Renormalizable Wess-Zumino Model on
Bosonic-Fermionic Noncommutative Superspace

Xu-Dong Wang
School of Physics, Nankai University

[arXiv: 1403.4705, Phys. Rev. D 90, 045036 (2014);
arXiv: 1403.5046.
Yan-Gang Miao and Xu-Dong Wang]

ICTS, USTC (Nov 21, 2014)

X. D. Wang (Nankai) Renormalizable BENC Wess-Zumino Model Nov 21 1/77



Content

@ Introduction

© One-Loop Renormalizable BFNC Wess-Zumino Model

© BFNC Wess-Zumino Model Renormalizable to All Orders

@ Conclusion and Outlook

X. D. Wang (Nankai) Renormalizable BENC Wess-Zumino Model

Nov 21

2/77



Introduction

Bosonic Noncommutative Superspace

@ Obtain bosonic noncommutative superspace from string theory, [N. Seiberg et al,
hep-th/9908142].

@ Construct Wess-Zumino and super Yang-Mills model on bosonic
noncommutative superspace. [S. Ferrara et al, hep-th/0002084, hep-th/0307039].

@ Bosonic noncommutative Wess-Zumino model is renormalizable to all orders,
[ H. O. Girotti et al, hep-th/0005272, A. A. Bichl et al, hep-th/0007050, I. L. Buchbinder et al,
hep-th/0107022].
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NAC Superspace

@ Obtain NAC superspace from string theory, [H. Ooguri et al, hep-th/0303063, N.
Berkovits et al, hep-th/0306226].

@ Construct Wess-Zumino and super Yang-Mills model on NAC superspace, [N.
Seiberg, hep-th/0305248].

@ New renormalization theorem for NAC Wess-Zumino model, [R. Britto et al,
hep-th/0306215].

@ Calculate the 1PI effective action for NAC Wess-Zumino model, [M. T. Grisaru et
al, hep-th/0307099].

@ Analyze renormalization of NAC Wess-Zumino model by using two global
U(1) symmetry, [R. Britto et al, hep-th/0307165, A. Romagnoni, hep-th/0307209].
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Introduction

BFNC Superspace

Obtain BFNC superspace from string theory, [J. de Boer et al, hep-th/0302078].

Investigate BFNC Wess-Zumino model, [Y. Kobayashi et al, hep-th/0505011].

@ One-loop renormalizable BFNC Wess-Zumino model, [Y. G. Miao et al, arXiv:
1403.4705]
@ BFNC Wess-Zumino model renormalizable to all orders, [Y. G. Miao et al, arXiv:

1403.5046]
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One-Loop Renormalizable BENC Wess-Zumino Model

@ One-Loop Renormalizable BFNC Wess-Zumino Model
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Chiral Superfield

@ @ and D are defined by,

1o} = 0 0
e = —, L = ——— + 2i6P 5 e
@ e 6= gga T2 eag
_ 0 ka6 0 5 _ 0
D, = 6307+2IU QBB 87_)/‘" Dd:i@oﬁ.

@ The chiral superfield ® and the antichiral superfields ®* satisfy the following
conditions, respectively,

Dy® =0, D,d" =0.

@ They can be expressed by component fields as follows,
O(y,0) = Aly)+ V20“valy) + 0%0aF(y),
OF(y,0,0) = A*(y)+ V2055 (y) + 0a0%F*(y) — 2ic* , 56°0° 0, A*(y)
+iv20K 000,807 (v) + 0'070a0,;0° 00,4 (),
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Wess-Zumino Model

@ The action of the Wess-Zumino model is
m m
Swz = /d4x{¢+q>|92§2 + 200l + TOTe |5
+§¢¢¢|92 + §¢+¢+¢+\9—2},

where ®®| .5, denotes the 8202 component of ®®, and the other terms
have the similar meaning.
@ The Wess-Zumino action can be transformed to a total superspace integral,

D? D?
Swz = /dsz oto— Do —o) - Dot [ —ot
g8 \ O 8 0

D? D?
oo (L) Eotot [ —ot) L.
12 O 12 o
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BFNC Star Product

