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I: Non(anti)commutativity from String Theory

% Consider standard Nambu-Goto string action with

extra term B*Y, which is constant.
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» quantize string in the presence of a background field
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I: Non(anti)commutativity from Superstring Theory

Ooguri, Vafa :hep-th/0302109, Seiberg :hep-th/0305248...
% Consider superstrings in a self-dual graviphoton
background F®°, keep F* =0 =

work in flat Euclidean superspace =
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I: Non(anti)commutativity from Superstring Theory

% Lorentz invariant Wass-Zumino lagrangian,

but nonhermitian

% deformation of supersymmetry algebra is chirally
asymmetric (Berenstein, Rey: hep-th/0308049)

= operators induced by deformation are nonhermitian,

= assign non-canonical scaling dimensions for the Grass-
man coordinates, and superfields,
= proof for renormalizability of 4-dimensional QFT’s

with A/ = 1/2 supersymmetry.



II: The Noncommutative SUSY Algebra
% Consider 4D Minkowski space, §% = (6%)T,
g = 3l 1 ifol, Gt = at — ifor), OB = (CBT
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II: The Noncommutative SUSY Algebra
% Consider 4D Minkowski space, §% = (6%)T,
g = 21+ ifohd, Gt =it —iforh, COF = (P,

Require {éo‘, HAB} — CO‘B = {éOZ’ éﬂ} _ Cfdﬁ

Require [#, 0% = 0 = [§", 09 =0
Require {éé‘, 09} =0 =

.6 = 2iCPot 6
5, 6] = 20,07,
G 9% = 2CPeBH
Yy, v ? 055

11



II: The Noncommutative SUSY Algebra

B B 7 B (e A o O L
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II: The Noncommutative SUSY Algebra

k7MY = [§" i) = 4(C9BG8 — coBgagBgt o

aQ 55
If [g", 9] = [y", y*] =0,
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II: The Noncommutative SUSY Algebra

k(949" - [ 5) = AC68° — CoBgeP ot ot
If [, 5] = [5#,5"] = 0 ,

= C_'O‘Béo‘agaéﬁagﬁ- = C’O‘ﬁagdéaagﬁ-éﬁ .
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II: The Noncommutative SUSY Algebra

k(949" - [ 5) = AC68° — CoBgeP ot ot
If [3#, 5] = [5#, 5] =0

= Cdﬁéaagdéﬂagﬁ- = C’O‘Bagdéaagﬁ-éﬂ .

Thus, for consistency we choose,
", §7] = (4CYP9H° — zcaﬁcdﬁ)agdag 4

5, 5] = (40090 — 200B a0 o W7

>[5, =2077CPgk b
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II: The Noncommutative SUSY Algebra

(0,69} = 00
(6%,6%) = C*.

(o,

2, 0%

zH, 6%

@4, 3] = (C*P96° — C9P656%)ot o

9} =0,
:iCé‘Béﬁagﬁz,

= iCaﬂagﬁ-éﬁ :

aQ

Glcn
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II: The Star Product
* If {62 0°} = C*P, and {0%,0°} =0, and choose Weyl

ordering in noncommutative space, then
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II: The Star Product
* If {62 0°} = C*P, and {0%,0°} =0, and choose Weyl

ordering in noncommutative space, then

0907 = W(9*0"), 990° = 0 x 65
— _§Bge 4 Loos _ 989 4 Lo
27 27
o1
= —09 % 0% 4+ %CO‘B , = —W(6°6) + 500‘5 ,

= 629" = 624”7
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II: The Star Product
* If {62 0°} = C*P, and {0%,0°} =0, and choose Weyl

ordering in noncommutative space, then

090° = W(9*0"), 920° = 0% x 9°
= 09 + %c&ﬁ | = 9992 + %CO‘B |
= —00 % 0% + %CO‘B , = —W(0°6) + %CO‘B ,
— 9P — 9P |

% An important requirement: reality condition

(fr# fo)f = £ Al
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II: The Star Product

AN

CoBe o i -

fl = =5 QaQs — —5-QaQ

COBOV— — o = OBV = = -

+— Qo QsCs + 2 QaQyQ5Q
CoBOGB o = e o
+ = (QaQaQ405 — QuQalsQ;) |9
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II: The Star Product

coB 9
2 902908 9(0)

f(0) * g(0) = f(0)exp <—

_ 1) G0 600 D (0)
- 2 06% 968 500000 | 77
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II: The Star Product

coB 9
2 902908 9(0)

f@)*d@=f@Ww<—

cb 9 o 9 0
= 119) <1 T2 902948 _detcaeec”)*ee) 9(6).
and
) ) ) oWy g\
6) * 9(6) = F(B)ex (— : 89%95) 4(6)

detC q(0),

N RO R
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II: The Star Product

{0047 05}* — Oaﬂ ; :xuv GQ* — anﬁagﬂéﬁ ;

