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Abstract: We discuss the calculation of higher loop contributions to the anomalous dimensions of operators in N=6 Superconformal Chern-Simons
theories. These lead us to conjecture the form of an interpolating function of the 't Hooft coupling that is not determined by integrability.
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itroduction

» Two “Very Interesting” superconformal field theories with integrable
structures in planar limit

» N = 4 Super Yang-Mills
» ABJM model (Aharony. Bergman, Jafferis and Maldacena): Chern-Simons W/
superconformal matter

» Many similarities but some interesting differences

» Both theories have a “spin chain” interpretation
» Both have an SU(2|2) substructure
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» Two “Very Interesting” superconformal field theories with integrable
structures in planar limit

» N = 4 Super Yang-Mills
» ABJM model (Aharony. Bergman. Jafferis and Maldacena): Chern-Simons W/
superconformal matter

» Many similarities but some interesting differences

» Both theories have a “spin chain” interpretation
» Both have an SU(2|2) substructure
» ABJM has an extra function, h*()\)

» Known to leading order for small and large coupling
» Not determined by integrability.
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itroduction

» Two “Very Interesting” superconformal field theories with integrable
structures in planar limit

» N =4 Super Yang-Mills
» ABJM model (Aharony, Bergman. Jafferis and Maldacena): Chern-Simons W/
superconformal matter

» Many similarities but some interesting differences
» Both theories have a “spin chain” interpretation
» Both have an SU(2|2) substructure
» ABJM has an extra function, h”(\)
» Known to leading order for small and large coupling
» Not determined by integrability.
» | will describe
» An attempt to find h°(\) and its ABJ generalization through a
4-loop calculation
» Compute in components and in superspace
» An all-loop proposal for ABJM
» An all-loop proposal for “maximal” ABJ
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itroduction

» Two “Very Interesting” superconformal field theories with integrable
structures in planar limit

» N = 4 Super Yang-Mills
» ABJM model (Aharony. Bergman, Jafferis and Maldacena): Chern-Simons WI
superconformal matter

» Many similarities but some interesting differences

» Both theories have a “spin chain” interpretation
» Both have an SU(2|2) substructure
» ABJM has an extra function, h*()\)
» Known to leading order for small and large coupling
» Not determined by integrability.
» | will describe

» An attempt to find h°(\) and its ABJ generalization through a
4-loop calculation

» Compute in components and in superspace

» An all-loop proposal for ABJM

» An all-loop proposal for “maximal” ABJ
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ABJM model: Ingredients

» U(N) x U(N) : A,, A, CS action: levels k, —k
» Bifundamental matter fields: (N.N), (N.N)

» SU(4) = 50(6; R-symmetry
» scalars: Y*, ; fermions: wa, vAA=1._.4

ABJM model: Lagrangian

B — % tr [E‘“"A (Apapr +§AFAVAA — AF&AA — ;3,.3;;31)

+D, YIDFYA + idA Dy,

R but vttt el s+ slinibuiiveivwt el
+EY Yty Yc‘-’ﬁy L7 e 3 e
E il aiutut el ahubotautoltal

_EY Yaray YE‘*EY e Y e

S = . = , , =
—5 YAV e + VY vg + - YO Ygua —vAYE Yivg
'—5 ABCD YavY tvp — - SABCD YAL*HYCCL-:__D]

Pirsa: 11050070 Page 53/131



ABJM model: Features

>

-

-

OSp(6|4) superconformal symmetry (24 susys). Couplings are not
renormalized.

Gauge inv. ops are traces of alternating (N. N) and (N. N) terms.

1 -
Otz a = prtrX™ XaXx”Xa - - - X" Xal
X =D'Y" ., D' =DV,

Chiral primary operators: tr[(Y‘YT )] A——0
Y! and Y. each have J = 1, J is one of the three SU(4) charges.
In 3d, bare dimension is also 1

Effective coupling |/ 4 = "t Hooft: A = %
Planar limit requires large k = k effectively continuous

Parity invariance. Under parity CS and u terms change sign. Including
A, < A, and charge conj. keeps terms invariant.