@ The BFNC x-product can be expressed in terms of the tensor algebraic
notation which is frequently used in quantum group theory,

i ) o o o
FxG E,u{exp {5/\“’ (a—ykc@aTQ 52 ®3 k)] l>(F®G)}
@ The Taylor expansion takes the form,
FxG = FG-— é/\ka (0aF) (9kG) + (—1)'F! é/\m (9kF) (9aG)
1 1
+§/\ka/\’ﬂ (OkOiF) (8a05G) + g/\ka/\’ﬂ (0a85F) (9x8/G)
+(—1)IFl %/\ka/\’ﬁ (859kF) (9a8/G)

— L Ak NBAMC (80,0,0,mF) (930 94G)

16
+(- 1)\F\ /\ka/\’ﬂ/\m@‘ (00950mF) (9:9k0)G)
f6i/\ka/\’ﬂ/\m</\m (80 0¢919nF) (850,0k0mG) ,

where 9, = 6%, and 0, = ai
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BFNC x-Algebraic Relations of Coordinates

@ As a simple application of the x-product, we calculate some x-algebraic
relations of coordinates,

{yk,é‘o‘}* = i/\ko‘7 [Xk,y/]* = —Uka[;/\’o‘éﬁ., [xk,H‘)‘]* = i/\ko‘7

[xk,xl] = a/aﬁ-/\kaéﬁ fokaﬁ-/\laéa,
*
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BFNC Wess-Zumino Model

@ To analyze the effect of the BFNC superspace on the Wess-Zumino model, we
replace the ordinary product by the x-product and give the deformed action,

Sxe = /d4x{¢+*¢|92é2+g¢*¢|92+§¢+*¢+|§2
g ot L bt 4 -
+§¢*¢*¢\92+§¢ *PT % dT |50,

@ We make the transformation for the deformed action from its component
form to the desired superfield form. This performance is necessary for us to
compute effective actions.

2 52 2 52

D l5} D b

Sne = /dsz oto— To[ —o) - Tot [ Zot) - Loo| —o] - Lotot [ ot
8 O 8 O 12 ] 12 0

1 1
+— (=g 0%o (D?0) 9)8) (D%0) + —(—g)A 0% 00, (Do) 3, (D%0)
32 32
1 1
+=(—oNteT Do 0,007 + —(—g) (oM¥) ™ 6*eT 8y 8707 0000T
6 3

1 1
T-gnMAm ot ot 0, 0,01 80,01 + —(—g)c®P A 040, (Do @) B (pg®) (0?)

6 16

1
+176(7g)£aB€CLAkB/\IL948k (Da®) 8y (D @) (chb)

1
kl yno 54 2 2 2

+——(—gAA"0* (D%0) 8,8, (D?®) 8,0 D@},

P (0°0) 2,2, (0°¢) 200, (0%%)
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Background Field Method

@ Split superfields,
PO+ o, OF 5ot ot

@ Represent them by the general superfields,
g = —1522, o = —1D22+,
4 4
© New gauge symmetry,
Y 5 Y+ DsAY, T 5 5T 4 DA,
Q@ Gauge fixing action Sgr,
3 .5/ - 1 s = _
— 8,) _ 2 ¢.0B .yt . D2 _ T geaB Gl .yt .
SGF_/d z{ 56 (s )(DBD z) PR (D<Z )(DEDLDQ)Z)},
@ Quadratic part,
1 >
S(z)zi/dsz(z Z+)(M+V)(z+),
@ One-loop n-point,

i i (_1)n+1 " o
r= SSTrin (1+M71V) = 2> sTr [7 (M1V) } —3 o),
n=1 n n=1
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Calculate Supertrace

@ N points,

1 1
—1\51 4 —1\Sn o4
STr <’DA1851 gt (@Yo ]-‘Blacl,’DAi) <’DAn8Cn 53 (o=H"e ]:BHBC,;DA;) .

n terms

@ Take n =2 as a sample,

_plxliyi . v —1\51 4 o —1\S L4
(-1) R T R @) 075, 0¢;Dpr ) P00, 503 (@267, ¢

© Move D operators,
1 —1ys 4 1 —1ys 4
STr {aqacl —— O™)” (Dayt )FB{(’)C{BCZm (O71)2 Dy 6*Fs,

@ Only when DA{’ = D?2pD?,

1 1y 1 1\
STr {8C2/8c1m (D 1) 1 ]:Biacllaczm (D 1) 2 DA£’04]:32} N
@ Only when Dy = D2D?,
1 _1\s 1 _1\s
Te{ Oyt 5 (07)* Fopdgocn g (07", |
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The Actual Calculation

Design Mathematica program to manage the algebra.
Simplify the result as much as possible.

