZFWwIf17+Sy4rZd8r+2d7xaPDcRxzZINskRLxyT45IiekSmqEkzvyQJ7Is3PvPDovzuuodcIZz6yTH3DePgEXiZjC</latexit><latexit sha1_base64="BETU71M5IdpCnda5xusVVKV1F74=">AAACCHicbVDLSgNBEJz1bXytevTgYBDiwbAbBD2J4MWTRDQaSJZldtLRIbOzy0xvMCw5evFXvHhQxKuf4M2/cfJAfBU0FFXddHdFqRQGPe/DmZicmp6ZnZsvLCwuLa+4q2uXJsk0hxpPZKLrETMghYIaCpRQTzWwOJJwFXWOB/5VF7QRibrAXgpBzK6VaAvO0Eqhu3leK53udkK/E1Z2aBPhFnMqVJdpwRSHfugWvbI3BP0i/m9SJGNUQ/e92Up4FoNCLpkxDd9LMciZRsEl9AvNzEDKeIddQ8NSxWIwQT58pE+3rdKi7UTbUkiH6veJnMXG9OLIdsYMb8xvbyD+5zUybB8EuVBphqD4aFE7kxQTOkiFtoQGjrJnCeNa2Fspv2GacbTZFWwIf17+Sy4rZd8r+2d7xaPDcRxzZINskRLxyT45IiekSmqEkzvyQJ7Is3PvPDovzuuodcIZz6yTH3DePgEXiZjC</latexit><latexit sha1_base64="BETU71M5IdpCnda5xusVVKV1F74=">AAACCHicbVDLSgNBEJz1bXytevTgYBDiwbAbBD2J4MWTRDQaSJZldtLRIbOzy0xvMCw5evFXvHhQxKuf4M2/cfJAfBU0FFXddHdFqRQGPe/DmZicmp6ZnZsvLCwuLa+4q2uXJsk0hxpPZKLrETMghYIaCpRQTzWwOJJwFXWOB/5VF7QRibrAXgpBzK6VaAvO0Eqhu3leK53udkK/E1Z2aBPhFnMqVJdpwRSHfugWvbI3BP0i/m9SJGNUQ/e92Up4FoNCLpkxDd9LMciZRsEl9AvNzEDKeIddQ8NSxWIwQT58pE+3rdKi7UTbUkiH6veJnMXG9OLIdsYMb8xvbyD+5zUybB8EuVBphqD4aFE7kxQTOkiFtoQGjrJnCeNa2Fspv2GacbTZFWwIf17+Sy4rZd8r+2d7xaPDcRxzZINskRLxyT45IiekSmqEkzvyQJ7Is3PvPDovzuuodcIZz6yTH3DePgEXiZjC</latexit>

Broken SU(N) invariance

<latexit sha1_base64="1an/MWNZkhA9zLU+24Sp3b0W/qY=">AAACEHicbVA9SwNBEN3z2/gVtbRZDGJswp0IWoloYyURTRSSI+xt5uKSvb1jdy4YjvwEG/+KjYUitpZ2/hs3H4gmPhh4vDfDzLwgkcKg6345U9Mzs3PzC4u5peWV1bX8+kbVxKnmUOGxjPVtwAxIoaCCAiXcJhpYFEi4Cdpnff+mA9qIWF1jNwE/Yi0lQsEZWqmR360j3GN2quM2KNqjV5XixR4dilSoDtOCKQ69Rr7gltwB6A/xxkmBjFBu5D/rzZinESjkkhlT89wE/YxpFFxCL1dPDSSMt1kLapYqFoHxs8FDPbpjlSYNY21LIR2ovycyFhnTjQLbGTG8M+NeX/zPq6UYHvmZUEmKoPhwUZhKijHtp0ObQgNH2bWEcS3srZTfMc042gxzNoSJlydJdb/kuSXv8qBwcjyKY4FskW1SJB45JCfknJRJhXDyQJ7IC3l1Hp1n5815H7ZOOaOZTfIHzsc3LQScqA==</latexit><latexit sha1_base64="1an/MWNZkhA9zLU+24Sp3b0W/qY=">AAACEHicbVA9SwNBEN3z2/gVtbRZDGJswp0IWoloYyURTRSSI+xt5uKSvb1jdy4YjvwEG/+KjYUitpZ2/hs3H4gmPhh4vDfDzLwgkcKg6345U9Mzs3PzC4u5peWV1bX8+kbVxKnmUOGxjPVtwAxIoaCCAiXcJhpYFEi4Cdpnff+mA9qIWF1jNwE/Yi0lQsEZWqmR360j3GN2quM2KNqjV5XixR4dilSoDtOCKQ69Rr7gltwB6A/xxkmBjFBu5D/rzZinESjkkhlT89wE/YxpFFxCL1dPDSSMt1kLapYqFoHxs8FDPbpjlSYNY21LIR2ovycyFhnTjQLbGTG8M+NeX/zPq6UYHvmZUEmKoPhwUZhKijHtp0ObQgNH2bWEcS3srZTfMc042gxzNoSJlydJdb/kuSXv8qBwcjyKY4FskW1SJB45JCfknJRJhXDyQJ7IC3l1Hp1n5815H7ZOOaOZTfIHzsc3LQScqA==</latexit><latexit sha1_base64="1an/MWNZkhA9zLU+24Sp3b0W/qY=">AAACEHicbVA9SwNBEN3z2/gVtbRZDGJswp0IWoloYyURTRSSI+xt5uKSvb1jdy4YjvwEG/+KjYUitpZ2/hs3H4gmPhh4vDfDzLwgkcKg6345U9Mzs3PzC4u5peWV1bX8+kbVxKnmUOGxjPVtwAxIoaCCAiXcJhpYFEi4Cdpnff+mA9qIWF1jNwE/Yi0lQsEZWqmR360j3GN2quM2KNqjV5XixR4dilSoDtOCKQ69Rr7gltwB6A/xxkmBjFBu5D/rzZinESjkkhlT89wE/YxpFFxCL1dPDSSMt1kLapYqFoHxs8FDPbpjlSYNY21LIR2ovycyFhnTjQLbGTG8M+NeX/zPq6UYHvmZUEmKoPhwUZhKijHtp0ObQgNH2bWEcS3srZTfMc042gxzNoSJlydJdb/kuSXv8qBwcjyKY4FskW1SJB45JCfknJRJhXDyQJ7IC3l1Hp1n5815H7ZOOaOZTfIHzsc3LQScqA==</latexit><latexit sha1_base64="1an/MWNZkhA9zLU+24Sp3b0W/qY=">AAACEHicbVA9SwNBEN3z2/gVtbRZDGJswp0IWoloYyURTRSSI+xt5uKSvb1jdy4YjvwEG/+KjYUitpZ2/hs3H4gmPhh4vDfDzLwgkcKg6345U9Mzs3PzC4u5peWV1bX8+kbVxKnmUOGxjPVtwAxIoaCCAiXcJhpYFEi4Cdpnff+mA9qIWF1jNwE/Yi0lQsEZWqmR360j3GN2quM2KNqjV5XixR4dilSoDtOCKQ69Rr7gltwB6A/xxkmBjFBu5D/rzZinESjkkhlT89wE/YxpFFxCL1dPDSSMt1kLapYqFoHxs8FDPbpjlSYNY21LIR2ovycyFhnTjQLbGTG8M+NeX/zPq6UYHvmZUEmKoPhwUZhKijHtp0ObQgNH2bWEcS3srZTfMc042gxzNoSJlydJdb/kuSXv8qBwcjyKY4FskW1SJB45JCfknJRJhXDyQJ7IC3l1Hp1n5815H7ZOOaOZTfIHzsc3LQScqA==</latexit>

