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In the planar limit, N ! 1:

AdS/dCFT	
  

N = 4 SYM in 4D  ! IIB strings on AdS5 ⇥ S5

with 3D defect at x3 = 0 with probe brane

Why	
  study	
  one-­‐point	
  func0ons	
  	
  

•  Possibly	
  the	
  simplest	
  observables	
  beyond	
  the	
  (integrable)	
  spectrum	
  

•  Allow	
  for	
  a	
  test	
  of	
  AdS/CFT	
  in	
  a	
  situa0on	
  where	
  both	
  	
  
	
  	
  	
  	
  	
  	
  supersymmetry	
  and	
  conformal	
  symmetry	
  are	
  par0ally	
  broken	
  

•  Provide	
  input	
  for	
  boundary	
  conformal	
  bootstrap	
  eqns.	
  together	
  
	
  	
  	
  	
  	
  	
  with	
  defect	
  	
  two-­‐point	
  func0ons.	
  Allow	
  for	
  data-­‐mining.	
  

•  	
  Can	
  be	
  approached	
  using	
  the	
  tools	
  of	
  integrability	
  (and	
  calculated	
  in	
  closed	
  form)	
  

New features: hO�(x)i 6= 0,

hO�(x)O�0(y)i 6= 0



Defect	
  	
  of	
  co-­‐dimension	
  one	
  

①  One-­‐point	
  func0ons	
  
	
  
	
  
	
  
②  Two-­‐point	
  func0ons	
  between	
  op’s	
  with	
  different	
  conf.	
  dims.	
  
	
  
	
  
	
  
③  Mixed	
  correlators	
  involving	
  bulk	
  and	
  defect	
  fields	
  
	
  
	
  
	
  
	
  	
  

Novel	
  features	
  in	
  dCFTs	
  

hObulk
� (x)i =

C

|x3|�

hObulk
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0
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  ´84	
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Plan	
  of	
  the	
  talk	
  

u 	
  The	
  AdS/dCFT	
  set-­‐up	
  	
  (Novel	
  parameter	
  k)	
  

u 	
  One-­‐pt	
  func0ons	
  at	
  tree	
  level	
  (and	
  higher	
  loops)	
  
	
  
u 	
  Two-­‐point	
  func0ons	
  
	
  	
  
u A	
  check	
  of	
  AdS/CFT	
  with	
  broken	
  susy	
  and	
  broken	
  conf.	
  inv.	
  

u Data	
  mining	
  (using	
  boundary	
  conf.	
  bootstrap	
  eqns.)	
  

u Open	
  problems/Conclusion	
  
	
  



Gauge	
  theory	
  side	
  	
  

Constable,	
  Myers	
  
&	
  Tamord	
  ´99	
  

Freedman	
  &	
  Ooguri	
  ’01,	
  

defect	
  	
  of	
  co-­‐dimension	
  one	
  
S = SN=4 + SD=3

Parameters:	
  	
  	
  �, N, k

For x3 > 0

�

cl
i =

1

x3

✓
(ti)k⇥k 0

0 0

◆
, i = 1, 2, 3

where ti constitute a k-dimensional irreducible representation of SU(2)

[ti, tj ] = ✏ijktk, Solves the classical eqns. of motion

as well as the Nahm eqns.



String	
  theory	
  side	
  	
  

Geometry	
  of	
  D5	
  brane:	
  	
  AdS4 ⇥ S2

Background	
  gauge	
  field	
  F:	
  k	
  units	
  of	
  magne0c	
  flux	
  on	
  	
  

Karch	
  &	
  Randall	
  ’01,	
  

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

Constable,	
  Myers	
  
&	
  Tamord	
  ´99	
  

S2



Symmetries	
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D3 ⇥ ⇥ ⇥ ⇥
D5 ⇥ ⇥ ⇥ ⇥ ⇥ ⇥

SO(1,3)	
  	
   SO(1,2)	
  (x0,x1,x2,x3)	
   (x0,x1,x2)	
  