Verify the result by using 1/2 supersymmetry invariance.
Find new algebra relations.

Optimize program.

Represent the result.

simplification < verification
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New Notations for Presenting Effective Actions

@ We define the new symbols for presenting actions in a concise form,

N = eBARgA N = A,
B B
AN = NinTlio (Uk/)a N'oNg, (J/\k/) "= (O'kl) “ N,
@ Ba 1 af
(ncrl\k> =nn (a"k) /\’5, <no/\/\k> = o (O‘Ok> /\”a/\/B,

(onn)™ = (ak’)aﬂ A" G A%,

@ In addition, we hide the superscripts and/or subscripts of Bosonic derivatives,
but only show the number of their product, for example, 0,0y is written as
00, and also hide the subscripts of Fermionic derivatives, such as D and D
denoting D, and DB' respectively.

@ In particular, for all terms in effective actions we pick out different BFNC
parameter factors as one class and different operator factors as the other

class, which gives an explicit outline of effective actions.
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Structure of Sy

2 52 2 52
m D m D g D g D
SNe = /dsz {o*o — o (Eo) —— (Eaﬁ) — Z oo <E®> — ZoTot <E®+)
8 8 12 12
1 1
+5(7g)/\k194¢' (0?0) 8,0, (p%) + 5(7@/\“94‘08‘( (p?0) o, (D?)
1 1
+g(7g)/\k194®+|:|®+8k8/®+ +5 (en )™ oot 5y 0,0T 5j8,0F
1 1
+-gnAm et ot o, 8,01 9,0,01 + — (—g)e®PAK 0%, (Do) (pg®) (p?e)
6 16
1
1 aB Cugk Al b 2
+16( 8)e®P St nk ga! 0% 0y (Do) B (D,:cb) (D o)

+ﬁ(fg)/\“’/\""e4 (Dzm) 8,0y (thv) 8001 (Dzo)} ,
@ Structure of Syo, BFNC parameter factors and operators,
Akl, (UAAkI)"O’ 77k//\no7 Eaﬁ/\kl’ EaﬂECLAkBAIL’ Akl/\no’
90 (D*®) (D?®), 00(DP)(DP) (D?d), 0000t T,
2000 (D*®) (D?*d) (D*®) .
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One-Loop Renormalizable BENC Wess-Zumino Model

Structure of 4 in order A?

As the first step of searching the renormalizable Wess-Zumino model on the BFNC
superspace, we calculate the effective action of Sy by using the background field

method and denote it as 4. The structure of 14 in order A? is as follows,
@ 14 BFNC parameter factors,

(na/\/\")l, AZ, AK 6a,3<n0/\/\k)’7 BRI /\znkl7 /\2Eaﬁ7 AZEd,é”

N2 (&k>d6, /\277’(/5"‘B7 /\}‘/77/,7 (6’")é‘ﬁ, i (5/>d6 (no/\/\k>n, 60‘360/\‘(5/\/“
P (a’/\’") ° /\kﬁA
@ 4 operators for 2 points,
200 (D*®), 99(DP)(DP), 90 (D*®) T, 0090 (D*®) &,
@ 5 operators for 3 points,
(D?0) (D?®) (D?0T), (Do) (D?d) (DoT), 00¢ (D?d) &,
29(D®) (D)™, 90 (D*d) dToT;
@ 5 operators for 4 points,
(D?0) (D?®) (DoT) (DoT), (D?0) (D?0) T (D20T),
A(D®) (D2®) oT (DOT), 99 (D?d) dTOT,  9I(DP)(DD)dT DT
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Comments

o We verify that N4 is invariant under the 1/2 supersymmetry transformation.

o We see explicitly that ;¢ cannot be absorbed by Snc because M4 contains
many extra terms that do not exist in Snc.
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Compare With NAC

@ NAC, [M. T. Grisaru et al, hep-th/0307099].
fl _
2/d8 * (D2¢) U — 9202(:‘27

The renormalizable action can be obtained by adding the effective action to
the deformed Wess-Zumino model on the NAC superspace.