OBS:	  AdS/CFT	  with	  addi3onal	  parameters	  -‐-‐-‐	  The	  dimension	  of	  the	  representa3on,	  i.e.	  	  	  
k or (k1, k2) or dG

<latexit sha1_base64="bKRHRg4p77UFwRHP5zAV6dw/TnM=">AAACC3icbVDLSsNAFJ3UV62vqEs3QxuhgpSkCLqSggtdVrAPaEOYTCftkEkmzEzEErp346+4caGIW3/AnX/jtM1CW8/q3HPu5d57/IRRqWz72yisrK6tbxQ3S1vbO7t75v5BW/JUYNLCnHHR9ZEkjMakpahipJsIgiKfkY4fXk39zj0RkvL4To0T4kZoGNOAYqS05JnlfuTzh8wKLcgFtKqh55yGXv1kXg68a2vimRW7Zs8Al4mTkwrI0fTMr/6A4zQiscIMSdlz7ES5GRKKYkYmpX4qSYJwiIakp2mMIiLdbPbLBB5rZQADvT3gsYIz9fdEhiIpx5GvOyOkRnLRm4r/eb1UBRduRuMkVSTG80VByqDicBoMHFBBsGJjTRAWVN8K8QgJhJWOr6RDcBZfXibtes2xa87tWaVxmcdRBEegDKrAAeegAW5AE7QABo/gGbyCN+PJeDHejY95a8HIZw7BHxifP1qPmAg=</latexit><latexit sha1_base64="bKRHRg4p77UFwRHP5zAV6dw/TnM=">AAACC3icbVDLSsNAFJ3UV62vqEs3QxuhgpSkCLqSggtdVrAPaEOYTCftkEkmzEzEErp346+4caGIW3/AnX/jtM1CW8/q3HPu5d57/IRRqWz72yisrK6tbxQ3S1vbO7t75v5BW/JUYNLCnHHR9ZEkjMakpahipJsIgiKfkY4fXk39zj0RkvL4To0T4kZoGNOAYqS05JnlfuTzh8wKLcgFtKqh55yGXv1kXg68a2vimRW7Zs8Al4mTkwrI0fTMr/6A4zQiscIMSdlz7ES5GRKKYkYmpX4qSYJwiIakp2mMIiLdbPbLBB5rZQADvT3gsYIz9fdEhiIpx5GvOyOkRnLRm4r/eb1UBRduRuMkVSTG80VByqDicBoMHFBBsGJjTRAWVN8K8QgJhJWOr6RDcBZfXibtes2xa87tWaVxmcdRBEegDKrAAeegAW5AE7QABo/gGbyCN+PJeDHejY95a8HIZw7BHxifP1qPmAg=</latexit><latexit sha1_base64="bKRHRg4p77UFwRHP5zAV6dw/TnM=">AAACC3icbVDLSsNAFJ3UV62vqEs3QxuhgpSkCLqSggtdVrAPaEOYTCftkEkmzEzEErp346+4caGIW3/AnX/jtM1CW8/q3HPu5d57/IRRqWz72yisrK6tbxQ3S1vbO7t75v5BW/JUYNLCnHHR9ZEkjMakpahipJsIgiKfkY4fXk39zj0RkvL4To0T4kZoGNOAYqS05JnlfuTzh8wKLcgFtKqh55yGXv1kXg68a2vimRW7Zs8Al4mTkwrI0fTMr/6A4zQiscIMSdlz7ES5GRKKYkYmpX4qSYJwiIakp2mMIiLdbPbLBB5rZQADvT3gsYIz9fdEhiIpx5GvOyOkRnLRm4r/eb1UBRduRuMkVSTG80VByqDicBoMHFBBsGJjTRAWVN8K8QgJhJWOr6RDcBZfXibtes2xa87tWaVxmcdRBEegDKrAAeegAW5AE7QABo/gGbyCN+PJeDHejY95a8HIZw7BHxifP1qPmAg=</latexit><latexit sha1_base64="bKRHRg4p77UFwRHP5zAV6dw/TnM=">AAACC3icbVDLSsNAFJ3UV62vqEs3QxuhgpSkCLqSggtdVrAPaEOYTCftkEkmzEzEErp346+4caGIW3/AnX/jtM1CW8/q3HPu5d57/IRRqWz72yisrK6tbxQ3S1vbO7t75v5BW/JUYNLCnHHR9ZEkjMakpahipJsIgiKfkY4fXk39zj0RkvL4To0T4kZoGNOAYqS05JnlfuTzh8wKLcgFtKqh55yGXv1kXg68a2vimRW7Zs8Al4mTkwrI0fTMr/6A4zQiscIMSdlz7ES5GRKKYkYmpX4qSYJwiIakp2mMIiLdbPbLBB5rZQADvT3gsYIz9fdEhiIpx5GvOyOkRnLRm4r/eb1UBRduRuMkVSTG80VByqDicBoMHFBBsGJjTRAWVN8K8QgJhJWOr6RDcBZfXibtes2xa87tWaVxmcdRBEegDKrAAeegAW5AE7QABo/gGbyCN+PJeDHejY95a8HIZw7BHxifP1qPmAg=</latexit>

For x3 > 0

�cl
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✓
(Gi)dG⇥dG

0

0 0
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, i = 1, 2, 3, 4, 5

�cl
6 = 0,

where Gij = [Gi, Gj ] generate a dG-dimensional

irreducible representation of SO(5)

<latexit sha1_base64="60akWWk6uTfjAe8VplQLtXaVMKk="></latexit><latexit sha1_base64="60akWWk6uTfjAe8VplQLtXaVMKk="></latexit><latexit sha1_base64="60akWWk6uTfjAe8VplQLtXaVMKk="></latexit><latexit sha1_base64="60akWWk6uTfjAe8VplQLtXaVMKk="></latexit>

