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TT Deformation

* Flow equation for TT deformation

1
0,ZL = Eeﬂyepo’T/"pT”G
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Features of 7T Deformation 1

uv
% Universal formula for 77T Deformed Spectrum
L 42 4%
E(L,A) = — l|+—FE +—P; —1
2 L L?
P(L,2) = P(L)
E, : Undeformed Energy
IR

P, 1 Undeformed Momentum

KILS



Features of 7T Deformation 2

Uv

w No new D.o.F emerges
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Features of 7T Deformation 2

1
uv _ o
6/13 o 56‘/“/6'0 T'upTyo-

< "Usually” NO emergent D.o.F

* 1, from Metric variation

1, from Noether procedure

“Usually” emergent D.o.F with
R negative norm
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TT Deformation of 4 = (1,1) SUSY

Does TT deformation preserve
A = (1,1) SUSY?

: Deformation operator is
not supersymmetric

A = (1,1) SUSY
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Bose-Fermi Degeneracy

Deformed spectrum both boson and fermion

I 4) 42 , E, : Undeformed Energy
E(L,2) = — [1/1+—E, +—P2— 1
24 L L2

P, Undeformed Momentum

P,(L.2) = P,(L)

0000-
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[s there local expression for
supercharge Q7

What is the deformed
supersymmetry transformation?
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SUSY7T Deformation?

% SUSY TT deformation by superfield 7

—_ +
4 LO/V_H__l_ = S+|—+ — 0 T;IQ-I__I_—F/ energy-momentum tensor

— 2
; 0L =—|dO(T o T _+T,_T__,)

* Emergent extra degrees of freedom related to negative norm states

. i 0
v Deformed Lagrangian: L= Sy Sy

v Doubling of Fermi degrees of freedom
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TT Deformation of 4 = (1,1) SUSY Model

* Undeformed Lagrangian
Ly = 20,00_¢+ iy oy, + iy 0,y

* Solve the flow equation
(\ 1", from Noether procedure

|
s 0,2 = Eeﬂyep"T”pT’/a

4+ ...

S ~ B
s Solution: & = 5 [\/1 8A0,, po_¢p — 1

x Conjugate momenta

- 07 0L
5 - O/

/ T
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Example: Dirac Bracket of Free Fermion

, A
2 Example: Free Fermion <% = S DY = Syt Syl

Linear in y,

0L l .
= —y4 . 2nd class constraint

Sir, 2

Dirac bracket: {yw,(x),y,()}p =0(x—1y)
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Dirac Bracket

2 TT deformation of /" = (1,1) model

2nd class constraint:

i , 1+ A7%+ ¢?) 1
- 1 =2A7nd’ ++/ (1 + 2473 (1 + 24 2)—1 + — . =0
7, 41//+< g \/( 7)( ) [4\/(1+2M2)(1+2ﬂ¢’2) 4]1//+l/fl//

2Dirac brackets

19, 7(M)ip = olx—=y) 1P, p(V)}p = (#(x), z(y)}p =0 = same

2ind — 1 + \/ (1 + 24701 + 24¢2)

Hy (0, W, (Vip = e S(x —y) + -
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Supercharges

B Supercharges
0 = de W, (7 + ') 0! = de w_ (7 —¢')

m\/ 1 +24¢*
&&: \/ _|_;é71-

V1 + 2472

{Q—Il—’ Ql}D — {QLH}D = {Qi,P}D =0
2 Hamiltonian and momentum
H = (0L 0!}, + (0% 0!}
4 +>X4+JD 4 ¥ ID

p — i{QL QL}D—Q{QL o,
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Global Symmetry

2 Global symmetry

Shift scalar field ¢x) — Px)+a p2 = == [d Y

Shift fermion we(x) —  ywi(x) +ny ?;:i;:I-:i?:ii;:i-:i::?;:lt&::-;:;::-;:-;:}:z;:-;:.;:-;:%g;;;;:;:-;:.-;--~~ 2= Jd X 1T,

a, Ny - constants

2 Commute with Hamiltonian and momentum

{01.H}p = {PLH}p = {QL.P}p = {PLP}, =0
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SUSY and Global Symmetry Algebra