Perturbative expansions are even in A

String dual on AdSs x CP; (for large k) is classically integrable (Arutyunov

pirsa: 11050078 el Frolow: Smhrﬂ*i) Page 54/131



nomalous dimensions

» Two-point functions:

(O(x)0(0)) = |x| 22, A= Bo +

O — Z(A)Obare = 7 = andlnhz
» Mixing: Olen = ZH(N) O e = TV = (271 ;25:2)"
1 > =
Oz a = " Xax"Xa - X" Xal > V1812128 V> -

V and V are fundamental and anti-fundamental reps. of OSP(6/4)

Spin chain with sites alternating between y and 7

Fr=D-Ag=H

H- ViV V- ViV - VidVidVa@Ve---@ Vir @ Vi

Pirsa: 11050070
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Tree level correlator

Pirsa: 11050070 Page 56/131



Tree level correlator

[H©_ 0] =o0.

Two loop corrections

(e.g. scalar sector)
sesieg _:ﬁl
Ol : c'
c c £ 2

AR Operator mixing via two loop planar graphs Beq8 SIS

o




Pi

2 Loops : SU(2) x SU(2) closed sector

» Start with groundstate (chiral primary): [H,tr[(Y1Y} )] =0
» Add impurities (magnons): Y1 — Y2 (odd), Y7 — Y4 (even)

- H(z) =
2L

A2 E (1 — Prei2) K Zarembo and JM; Gaiotto, Giombi and Yin: Bak and Rey

=1
» 2 independent spin chains: Heisenberg ferromagnets

- L Mu -
Bethe egs: (uj + ’/2) — H - e 3
uj —if2 Ry or — U — |
2 M., 3
(Vj‘l‘l/Z)L = H Uj—Vk-l—f
o T,
: u: +if2 - vi+if2
T ' - Ay F T . Trace cond : e'Pi = 1.
—if2 w—ijd H H
M, M.,
.- >P =
||||| - 11050070 E(p) = 4A 5'" E Z E Z pj) Page 58/131



Tree level correlator

[H® 0] =o0.

(e.g. scalar sector)
= Sy
e d € £ g

AR I Operator mixing via two loop planar graphs e SISt

I{l-




2 Loops : SU(2) x SU(2) closed sector

» Start with groundstate (chiral primary): [H.,tr[(Y1YZ )] =0
» Add impurities (magnons): Y — Y2 (odd), Y_: - Y; (even)

> HO —
2L

A2 E (1 — Prsi2) K Zarembo and JM; Gaiotto, Giombi and Yin: Bak and Rey

£=1
» 2 independent spin chains: Heisenberg ferromagnets

. M, .

e (3272)" _ fj moat

w—if2 ks u; — g — 1

(vj-}-i/Z)L = ﬁ Vi — vk + i

o Ty S

: u;: +if2 - vi+if2 -
e = 2 - e = ; Trace cond : eP || e? =
—i/2 — H H
= o - P = =

irsa: 11050070 :(p) — 4A 5'" 2 f Z (p) + Z (pj Page 60/131
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Tree level correlator

[H® O] =o0.

Two loop corrections

(e. g scalar sector)

1Y ERHS

Bl o Operator mixing via two loop planar graphs LR

.," E_I
A

=




2 Loops : SU(2) x SU(2) closed sector

> Start with groundstate (chiral primary): [H, tr{(Y* Y )] =
» Add impurities (magnons): Y! — Y2 (odd), Y7 — Y4 (even)

- H® —
2L

A2 E (1 — Prsi2) K. Zarembo and JM; Gaiotto, Giombi and Yin: Bak and Rey

=1
» 2 independent spin chains: Heisenberg ferromagnets

- L M, .
Bethe egs: (uj + ’/2) — H - S S
uj —if2 eahes S —l
= M, z
(Vj‘l‘!/Z)L = H bﬁ—Vk-l—f
L= T, e =
. - M, M,
== u: +1/2 == +i/2 : =
ePi = 1 / = e'? = / = Trace cond He"’f 1_[.*:-.“"IEJLF =1
M, M,
2 .2P =
Pirsa: 11050070 E(p) — 4A Sln 5 Hf — E(‘Jj) + Z E(pj) Page 62/131



Tree level correlator

[HO® 0] =0.