SO(5) symmetric solution
<latexit sha1_base64="99Rbktx8nPnht6LzQS3Idd5nqoQ=">AAACCXicdVDLSgMxFM3UV62vqks3wSLUzZApVtuNFNy4s6J9QDuUTJq2oclkSDJiGbp146+4caGIW//AnX9j+hBU9EDgcM655N4TRJxpg9CHk1pYXFpeSa9m1tY3Nrey2zt1LWNFaI1ILlUzwJpyFtKaYYbTZqQoFgGnjWB4NvEbN1RpJsNrM4qoL3A/ZD1GsLFSJwvbIpC3ydVFvngI9UgIahQjUEseTwJj2MnmkIumgMgtIq987FlSKKJyCUFvbuXAHNVO9r3dlSQWNDSEY61bHoqMn2BlGOF0nGnHmkaYDHGftiwNsaDaT6aXjOGBVbqwJ5V9oYFT9ftEgoW2WwY2KbAZ6N/eRPzLa8WmV/ITFkaxoSGZfdSLOTQSTmqBXaYoMXxkCSaK2V0hGWCFibHlZWwJX5fC/0m94HrI9S6PcpXTeR1psAf2QR544ARUwDmoghog4A48gCfw7Nw7j86L8zqLppz5zC74AeftEy4cmgE=</latexit><latexit sha1_base64="99Rbktx8nPnht6LzQS3Idd5nqoQ=">AAACCXicdVDLSgMxFM3UV62vqks3wSLUzZApVtuNFNy4s6J9QDuUTJq2oclkSDJiGbp146+4caGIW//AnX9j+hBU9EDgcM655N4TRJxpg9CHk1pYXFpeSa9m1tY3Nrey2zt1LWNFaI1ILlUzwJpyFtKaYYbTZqQoFgGnjWB4NvEbN1RpJsNrM4qoL3A/ZD1GsLFSJwvbIpC3ydVFvngI9UgIahQjUEseTwJj2MnmkIumgMgtIq987FlSKKJyCUFvbuXAHNVO9r3dlSQWNDSEY61bHoqMn2BlGOF0nGnHmkaYDHGftiwNsaDaT6aXjOGBVbqwJ5V9oYFT9ftEgoW2WwY2KbAZ6N/eRPzLa8WmV/ITFkaxoSGZfdSLOTQSTmqBXaYoMXxkCSaK2V0hGWCFibHlZWwJX5fC/0m94HrI9S6PcpXTeR1psAf2QR544ARUwDmoghog4A48gCfw7Nw7j86L8zqLppz5zC74AeftEy4cmgE=</latexit><latexit sha1_base64="99Rbktx8nPnht6LzQS3Idd5nqoQ=">AAACCXicdVDLSgMxFM3UV62vqks3wSLUzZApVtuNFNy4s6J9QDuUTJq2oclkSDJiGbp146+4caGIW//AnX9j+hBU9EDgcM655N4TRJxpg9CHk1pYXFpeSa9m1tY3Nrey2zt1LWNFaI1ILlUzwJpyFtKaYYbTZqQoFgGnjWB4NvEbN1RpJsNrM4qoL3A/ZD1GsLFSJwvbIpC3ydVFvngI9UgIahQjUEseTwJj2MnmkIumgMgtIq987FlSKKJyCUFvbuXAHNVO9r3dlSQWNDSEY61bHoqMn2BlGOF0nGnHmkaYDHGftiwNsaDaT6aXjOGBVbqwJ5V9oYFT9ftEgoW2WwY2KbAZ6N/eRPzLa8WmV/ITFkaxoSGZfdSLOTQSTmqBXaYoMXxkCSaK2V0hGWCFibHlZWwJX5fC/0m94HrI9S6PcpXTeR1psAf2QR544ARUwDmoghog4A48gCfw7Nw7j86L8zqLppz5zC74AeftEy4cmgE=</latexit><latexit sha1_base64="99Rbktx8nPnht6LzQS3Idd5nqoQ=">AAACCXicdVDLSgMxFM3UV62vqks3wSLUzZApVtuNFNy4s6J9QDuUTJq2oclkSDJiGbp146+4caGIW//AnX9j+hBU9EDgcM655N4TRJxpg9CHk1pYXFpeSa9m1tY3Nrey2zt1LWNFaI1ILlUzwJpyFtKaYYbTZqQoFgGnjWB4NvEbN1RpJsNrM4qoL3A/ZD1GsLFSJwvbIpC3ydVFvngI9UgIahQjUEseTwJj2MnmkIumgMgtIq987FlSKKJyCUFvbuXAHNVO9r3dlSQWNDSEY61bHoqMn2BlGOF0nGnHmkaYDHGftiwNsaDaT6aXjOGBVbqwJ5V9oYFT9ftEgoW2WwY2KbAZ6N/eRPzLa8WmV/ITFkaxoSGZfdSLOTQSTmqBXaYoMXxkCSaK2V0hGWCFibHlZWwJX5fC/0m94HrI9S6PcpXTeR1psAf2QR544ARUwDmoghog4A48gCfw7Nw7j86L8zqLppz5zC74AeftEy4cmgE=</latexit>

SO(3)⇥ SO(3) symmetric solution

<latexit sha1_base64="lIPf3gdo2+f/6+NXKw1fpSJqY4I=">AAACFnicbVDLSgNBEJyNrxhfqx69DCZCPBh2VdCTBLx4M6J5QBLC7GSSDJnZWWZ6xbDkK7z4K148KOJVvPk3Th6IRgsaiqpuuruCSHADnvfppObmFxaX0suZldW19Q13c6tiVKwpK1MllK4FxDDBQ1YGDoLVIs2IDASrBv3zkV+9ZdpwFd7AIGJNSboh73BKwEot96AhA3WX5K4v80f7DeCSGTzmOWwGUjLQnGKjRDxqH7bcrFfwxsDfxJ8lWTRFqeV+NNqKxpKFQAUxpu57ETQTooFTwYaZRmxYRGifdFnd0pDY/c1k/NYQ71mljTtK2woBj9WfEwmRxh4Z2E5JoGdmvZH4n1ePoXPaTHgYxcBCOlnUiQUGhUcZ4TbXjIIYWEKo5vZWTHtEEwo2yYwN4c/Lf0nlsOB7Bf/qOFs8m8aRRjtoF+WRj05QEV2gEiojiu7RI3pGL86D8+S8Om+T1pQzndlGv+C8fwFYL55A</latexit><latexit sha1_base64="lIPf3gdo2+f/6+NXKw1fpSJqY4I=">AAACFnicbVDLSgNBEJyNrxhfqx69DCZCPBh2VdCTBLx4M6J5QBLC7GSSDJnZWWZ6xbDkK7z4K148KOJVvPk3Th6IRgsaiqpuuruCSHADnvfppObmFxaX0suZldW19Q13c6tiVKwpK1MllK4FxDDBQ1YGDoLVIs2IDASrBv3zkV+9ZdpwFd7AIGJNSboh73BKwEot96AhA3WX5K4v80f7DeCSGTzmOWwGUjLQnGKjRDxqH7bcrFfwxsDfxJ8lWTRFqeV+NNqKxpKFQAUxpu57ETQTooFTwYaZRmxYRGifdFnd0pDY/c1k/NYQ71mljTtK2woBj9WfEwmRxh4Z2E5JoGdmvZH4n1ePoXPaTHgYxcBCOlnUiQUGhUcZ4TbXjIIYWEKo5vZWTHtEEwo2yYwN4c/Lf0nlsOB7Bf/qOFs8m8aRRjtoF+WRj05QEV2gEiojiu7RI3pGL86D8+S8Om+T1pQzndlGv+C8fwFYL55A</latexit><latexit sha1_base64="lIPf3gdo2+f/6+NXKw1fpSJqY4I=">AAACFnicbVDLSgNBEJyNrxhfqx69DCZCPBh2VdCTBLx4M6J5QBLC7GSSDJnZWWZ6xbDkK7z4K148KOJVvPk3Th6IRgsaiqpuuruCSHADnvfppObmFxaX0suZldW19Q13c6tiVKwpK1MllK4FxDDBQ1YGDoLVIs2IDASrBv3zkV+9ZdpwFd7AIGJNSboh73BKwEot96AhA3WX5K4v80f7DeCSGTzmOWwGUjLQnGKjRDxqH7bcrFfwxsDfxJ8lWTRFqeV+NNqKxpKFQAUxpu57ETQTooFTwYaZRmxYRGifdFnd0pDY/c1k/NYQ71mljTtK2woBj9WfEwmRxh4Z2E5JoGdmvZH4n1ePoXPaTHgYxcBCOlnUiQUGhUcZ4TbXjIIYWEKo5vZWTHtEEwo2yYwN4c/Lf0nlsOB7Bf/qOFs8m8aRRjtoF+WRj05QEV2gEiojiu7RI3pGL86D8+S8Om+T1pQzndlGv+C8fwFYL55A</latexit><latexit sha1_base64="lIPf3gdo2+f/6+NXKw1fpSJqY4I=">AAACFnicbVDLSgNBEJyNrxhfqx69DCZCPBh2VdCTBLx4M6J5QBLC7GSSDJnZWWZ6xbDkK7z4K148KOJVvPk3Th6IRgsaiqpuuruCSHADnvfppObmFxaX0suZldW19Q13c6tiVKwpK1MllK4FxDDBQ1YGDoLVIs2IDASrBv3zkV+9ZdpwFd7AIGJNSboh73BKwEot96AhA3WX5K4v80f7DeCSGTzmOWwGUjLQnGKjRDxqH7bcrFfwxsDfxJ8lWTRFqeV+NNqKxpKFQAUxpu57ETQTooFTwYaZRmxYRGifdFnd0pDY/c1k/NYQ71mljTtK2woBj9WfEwmRxh4Z2E5JoGdmvZH4n1ePoXPaTHgYxcBCOlnUiQUGhUcZ4TbXjIIYWEKo5vZWTHtEEwo2yYwN4c/Lf0nlsOB7Bf/qOFs8m8aRRjtoF+WRj05QEV2gEiojiu7RI3pGL86D8+S8Om+T1pQzndlGv+C8fwFYL55A</latexit>