SO(6)	
   (x4,x5,x6,x7,x8,x9)	
   SO(3)	
  x	
  SO(3)	
   (x4,x5,x6)	
  x	
  (x7,x8,x9)	
  

SO(2,4)	
   SO(2,3)	
  

⇢ ⇢

16	
  supercharges	
   8	
  supercharges	
  

Freedman	
  &	
  Ooguri	
  	
  ’01,	
  

Erdmenger,	
  Guralnik	
  
&	
  Kirsch	
  ‘02	
  

PSU(2,2|4)	
   OSP(4|4)	
  



Results	
  	
  

•  One-­‐point	
  func0on	
  problem	
  shows	
  strong	
  sign	
  of	
  integrability	
  

o  Closed	
  formula	
  at	
  tree	
  level	
  and	
  one-­‐loop	
  order	
  
	
  
o  Sugges0ve	
  all	
  loop	
  order	
  formula	
  

•  Agreement	
  between	
  string	
  and	
  gauge	
  theory	
  observable	
  in	
  	
  AdS/dCFT	
  	
  	
  
	
  	
  	
  	
  	
  	
  where	
  both	
  conformal	
  and	
  supersymmetry	
  are	
  (par0ally)	
  broken	
  	
  

•  Data-­‐mining	
  using	
  the	
  one-­‐	
  and	
  two-­‐pt	
  func0ons	
  of	
  the	
  defect	
  set-­‐up	
  

o  Agreement	
  at	
  tree-­‐level	
  and	
  one-­‐loop	
  in	
  d.s.l.	
  

o  Agreement	
  in	
  d.s.l.	
  with	
  sugges0ve	
  all	
  loop	
  order	
  formula	
  (up	
  to	
  wrapping)	
  

o  Three-­‐point	
  func0ons	
  of	
  N=4	
  SYM	
  without	
  defect	
  

o  Bulk-­‐to-­‐boundary	
  couplings	
  



	
  Integrability	
  of	
  the	
  spectral	
  problem	
  	
  of	
  AdS/CFT	
  	
  

N = 4 SYM fields: Aµ,�i, ↵; i = 1, . . . , 6, ↵ = 1, . . . , 4

Full symmetry group : PSU(2, 2|4)
SU(2)-subsector closed under renormalization:

Z = �1 + i�4, W = �2 + i�5

Operators map to the states of integrable Heisenberg spin chain

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

) ⇠ | """##"" . . . #iL

Dilatation op. maps to its Hamiltonian (planar, one-loop level)



	
  AdS/CFT	
  &	
  The	
  Heisenberg	
  spin	
  chain	
  

|{ui}i = B̂(uM ) . . . B̂(u1)|0iL, |0iL = | "" . . . "iL

where the rapidities {ui} fulfill the Bethe equations

O�’s = Eigenstates of the Heisenberg spin chain

with ui =
1

2

cot

⇣pi
2

⌘
, where pi are momenta

Eigenstates (of length L = � with M flipped spins):

hO�(x)i =
1

x�
3

(Tr(ZZZWWZZ . . .W ) + . . .) |Z!t1,W!t2 ⌘ C({ui})
x�
3

Wish:	
  Systema0c	
  approach	
  to	
  do	
  this	
  calcula0on	
  	
  



Tree-­‐level,	
  SU(2)-­‐subsector	
  

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

⌘

No0ce:	
  3	
  parameters:	
  k,L,M	
  

Non-­‐vanishing	
  result	
  only	
  if	
  

•  L	
  and	
  M	
  both	
  even	
  
•  Bethe	
  state	
  has	
  total	
  momentum	
  zero	
  
•  The	
  rapidi0es	
  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



Complete	
  result:	
  	
  any	
  k,	
  M,	
  L	
  
I.	
  Of	
  determinant	
  form	
  

OBS:	
  well-­‐known	
  determinants	
  

Follows	
  	
  from	
  results	
  involving	
  overlaps	
  of	
  Bethe	
  states	
  and	
  the	
  Néel	
  state	
  

