4th Vienna Central European Seminar

on Particle Physics and Quantum Field Theory

November 30" -December 2*¢, 2007

Nonanticommutative SUSY field

theories

Marija Dimitrijevic

INFN Gruppo Collegato di Alessandria, Alessandria, Italy
University of Belgrade, Faculty of Physics, Belgrade, Serbia

with P. Aschieri, V. Radovanovic and

0710.1746[hep-th], accepted for publication in JHEP

Julius Wess

M. Dimitrijevi¢, INFN Alessandria

-p.1



Outline

e Undeformed:
-superspace
-SUSY transformations

e Deformed (noncommutative):
-SUSY transformations
-superspace
-chiral fields

e Deformed Wess-Zumino Lagrangian
-construction
-equations of motion

e Comments, conclusions
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Undeformed superspace

Generated by (anti)commuting coordinates

2™, 2" =0, {0%60°}=0, {040} =0, (1)
withm =0,...3and o, 3,6,68 =1, 2.
Derivatives consistent with this algebra are given by

Oy "] = 6%, {0,0°} =65, {8%,0,) = 6] )

and

0, On] =0, {0a,05} = {0%,0°} =0,.... (3)
Superfiled F(z,0,0) can be expanded in powers of § and ¢

F(x,0,0) = f(x) 4+ 0¢(z) + 0x(x) + 00m(x) + 60n(x)
+00Ov,y, + 000X (x) + 000 () + 0000d(z). (4)
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Under infinitesimal SUSY transformations

0cF = (£Q+EQ)F,

Qo =00 —i0™ 3 0% 0, Q% = 0% —if%™ 4

-&‘Bdam.

()
(6)

Also £, & = const. and {€%,€7} = {€%, &} = {€a, 5} = 0.

Transformations (5) close in the algebra
[557 577] = —2 (770m§_— gamﬁ) Om -
Leibniz rule Is

5§(FG) — (5£F)G—|—F(5£G)
= ((Q +£Q)(F - G).

(7)

(8)
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Hopf algebra of undeformed SUSY transformations

e algebra

{Qaa Qﬁ} — {Qda Qﬁ} — Oa {Qaa Qﬁ} — QiUngBama
[amaan] — [amaQOé] — [ama QO&] = 0. (9)

e coproduct

AQy=Qa®1+1®Qn, ARQs=Qs®1+11 Qa,
AOy =0m ®14+1R Op,. (10)

e counit

£(Qa) = €(Qa) = €(Om) = 0. (12)

e antipod

S(Qa) — _Qaa S(Qa) — _Qda S(am) — _am' (12)



Deformation by twist

Abelian twist F = e~ 20""0m®dh  gmn _ _gnm c R |eads to

1) 0-deformed Poincaré symmetry,

Chaichian et al. (Phys. Lett. B604, 98 (2004)), Wess (hep-th/0408080), Koch et al.(Nucl.
Phys. B717, 387 (2005))

Om,On] = 0, [65,07] = w,™Om, [65,0%,]=35"

w1 O] = O,

AGE) = 6521419 6% + %97“8 (wlrﬁl ® 85 + Oy ®wl88l).

2) 0-deformed gravity,
Aschieri et al. (Class. Quant. Grav. 22, 3511 (2005) and 23, 1883 (2006))

52,671 = G e AT = 6 01+ 1087 = 207 (85,6 90+ 01 087y, )) +-

3) #-deformed gauge theory,

Aschieri et al. (Lett. Math. Phys. 78 (2006) 61), Vassilevich (Mod. Phys. Lett. A 21
(2006) 1279), Giller et al. (Phys. Lett. B655, 80 (2007))

[08,05] =07 4105 A(63) =66 ®1+1® 65 — 9”(@aﬂﬁ9+3@%@a0+
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Deformed SUSY transformations

We choose twist F

1ap LA . 50 mab
T — 62C 0a®0p+5C; 50°Q0 , Caﬁ _ Cﬁa cC. (13)

Hopf algebra of deformed SUSY transformations

{Qaa Qﬁ} — {Qda Qﬁ} — 07 {QO&) Qﬁ} — QZUTgﬂa’ma ce ey (14)
AF(Qa) = F(Qu©1+ 10 Qq)F ! (15)
— Qa ®1+1® Qa
5 Cag (000 © 07 + 5 @ 0" ),
Ar(Qn) = Qe ®1+1® Q4
+%caﬁ (a;ndam ® 05 + On @ aﬂg&am),

e(Qa) =0, S(Qa) = —Qa, S(Qa) =—Qq.