For x3 < 0

�

cl
i = 0 2 su(N � k1k2), i = 1, . . . , 6

<latexit sha1_base64="e6d6jiZqFdThFgpjmOe981ZIyYQ="></latexit><latexit sha1_base64="e6d6jiZqFdThFgpjmOe981ZIyYQ="></latexit><latexit sha1_base64="e6d6jiZqFdThFgpjmOe981ZIyYQ="></latexit><latexit sha1_base64="e6d6jiZqFdThFgpjmOe981ZIyYQ="></latexit>

For x3 < 0

�

cl
i = 0 2 su(N � dG), i = 1, . . . , 6

<latexit sha1_base64="LRZ+rrpnb8IGW/OEqd+/lzVN11o="></latexit><latexit sha1_base64="LRZ+rrpnb8IGW/OEqd+/lzVN11o="></latexit><latexit sha1_base64="LRZ+rrpnb8IGW/OEqd+/lzVN11o="></latexit><latexit sha1_base64="LRZ+rrpnb8IGW/OEqd+/lzVN11o="></latexit>



The	  extra	  parameter	  on	  the	  string	  theory	  side	  	  

D5	  brane:	  	  	  	  	  	  Geometry	  	   AdS4 ⇥ S2

Background	  gauge	  field	  F:	  k	  units	  of	  magne3c	  flux	  on	  	  S2

Precise	  embedding	  of	  D-‐brane	  determined	  by	  	  S = SDBI + SWZ

Fuzzy	  funnel	  solu3on	  
Constable,	  Myers	  
&	  Taqord	  ´99,	  ‘01	  

	  D7	  brane:	  	  	  	  	  Geometry	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  or	  	  	  	  	  	  	  	  AdS4 ⇥ S2 ⇥ S̃2
<latexit sha1_base64="6lw6WA0f/kKz5GkYG36KWPUshcU=">AAACC3icbVC7TsMwFHV4lvIKMLJYrZCYqqSqBGOBhbGo9CG1aeQ4N61V5yHbQaqi7iz8CgsDCLHyA2z8DW6bAVqOZPnonHt17z1ewplUlvVtrK1vbG5tF3aKu3v7B4fm0XFbxqmg0KIxj0XXIxI4i6ClmOLQTQSQ0OPQ8cY3M7/zAEKyOLpXkwSckAwjFjBKlJZcs3TlN91aX7EQJG4Oqjin+uM+ZM3poOqaZatizYFXiZ2TMsrRcM2vvh/TNIRIUU6k7NlWopyMCMUoh2mxn0pICB2TIfQ0jYge6GTzW6b4TCs+DmKhX6TwXP3dkZFQykno6cqQqJFc9mbif14vVcGlk7EoSRVEdDEoSDlWMZ4Fg30mgCo+0YRQwfSumI6IIFTp+Io6BHv55FXSrlZsq2Lf1cr16zyOAjpFJXSObHSB6ugWNVALUfSIntErejOejBfj3fhYlK4Zec8J+gPj8weAIJoS</latexit><latexit sha1_base64="6lw6WA0f/kKz5GkYG36KWPUshcU=">AAACC3icbVC7TsMwFHV4lvIKMLJYrZCYqqSqBGOBhbGo9CG1aeQ4N61V5yHbQaqi7iz8CgsDCLHyA2z8DW6bAVqOZPnonHt17z1ewplUlvVtrK1vbG5tF3aKu3v7B4fm0XFbxqmg0KIxj0XXIxI4i6ClmOLQTQSQ0OPQ8cY3M7/zAEKyOLpXkwSckAwjFjBKlJZcs3TlN91aX7EQJG4Oqjin+uM+ZM3poOqaZatizYFXiZ2TMsrRcM2vvh/TNIRIUU6k7NlWopyMCMUoh2mxn0pICB2TIfQ0jYge6GTzW6b4TCs+DmKhX6TwXP3dkZFQykno6cqQqJFc9mbif14vVcGlk7EoSRVEdDEoSDlWMZ4Fg30mgCo+0YRQwfSumI6IIFTp+Io6BHv55FXSrlZsq2Lf1cr16zyOAjpFJXSObHSB6ugWNVALUfSIntErejOejBfj3fhYlK4Zec8J+gPj8weAIJoS</latexit><latexit sha1_base64="6lw6WA0f/kKz5GkYG36KWPUshcU=">AAACC3icbVC7TsMwFHV4lvIKMLJYrZCYqqSqBGOBhbGo9CG1aeQ4N61V5yHbQaqi7iz8CgsDCLHyA2z8DW6bAVqOZPnonHt17z1ewplUlvVtrK1vbG5tF3aKu3v7B4fm0XFbxqmg0KIxj0XXIxI4i6ClmOLQTQSQ0OPQ8cY3M7/zAEKyOLpXkwSckAwjFjBKlJZcs3TlN91aX7EQJG4Oqjin+uM+ZM3poOqaZatizYFXiZ2TMsrRcM2vvh/TNIRIUU6k7NlWopyMCMUoh2mxn0pICB2TIfQ0jYge6GTzW6b4TCs+DmKhX6TwXP3dkZFQykno6cqQqJFc9mbif14vVcGlk7EoSRVEdDEoSDlWMZ4Fg30mgCo+0YRQwfSumI6IIFTp+Io6BHv55FXSrlZsq2Lf1cr16zyOAjpFJXSObHSB6ugWNVALUfSIntErejOejBfj3fhYlK4Zec8J+gPj8weAIJoS</latexit><latexit sha1_base64="6lw6WA0f/kKz5GkYG36KWPUshcU=">AAACC3icbVC7TsMwFHV4lvIKMLJYrZCYqqSqBGOBhbGo9CG1aeQ4N61V5yHbQaqi7iz8CgsDCLHyA2z8DW6bAVqOZPnonHt17z1ewplUlvVtrK1vbG5tF3aKu3v7B4fm0XFbxqmg0KIxj0XXIxI4i6ClmOLQTQSQ0OPQ8cY3M7/zAEKyOLpXkwSckAwjFjBKlJZcs3TlN91aX7EQJG4Oqjin+uM+ZM3poOqaZatizYFXiZ2TMsrRcM2vvh/TNIRIUU6k7NlWopyMCMUoh2mxn0pICB2TIfQ0jYge6GTzW6b4TCs+DmKhX6TwXP3dkZFQykno6cqQqJFc9mbif14vVcGlk7EoSRVEdDEoSDlWMZ4Fg30mgCo+0YRQwfSumI6IIFTp+Io6BHv55FXSrlZsq2Lf1cr16zyOAjpFJXSObHSB6ugWNVALUfSIntErejOejBfj3fhYlK4Zec8J+gPj8weAIJoS</latexit>

