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Superspace Sigma Models

Aim: Study non-linear sigma models with
target space supersymmetry not world-sheet

Strings in AdS backgrounds [pure spinor]
c =0 CFTs; symmetry e.g. PSU(2,2/|4) ...

Focus on scale invariant QFT, i.e. 2D CFT

Properties: Weird: logarithmic Conformal Field Theories!

Remarkable: Many families with cont. varying exponents
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Examples: Super-Cosets (candu

[thesis]
Families, w. compact form, w.o. H-flux:
volume 7 cpct symmetric superspaces
G/G%2

OSP(25+2|2S) | G25+1[2S

OSP(25+1|2S) C =1 OSPEZSF2nZS) XSO
U(NIN)

U(N-1[N)xU(1)

— CPN-1N U(NIN)
U(N-n|N) x U(n)
c=-2

* note: ¢ (GL(N|N)) = 0 =c¥ (OSP(25+2|29))



From AdS/CFT to Ghost

Dual of weakly coupled N=4 SYM theory ?
Candidate: Chiral field on CP3l4 [Witten 04]

* Has superconformal symmetry PSU(2,2|4)
 Has compact base < strongly curved AdS

Symplectic fermions are simplest member
CP=U(11)/U(1) x U(1)

— Study CPN-1IN gs generalization of SF
formulas mostly N=2



Plan of Talk

* Symplectic Fermions — a Brief Review
« The Chiral Field on Superspace CP12

Bulk and twisted Neumann boundary conditions

VOO I-A-ME OVrMUO=

 Properties of the Chiral Field on CP12

Exact boundary partition functions
Quasi-abelian evolution; Lattice models;
Symplectic fermions as cohomology

» Conclusion & Some Open Problems



Il Symplectic Fermions: The Bulk

—_—_ = Only global u(1)
S ~ /dQZ (877+a77 + O 877+) sym. is manifest
Has affine psu(1|1) sym: F=(z) = On~(z, 2)
[Ff;'_ ; k. 7; ]+ — N 5-n-+fm,,() .
Action rewritten in terms of currents: (/é o )

Sm/dQZ(F+F_—|—F_F+) U(1)xUé)

Possible modification: 8-angle trivial in bulk
S~ [d2(1+0)F F +(1—0)F F7)
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Possible modification: 8-angle trivial in bulk
S~ [d2(1+0)F F +(1—0)F F7)




Il Symplectic Fermions: Boundary
S ~ Shulk + ﬁ/dIﬁJramn_ boundary

~— term

Implies twisted Neumann boundary conditions:

O =+, O~ 0+

R i SR 0 ©
with currents: Yy I+ B[ F B=1_¢g 0
' F- 1— B \ F~

Results: © ., © 4 ground states In P, of u(1]1)

0—1)\592 Ground states: A(©,,0,) = )\(tr(A1A'21))
twist fields [Creutzig,Quella,VS] [Creutzig,Roenne]



Il The Chiral Field on CPN-1IN

OPN_HN — {(Zn) — (ZmnaHQQ — Z(_}zza — 1} /U(l)

Zy> Ny —

wz,,wn, = U(N|N)/UN —1|N) x U(1)
— 2 parameter family of 2D CFTs;c = -2

R? _ _
Sev = [, d°z(DZ,DZ" + DZ,DZ")
T —
- non- i 0 _
"scnos 4y ] @z (Da— Do)
D=o0-ia 0 term non-trivial; 6=0+21r

Non-abelian extension of symplectic fermion



Il Boundary Conditions for CPN-1IN

Boundary condition in o-Model on target X is

hypersurface Y + bundle with connection A

Dirichlet BC L to Y; Neumann BC || to Y; /8 . |

U(NIN) symmetric boundary cond. for CPN-1IN

ine bundles on Y = CPN'IN with monopole A,

Spectrum of sections e.g. N=2; y=0 U integ;r
~ (1+14+1) + 48 +§O + ...+ (2n+1) x 16 + superspherical

atypicals typicals of U(2|2) harmonics



lll Boundary conditions & Spectra

Count boundary condition changing operators

at R = = (free field theory) Builtirom Z, Zos0Zgs -

monopole numbers Euler fct fermionic contr.

Y
J ! —1\G n
CPyvp % - du . B 2. 1—|—y (ZLL ) q
Zi=c = 4701d) % ul‘-'_”’gb(Q) 1LH11(1 ’ ) nH(] o ;’Hil I — 2(2u)’q"

h 4 Y 1

U(1) gauging constraint bosonic contr.

— Z w/\ VM( ) XA(.CL”, y) «—— Uu(2]2) characters

for N=2
~ X(1+14+1) T Xag + Xso ¥ A Xad ¥ - andpu=v



Il Result: Spectrum at finite R

universal
Branching fcts indep of A Characters
of u(2|2) reps

fromR = \
. ol

CP:v Ly(—
Zp = q?)‘()‘ VU () ¢ /‘\ Xa(z,y)
A = A\(©,,0,) from Casimir
symplectic Fermions of U(2|2)

©=0+2mu real



Quasi-abelian Evolution of Weights

) R 0 2
Free Boson: Ag =Ag + f(R)g5
In boundary theory / / \
bulk more involved at R=R, universal U(1) charge

Prop.: Boundary spectra of CPl? chiral field :

quadratic

Ap =AY + f(R)Cg) — Casimir

Deformation of conf. weights is "quasi-abelian’
[Bershadsky et al] [Quella,VS,Creutzig] [Candu, Saleur]

e.g. (1+14+1) remains at A=0; 48, 80, .... are lifted



Lattice Models and Numerics

2L—1

HU* — Hu* Z E — w Z P]ﬂ‘? +Hz( /)

T —

Jl/‘

acts on states space:

Vi o Veo Vg o Ve Vi
Extract f,,(R) from
Ah, =1, (R)(Cy-Cy)

I=py-v
no sign of

voundaryterm 1= PP K
w = 0 — talk by N. Read
l0ofg -~ + ~ . T T T 1 T T T T T T T T T
09 | o level 1
-4 + level 2
08 A level 3
.
0.63—
0.52—
0.43—
0.33—
0

3 |
w=w(R)

instanton effects



SFermions as Cohomology
S [E((L+0)(JT + FTF + FE ) +(1-6)(+ = -))

212): ( JT S
U(2l2) as Q U(1)
in3 § | {1 - X
of U12) | \ Fy ) U(1/2)

Result: [Candu.Creutzig.Mitev,VS] = = F'" ]~ + F'7 ]~
S~ [ @2 (1+0)FFy +Q(E) +(1-6)(+ < -)

Cohomology of Q arises from states in atypical

modules with sdim # 0 all multiplets of ground states
contribute — A(©,,0,) from SF




Conclusions and Open Problems

Exact Boundary Partition Functions for CP112

Techniques: QA evolution; Lattice; Q-Cohomology

For S&5*11S there is WZ-point at radius R =1

/
osp(25+2|2s) at level k=1 [Candu,H.Saleur]
[Mitev,Quella,VS]

ls there WZ-point in moduli space of CPN-1N?
e.g. psu(N|N) at level k=1 CP=PSU(1]1),-,
Much generalizes to PCM on PS&J(1 ,112)!

QA evolution, simple subsector AdS; x S3



It's all Logarithmic CFT!
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