)
/X
&
Q
N——"
I

M. Dimitrijevi¢, INFN Alessandria

—-p.7



x-product

Inverse of F introduces a ~-product on the superspace as

FxG = {F'F®G}

= F-G— ()P0 (@,F) - (956) — 5(~1)/1C, (0 F)(0°C)
—%Ooﬁc’ﬂS (800, F) - (0505G) — %édﬁ-é%(édé’yp)(éﬁ'éf?a)
—icaﬁc (0,0°F)(030°G)
+116( nFloebcrc, (aaaaF)(aﬁagaﬁG)
+116( DFCPC, 4 C.5(0a 048V F)(950° 0 G)
Caﬁcwcaﬁcw(aaaﬂ,édéw)(aﬁagéﬁééc;), (16)

where |F| =1if Fisodd and |F| = 0 if F'is even.
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Under complex conjugation
(F*xG)" =G % F™. (17)
Special examples

{904 5 96} = CQB, {é@ 5 éﬁ} = C_Ydﬁ, [mm 5 a:”] = 0. (18)

Nonanticommutative space; nonanticommutativity is encoded in
terms of the x-product (16).
Derivatives consistent with (18) are just the usual derivatives (2).

Usual integral is the "good" integral.
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Deformed SUSY transformation is defined as

0fF (2,0,0) = (£Q + £Q) F(x,0,0). (19)

As a consequence of (24) the x-product of two superfields is
again a superfield

GE(F+G) = (EQ+EQ)(F*Q), (20)
= (5§F)*G+F*(5§G)

7

((§Q+£Q) )

Leibniz rule is deformed
O (F'x G) = (0¢F) x G + F % (6¢G) (21)
+ Loas (gv (O F) % (05G) + (0o F) *gﬁa%(am(;))

(g%m 14D, F) % (BPG) + (99F) x £%0™ gvﬂ(amc;))
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Chiral field ® fulfils Ds® = 0, with Dy, = —94 — i0%0™ . O,

O(z) = A(x) + V20%Ps(x) + 00F () + i05'0(0,A(x))

—%ee(amw(x))a”;déd + i@@éé(DA(az)). 22)

The x-product of two, three,... chiral superfields is not chiral

02

Pxd = A% — > —F? + (Jaﬁcaﬁ m. o 55(6 A) (9 A )+i0262(DA)2
o~ (2f¢aA— 707%@557@( OmpP)o™ 0 Ba(alA))
- ﬁc 205,55 (Omipa )F + 00 (2AF — )
o 1
+99( - (FOA — 5(877q,¢)om5l(&«ﬁ)))

(

100™0 (z'(amA2) + 1000 naa0!, B(DA)(@A))
V3000555 (O (0 A)) + ieee‘é(m?) 23)

where  C? = C*PC"eqqe55 and C? = C, 07550‘7555

M. Dimitrijevi¢, INFN Alessan

dria — p.11



We project out chiral, antichiral and transverse component of
® x d and ¢ x & x~ ¢ by using projectors P, P, and Pr

b 1 D*D? . 1 D*D? . ~ 1DD*D "
T 0O P10 Tt s O &4
1
fa) S9(e) = F(@) [ d'y Glo— y)g(w).
CQ
P (@ x®) = A2—§F2
2
oo caﬁcaﬁ 74055 (0mA)(B14) + Z0m ((DA)(@14)) )

+f9a (2¢ A —mﬁcaﬁa 1o (Om?)o™ 0 Ba(@A))
2
166 (2AF _ W) + 0080, (A2 _ %F2
1 iy 2
+ 0200 ((BmA)(alA) n —am((DA)(alA))))
1i/2000, 55428, (%A— LevBEaBe,  (OmiP)o™ "o ﬁa(alA))

__ C?2
+19999D(A2 - F2+ caﬁcaﬁ a0l (25)

(wmAx@Aw+aam«DAxaA»))+cxc%.
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Wess-Zumino L agrangian

Undeformed Wess-Zumino Lagrangian

L= ot <I>‘ B
0660

( b . <I>‘ + — <I> D - <I>‘ +c.c.), (26)

with m and )\ real constants.
Deformation

TP — P x D,

- — P(dxd),
(
Py (®+ P (@ % ®)),
Py (Py(® % @)+ @),
\ PQ(CID*CID*CD).