AdS4 ⇥ S4
<latexit sha1_base64="zyNYhYJ2Zu8hVnb3HZBUXnt9MNk=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoiBT1WvXis1H5AG8Nms2mXbjZhdyLU0l/ixYMiXv0p3vw3btsctPXBwOO9GWbmBangGhzn2yqsrW9sbhW3Szu7e/tl++CwrZNMUdaiiUhUNyCaCS5ZCzgI1k0VI3EgWCcY3cz8ziNTmifyHsYp82IykDzilICRfLt8FTb9Wh94zDRuPtR8u+JUnTnwKnFzUkE5Gr791Q8TmsVMAhVE657rpOBNiAJOBZuW+plmKaEjMmA9QyUxi7zJ/PApPjVKiKNEmZKA5+rviQmJtR7HgemMCQz1sjcT//N6GUSX3oTLNAMm6WJRlAkMCZ6lgEOuGAUxNoRQxc2tmA6JIhRMViUTgrv88ippn1ddp+re1Sr16zyOIjpGJ+gMuegC1dEtaqAWoihDz+gVvVlP1ov1bn0sWgtWPnOE/sD6/AF7H5JP</latexit><latexit sha1_base64="zyNYhYJ2Zu8hVnb3HZBUXnt9MNk=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoiBT1WvXis1H5AG8Nms2mXbjZhdyLU0l/ixYMiXv0p3vw3btsctPXBwOO9GWbmBangGhzn2yqsrW9sbhW3Szu7e/tl++CwrZNMUdaiiUhUNyCaCS5ZCzgI1k0VI3EgWCcY3cz8ziNTmifyHsYp82IykDzilICRfLt8FTb9Wh94zDRuPtR8u+JUnTnwKnFzUkE5Gr791Q8TmsVMAhVE657rpOBNiAJOBZuW+plmKaEjMmA9QyUxi7zJ/PApPjVKiKNEmZKA5+rviQmJtR7HgemMCQz1sjcT//N6GUSX3oTLNAMm6WJRlAkMCZ6lgEOuGAUxNoRQxc2tmA6JIhRMViUTgrv88ippn1ddp+re1Sr16zyOIjpGJ+gMuegC1dEtaqAWoihDz+gVvVlP1ov1bn0sWgtWPnOE/sD6/AF7H5JP</latexit><latexit sha1_base64="zyNYhYJ2Zu8hVnb3HZBUXnt9MNk=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoiBT1WvXis1H5AG8Nms2mXbjZhdyLU0l/ixYMiXv0p3vw3btsctPXBwOO9GWbmBangGhzn2yqsrW9sbhW3Szu7e/tl++CwrZNMUdaiiUhUNyCaCS5ZCzgI1k0VI3EgWCcY3cz8ziNTmifyHsYp82IykDzilICRfLt8FTb9Wh94zDRuPtR8u+JUnTnwKnFzUkE5Gr791Q8TmsVMAhVE657rpOBNiAJOBZuW+plmKaEjMmA9QyUxi7zJ/PApPjVKiKNEmZKA5+rviQmJtR7HgemMCQz1sjcT//N6GUSX3oTLNAMm6WJRlAkMCZ6lgEOuGAUxNoRQxc2tmA6JIhRMViUTgrv88ippn1ddp+re1Sr16zyOIjpGJ+gMuegC1dEtaqAWoihDz+gVvVlP1ov1bn0sWgtWPnOE/sD6/AF7H5JP</latexit><latexit sha1_base64="zyNYhYJ2Zu8hVnb3HZBUXnt9MNk=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoiBT1WvXis1H5AG8Nms2mXbjZhdyLU0l/ixYMiXv0p3vw3btsctPXBwOO9GWbmBangGhzn2yqsrW9sbhW3Szu7e/tl++CwrZNMUdaiiUhUNyCaCS5ZCzgI1k0VI3EgWCcY3cz8ziNTmifyHsYp82IykDzilICRfLt8FTb9Wh94zDRuPtR8u+JUnTnwKnFzUkE5Gr791Q8TmsVMAhVE657rpOBNiAJOBZuW+plmKaEjMmA9QyUxi7zJ/PApPjVKiKNEmZKA5+rviQmJtR7HgemMCQz1sjcT//N6GUSX3oTLNAMm6WJRlAkMCZ6lgEOuGAUxNoRQxc2tmA6JIhRMViUTgrv88ippn1ddp+re1Sr16zyOIjpGJ+gMuegC1dEtaqAWoihDz+gVvVlP1ov1bn0sWgtWPnOE/sD6/AF7H5JP</latexit>

Background	  gauge	  field	  F:	   or	   dG =
1

8⇡

Z

S4

F ^ F
<latexit sha1_base64="vLKPvBKRP79gUhyYPXSzbIlWlOI=">AAACEHicbVBNS8NAEN34WetX1KOXxSJ6KokU9KIIQvWoaK3Q1LDZTOrSzSbsbpQS8hO8+Fe8eFDEq0dv/hu3NQetPhh4vDfDzLwg5Uxpx/m0JianpmdmK3PV+YXFpWV7ZfVSJZmk0KIJT+RVQBRwJqClmeZwlUogccChHfSPhn77FqRiibjQgxS6MekJFjFKtJF8eyv0j/exF0lCc7fI97yUFR4T2s/PrxsFbnp3EPYAN3275tSdEfBf4pakhkqc+vaHFyY0i0FoyolSHddJdTcnUjPKoah6mYKU0D7pQcdQQWJQ3Xz0UIE3jRLiKJGmhMYj9edETmKlBnFgOmOib9S4NxT/8zqZjva6ORNppkHQ70VRxrFO8DAdHDIJVPOBIYRKZm7F9IaYcLTJsGpCcMdf/ksud+quU3fPGrXDgzKOClpHG2gbuWgXHaITdIpaiKJ79Iie0Yv1YD1Zr9bbd+uEVc6soV+w3r8AdNycMQ==</latexit><latexit sha1_base64="vLKPvBKRP79gUhyYPXSzbIlWlOI=">AAACEHicbVBNS8NAEN34WetX1KOXxSJ6KokU9KIIQvWoaK3Q1LDZTOrSzSbsbpQS8hO8+Fe8eFDEq0dv/hu3NQetPhh4vDfDzLwg5Uxpx/m0JianpmdmK3PV+YXFpWV7ZfVSJZmk0KIJT+RVQBRwJqClmeZwlUogccChHfSPhn77FqRiibjQgxS6MekJFjFKtJF8eyv0j/exF0lCc7fI97yUFR4T2s/PrxsFbnp3EPYAN3275tSdEfBf4pakhkqc+vaHFyY0i0FoyolSHddJdTcnUjPKoah6mYKU0D7pQcdQQWJQ3Xz0UIE3jRLiKJGmhMYj9edETmKlBnFgOmOib9S4NxT/8zqZjva6ORNppkHQ70VRxrFO8DAdHDIJVPOBIYRKZm7F9IaYcLTJsGpCcMdf/ksud+quU3fPGrXDgzKOClpHG2gbuWgXHaITdIpaiKJ79Iie0Yv1YD1Zr9bbd+uEVc6soV+w3r8AdNycMQ==</latexit><latexit sha1_base64="vLKPvBKRP79gUhyYPXSzbIlWlOI=">AAACEHicbVBNS8NAEN34WetX1KOXxSJ6KokU9KIIQvWoaK3Q1LDZTOrSzSbsbpQS8hO8+Fe8eFDEq0dv/hu3NQetPhh4vDfDzLwg5Uxpx/m0JianpmdmK3PV+YXFpWV7ZfVSJZmk0KIJT+RVQBRwJqClmeZwlUogccChHfSPhn77FqRiibjQgxS6MekJFjFKtJF8eyv0j/exF0lCc7fI97yUFR4T2s/PrxsFbnp3EPYAN3275tSdEfBf4pakhkqc+vaHFyY0i0FoyolSHddJdTcnUjPKoah6mYKU0D7pQcdQQWJQ3Xz0UIE3jRLiKJGmhMYj9edETmKlBnFgOmOib9S4NxT/8zqZjva6ORNppkHQ70VRxrFO8DAdHDIJVPOBIYRKZm7F9IaYcLTJsGpCcMdf/ksud+quU3fPGrXDgzKOClpHG2gbuWgXHaITdIpaiKJ79Iie0Yv1YD1Zr9bbd+uEVc6soV+w3r8AdNycMQ==</latexit><latexit sha1_base64="vLKPvBKRP79gUhyYPXSzbIlWlOI=">AAACEHicbVBNS8NAEN34WetX1KOXxSJ6KokU9KIIQvWoaK3Q1LDZTOrSzSbsbpQS8hO8+Fe8eFDEq0dv/hu3NQetPhh4vDfDzLwg5Uxpx/m0JianpmdmK3PV+YXFpWV7ZfVSJZmk0KIJT+RVQBRwJqClmeZwlUogccChHfSPhn77FqRiibjQgxS6MekJFjFKtJF8eyv0j/exF0lCc7fI97yUFR4T2s/PrxsFbnp3EPYAN3275tSdEfBf4pakhkqc+vaHFyY0i0FoyolSHddJdTcnUjPKoah6mYKU0D7pQcdQQWJQ3Xz0UIE3jRLiKJGmhMYj9edETmKlBnFgOmOib9S4NxT/8zqZjva6ORNppkHQ70VRxrFO8DAdHDIJVPOBIYRKZm7F9IaYcLTJsGpCcMdf/ksud+quU3fPGrXDgzKOClpHG2gbuWgXHaITdIpaiKJ79Iie0Yv1YD1Zr9bbd+uEVc6soV+w3r8AdNycMQ==</latexit>
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One-‐point	  func3ons	  in	  gauge	  theory	  