Two loop corrections

(e. g scalar sector)

{ERHS

oo Operator mixing via two loop planar graphs LR

o
-
1{1

i
-




2 Loops : SU(2) x SU(2) closed sector

» Start with groundstate (chiral primary): [H,tr[(Y1YJ) ] =0
» Add impurities (magnons): Y! — Y?2 (odd), Yy — Y3 (even)

- H{z) =
2L

A2 E (1 — Pr¢i2) K Zarembo and IM; Gaiotto, Giombi and Yin: Bak and Rey

£=1
» 2 independent spin chains: Heisenberg ferromagnets

M, :
Bethe egs: (u"+’/2) == H - S .
i/2 ks 0 —
(a.»;,dr.f/z)‘L = l"‘iI Vi — i+ i
. Ty . =
) = M, M,
- +if2 v +i/2 . =
e = 1 = o — 3 ; Trace cond : ePlle? =1,
—i/2 w—ifd H H

M. M

2 .2pP Z" =
irsa: 11050070 € (P ) = 4" sin E G = = (P}’ ) % € ( Pj ) Page 64/131
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Tree level correlator

Two loop corrections

(e.g. scalar sector)

r L I|.‘

*J, - e
e - ¥
%

S 0S00T0 Operator mixing via two loop planar graphs g



2 Loops : SU(2) x SU(2) closed sector

» Start with groundstate (chiral primary): [H,tr[(Y1Y,))H] =0
» Add impurities (magnons): Y — Y?Z (odd), Y: - Y; (even)

- H(z) ==
2L

22 E (1 — Prsi2) K Zarembo and JM; Gaiotto, Giombi and Yin: Bak and Rey

=1
» 2 independent spin chains: Heisenberg ferromagnets

: M, :
oo (2£2) . fj mzm
uj —i/2 s O e —
- .L Mv -
(Vj—I‘F/Z) _ H b‘]—Vk—f-f
vj —i/2 e ae
a = M M,
. w+if2 o vi+if2 e
o=~ T - Ji8 ¥ 7 . Trace cond : ePille? =1,
w2 & i3 =11
i= i=
= M. M,
- 2 _- 2 =i = i~
Pirsa: 11050070 :(P) = 4A sin 5 Z :(El') T Z :(pj) Page 66/131
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Tree level correlator

[H©®_ 0] =0.

Two loop corrections

(e.g. scalar sector)

1 {XRH 3

gl=: 1050550 Operator mixing via two loop planar graphs CogafiL

*
[




2 Loops : SU(2) x SU(2) closed sector

» Start with groundstate (chiral primary): [H,tr[(Y1Y) )] =0
» Add impurities (magnons): Y — Y? (odd), Yj - Y; (even)

- H(z) —
2L

A2 E (1 — Pr¢i2) K Zarembo and JM; Gaiotto, Giombi and Yin; Bak and Rey

£=1
» 2 independent spin chains: Heisenberg ferromagnets

. M, :
e (222Y _ fj 2
uj —i/2 Mergre,
- L Mv =
(Vj+!/2) = H P_'f—lfk-l-f
e =SNG
: . M, M,
: u; +if2 o v +if2 - 5
e = 2 - e = : Trace cond : ePilleP =1,
1412, il fie-fier -1
z M,
2 2 ...
irsa: 11050070 E(p) — 4): Sll"l E Z = + Z (pj Page 68/131
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Full OSp(6|4) sector !

(i‘-ﬂ)L = ﬁ '{f—unHﬁ uj— e —i 2
- = W, nti2
¥ = I G_“Hﬁq_""_m T —vie—i/2 T G—s—i/2
At i ik w2 P a2 M =i
vj+i/2 § - Vj—Vk+i e vi—rk—i/2
(‘fi_i/z) = k_l_l;lﬁ ;—Vi—f!';[ vi—r+i/2

: ﬁ rj—rg+i M. r—up—if2 = ri—vi—if2 ﬁ r—sk—i/2
Sy rj—rk—i o +i/2 s ri—vi+i/2 s r}—sk+:/2
M. : M, - M, . M 2

> = s;—rg—if2 ﬁ S; — W -I-I/2- — ﬁ W — Wi — i ﬁ w; —sp+i/2
= s;—rg+if2 =, —wy —i /2 k=1 kti Wi — Wi w;—sp—i/2
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ABJ Aharony, Bergman, Jafferis). EXtend to U(N) X U(M)

» Still has N' = 6 supersymmetry
» Two 't Hooft parameters: A = I, - -

» Background B ~ "IM J for string dual: no longer clear if string theory is
integrable, B effectively adds a # term to sigma model.

» Broken parity
» — At two loops might expect dependence on A\, AZ and A%. Integrability
preserved?