SUSY

1672 16724
{Qi—a Qi}l) — T H

Global B L*
{QJZF’ QE}D =0
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GGreen-Schwarz Action

*x N =2 Green-Schwarz Action for 3D target space

1 o I v I v af QL I v

Log =— Ey“ﬁngngc;w — 0, X*(Y, Y0¥, — W _T70,¥_)G,, — e"/(¥ 1", ¥ )(¥_T"0,¥Y_)G,,
v/ I =9 X'+ iV I¥,¥, +i¥Y "0, ¥_
v WZ term: topological
v/ spacetime supersymmetry

v Y. ! two component Majorana spinor

KILS



“Dictionary”

+ Shifted Light-cone coordinates and target space metric

X+E<%—A>Xl+<%+AQX°\X‘EX1—XO -
— TT Deformation parameter A

ds® = 2A(dX7)* +2dX dX™ + (dX?)?

S~

+ 3D target coordinates and spinor

g\Light—cone gauge

Xt =t : worldsheet time in TT (_- fermion in 11
1 [y
_ g =L (V-
' 10

2 . . . . T
X*=¢  :tscdlarfieldin TT L gauge fixing of kappa symmetry
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Solving Constraints

2 Light-cone gauge : X© = ¢

Charge p, for translation of target coordinate X™ = Hamiltonian of TT

2 Discrete Light-cone quantization : X~ is compactified

non-—trivial topological charge for winding mode

W™ = ¢pdo 0, X~ =—mR .
J unantlzed
2ldentification of topological charge and momentum in T
2r
P=——p W~

L
Q level-matching condition
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3D Target Space SUSY

ol ./ =(1,1) supercharge
2N =2 SUSY of 3D target space

Qi : fermionic global charge

21
3 pap
2nl’? Oab’t

(pological charge from WZ term
Hamiltonian

@ Pz L2 ( P 4—]22W2\
Mep, = (5 A=T Cjﬁd(; o xn = L L
P T ~+ 2 H 4 4

T2 | A2 ~2AP

(02, 00))y = 2i5,(T"C)7P,, -
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3D Target Space SUSY

ol ./ =(1,1) supercharge
2N =2 SUSY of 3D target space

Qi : fermionic global charge

21
3 pap
2nl’? Oab’t

(pological charge from WZ term
Ho @
F”‘C[P’ﬂ = <

L2 ( P 4—]T2W2
.2 A = FﬂCEFd(f 0, X' = —| | o
T + 2AH 471'2 4m
)

: bosonic global charge

(02, 00))y = 2i5,(T"C)7P,, -
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3D Target Space SUSY

ol ./ =(1,1) supercharge
2N =2 SUSY of 3D target space

Qi : fermionic global charge

21
3 pap
2nl’? Oab’t

(pological charge from WZ term

( 2
H P? 2| () Zw
[*CP, = 2 A=10C0doo Xt = —
P\ P2 E 4 2AH : ’

472 | 4=

(02, 00))y = 2i5,(T"C)7P,, -

- momentum
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3D Target Space SUSY

ol ./ =(1,1) supercharge
2N =2 SUSY of 3D target space

Qi : fermionic global charge

21
3 pap
2nl’? Oab’t

(pological charge from WZ term

( 20\
— A=FC§Fd00 X# =
: : ? 4% | 4z’ _
\ 2AP

. topological charge
for compactified boson

(02, 00))y = 2i5,(T"C)7P,, -
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Comments

* Partially broken rigid SUSY

167% 16724

(0:.0ilp =—— e

v/ Due to topological charge

(HF P)

v fermionic global symmetry in TT deformation

* BPS States
v/ BPS states from the point of view of 3D /4 = 2 SUSY

v/ Protected along TT deformation

L 42 2 L* , 4x* )\  4A*
E=—|.[1+— + pr+—pp | +—P* -1
22 L L2

1
P — zpmpw

2= L2 L?
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