@ BFNC: In our case the number of correction terms that should be added to
Snc is very large, for instance, ' contains 68 terms only at the order of A2.
So, it is a tremendously exciting challenge to find out the successive effective
actions needed.
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One-Loop Renormalizable BENC Wess-Zumino Model

Define §(1), Calculate lts Effective Action ['5,q

o [o,q: effective action of Sng + lNigt-
Say = Swz+ S (N?) + T (A?),
Swz = So+ Sint-

o Gauge fixing term: Sgr. So + Sar — M. Sing + Mgt (A?) = Va).

@ Result: 13 BFNC parameter factors, 6 groups of different operator factors.

@ Mo (/\2) cannot be absorbed by S(l).
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Structure of [y,q in order A?

13 BENC parameter factors, 6 groups of different operator factors.

3 Y “8
oM, A2 (o’")(’[ Lo oMkl oAe®B | oaeYP | oan (5k)a/ , @B (7,0/\“)</\’ﬁ, A2kl pno

Kl apB Kl _\&B k li k ki
Mo (a"") B omnMeaB g, (a) (7]0/\/\") . By (T/U/\)C/\ 5. MBStk g gAY,

o), (Do)(D®), (D%) (D2¢) (D2¢) (D%*) , (thv) ot a(D®) (Dw*) . soodt,
(D2®) . aaetet, sassetet; (10)

o(Do)(D®), & (D%0) (D?0), o (D%0) o™, (Do)D®) (D%0), (De)DO)OT, (D%0) (D?e)eT,
Dot ) (EJcb*) , (D o) ot (D2¢+) (D2d>) +. ooyt (Dd>+) , vovetet, soetetet; (13
®) ( o) . oo <D2®> o, o(Do)(DP) (D ) o(Do)(DO)OT, (D2®) (D2®) ot, o (p%e)oTot,
(o) (D?0) 0T, (Do)Do)0T o™, (D?0) 0T (Bot) (Bot), (D?0)eTe™ (B%T), (D%0)eTotet,
a(po)ot ot (D®+) , vovetetet ssetoteter; (1)
o0 (D%0) (D?0) o™, oo (D%0) ot ot, o(Do)De) (D%0) 0T, o)D) T, o (D?0)0TeTot,
(Do)(DPYO T T T, (DZrD) otot (pot) (Bot), <D2¢) ototot (D%*) . aeetetet (bot),

aovoT oot (10)

oo (0?
)

(Do

o0 (D%0) oTotot,  opo)Do)eteTeT. (2)
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Comments

@ Because of the existence of the above new forms, MNa,q (/\2) cannot be
absorbed by S(;), which means Sy is still not renormalizable.

o Different from NAC case, we have to compute the third successive effective

action [3.4.
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Define Sy, Calculate Its Effective Action ['34

@ Define
S(2) = Sy + Mana (V)

@ New BFNC parameter factors that do not appear in S(3),
™ (naAA")°,  aAA (ak’) o7

@ The operator factors in 3.4 (/\2) are exactly same as that in S(3).
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Comments

@ Therefore, there are still some terms in 3.4 (/\2) that cannot be absorbed by
S(2)- The reason is obvious because these terms are the products of the new
BFNC parameter factors and the operator factors.

@ This implies that we have to continue the iterative procedure in order to find
the renormalizable Wess-Zumino model that possesses the 1/2
supersymmetry invariance on the BFNC superspace.

o At this stage, we notice that many terms in 14 (A?), Fona (A?), and
[3:a (A?) are same, which brings us to compare the three effective actions
and to analyze their structures.

X. D. Wang (Nankai) Renormalizable BENC Wess-Zumino Model Nov 21 24 /77



One-Loop Renormalizable BENC Wess-Zumino Model

1/2 Supersymmetry Invariant Subset

We explain our proposal as follows by using 15 (A?) as an example.