Part	  II.	  



One-‐point	  func3ons	  in	  gauge	  theory	  

	  Wish:	  A	  Systema3c	  approach	  to	  the	  computa3on	  of	  1-‐pt	  func3ons	  	  	  
	  of	  conformal	  operators	  using	  the	  tools	  of	  integrability	  

Conformal	  scalar	  operators=Eigenstates	  of	  integrable	  SO(6)	  spin	  chain	  

Scalar	  operators	  can	  have	  non-‐zero	  1-‐pt	  fcts	  already	  at	  tree-‐level	  

Consider	  first	  SU(2)	  subsector	  for	  D3-‐D5	  case:	  

Z = �1 + i�4, W = �2 + i�5

O = Tr(Z Z ZW W Z Z . . .W| {z }
L fields

) ⇠ | """##"" . . . #iL
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Eigenstates	  (of	  length	  L=	  	  	  	  	  	  with	  M	  flipped	  spins):	  �
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O� ⇠ |{ui}i = B̂(uM ) . . . B̂(u1)|0iL, |0iL = | "" . . . "iL
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hO�(x)i = (Tr(ZZZWWZZ . . .W ) + . . .) |Z! t1
x3

,W! t2
x3

⌘ C({ui})
x

�
3
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The	  matrix	  product	  state	  

Matrix	  Product	  State	  associated	  with	  the	  defect	  for	  given	  k:	  

Object	  to	  calculate:	  	  

hMPSk| = tra

LY

l=1

⇣
h"l|⌦ (t(k)1 )a + h#l|⌦ (t(k)2 )a

⌘

No3ce:	  3	  parameters:	  k,L,M	  

Non-‐vanishing	  result	  only	  if	  

•  L	  and	  M	  both	  even	  
•  Bethe	  state	  has	  total	  momentum	  zero	  
•  The	  rapidi3es	  come	  in	  pairs,	  i.e.	  	  {ui} = {�ui}

deLeeuw,	  C.K.	  
&	  Zarembo	  ‘15,	  

Ck ({uj}) =
hMPSk

���{uj}Mj=1

E

L

h{uj}|{uj}i
1
2

Follows from the fact that Q2n+1|MPSi = 0 for all n 2 N0
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Result	  for	  k=2	  
I.	  Of	  determinant	  form	  

OBS:	  well-‐known	  determinant	  (due	  to	  Gaudin)	  

	  (*)	  Follows	  	  from	  results	  involving	  overlaps	  of	  Bethe	  states	  and	  the	  	  
	  Néel	  state	  plus	  its	  n-‐fold	  raised	  versions.	  

C2 ({uj}) =
hMPS2 | {uj}i
h{uj}|{uj}i

1
2

= 21�L

s
Q( i

2 )

Q(0)

r
detG+

detG�

Q(u) =
MY

i=1

(u� ui) Baxter	  polynomial	  

h{uj}|{uj}i = Q( i
2 ) detG = Q( i

2 ) detG
+ detG�

exp[i�k] ⌘
 
uk � i

2

uk +

i
2

!L MY

j=1
j 6=k

uk � uj + i

uk � uj � i
Gij = @ui�j ,

Poszgay	  ‘13,	   Brockmann,	  Nardis,	  Wouter	  &	  Caux,	  ‘14,	  Brockmann	  ’14,	  

deLeeuw,	  C.K.	  
&	  Zarembo	  ‘15,	  

Tsuchiya	  ‘98	  

(*)	  



	  the	  transfer	  matrix	  

Tn(u) =

n
2X

a=�n
2

(u+ ia)L
Q(u+ n+1

2 i)Q(u� n+1
2 i)

Q(u+ (a� 1
2 )i)Q(u+ (a+ 1

2 )i)

For	  the	  n+1	  dimensional	  representa3on	  (in	  the	  auxiliary	  space)	  	  

Plays	  an	  important	  role	  in	  
•  Extension	  of	  the	  formula	  to	  one	  and	  higher	  loops	  
•  Extension	  of	  the	  formula	  to	  the	  full	  scalar	  SO(6)	  sector	  

II.	  Interes3ng	  factoriza3on	  property	  

	  	  	  	  	  Can	  be	  proven	  by	  recursion	  

Tn

Ck = iLTk�1(0)

s
Q( i

2 )Q(0)

Q2( ik2 )

s
detG+

detG�

Buhl-‐Mortensen,	  de	  Leeuw,	  
C.K.	  &	  Zarembo,	  15.	  

|MPSk+2i = T̂

✓
ik

2

◆
|MPSki �

✓
k + 1

k � 1

◆L

|MPSk�2i

Result	  for	  any	  k	  



Extension	  to	  full	  scalar	  SO(6)	  sector	  (D3-‐D5	  case)	  

Consider	  operators	  built	  from	  	  

Conformal	  operators=Eigenstates	  of	  SO(6)	  integrable	  spin	  chain	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  SO(6)	  sector	  closed	  at	  one-‐loop	  only	  

Eigenstates	  	  of	  length	  L:	  	  
characterized	  by	  three	  sets	  of	  rapidi3es	  	  

X = �1 + i�4, W = �2 + i�5, Y = �3 + i�6

X = �1 � i�4, W = �2 � i�5, Y = �3 � i�6
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i=1, {v�j }
N�

i=1
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Corresponding operator: L�M = #X �#X,

M �N+ =# W +#X +#Y ,

N+ �N� = #Y � #Y ,

N� = # barred fields
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Extension	  to	  the	  full	  scalar	  SO(6)	  sector	  (D3-‐D5	  case)	  	  	  

Selection rules:

• Momentum of Bethe state equal to zero

• M and L+N+ +N� even

• The rapidities come in pairs, i.e. {ui}, {v+j }, {v
�
l } = {�ui}, {�v+j }, {�v�l }
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Result for Ck:

• Exact formula valid for any, L,M,N+, N�
and k
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• Proof is lacking. Can be checked numerically up to L = 8, k = 6 for SO(6)

and L = 16, k = 6 for SU(3). (Involves summing 10

12
terms.)
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de	  Leeuw,	  C.K	  &	  
Linardopoulos,	  18.	  