C2 ({ uj } ) =
hMP S2 | { uj } i
h{ uj }|{ uj } i

1
2

= 21! L

!
Q( i

2 )

Q(0)

"
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,	
  



	
  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	
  representa0on	
  (in	
  the	
  auxiliary	
  space)	
  	
  

Plays	
  an	
  important	
  role	
  in	
  
•  Extension	
  of	
  the	
  formula	
  to	
  one	
  and	
  higher	
  loops	
  
•  Extension	
  of	
  the	
  formula	
  to	
  other	
  sectors,	
  SU(3),	
  SO(6)	
  

II.	
  Interes0ng	
  factoriza0on	
  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



Two-­‐point	
  func0ons	
  in	
  AdS/dCFT:	
  Mo0va0on	
  

Several	
  novel	
  types	
  of	
  two-­‐point	
  func0on	
  with	
  new	
  types	
  of	
  space-­‐0me	
  	
  
dependence.	
  

New	
  string	
  theory	
  predic0ons	
  for	
  AdS/CFT	
  in	
  a	
  situa0on	
  where	
  both	
  	
  
supersymmetry	
  and	
  conformal	
  symmetry	
  are	
  par0ally	
  broken.	
  

Provide	
  input	
  for	
  boundary	
  conformal	
  bootstrap	
  eqns.	
  together	
  
With	
  one-­‐point	
  func0ons.	
  Allow	
  for	
  data-­‐mining.	
  



Two-­‐point	
  func0ons	
  

New	
  feature:	
  Overlap	
  between	
  operators	
  with	
  different	
  conf.	
  dims.	
  

hObulk
� (x)Obulk

�0 (x0)i = 1

|x3|�|x0
3|�0 f(⇠), ⇠ =

|xµ � x

0
µ|2

|x3||x0
3|

From	
  general	
  arguments	
  

de	
  Leeuw,	
  Ipsen,	
  
C.K.,	
  Vardinghus,	
  
Wilhelm	
  `17	
  

�cl

NB	
  No0ce	
  that	
  non-­‐trivial	
  field	
  theory	
  manipula0ons	
  are	
  
	
  	
  	
  	
  	
  	
  needed	
  to	
  complete	
  this	
  calcula0on.	
  



Sezng	
  up	
  the	
  perturba0ve	
  program	
  

	
  	
  

Complicated	
  mass	
  matrix	
  
-­‐Mixing	
  involving	
  both	
  flavour	
  and	
  colour	
  

-­‐Mass	
  terms	
  involving	
  x3	
  dependence	
  

New	
  cubic	
  interac0on	
  terms	
  

2. Gauge Þx to kill a term of the type:
i
2

[Aµ ,�cl
i ] @µ ÷�i

3. Diagonalize mass matrix

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



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	
  	
   Gaio>o	
  &	
  	
  
Wi>en	
  ´08.	
  

Yamaguchi	
  &	
  	
  
Nagasaki	
  ´12.	
  

5. Regularization and renormalization needed

— but not for this calculation

Bosonic masses naturally expressed in terms of ⌫ =

r
m2

+

1

4

Multiplicity ⌫(�4,5,6, A0,1,2, c) m( 1,2,3,4) ⌫(�1,2,3, A3)
`+ 1 `+ 1

2 �` `� 1
2

` `+ 1
2 `+ 1 `+ 3

2
(k + 1)(N � k) k

2 �k�1
2

k�2
2

(k � 1)(N � k) k
2

k+1
2

k+2
2

(N � k)(N � k) 1
2 0 1

2

` = 1, . . . k � 1



Examples	
  of	
  two-­‐point	
  func0ons	
  

where the ↵0s can be found recursively

htrZJ1(x) trZJ2(y)i
conn

=
⇠

⇠ + 1
htrZJ1(x)trZ̄J2(y)i

conn

=
g

2

YM

16⇡2

J

1

x

J1
3

J

2

y

J2
3

min{k,J1,J2}X

`=0

↵

J1�1

` ↵

J2�1

`�
2`+1

`+1

� 2

F

1

(`, `+ 1; 2`+ 2;�⇠

�1)