Pirsa: 11050070 Page 70/131



ABJ (anacony Berzman sarieis): Extend to U(N) x U(M)

» Still has V' = 6 supersymmetry
» Two 't Hooft parameters: A:%. A= %

» Background B ~ "IM J for string dual: no longer clear if string theory is
integrable, B effectively adds a # term to sigma model.

» Broken parity

» — At two loops might expect dependence on AA, A2 and A2 Integrability
preserved?

A\? replaced with A\ Bak, Gang, Rey: W. Schulgin, K. Zarembo and JM

Pirsa: 11050070 Page 71/131



Extension to higher loops

» n loops: interactions reach over n sites
» Odd and even magnons each transform in SU(2|2) short rep.
2 :
£(p) =/ (3)° + 4>(\)sin? £ — 1 Beisert

» A proposed set of Bethe equations depending on h{\) Gromov and Vieira

» h*(\) is not determined by integrability

- hz(,\) ~ A%, A << 1 2 loop perturbation theory;

h*(A) = A/2, A >> 1; BMN limit of string dual

Nishioka & Takayanagi; Gaiotto, Giombi & Yin: Grignani, Harmark, and Orselli
» (contrast with A" =4 SYM): *(\) = &

> ABIJ (if integrable): =(p) = /(1) + 4h2(\, N)sin® & — 1 72

» |s the theory still integrable if A &= A?
» Does h*(A.A) = FA(VAA) ?
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ABJ (anarony. Bergman sarieis): Extend to U(N) x U(M)

» Still has N' = 6 supersymmetry

» Two 't Hooft parameters: A:%,i:%

» Background B ~ ":“ J for string dual: no longer clear if string theory is
integrable, B effectively adds a # term to sigma model.

» Broken parity

» — At two loops might expect dependence on AA, A2 and A2 Integrability
preserved?

) " replaced with )L:i Bak, Gang, Rey; W. Schulgin, K. Zarembo and JM
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Extension to higher loops

» n loops: interactions reach over n sites

» Odd and even magnons each transform in SU(2|2) short rep.
2 :
=(p) = y/ (2)* + 4K2(\)sin® £ — 1 Beisent
» A proposed set of Bethe equations depending on h(\) Gromov and Vieira
» h*(A) is not determined by integrability
> hz()\) ~ A2, A << 1 2 loop perturbation theory;
h*(A) = A/2, A >> 1; BMN limit of string dual

Nishioka & Takayanagi; Gaiotto, Giombi & Yin: Grignani, Harmark, and Orselli
» (contrast with A" =4 SYM): *(\) = &

> ABIJ (if integrable): =(p) = /(%) + 4h2(\, N)sin® & — 1 772

» |s the theory still integrable if A = A?
» Does hz(,\,i) — " )J«) ?
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Extension to higher loops

» n loops: interactions reach over n sites
» Odd and even magnons each transform in SU(2|2) short rep.
2 .
(p) = \/(%) +4h%(\)sin® £ — 2 Beisert

» A proposed set of Bethe equations depending on h(\) Gromov and Vieira

» h*(\) is not determined by integrability

» h*()\) = A%, A << 12 loop perturbation theory;

h?(A) = A/2, A >> 1; BMN limit of string dual

Nishicka & Takayanagi; Gaiotto, Giombi & Yin: Grignani, Harmark, and Orselli
» (contrast with A" =4 SYM): i*(A) = &

> ABIJ (if integrable): =(p) = /(1) +4h2(A, N)sin> £ — L 72

» Is the theory still integrable if A\ # A?
» Does h*(A. ) = F(VAA) ?
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\vestigate these questions at 4 loops

h%(\, i) to 4 loop order: X = VX, o= %
PRo) =R+ X (o)
e

» H determined by dispersion relation (in SU(2) x SU(2) sector)
» Convenient to use antisymmetric projectors (Flavor Structures):
-1

> x(3) = {a} — {}. x(a:b)={a.b} — {a} — (B} + {}
=T —FN 1L —k —;z(x(l)+ )((2)) +:i4('D‘_‘°dd +D4*euen)

* D, odd = —Xx(1.3) —x(3.1) + (2 — ha(o))x(1)
> Dseven = —x(2,4) — x(4.2) + (2 — hs(—2))x(2)
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\vestigate these questions at 4 loops

h?( A, ;\) to 4 loop order: X = VX, o= %

R(X.o) =X+ Z 2> hpo(0)
n—-_~2

» H determined by dispersion relation (in SU(2) x SU(2) sector)
» Convenient to use antisymmetric projectors (Flavor Structures):
-1
T e am} = szi+a;, ity +2P2i 2y 2itan42 - - - Poitay,, 2itamt2
i=0
> x(a) ={a} —{}. x(a.b)={a.b} —{a} —{b}+{}
» D=H+L=L—X(x(1)+x(2)) + X*(D, oqq + Dz.even)