Tn(x) =

n
2X

a=�n
2

(x+ ia)L
Q+(x+ ia)Q�(x+ ia)

Q(x+ i(a+ 1
2 ))Q(x+ i(a� 1

2 ))
.
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Extension	  to	  SO(5)	  symmetric	  the	  D3-‐D7	  brane	  set-‐up	  

Selection rules:

• Momentum of Bethe state equal to zero

• The rapidities come in pairs, i.e. {ui}, {v+j }, {v
�
l } = {�ui}, {�v+j }, {�v�l }

• (L,M,N+, N�) = (L,M,M/2,M/2)
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Result for Cn:

• Trivialises for SU(2) sub-sector, N� = N+ = 0.

• Trivialises for SU(3) sub-sector, N� = 0

• No closed expression found for the full SO(6) sector (yet)
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de	  Leeuw,	  C.K	  &	  
Linardopoulos,	  17.	  

Should	  we	  expect	  a	  closed	  expression?	  	  



Integrability	  of	  Matrix	  Product	  States	  

Proposed	  criterion	  for	  integrability	  of	  MPS:	   Q̂2m+1|MPSi = 0, m � 1
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NB:	  Imply	  pairing	  of	  roots	  for	  Bethe	  states	  in	  order	  to	  have	  non-‐vanishing	  overlap	  with	  MPS	  

Piroli,	  Pozsgay	  
Vernier	  ‘17	  

In	  sta3s3cal	  physics:	  	  	   hMPSk

���{uj}Mj=1 iL ⇠ hInitial
���{uj}Mj=1 iL
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•  D3-‐D5	  MPS	  fulfills	  integrability	  criterion	  
•  D3-‐D7	  SO(5)	  symmetric	  MPS	  fulfills	  integrability	  criterion	  
•  D3-‐D7	  SO(3)	  x	  SO(3)	  symmetric	  MPS	  does	  not	  fulfills	  integrability	  criterion	  
	  

Puzzle:	  No	  closed	  form	  for	  1-‐pt	  func3ons	  for	  the	  SO(5)	  symmetric	  D3-‐D7	  case	  (yet)	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

Possible	  key	  to	  progress:	  A	  sca<ering	  picture	  with	  a	  reflec3on	  matrix	  	  



One-‐point	  func3ons	  in	  string	  theory	  

Part	  III.	  



D3-‐D5	  probe	  brane	  system	  suggests	  a	  new	  double	  scaling	  limit	  

One	  can	  compare	  perturba3ve	  gauge	  theory	  to	  semi-‐classical	  string	  theory	  (	  or	  sugra).	  
	  

Nagasaki	  &	  	  
Yamaguchi	  ‘12,	  

cot↵ =

⇡kp
�

cot↵ =

⇡kp
�

� ! 1, k ! 1,
�

k2
finite (N ! 1)

D5-‐brane	  

The	  double	  scaling	  limit	  

For	  D3-‐D7	  with	  SO(3)	  x	  SO(3)	  symmetry:	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  

cot↵ =

⇡
p
k21 + k22p
�
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C.K.,	  Semenoff	  &	  	  
Young	  ‘12,	  

NB:	  D3-‐D5	  Both	  susy	  and	  conformal	  symmetry	  are	  par3ally	  broken	  
	  	  	  	  	  	  D3-‐D7	  Susy	  completely	  broken	  
	  



Nagasaki	  &	  	  
Yamaguchi	  ‘12,	  

One-‐point	  func3ons	  of	  chiral	  primaries	  -‐-‐-‐	  GKPW	  method	  

• Only one chiral primary with the appropriate symmetry for each (even)
conf.dim. �

• Find the variation �SE = �(SDBI + SWZ)

• Expand fluctuations in terms of spherical harmonics on S

5

�SE(X,⌦) =
X

�

X

I

s�I(X)Y�I(⌦)

• Pick Y�I(⌦) the wanted unique chiral primary

• Replace s�I(X) with a bulk-to-boundary propagator reaching from a point
z on the brane to x3 at the boundary. Integrate over z.
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Results	  in	  d.s.l.	  for	  chiral	  primary	  of	  length	  L	  
C.K.	  ,	  Semenoff,	  	  
Young	  ‘12,	  

D3-‐D5	  set-‐up:	  

Nagasaki	  &	  	  
Yamaguchi	  ‘12,	  

D3-‐D7	  set-‐up	  with	  SO(3)	  x	  SO(3)	  symmetry	  
Grau,	  C.K,	  Volk	  &	  	  
Wilhelm,	  to	  appear	  

� = arctan

✓
k1
k2

◆
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Match	  at	  leading	  order	  in	  d.s.l.	  both	  for	  D3-‐D5	  and	  D3-‐D7	  

Next	  to	  leading	  order	  predic3ons	  

Nagasaki	  &	  	  
Yamaguchi	  ‘12,	  
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One-‐loop	  one-‐point	  func3ons	  in	  gauge	  theory	  
	  	  	  	  	  	  Matching	  gauge	  and	  string	  theory	  

Part	  IV.	  



One-‐loop	  one-‐point	  func3ons	  

Mo3va3on:	  

I.	  Sexng	  up	  the	  quantum	  computa3on	  is	  non-‐trivial	  

II.	  Checking	  the	  one-‐loop	  predic3on	  from	  string	  theory	  

III.	  Integrability	  and	  finite	  g	  

Choose	   O = TrZL 2 SU(2) sector

= c1YL + . . .
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Sexng	  up	  loop	  computa3ons	  

	  	  

Complicated	  mass	  matrix	  
-‐Mixing	  involving	  both	  flavour	  and	  colour	  

-‐Mass	  terms	  involving	  x3	  dependence	  

New	  cubic	  interac3on	  terms	  

2. Gauge fix to kill a term of the type:

i

2

[Aµ,�
cl
i ] @

µ
˜�i

S

mass

=

1

x

2
3

Tr

⇣
[ti,

˜

�j ][ti,
˜

�j ] + [Aµ, ti][A
µ
, ti] + 4i[A

3
,

˜

�i]ti + [ti, tj ][
˜

�i,
˜

�j ]

+ [ti,
˜

�i][tj ,
˜

�j ] + [ti,
˜

�j ][
˜

�i, tj ] + ghosts + fermions

⌘

�i = �

cl
i + �̃i =

ti

x3
+ �̃i i = 1, 2, 3

Buhl-‐Mortensen,	  
de-‐Leeuw,	  Ipsen,	  
C.K.,	  Wilhelm,	  ‘16	  

1. Expand the N = 4 SYM action around �cl

3. Diagonalize mass matrix (using fuzzy sphere spherical harmonics)
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Sexng	  up	  loop	  computa3ons	  

4. Dealing with the space-time dependence of Smass

Bosonic	  Propagator:	  
✓
�@µ@

µ +
m

2

x

2
3

◆
K(x, y) = �(x, y)

Define: K̃(x, y) = x3 y3 K(x, y). Then

˜K propagator with mass m̃2
= m2 � 2 in AdS4 with metric g

µ⌫

=

1
x

2
3
�
µ⌫

Special	  care	  needed	  for	  zero	  modes	  to	  keep	  ½	  susy	  	  

5. Regularization and renormalization needed

Consider 3 + 2✏ fields of type ˜�4, ˜�5, ˜�6

and 3� 2✏ fields of type A0, A1, A2.