/

rlst(/\z):zn:L,- — A:ZH:X,-L,- — 6§A:ZYJ-LJ’-

i=1 j=1

Y ZC:jIX — U_{ i lza' } — W:{U17U2a"'7Un'}
i=1

unuy #0 — Up=UuUy, (j#))
w — W/:{Il,/Q,"'7lm,"'}, (Imm/m’:(bWhenm?ém,)
/m:{XmUszv"'} — fm= Z Li

i={my,mz, -}

@ The numbers of 1/2 supersymmetry invariant subsets of Sy (A?), T (A?),
Cona (A%) and Ta,q (A?) are 4, 17, 64 and 73.
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Analysis of Effective Actions by Invariant Subsets

@ Construct a new action,
[ (A?) = a0 Sn (A%) + a1 T1se (A%) + a2 Tana (A?) + 23 Taq (A?),

o f; represent all 74 invariant subsets of I (A?),

74
r(A%) = Z fi,
i=1
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One-Loop Renormalizable BENC Wess-Zumino Model

We list the 74 subsets f;'s below, each of them is invariant under the 1/2
supersymmetry transformation.

i = ég“m4 (3A2 1 20/AN) (102, — 71g%33) c*#6* (Do ®) (Ds)
-FES%g"m4 (3A% + 20N (—10a; + 71g%a3) 6*® (D?®)

ho= ﬁgs”# (3% +20/N) (102, — 71g%a3) e*P¢*® (Da®) (D)
+5%g5m3 (3A% + 20AN) (—102; + 71g%a3) 0* b (D),

i = 2%ﬁgsm3 (3A% + 20AN) (10a; — 71g%a3) €*P9* (Do @) (Do) &*
Jr%gsm3 (3A2 + 20AA) (—10a + 71g2%a3) 6*® (D?®) & T,

o = l%ggﬁm2 (3A% + 20AN) (102 — 71g%a3) e*P9*d (Do @) (D) &F
+%g6m2 (3A% + 20/AN) (—102; + 71g%a3) 6* 0o (D2d) &+,

fi = 1%3g<5m2 (302 1 20AN) (102, — T1g2a5) <79 (Do) (D) &+ &+
+%8g6m2 (3A% 4 20AN) (—10a; + 71g2a3) 0°® (D20) dF o,
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One-Loop Renormalizable BENC Wess-Zumino Model

fo

fr

fg

fo

fio

fi1

%g’m (3A% + 20/AN) (102 — T1g%a3) €*P0* D (Do ®) (Dpd) S T

g7 (3N 4 20MN) (~100; + T1gas) 00 (D20) &7 0,

6i4g7m (3/\2 + 20‘/\/\) (1032 — 71g2a3) B4 (Do ®) (D/3¢) otptoT
+6714‘57’" (32 + 20AA) (~10a; + 71g%33) 0*® (D?®) dT 7,
558° (3N +20M) (1022 — 71g225) 76 (Do) (D30) &+ 0+ 0F

+6*14'5"8 (3A% +20AN) (—102; + 71g%a3) 6" (D?®) o* dF 0,

5%8’5,772 (3/\2 + 20/\/\) (232 — 15g2a3) Bt (Do ®) (Dﬁ¢) (D2<I>)

+ Lt gme (302 + 20AN) (=22, + 15g°a3) 6% (D2 @) (D?0),
§g6m (3A% + 20/AN) (22 — 15g%a3) e*P9*® (Do @) (D) (D)

+5%g5m (3/\2 4 20—/\/\) (_232 + 15g233) 0 dd (D2¢) (D2¢) 7

%gﬁm (3/\2 + 20’/\/\) (232 - 15g2a3) 60‘394 (Da¢’) (Dﬁq)) (D2¢) ¢+

+%g6m (3A2 + 20AA) (—2a, + 15g%a3) 6% (D20) (D20) &+,
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One-Loop Renormalizable BENC Wess-Zumino Model

fi2

fi3

fia

fis

fi6

%éﬂ (3A? +20/AN) (22, — 15g%a3) €*P0*® (Do @) (Dg®) (D*®) &F

+ﬁg7 (3/\2 + 20'/\/\) (7232 + 15g233) 94¢¢’ (DZQ)) (D2q>) ¢+’