> D, odd = —Xx(1.3) — x(3.1) + (2 — hs(o))x(1)
> Dseven = —x(2.4) — x(4.2) + (2 — he(—2))x(2)
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\vestigate these questions at 4 loops

h%(, 5\) to 4 loop order: X = VX, o= %
PR.o) =R+ X (o)
it

» H determined by dispersion relation (in SU(2) x SU(2) sector)

» Convenient to use antisymmetric projectors (Flavor Structures):
=3

- x(3)={a} — {}. x(=5)={a.5} —{a} — (B} +- 0
» D=H+L=L—X2(x(1)+x(2)) + X*(D, oqq + D=.even)

> D, odd = —Xx(1.3) — x(3,1) + (2 — ha(o))x(1)
> Deeven = —x(2,4) — x(4,2) + (2 — he(—))x(2)

Use flavor structures:
Consider all 4-loop graphs that lead to x(1) and x(2) flavor structures to

“find ha(o).



4-loop Diagrams (two scalar vertices)

i
v

I BE P

|
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4-loop Diagrams (two scalar vertices)
4-loop Diagrams (Triangles: 3 fermion vertices)

il

—

Bﬁ@é

o< i
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4-loop Diagrams (4 fermion vertices (no crossed))

Pirsa: 11050070

c’i- S
. -_""

Ly




4-loop Diagrams (4 fermion vertices (no crossed))

AWA

4-loop Diagrams ( 4 fermion vertices (2 crossed))

i O Sy




4-loop Diagrams (scalar vert. w/ self energies)

0 S0 N O S R

— e e + L b + 5
s g e e
+ XS Y - 5 SN | =
T o 2 s, L s
= - - e — =
T, o 5 oo 54 r 2 - -
+ Y ¥ + = ; 7 (’-ﬁ::b'( t\_,.f
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4-loop Diagrams (scalar vert. w/ self energies)

0 S N O Q.

+_ P =5 — = ::.___:.' 1L m____ W+%+tp—
L S w-i—f[;} = 'J"‘::Fr & L\? __m +w
4 DR 7 B | =
U I Twzr J'O\) f‘":i.’ +
S ey - — == ==
= ~ ot S
L_Q_JF o +ﬂ+.ﬂ~ T+ T L +

X% - :“‘I.,,_}._”::»—ib—r:i*:‘::[:?‘
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4-loop Diagrams (scalar vert. w/ blob attached to neighbor)

E&l* -

£ —ﬂhimb%b-lkﬂfi'::t_‘:}
--“‘TF‘"‘-.J
_.......5:+[:;.....

- - 1+

. A 7: S S A
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4-loop Diagrams (scalar vert. w/ blob attached to neighbor)

e - P 1 . iy e,
I ’ q,-_‘v__'_,‘ = I e | Ik’_-_'ww l"ﬁ'hlf'd‘ . ‘r“-d-M . . u
par {i e 5 e L L 1 3 N
. - el e
i o n - i
R 1Y e 2 3N
: -..-...-..-r"ﬁ i+ M.m
— -
- - a2 ;'-:*---—'—-—'-J
XK= X - :
1} f ' e o e e e W e - !*u “~nd

4-loop Diagrams (scalar vert. w/ double wide blob)

&
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Diagrams evaluated using dimensional reduction

» c-tensors appear in pairs and always can be contracted
» Contract ='s then dimensionally regularize Chen et al.