Gaio<o	  &	  	  
Wi<en	  ´08.	  

Consider propagators in AdSd+1 with d = 3� 2✏
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The	  one-‐loop	  computa3on	  

Two	  planar	  diagrams	  

| {z }
=0

Start	  from	  SU(2)	  Bethe	  eigenstate	  

Two	  types	  of	  correc3ons	  	  
1.  Loop	  contribu3on	  to	  one-‐point	  func3on	  
2.  Correc3on	  of	  the	  eigenstate	  	  (not	  for	  chiral	  primaries)	  

1.  	  	  

2.	   Can	  be	  found	  using	  	  
⇥�morphism Gromov	  &	  	  

Vieira	  ´13,	  ‘14	  

Scalars,	  gauge	  fields,	  
	  fermions,	  ghosts	  



Field	  theory	  result,	  chiral	  primaries	  
D3-‐D5	  dCFT	  (1/2	  susy):	  

D3-‐D7	  dCFT	  with	  SO(3)	  x	  SO(3)	  symmetry	  (no	  susy):	   Grau,	  C.K,	  Volk	  &	  	  
Wilhelm,	  to	  appear	  

� = arctan

✓
k1
k2

◆
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Buhl-‐Mortensen,	  
de-‐Leeuw,	  Ipsen,	  
C.K.,	  Wilhelm,	  ‘16	  

Complete	  match	  with	  string	  theory	  in	  both	  cases	  

htrZLi
one-loop

htrZLi
tree level

= 1 +
�

4⇡2k2
L(L+ 1)

4(L� 1)
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One	  point	  func3ons	  at	  higher	  loop	  orders	  

•  Make	  the	  integrability	  characteris3c	  replacements	  in	  the	  Bethe	  eqns.	  	  

•  Make	  the	  same	  replacement	  in	  the	  transfer	  matrix,	  i.	  e.	  

•  Possible	  asympto3c	  (i.e.	  so	  far	  without	  wrapping)	  formula	  

(plus	  dressing	  phase	  plus	  wrapping	  correc3ons)	  

Tn(u) �! T̃n(u) = g

L

n
2X

a=�n
2

x(u+ ia)L
Q(u+ n+1

2 i)Q(u� n+1
2 i)

Q(u+ (a� 1
2 )i)Q(u+ (a+ 1

2 )i)

Ck = iLT̃k�1(0)

s
Q( i

2 )Q(0)

Q2( ik2 )

s
det G̃+

det G̃�

Buhl-‐Mortensen,	  
de-‐Leeuw,	  Ipsen,	  
C.K.,	  Wilhelm	  ,17	  D3-‐D5	  dCFT:	  Can	  we	  guess	  the	  result	  based	  on	  integrability	  ?	  	  

Idea:	  

u± i

2
�! x(u± i

2
), �k �! �̃k,
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Outcome	  from	  the	  one-‐loop	  computa3on	  

Fk = 1 + g2
h
 (

k+1
2 ) + �E � log 2

i
�

(1)
+O(g4) ,

Checked	  for:	  L,	  M=2,	  any	  k	  (analy3cal	  deriva3on)	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  L=8,	  M=4,	  k=2,3,4,5,6	  (numerically)	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

Exponen3aliza3on	  at	  higher	  loop	  orders	  ?	  

Fk
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= 2

L��
exp

h
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i

Two	  loop	  computa3on	  might	  clarify	  this	  (NB	  Two	  loops	  in	  AdS)	  

Buhl-‐Mortensen,	  
de-‐Leeuw,	  Ipsen,	  
C.K.,	  Wilhelm	  ,17	  

Ck = iLT̃k�1(0)

s
Q( i

2 )Q(0)
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s
det G̃+

det G̃�
Fk (*)	  

(*)	  reproduces	  string	  theory	  result	  in	  d.s.l.	  up	  to	  wrapping	  order!	  



Summary	  of	  results	  	  

•  A	  closed	  expression	  for	  all	  tree-‐level	  scalar	  one-‐point	  func3ons	  in	  the	  D3-‐D5	  case	  
	  	  	  	  	  	  for	  any	  representa3on	  label	  k.	  
	  
•  Closed	  one-‐point	  func3on	  formula	  in	  SU(2)	  sub-‐sector	  at	  one-‐loop	  for	  	  
	  	  	  	  	  	  D3-‐D5	  set-‐up.	  (Proposal	  for	  asympto3c	  formula.)	  
	  
•  Match	  with	  string	  theory	  for	  D3-‐D5	  to	  two	  leading	  orders	  in	  	  d.s.l.	  	  
	  	  	  	  	  	  for	  the	  one-‐pt	  func3on	  of	  a	  chiral	  primary	  (conf.	  &	  	  susy	  par3ally	  broken.)	  	  
	  
•  Match	  with	  string	  theory	  for	  D3-‐D7	  to	  two	  leading	  orders	  in	  	  double	  scaling	  	  
	  	  	  	  	  	  parameter	  for	  the	  one-‐pt	  func3on	  of	  a	  chiral	  primary	  (susy	  completely	  broken).	  
	  
•  Ongoing	  inves3ga3ons	  of	  the	  D3-‐D7	  brane	  system.	  (Non-‐protected	  one-‐point	  	  
	  	  	  	  	  	  func3ons	  vanish	  in	  SU(2)	  and	  SU(3)	  sector	  in	  the	  SO(5)	  symmetric	  case,	  no	  	  
	  	  	  	  	  	  closed	  formula	  for	  SO(6)	  (yet)	  in	  either	  case)	  
	  
	  
	  	  



Open	  ques3ons:	  

•  Understanding	  the	  integrability	  of	  D3-‐D5	  from	  sca<ering	  theory	  

•  Understanding	  if	  D3-‐D7	  is	  integrable	  or	  not	  

•  Working	  out	  the	  precise	  ac3on	  of	  the	  3D	  defect	  field	  theory	  
	  	  	  	  	  (important	  for	  higher	  loop	  computa3ons	  as	  well	  as	  the	  conf.	  bootstrap	  program)	  
	  
•  More	  elaborate	  data-‐mining	  using	  one	  and	  two-‐point	  func3ons	  	  
	  	  	  	  	  by	  means	  of	  boundary	  conformal	  bootstrap	  eqns.	  
	  
•  More	  detailed	  comparisons	  with	  string	  theory	  for	  both	  one-‐	  and	  
	  	  	  	  	  	  two-‐point	  func3ons	  :	  	  
	  	  	  	  	  	  f.inst.	  involving	  spinning	  strings	  (i.e.	  non-‐protected	  operators)	  
	  	  	  	  	  	  	  
•  Moving	  on	  to	  higher	  loop	  orders	  (	  understand	  wrapping)	  
	  
	  



Thank	  you	  