(096%), = Y gk §Y, = z'cdﬁ'e%g 5

{6%,09%, =0, 2 2V = 00CHY + 9OCHY .
where,

CH = CO‘BGBV(U“V)QV,

CHY = C_"we[ﬁ(ﬁﬁwﬂ |

o
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III: Supercharges and Covariant Derivatives

% ()’s and D’s have their canonical forms,
82

ao /3/5 OgHoyY
82

ac 55 OyHoyY’

{Qu, Qg} = —4CP5#

{Qa. Qﬁ} = —40%q!,

0
{QCY? QOJ} — QZOCYOéay,LL
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III: Supercharges and Covariant Derivatives

% ()’s and D’s have their canonical forms,

82
B
{Qa, @} = ~40% 0,40 65 ogHogY’
af W 82
{QOU Qﬁ} o 40 Uozoz 65 8yuayy y
0
{Qaa QOZ} o 27/0_@0&8pr

% Supersymmetry is broken by the star product,

P Pas p(¥y) P
QU1 xUy) # QW) x Uy + (—=1)PA" VT % Q(W9),
— — o) —
QU] % Wy) # Q(U1) * Wy + (—1)PVT % Q(Wy).
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III: Supercharges and Covariant Derivatives

{Da,Dg} =0,
{Da, D} =0,

—
{Ba, Dy} = —2ic". J
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III: Supercharges and Covariant Derivatives

{Dq,Dg} =0,
{Da, D} =0,

— _ 0
{Da, Dy} = —2@agaa—w.

*  {Da,Qp} = {Da; Qp} = {Da, Qg} = {Da,; Qg} = 0.
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III: Supercharges and Covariant Derivatives

{DOMDﬁ} — y
{D@,Dﬁ} — U,

— = O
{Da, D¢} = —2wgda—yu.

*  {Da,Qp} ={Da, Qp} ={Da, @3} = {Da, @y} = 0.
Can keep the same definitions for ®(y, ), and ®(7,0),

Dsd(y, 6)
Dod(1, 6)
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IV: Chiral and Antichiral Superfields

N
N

(g, 0)

(y, 0)

A(9) + V20(0) + 00F ()
A() + V20 () + 00F(3)

For the star product of two chiral fields we find,
1(y, 0) * Do(y,0) = D1y, 0)Do(y, 0) — C*h1athos — detCFy Fy
+V207C [eg, (b1 Fo — oo F)
+ g 30" (0uA1Otbog — D AsDiin )]
+ 66 [QC*“VaﬂAl@VAQ

i Oaﬁédﬂgu oV (8 AlayFQ — 0 AQaI/Fl) )
ad” BANTH H

29



V: Non-associativity and Weyl ordering

@1*@2#¢2*@1
@1*@2#&32*@1
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V: Non-associativity and Weyl ordering

(I)l * (I)Q 74 (I)Q * (Dl
(I)l * @2 75 (IDQ * (i)l
% limit discussion to symmetrized via Weyl ordering

products of superfields. (Seiberg: hep-th/0305248)
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V: Non-associativity and Weyl ordering
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products of superfields. (Seiberg: hep-th/0305248)
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V: Non-associativity and Weyl ordering

(I)l * (I)Q 74 (I)Q * (Dl
(T)l * (i)g 75 (T)Q * (I)l
% limit discussion to symmetrized via Weyl ordering

products of superfields. (Seiberg: hep-th/0305248)

D1 * (Do x B3) # (P1 * Do) x D3

% Double Weyl ordering
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V1: The Wess-Zumino Lagrangian

% We find the following result for the Wess-Zumino
lagrangian

200200 & 2, (1 1
sz[ 004’660 x &+ | d%0 ( Jm® &+ g0 D &

(1 - _ 1 - - _
+/d20 (ﬁm@*@+§g@*m<b>}

1 1 o
= L(C =0)— gdetCF3 — §detCF3 + total derivatives.
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VII: Summery

% We worked out a consistent algebra

in Minkowski space,

% Presented a star product that reproduces the alge-

bra of deformed parameter space in its entirety, satisfies

the reality condition, and preserves the chirality of a

product of superfields,
% Obtained Wess-Zumino lagrangian that is both

Lorentz invariant, and Hermitian.
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