» Anom. dim. ~ = pole after subtracting off subdivergences

(X, 0) = X% + ha(o) X"
hy(c) = hs + Uz’h.ﬁ.
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4-loop Diagrams (scalar vert. w/ blob attached to neighbor)
-

b 4 . =
L

F - - ! : t_.\_":‘_‘,l = I —— L. (e | __F'ww i “‘H’P“_‘ - = 0 o
| ——— —— g ™
8 e B+
Ly -q_._:‘_ F
-— - 'H"'\—-\.nr r‘.n.n--'—"d
- M,
———
5 -.r“m
1 -
- - SO S—
AT . R —— -

4-loop Diagrams (scalar vert. w/ double wide blob)

& i
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4-loop Diagrams (scalar vert. w/ self energies)

08 O OF. 9 O

B e — o £ LT e
= g e T
s = —

e T = + L2 s 7y
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4-loop Diagrams (4 fermion vertices (no crossed))

gy

4-loop Diagrams ( 4 fermion vertices (2 crossed))
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4-loop Diagrams (4 fermion vertices (no crossed))
A Y
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4-loop Diagrams (two scalar vertices)

X
ad

4-loop Diagrams (Triangles: 3 fermion vertices)

X
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4-loop Diagrams (4 fermion vertices (no crossed))
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4-loop Diagrams (4 fermion vertices (no crossed))

2y

4-loop Diagrams ( 4 fermion vertices (2 crossed))
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4-loop Diagrams (scalar vert. w/ self energies)
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4-loop Diagrams (scalar vert. w/ blob attached to neighbor)
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4-loop Diagrams (scalar vert. w/ blob attached to neighbor)
' -
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4-loop Diagrams (scalar vert. w/ double wide blob)
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Diagrams evaluated using dimensional reduction

» c-tensors appear in pairs and always can be contracted
» Contract ='s then dimensionally regularize Chen et. al.
» Anom. dim. ~ = pole after subtracting off subdivergences

h*(X.0) = X% + ha(o)X®
h4(0') — h;-!—O'Zh;A
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Diagrams evaluated using dimensional reduction

» c-tensors appear in pairs and always can be contracted
» Contract ='s then dimensionally regularize Chen et al.
» Anom. dim. ~ = pole after subtracting off subdivergences

h*(X.0) = X% + ha(o)X®
hy(c) = hs + 0"y a

Wefnd: b= —4C(2) <0 MTIIEREIE

han =—C(2) H(Ao)# ()
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Diagrams evaluated using dimensional reduction

» c-tensors appear in pairs and always can be contracted
» Contract ='s then dimensionally regularize Chen et al.
» Anom. dim. ~ = pole after subtracting off subdivergences

(X, 0) =A% + ha(o)X*
hy(c) = hy + 0" hy A

Wefind: hy=—4(@)<0 AT

haa =—¢(2) KA o) # (D)

Comments

» Sign of hs is reasonable to match large A behavior.
» Parity is preserved in this sector (ha(c) = he(—7)).
» hs and hs Ao have highest transcendality (2). Conjectured to continue at
higher loops.
Pirsa: 1@007'12(,\- :\) = /\:\ = C(?)Ai()t & i)? S Page 100/131



he calculation in N = 2 superspace

Vector superfields: V, v =1
Chiral superfields: Z4, W, Anti-chiral fields: Z,, W* Ae=E3
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Diagrams evaluated using dimensional reduction

» c-tensors appear in pairs and always can be contracted
» Contract ='s then dimensionally regularize Chen et al.
» Anom. dim. ~ = pole after subtracting off subdivergences

h*(X.0) = X% + ha(o)X®
ha(0) = by + 0" ha i

We find: hy=—4((2) <0 T =rmm o=

han =—¢(2)  F(Ao)# KP(A)

Comments

» Sign of hs is reasonable to match large A behavior.
» Parity is preserved in this sector (hs(c) = he(—7)).
» hs and hs Ao have highest transcendality (2). Conjectured to continue at
higher loops.
Pirsa: 1&;007',2(,\_ i) — Ai = C(z)A:\()i 4 i)l e Page 102/131



he calculation in N = 2 superspace

Vector superfields: V, Vv ==
Chiral superfields: Z4, W, Anti-chiral fields: Z,, WA A=12
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he calculation in N = 2 superspace

Vector superfields: V, 1% ==
Chiral superfields: Z4, Wy Anti-chiral fields: Z5, W* A=12

1 a a
scszi[dsxd‘ef dt[ter)“e_’vDae'V—trVﬁ“e_‘v D.,e“’] ,
4r 0
Sma:——./.daxd49tr(z,ge 2V Wl Wge ),
= 2 C
s,,ﬂ,,_#‘Irz /-d3xd9qce tr Z*WsZ“Wp

n / & x P enp uz,wf‘zcw"] ,
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he calculation in N = 2 superspace
Vector superfields: V, 1% = =
Chiral superfields: Z4, W4  Anti-chiral fields: Z4, WA A=1,2

1 2 3
SCS:%fdsxfﬂf dt[ter)“e—wDae’V—ter)“e_w Duew] :
g 0

S_x_—/daxd‘atr (Zae¥ Z% e vV iwBeY Wge™ ),
= [daxdzeqce tr Z*WaZWo

+ / d*x d*0" eap HZAWBZCWD] ’
Operators in the SU(2) x SU(2) sector are composed of chiral fields only.