⇠

`(⇠ + 1)

htrZJ
1(x) trXJ

2

�1
Z̄(y)i

conn

=
g

2
YM

16⇡2

J1

x

J
1

3 y

J
2

3

·

min{k,J
1

,J
2

}X

`=0

i

`

2`

� `
`/2

�
↵

J
1

�1
` ↵

J
2

�1
`�2`+1

`+1

�
⇠

`+1

⇥
2F1(`, `+ 1; 2`+ 2;�⇠

�1) + ` 2F1(`+ 1, `+ 1; 2`+ 2;�⇠

�1)
⇤

Gives a prediction for string theory



•  String	
  theory	
  suggests	
  a	
  new	
  double	
  scaling	
  limit	
  

•  One	
  can	
  compare	
  perturba0ve	
  gauge	
  theory	
  to	
  clasical	
  	
  
	
  	
  	
  	
  	
  string	
  theory	
  in	
  this	
  limit	
  	
  (Reminiscent	
  of	
  BMN-­‐limit)	
  
	
  	
  	
  	
  	
  NB:	
  Both	
  supersymmetry	
  and	
  conformal	
  symmetry	
  are	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  par0ally	
  broken	
  
	
  	
  	
  	
  	
  

Nagasaki	
  &	
  	
  
Yamaguchi	
  -­‐12,	
  

cot↵ =

⇡kp
�

cot↵ =

⇡kp
�

� ! 1, k ! 1,
�

k2
finite (N ! 1)

D5-­‐brane	
  

The	
  double	
  scaling	
  limit	
  



Reminder,	
  string	
  theory	
  one-­‐point	
  func0ons	
  

hOL(x)i for chiral primaries with SO(3)⇥ SO(3) symmetry

Only one such O for each even L

Nagasaki	
  &	
  	
  
Yamaguchi	
  ‘12,	
  

C.K.	
  ,	
  Semenoff,	
  	
  
Young	
  ‘12,	
  

Agreement	
  found	
  at	
  leading	
  and	
  next	
  to	
  leading	
  order	
  in	
  the	
  double	
  scaling	
  parameter!	
  

Computation: Heavy-Heavy-Light H H| {z }
D5-brane

L|{z}
chiral primary

Witten prescription: hOL(x)i = � �Scl(s0)

�s0(x)

����
s0=0



Two-­‐point	
  func0ons	
  -­‐-­‐-­‐	
  what	
  do	
  we	
  learn	
  

Predic0on	
  for	
  string	
  theory:	
  	
  

htrZJ1trZ̄J2i = �

16⇡2

1

N

✓
k

2

◆J1+J2�1 1

x

J1
3 y

J2
3

2⇠ + 1

(⇠ + 1)⇠2

� = g2YMN ! 1 , k ! 1 ,
�

k2
finite ,

Relevant	
  string	
  theory	
  computa0on:	
  (No0ce	
  factor	
  of	
  	
  	
  	
  	
  	
  )	
  	
  1

N



Oi(x)Oj(y) =
Mij

|x� y|�i+�j
+
X

k

�ij
k

|x� y|�i+�j��k
C(x� y, @y)Ok(y)OPE:	
  

BOE:	
  	
   Oi(x) =
X

j

µi
j

(2x3)�i! �j
Ĉ(x3,

~

@)Ôj(~x)

Poten0al	
  applica0ons	
  of	
  defect	
  two-­‐point	
  func0ons	
  

•  Data	
  mining	
  using	
  OPE	
  or	
  BOE	
  
•  Use	
  together	
  with	
  one-­‐point	
  func0ons	
  as	
  input	
  for	
  bootstrap	
  eqns.	
  