6i4"g5m2 (30 = 20A) (22 — a725) ()" 0" (D,9) 107 (Ds )
+?12g5m2 (3N? = 20AN) (=22 + 4g%a3) 16 90, 7 9,0
+5%g5m2 (302 = 20AN) (—a: + 4g%a) *70* (D20) (D) (Dy0)

%ig6m (3A2 = 20AN) (a2 — 4g%a3) (a")dﬁ 6* (Dp®) &+ 90" (Dyd™)

+ég6m (302 — 20AN) (—a2 + 4g°a3) n'6* dd T 9 0T o0
+ég5m (302 — 20AN) (=25 + 4g%a3) €*P0* (D2®) & (Do) (DBW) ,
%g? (3A% — 20N (a2 — 4g%as) (ak)‘w 6% (Dg®) b+ bt 90" (Dsd)

1
+§g7 (3A% — 20AA) (—a2 + 4g%a3) M9 ddT BT dT Y b T

+%8g7 (302 = 20AN) (—a: + 4g%a) *70* (D20) o+ 0+ (D 07) (Dyot),
ﬁg“m2 (7432 + 23g233) <n0'/\/\k>194¢8k8/ (D2¢)
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One-Loop Renormalizable BENC Wess-Zumino Model

fi7

/
+mg m? (~4a; + 23g%33) €’ (noAN<) 6% (D3®) B4 (Da®),

1 ¢
sag & ma” 7 (noN<)” N 6% (Da®) 940 (Dc®) &

f3f165;'5maze“ﬁ (no/\k>< N 50*3 (Da®) 9y (D ®) &F

+92116/g m( 4ay + 23g233)77k/ <5/>d6 (UUAAn)k 0 (Dﬁd>) 9, (D2¢>) (Dd¢+)

~oaig B (—4a2 + 238%33)mu (7 7 (noAATY< 0*0, (D) (D>0) (Dso*)

~ 2608 ig5m (7432 + 23g2a3)60‘6egbek’""n,,pnoq/\p/g/\qﬂ‘lak (Do ®) 0 (D(CD) ot

1
+ 1152g m (28a; + 23g%a3) A¥'y, (0"°)*F 6* 9 (Do ®) 0o (Dp®) T

+mg m (—124a; + 129g%a3)e*P A"9* 8 (Do ®) 9y (D) & F

+§g m (921 — 6g2a> + 17g%a3) A" 9,09, (D*®) T

+ﬁg m (272, — 37g%a> + 69g*a3) A6*0,8,0 (D*®) ot

ig3m (3621 — 52g%a> + 83g*a3) A, (5") %P 6% (D ®) 9k (D?®) (Ds®™)

B 4608

4608 — ig®m (36a1 — 52g%a; + 83g 33)/\"’77, M8 949, (Dg®) (D2¢) (Dao™)
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Basis of Supersymmetry Invariant Subset

Based on the analysis made to the 74 supersymmetry invariant subsets, we try to
construct more general 1é2 supersymmetry invariant subsets in order to deduce
the one-loop renormalizable Wess-Zumino action on the BFNC superspace.
n; nj
f;:ZCULJ — A,'EZ(X,"J' +yi,jA2+Zi,jJAA) LJ — A:, (I:12 ./74)
j=1 j=1
n
SAT = Gik(xy: )Lk, (Giu(x,y,2) ~ X, vij: Zi))
k=1
SA7=0 — Gik(x,y,z) =0, (L} independent to each other)

, .
A; — B, (eliminate the dependent parameters)
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We list the 74 bases B;'s below, each of them is invariant under the 1/2
supersymmetry transformation.