1
mtr(z"‘l We, Z2Ws, ... Z™ Wa,)

Antisymmetric projectors appear naturally
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he calculation in N = 2 superspace

Vector superfields: V, Vv ==
Chiral superfields: Z4, W4  Anti-chiral fields: Z4, WA A=1,2

1 . =
:i[daxd‘ﬂf dt[trVﬁ“e“vDae‘V—trVﬁ“e‘w Duerv] .
w 0

Sm,,_—[dsxd‘ﬂtr (Zae¥ Z% e vV iwBeY Wge™"),
5?"“4«2 [dsxdéegce tr Z*WsZ“Wp

4 / &Px P ep uawﬂzcw”] ,

Operators in the SU(2) x SU(2) sector are composed of chiral fields only.

1
NE tr(Z™ W, Z2 W, ... Z™* Wp,)

Antisymmetric projectors appear naturally

x(1) acting on (odd,even,odd)

Two loops: x(2) acting on (even,odd,even)
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our Loops

5 sites:
(odd,. . . odd)

0
&
.
&)

al

N

irsa: 11050070

\V V

~ A%22 x(1, 3):

~ X3 x(1):

No contribution to hs(o)

Contributes to hs(o)
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our Loops: 3 sites: (odd,even,odd)

~ AA% x(1) ~ mixed x(1)

&
P




n all loop conjecture

[ = 0 (ABJM)]
Define: t =2mwix  g(t) = (2n)*h*(N)

Dispersion:

2
1 t) . = _———— E
=(p) = \/(i) — gﬂ(.z) sin? g_i Similar to N =4 SYM, g(t) — Asym
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n all loop conjecture

[ = 0 (ABJM)]
Define: t =2miA  g(t) = (2n)*h*(N)

Dispersion:

2
g(p) = \/(%) + gﬂ(—;) sin® g—% Similar to N' =4 SYM, g(t) — Asym

Conjecture:

g(t)=—(1—t)log(1 —t) —(1+t)log(l+1)

» Branchcuts at t = +1

» Weak coupling:
g(t)y=—t2—3t*+--- = (272 (A2 -4 (QQX* +...)

» Strong coupling:
glt)=—imt—2logt—2+---= (27?)2(%)\ - ﬁ(log?m\ +2))

P 1M atches the classical string prediction, but no one-loop contributfgi™

.rd-ﬁnd-;r-irﬂﬁl- PN §  _rempRre i S I | e G Cmosetes Dl 0L S e | SOPINE)| v PIRDOL WIS,



dual 't Hooft parameter?

> 27\ = —5(t — t) (for imag. t)

- 2
» Define a prepotential: F(t) = (11— t)2 log g1:q

» Dual coordinate: tp = 228 — _i(1 _ t)log(1 — t)?

» Dual 't Hooft: 27 \p = —{;(to — o)
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dual 't Hooft parameter?

> 27\ = —%(t — t) (for imag. t)
» Define a prepotential: F(t) = é(l —t)?log L:tﬁ
oF(t)

» Duzl coordinate: tp = =~ = —L(1 — ) log(1 — t)?

» Dual 't Hooft: 27 \p = —{;(tp — o)
» g(t) =2x*Ap

. ; 2 :
» Dispersion: =(p) = \/(%) +2\psin” § — 1
» Strong coupling: A\p =~ A
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ABJ?) An interesting limit: “"Maximal” ABJ

-~

> Llet 1 >> )X >> \. rescale: H:%’H

» In this scaling limit for the SU(2) x SU(2) sector (up to 4 loops)

21

H =mwA (1 =3 C(Z)Az) Y (1 — Peeso)

¢=1
Two local Heisenberg spin chains
» Local H persists to all loops in this sector
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ABJ?) An interesting limit: “"Maximal” ABJ

-~

> Let 1 >> X >> A, rescale: H:%’H
» In this scaling limit for the SU(2) x SU(2) sector (up to 4 loops)

2
H == (1 — C(Z))tz) Z (1 — Pees2)
=1

Two local Heisenberg spin chains
» Local H persists to all loops in this sector

5 21
H = sin(wA) Z (1 — Pees2)
=1

» ABJ is believed ill defined if A — A > 1 = A > 1 in this limit .
sin(w\) changes sign at A — 1, violating unitarity
> U(ﬁf—i—f)kﬂx g(N)_;. ~ U(N)x x U(N = — s>
Pirsa: 1105007(/\- A) = (A' 2A + 5 A); Parity nv.and A=0=A—>1-—A Page 114/131



aveats

» The bare dimension does not scale this way, only the anomalous
dimension.

