KITP, March 17, 2014

Reducing Supersymmetry
of Two-dimensional Sigma Mo
Down to N=(0,2)

Arkady \
with Jin Chen, Xié

Monday, March 17, 14



Outline

Introduction

Heterotic models
Geometry

Holomorphy and its breaki
Multiplets of curre

RG 3ow, be ’

Inst

Monday, March 17, 14



Heterotically deformedN =(0 ,2) CP(N-1) as
world sheet on non-Abelian stringsth=1 YM In 4D
Edalati and Tong, Shifman and Yung

4D -- 2D correspondence
UV: asymptotically free
IR: different phases
Large-N solutions

Geometry of the target space, vacuum bundle,
guantum effects in (0, 2)

Holomorphy and its breaking

Supercurrent supermultiplet (hypercurrengnomalies
RG 3ow, beta functions
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(0,2) Models In 2D
Chiral (0,2) supermultiplet

A(XR +2 |$ $,XL,$) — (y((XR +2 |$ $, X|_)+ §$&|_(XR + 2 |$ $X," 9

s
XRL = I+ X -

Fermi supermultiplet 44

B(Xp+2il I,x(,1)= "r(Xp+2il I, X )+

$ = $& In decomposition of (

| (Xg + 2i! gl R, X0 "

o -
z

b
“

In (2,2) CP(N-

-

o
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(0,2) heterotic deformation adds a singlet fermiormc

B='r(Xg +2i! !, x )+ 2!/F(xg+2i! !, x.)
Lagrangian
1 # . $ v
L = 5 &% Ki(AA) i&A'" 2( BB' +H .c.
1’ : | %
+ -~ d¥ ZGp(ALA )B'B'+ ZB B .
2

Kahler potential derivativeg (A,A ) # & K (AA ) IN
the prst line are not uniquely dePned while the Kahler
Metric Gy = Kip(A A ) =88, K (A A ) IS @ good tensor.
LetOs rewrite as

| S #

L = d"F +H .c. F="2-D K; ilgASS .

N[ -

N» VA

D ZGB 'B'+ ZB B

N| = N|
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While looking similar actually the prst line Is F-term anc

the second is D-term when we account for the target
space Invariance,

F = —= G;;(DAY) (19 A* — 2k BB?)

1
2
1 .
5D 2G 4B 7B +2B B

The division Is important for RG.
In components:

L =Gy |0n¢" 000" + F iVa vl + Z 9 iVivh| + Z Rgu v vl vhvk

| |® ;

+Z¢Lidr Cr + [K, Cr Gy (i Do)l + H.c.} + = ChCr(Gi ¥ V1)

k|2 = _
L vt (@aviih).
E i hJ 1
In CP(N-1): ¢y = 2(6 o ;bﬂ) e
g X X 4
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Geometry of heterotic deformation

Right moving fermions?! &,i = 1,..., N —1, and &
Tangent bundles M afr = cp( N—1)xc. Denots = BN

1 2 | a
Lo==/a>» [¢®PB'iBi + [T, B B* + H.c. (i, k,F=1,...,N)
2 2
+
G.(B): ZGiP! I;P:]- ..... I\I_ —1,
I —
Twi = —Tw = —=K =1 N —1
Ni — —ILliN — _E i 1= —

Potential Ti is not uniquely dePned. Curvature

| T, K :
< ¢ | : = i : = |
C[Zik,j — | AT_; H Ni P I H iN P ! 5 GIP (l, P 1 N ! 1)

H

ikj —
1 ] o _
g = E/olzec;i(;)B’fF’B' —E/dH[H «p(DA P)B'B¥ + H .c.]

Action of £* one-dimensional algebra on the odd
vector bundle. Alexander Voronov
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Holomorphy and its breaking

Bare parameters 1 R
9’ g°
The Pprst two are holomorphic couplingsn(1/g*) = /4= .
Nonrenormalization theorem for superpotential
d «

M uv dMm P 92 =0
More complicated 1‘0|gi2 . In (2,2) where holomorphy

IS maintained, only one-loop running, similarg® = 2
INn4D.InN = 1 Dbreaking in 4D at the second loop but

sometimes at the Prst.L. J. bixon, V. Kaplunovsky and J. Louis, '91
Shifman and A.V. '91

In (0,2) breaking occurs at the Prst loop due to
heterotic coupling.
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5 )= I dPx e 018 (x) 4y (X) 97(0) 8, (0) 0= 1 L

_ I
- 4%$2Z
o I#P
- 4%727

- /’
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Currents and anomalies multiplets

In (2,2) undeformed the hypercurrent is
T. =v,+ [67°s, + Heel] =260~ 609, +...

T!# — ( #O#u)!# T'u,z G,p[@#l PD| ' i , //
Anomaly shifman, A.v. and Zwicky '06 4
> . # p $ NQZ g
DT = — D> R:gBElL S DS
1122 = 70, D2 Ripba 2 89
1 sl f $
®,T,= —0F, R:&,! "D,
2l = 7501 Riph2: D1
In (0,2) o8
JL = Vgt | ! SLL/‘F)
Trr = #RR/'/F’/

e
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AnOmaIy equatiOnS T. T. Dumitrescu and N. Seiberg 11
1 j e
ORI. =-—DW! —DW
2 2
DTer = RW,
W — S;%;L — 10 (79LR + ) (‘9R ’UL) " ’I:HHTaLSE;L

1 P — i |
W(1)=—{R,L-EBRAzDATJ—iD[Z(Rij—thﬁ)Bth—(N,_'

47
For arbitrary manifold dwanson 15 || a5
AT 7
1 R . A
e R i : (B)
W® = —{R; 0pA'DAY — iD |R{ /B/“fﬂgf
WO = iM i
74
L =Re /de |
1 Z88 p
F= —=¢
P
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Analog of Konishi anomaly
and beta function

Classical equations

— et gl _ g
D zGBFB'# =1"G,DA *B'B
S5 o
_! ||# P . :
DZB B# =1"GDA B
class

Analog of Konishi anomaly

_! .II#
D ZG B B #

The second loop |

% 9>
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The same result by diagrams

Al A:2 m
w@m ANF—— )
\

Project for higher loops

T+

g2
|
A# 1! (h2/
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Beta function from instanton calculu

Breaking of holomorphicity at one loop

1 ' h?
¢ ¢ oa
does not show up In the instanton calculus. Indeed, the

heterotic interaction

# $ | # .9
%% Gip ! " PHL" iB#LGp " Sy

does not producd" | terms in the insta
the instanton action stays holomorp
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hen, the Instanton contribution Is

M N M N 4 h?

W S = W ayg | 1 =RE
ZN/2 ZN/2 g2 92
Another RGI Is
12 _ h?
— = —ZZ = RGI
g® g
Differentiating we IDnd the projected beta
g2 , . Ng? i
| = |
9T 4H[L! (h2l 4#)] g o 8%s ! 7a(Ss + Se)
#(9%9 " ke W —3%3T » T(Ri)(1! $-)l (11 To %!
dlnMpV e 2" G i | " . 2"
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Ng? 1+(h?/48$)
4§ 11 (hl.

| #(1! 2#)
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