Liendo,Rastelli	
  
Van	
  Rees	
  ’12	
  

Liendo	
  &	
  
Meneghelli.	
  16,	
  



lim
z3!1

hOi(x+ z)Oj(y + z)i = Mij

|x� y|�i+�j

Data	
  mining	
  

hOi(x)Oj(y)i = fij(⇠)

(2x3)�i(2y3)�j

fij(⇠) = CiCj +
X

k

µi
kµjk F

bdy

(�k, ⇠)| {z }
Boundary

conformal block

From	
  OPE	
  

Structure	
  constants	
  of	
  N=4	
  SYM	
  from	
  one-­‐	
  and	
  two-­‐point	
  func0ons	
  (1+2=3)	
  

From	
  BOE	
  

Bulk-­‐to-­‐boundary	
  couplings	
  from	
  one-­‐	
  and	
  two-­‐point	
  func0ons	
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Data	
  mining	
  -­‐-­‐-­‐	
  Example	
  

hOi(x)Oj(y)i = fij(⇠)

(2x3)�i(2y3)�j
hOii = Ci
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OPE:	
  

Example:	
  	
  	
  

Planar	
  limit,	
  leading	
  order	
  in	
  gYM:	
  	
  

Oi = TrZ3, Oj = TrX2Z̄, Mij = 0, �i = �j = 3

fij(⇠) =
g2YM
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Rhs	
  of	
  OPE:	
  Contribu0ons	
  from	
  	
   Ol with �l = 4
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Ol1 = Tr(Z2X2)� Tr(ZXZX), Cl1 =
k(k2 � 1)
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Ol2 = 8Tr(Z2X2) + 4Tr(ZXZX), Cl2 =
k(k2 � 1)(3k2 � 7)
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Summary	
  of	
  results	
  	
  

•  Managed	
  to	
  find	
  a	
  general	
  SU(2)	
  tree-­‐level	
  and	
  one-­‐loop	
  one-­‐point	
  
	
  	
  	
  	
  	
  func0ons	
  formula	
  for	
  any	
  k,	
  M,	
  L	
  	
  
	
  
•  Proposed	
  an	
  asympto0c	
  formula	
  which	
  matches	
  a	
  string	
  	
  
	
  	
  	
  	
  	
  theory	
  predic0on	
  in	
  a	
  d.s.l.	
  (up	
  to	
  wrapping).	
  

	
  
	
  	
  

•  Generalised	
  the	
  tree-­‐level	
  formula	
  to	
  SU(3)	
  and	
  SO(6)	
  for	
  any	
  k	
  (and	
  
	
  	
  	
  	
  	
  other	
  quantum	
  numbers)	
  
	
  
•  Ini0ated	
  the	
  computa0on	
  of	
  two-­‐point	
  func0ons	
  and	
  the	
  exploita0on	
  	
  
	
  	
  	
  	
  	
  of	
  the	
  boundary	
  conf.	
  bootstrap	
  eqns.	
  
	
  
•  Started	
  the	
  inves0ga0on	
  of	
  the	
  D3-­‐D7	
  brane	
  system.	
  (One-­‐point	
  	
  
	
  	
  	
  	
  	
  func0ons	
  vanishing	
  in	
  SU(2)	
  and	
  SU(3)	
  sector,	
  no	
  closed	
  formula	
  for	
  
	
  	
  	
  	
  	
  SO(6)	
  (yet))	
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Open	
  ques0ons:	
  
•  More	
  sophis0cated	
  data	
  mining	
  via	
  boundary	
  conf.	
  bootstrap	
  eqns.	
  