Bi = (=Ny12—dMAz2) e*P0* (Do ®) (Dsd)
+ (Ny12 4+ 0MAz1 ) 6% (D?D)
B = (=2Ny:2—20Mz) *P0* (Do ®) (D)
+ (AN2y22 + oAz 5) 00O (D?0)
Bs = (=Ny32—0Mz32) eP0* (Do ®) (Dgd) &F
+ (Ny32 + 0MAz30) 04 (D?0) T,
By = (=2N\’yap—20MAz5) e*P0*® (Do ®) (Dg®) &F
+ (Nyaz2 + oMz 2) 0* 00 (D>0) O,
Bs = (~A’ys52—0MAz52) €“Bo* (D, D) (Dg®) o+t
+ (Nys52 + 0MAzs 5) 0% ® (D?®) dF T,
Bs = (—2A%ys2 —20MAz5) e“Po*d (D, ) (Ds®) o+t
+ (/\2)/6,2 + U/\/\Za,z) *od (D2¢) oo,
Br = (=Ny72— 0Mz72) eP0* (Do ®) (Dgd) dT T+
+ (Ny72 + 0Mz72) 0°® (D?0) OF 0T 07,
Be = (~2Nya2 - 20MAz52) P60 (Do) (D50) &F 0 o
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+ (Nyg2 + oAAz5,) 6* 0D (D2d) T T T,
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By = (=2Ny1;2—20Mz122) 700 (Do ®) (D ®) (D?0) &
+ (Ny12,2 + 0AAz122) §* D (D?®) (D?d) T,
Bis = (*8"/\2}’13,3 — 8ioAAz133) <5k>dﬁ 0% (Dp®) 9,0+ (Da¢+)
+ (16A2y13 3 + 160AAzZ13 3) 6% 00, &+ 9+
+ (Wi +oMais) 00" (D0) (Do) (D;07)
B = (s imtha) () 0) 0" (5,0

+ (16/\2}/1473 + 160’/\/\214,3) ?7k194¢¢’+8k¢+81¢+
+ (N2y143 + 0AAZ1a 3) €¥80% (D20) &F (Dgd™) (DBW) ;
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Bis = (—8iNy1s3—8ioAAzs 3) (5k)dﬁ 6* (Dg®) T dT Dt (Dydt)
+ (16A%y15,3 + 160AAzi5 3) M0 dOTOT 9 0T 90T
+ (Nyis3 + 0Mz1s,3) €490% (D20) & 0F (Daot) (Dyot)

Bis = x62 (na/\/\k)le“qwka, (D%®)

Fx16.268 <n0/\/\k)l 0* (Ds®) Bk D) (Da®),
Biz = (4x17,16 + x17,21 — 2x17,22 + X17,26 + 4217,30 + 8iz17,38 — 2217,35)
B (na/\k)C N 56* (Do ®) 048; (Dc®) &+
+ (x17,14 + 2x17,21 — 8217,30 — 16iz17,34 + 4217,35)

B (no—/\k)C N 50°0) (Da®) 8 (Dc®) &+
+ <i217,3o — 271734 — %i217,35)

o (5’)” (noAA"Y* 6% (D ®) B, (D?) (Dsd™)
+ (*i217,30 + 271734 + %i217,35>

m (5')" (oA"Y 620, (Do) (D0) (Bsot)

X. D. Wang (Nankai) Renormalizable BENC Wess-Zumino Model Nov 21 49 /77



+ (—2iz17,30 + 4217,34 + iz17,35)
B eCtekinon 1ogNP g9 ,0* 0 (Da®) ) (De®) &
+ (—x17,14 + 4x17,16 — X17,21 — 2x17,22 + 421730 + 8iz17,34 — 2217 35)
N9 (67°)* 00y (Do ®) 0o (Dgd) ST
+ (—xn,s + %) BNG4), (Da®) ) (Ds®)
+X17,8/\k194a/¢8k (D2¢) oF
+ (—x17,16 + x17,22) A6* 9.0, (D?0) &+

1, 1, s -
+ (§’X17,16 - ZIX17’22) N1 (57)%F 64 (Ds®) Ok (D*®) (Da®™)

1 1 . _
+ (*EI'X17,16 + ZI'X17,22> N (57)P 0%y (Ds®) (D2¢) (Da®™)

X17,17 .
+ 5 T 4217 30 — 8iz17,34 + 2217 35

/
(na/\/\k) 00,0, (D2®) &F
+ (4x17,16 — x17,21 — 2x17,22 + X17,26 — 4217,30 — 8iz17,34 + 2217,35)

ey (aA™) *C Ak 50% (Da®) Bpo (D) &

o¢
+X17,]_46a5'l7k/ (0’/\’") /\k3048n (Da¢‘) 80 (D€¢‘) d>+
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1 /
+5 7,17 (noAn) 64000y (D20) o
+x17,16A\0* 8,9, (D2q>) o
/
+X17,175a'8 (ﬁUAAk> o* (Dg®) 80 (Do ®) ot