» Perturbative result only. Cannot have A > 1 to compare with gravity
dual.

» What about other sectors?
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ABJ?) An interesting limit: “"Maximal” ABJ

-~

» Llet 1 >> )X >> \. rescale: H:%’H

» In this scaling limit for the SU(2) x SU(2) sector (up to 4 loops)

2
H=mA(1—¢N) Y (1—Pee-2)
=3

Two local Heisenberg spin chains
» Local H persists to all loops in this sector

5 2t
H = sin(wA) Z (1 — Pees2)
=1

» ABJ is believed ill defined if A — A > 1 = A > 1 in this limit .
sin(w\) changes sign at A — 1, violating unitarity
> U(N +£€)x x UN)—&x = UN)k x UN +k —£)_i; =
rrsa 110500 M A) = (A, 2A+1—A); Parityinv. and A=0= A —>1—A. =



aveats

» The bare dimension does not scale this way, only the anomalous
dimension.

» Perturbative result only. Cannot have A > 1 to compare with gravity
dual.

» What about other sectors?
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'Iscussion

» The four-loop correction to h%(A, 3\) is very simple.
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'Iscussion

» The four-loop correction to h*(A, :\) is very simple.

» Lots of Feynman diagrams (less in superspace). Is there a better

way of finding h%()\) and h%(A, \). Sigma-model?
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lIscussion

» The four-loop correction to F2(\, A) is very simple.

» Lots of Feynman diagrams (less in superspace). Is there a better

way of finding A2(\) and F2(\. ). Sigma-model?

» |s ABJ integrable beyond two loops?
(Must go beyond SU(2) x SU(2) sector)
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'Iscussion

» The four-loop correction to h%(A, i) is very simple.

» Lots of Feynman diagrams (less in superspace). Is there a better

way of finding h%()\) and A%(A, \). Sigma-model?

» |s ABJ integrable beyond two loops?
(Must go beyond SU(2) x SU(2) sector)

» Conjecture for g(t) predicts the 6-loop contribution to h*()) is

6{(4) \° Check ?
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'Iscussion

» The four-loop correction to h%(\, :\) is very simple.

» Lots of Feynman diagrams (less in superspace). Is there a better
way of finding h2(\) and F2()\. ). Sigma-model?

» |s ABJ integrable beyond two loops?
(Must go beyond SU(2) x SU(2) sector)

» Conjecture for g(t) predicts the 6-loop contribution to h*(\) is

6((4) \° Check ?

» Find a general function h*()\. o) for ABJ (assuming ABJ is
integrable).
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Iscussion

» The four-loop correction to (A, A) is very simple.

» Lots of Feynman diagrams (less in superspace). Is there a better

way of finding h2(\) and h2(A, A). Sigma-model?

» |s ABJ integrable beyond two loops?
(Must go beyond SU(2) x SU(2) sector)

» Conjecture for g(t) predicts the 6-loop contribution to h*(\) is

6{(4) \° Check ?

» Find a general function h*(\. o) for ABJ (assuming ABJ is
integrable).

» Why is h%(\) linear in ' =4 SYM and more complicated in V' =6
SCS?
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Thanks!

strings 2011

UPPSALA JUNE 27-JULY 2

Don’t forget to register!
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Iscussion

» The four-loop correction to h2(\, A) is very simple.

» Lots of Feynman diagrams (less in superspace). Is there a better

way of finding h%()\) and h%(A, A). Sigma-model?

» |s ABJ integrable beyond two loops?
(Must go beyond SU(2) x SU(2) sector)

» Conjecture for g(t) predicts the 6-loop contribution to h*(\) is

6((4) \° Check ?

» Find a general function h*(\. o) for ABJ (assuming ABJ is
integrable).

» Why is h%(\) linear in A" =4 SYM and more complicated in V' =6
SCS?
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