	
  
•  More	
  detailed	
  comparisons	
  with	
  string	
  theory	
  for	
  both	
  one-­‐	
  and	
  
	
  	
  	
  	
  	
  	
  two-­‐point	
  func0ons	
  :	
  	
  
	
  	
  	
  	
  	
  	
  f.inst.	
  involving	
  spinning	
  strings	
  (i.e.	
  non-­‐protectect	
  operators)	
  
	
  	
  	
  	
  	
  	
  	
  
•  Working	
  out	
  the	
  precise	
  ac0on	
  of	
  the	
  3D	
  defect	
  field	
  theory	
  

•  Moving	
  on	
  to	
  higher	
  loop	
  orders	
  (	
  &	
  understand	
  wrapping)	
  
	
  
•  Proving	
  the	
  SU(3)	
  and	
  SO(6)	
  formulas	
  
	
  
•  Understanding	
  at	
  a	
  deeper	
  level	
  the	
  reason	
  for	
  integrability	
  D3-­‐D5	
  

•  Understanding	
  the	
  reason	
  for	
  the	
  apparent	
  non-­‐integrability	
  of	
  D3-­‐D7	
  
	
  
•  Other	
  AdS/dCFT	
  set-­‐ups,	
  f.inst.	
  derived	
  from	
  ABJM	
  theory.	
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  you	
  



Extension	
  to	
  higher	
  loop	
  orders	
  

Reminder	
  for	
  the	
  spectral	
  problem:	
  	
  

•  Make	
  the	
  following	
  replacement	
  in	
  the	
  Bethe	
  eqns.	
  

•  Introduce	
  phase	
  factor	
  in	
  Bethe	
  eqns.	
  (only	
  contributes	
  star0ng	
  at	
  4-­‐loop	
  order)	
  

•  Take	
  into	
  account	
  wrapping	
  interac0ons	
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One	
  point	
  func0ons	
  at	
  higher	
  loop	
  orders	
  

Idea:	
  	
  
•  Make	
  the	
  usual	
  replacement	
  in	
  the	
  Bethe	
  eqns.	
  and	
  in	
  the	
  Bethe	
  func0on	
  

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

•  Test	
  our	
  asympto0c	
  (i.e.	
  so	
  far	
  without	
  wrapping)	
  formula	
  

(plus	
  dressing	
  phase	
  	
  
plus	
  wrapping	
  correc0ons)	
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  Tests	
  

•  BMN	
  vacuum:	
  Formula	
  agrees	
  with	
  string	
  theory	
  predic0on	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (up	
  to	
  wrapping	
  order)	
  in	
  a	
  d.s.l.	
  	
  

•  Non-­‐protected	
  operators	
  at	
  one-­‐loop:	
  	
  
	
  	
  	
  	
  	
  Formula	
  requires	
  modifica0on	
  by	
  a	
  flux	
  factor	
  	
  	
  

Fk = 1 + g2
h
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NB	
  No0ce	
  that	
  a	
  highly	
  non-­‐trivial	
  field	
  theory	
  calcula0on	
  is	
  
	
  	
  	
  	
  	
  	
  needed	
  for	
  this	
  statement.	
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Results	
  in	
  d.s.l.	
  for	
  chiral	
  primary	
  

Agreement	
  up	
  to	
  wrapping	
  order	
  in	
  d.s.l.	
  !	
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The	
  one-­‐loop	
  computa0on	
  

Two	
  planar	
  diagrams	
  

| {z }
=0

Start	
  from	
  SU(2)	
  Bethe	
  eigenstate	
  

Two	
  types	
  of	
  correc0ons	
  	
  
1.  Loop	
  contribu0on	
  to	
  one-­‐point	
  func0on	
  
2.  Correc0on	
  of	
  the	
  eigenstate	
  	
  

1.  	
  	
  

2.	
   Can	
  be	
  found	
  using	
  	
  
⇥�morphism Gromov	
  &	
  	
  

Vieira	
  ´13,	
  ‘14	
  



The	
  one-­‐loop	
  computa0on	
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Outcome	
  from	
  the	
  one-­‐loop	
  computa0on	
  

Fk = 1 + g2
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Checked	
  for:	
  L,	
  M=2,	
  any	
  k	
  (analy0cal	
  deriva0on)	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  L=8,	
  M=4,	
  k=2,3,4,5,6	
  (numerically)	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

Exponen0aliza0on	
  ?	
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?
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exp

h
(�� L)( (k+1

2 ) + �E)
i

Two	
  loop	
  computa0on	
  might	
  clarify	
  this	
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