.- PP —

/"
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Comments |

e kinetic term

1 1
Pt xP| =FF+ _-A"OA+ -A0OA* (27)
0000 4 4

(4

5 (OnAT) (O™ A) + £

L i - _
8m¢)0m¢ — §¢0m(6fm¢)
remains undeformed.

e Mass term

Py (® % D) ‘00 +c.C = 24F — pp + 2A°F* — i

remains undeformed.
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e Interaction term

Po(0x Po(0%@))| +cc. =3(A%F - ()A)
_lKabKabFB
4
1 *na 2
+5 KK F (0 A) (00 A) + =0 ((DA)(9,4)) )
(BT K ap(0,) = 2K K (0,0)0°0 ) (9 A) @8
+% ;b(aabalm)ﬁ'ﬁ.(amA)al [AZ — iK“bKabF2
+%KmaK*”aF((8mA)(8nA) + %8m((DA)(8nA)))]

+c.c. +O(K?),
where we introduced the following notation

Cop = Kap(0°€)ap, Cyp = Ko (6™) 45 (29)
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Deformed Wess-Zumino Lagrangian

L = <I>+*<I>‘ __
0000

H(Fh(@xe)| + %PQ((I)*PQ((I)*(I)))‘
= A*OA 4 i(0p0)a™y + F*F

+ c.c. )
60

+ [% (zAF _ ww) + A(FA2 - AW)

_g (KmaK*”w(anw) —2K™ K *”b(anw)ab%) (OmA)

+%KmaK*”“F((0mA)(8nA) + %c‘?m((f?nA)DA)) (30)
A

~ K™ K+ C.C. } +O(KY.
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Equations of motion for fields F and F*

b A
P+ mA + A = S KW KopF + G KK (0mA) (0, 4)

FORTK L0, (0, A)04) + O(KY) =0 31
A

F+ mA* + \(A%)% — ZK“’”’K;tb(F*)2

+%KmaK*m(8mA)*(anA)*

Lo ) s -0 e

are solved perturbatively and solutions inserted in the
Lagrangian (40). That gives

L=Loy+ Lo+ O(KY), (33)
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with

Lo = A'DA+i(0u0)o™ ) = MAG% = Mgy — (v + 00)

“mZA* A — mAA(AT)2 — mAATAZ — A2 A2(A%)2, (34)
Lo = %Kml{” (m(amA) + 2)\A(8mA))é((6nA*)DA*)

+§ K™K (1m0 A7) + 2047 (9 A7) é ((0.4)04)

PR R (mA £ AA)?) 4 KK (mA A7)

AR K (mA 4 AA7)(0,,47)(0,4%

H(MA” + (A7) (O A) (90 4)

_g (K K (0n0)) — 2K K7 (0,00)0 ™) (O A)  (35)

A

2 (KK (0,0) — 2K K705 (0,9) ) (9m A7),
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Comments||

e We constructed a deformation of the Wess-Zumino
Lagrangian with the good classicl limit

e SUSY invariant action, but nonlocal interaction terms

e Work in progress:
-renormalisability of the model
-different choice of the twist (13)

e future work
-gauge theories
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Comments |||

Different types of deformation of the superspace present in the
literature

o [xM ¥ =10 [ * 0] =0,
{0507} = {05 %05} ={6°7% 0} =0,...
Chu et al. (hep-th/9912153), Ferrara et al. (hep-th/0002084)
-follows from the twist F = e~ 29" 0m®0h,

o [z * I =iaxd, [27*2']=0,
20 % 0% = L9, [27 ¥ 6% = {6*,0°} =0,...
Kosinski et al. (hep-th/9405076, hep-th/0011053).

o [z " =[y" Ty =0, [2770% =iC",
{0507} = {05 %05 ={6°7%0a)=0,...
Kobayashi et al. (hep-th/0505011), Banerjee et al. (hep-th/0511205).
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e non(anti)commutative space
(07,0} = €, {06,05} = (6%, 02} =0,
[y 5y =0, 2" tam] £0,..
Seiberg (hep-th/0305248), Zupnik (hep-th/0506043), Ihl et al. (hep-th/0506057),
Ferrara et al. (hep-th/0307039),...;
“follows from the twist F = 20 Qa®Qs
-chirality preserved, x-product non-hermitian, deformed
Wess-Zumino action invariant under N = 1/2 SUSY.
-also follows from the twist F = ¢2°“"Pa®Ds: chirality is not
preserved, x-product is not hermitian, deformed
Wess-Zumino action is invariant under N = 1 SUSY.
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