X17,24

I
+ (—X17,21 + + 4z17,30 + 8iz17,34 — 2217,35> (770/\/\k) 09,09y (D*®) &

1 X8 n _

+ (baz.21) (c‘r’)a (nUA/\k) 0* (Dg®) 9, (D?*®) (Ds®™)
1 apB n _

+5 (—barz1) i (3')" (nonn)" 00, (Ds®) (D?®) (Ds ")

17,2167 N A0 (Do) Oy (D @) DF
+x17,226*P A g* (D ®) 8189k (Da®) T

1 !
+ 507,24 (nUA/\k) 00,00, (D>®) dF
]
+x17.24€%8 (770/\/\k> 0*0y (D®) 9 (Da®) &+
. o ¢
+ (—4217,30 — 8iz17,34 + 2217,35) € Py (770/\/) N 0" (Do ®) 0 (D ®) &F
+x17,26N 1715 (07°)*F 0% (Do ®) 0o (Dp®) &F

+ (/\2 (—21'}/17,32 + 217,35

) + oAN(z17,30 — 2iz17,32 + 2i217,34)>
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One-Loop Renormalizable BENC Wess-Zumino Model
0*00 (D?¢) &F

1 1 1 1
PG (—— — AN (== i,
+ ( ( 16 iy17,32 — 16ly17 34) +o ( 161217,32 16 1217,34))
0* (D*9) (D?0) (Do)
8 W~ i) oM (820 S 4 2

() 7 01y (D) &) (D) &+

+ (/\ ( 2iy17,34 + y17235>

+ oM z17,30) 6°00 (D20) &
+ (N (=2iv17,32 — y17,33 — 2iy17,34) + OAN (=2iz17,30 — 217,33 — 2iz17,34))
n"6*0,00, (D*®) oF
a8
+ (Nyir a2 + oMz17.22) (€)™ 006 (D5®) (D20) (Dad™)

+ (Ay17,33 + 0AAz17,33) 1M e2B0% Dy (Do @) 9) (D ®) O

)

)

+ (Ny17.30 + oNAz17,34) ( )d 0* (D) 04 (D2d>) (Ds®™)
+ (Ny17,35 + 0Mz17,35) €27 6* (Dp®) O (Do ®) SF
Bis = x52A"0°09,0, (D?9)

+X13,26aﬁ/\k194 (D/Bq)) 0,0k (Da¢) s

)
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1
By = —x192¢8 (na/\/\k> 0* (Da®) (Ds®) T3, 00+

+x10,2 (nal\Ak)l 0*® (D20) &+, 0,0%,

By = —x026*PA9* (Do ®) (Dgd) & 9,00+
+X20,2/\k194¢ (D2¢) ¢+8k6,¢+,
By = (x01,10 + 2x21,19 — 2X21,23 + X21,26 + 221,34 — 2iz21,35 + 2iz21,36)

¢
B (na/\k> N 6% (Do ®) 8,0, (D ®) T T
+ (—x21,15 + 2x01,10 — 2X21,23 + X21,26 — 221,34 + 2i201,35 — 2i221,36)

h (na/\k)C N 560y (Do ®) ) (D ®) &+t

+ (/\2 (—%iygmz - %iymg) + oA (—%i221,32 - %l’221,38))
(ak)dﬁ 0* (Dgd) (D2) d* ) (Dg ™)

+(—x21,15 + 2x21,10 — 2x21,23 — X21,26 + 221,34 — 2i221,35 + 2i221,36)
P (oA") % A 50%0, (Da®) 9 (D) dF 0+

+ (% - X21,27) A 9* 5,09 (D2<D) otot

X21,22 . .
+ 5 XL + 201,34 — 2iz21,35 + 2iz21,36
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/
(no/\/\k> 09,00, (D) oo+
+ (x21,10 + 2x01,19 — 2X21,23 — X21,26 — 221,34 + 2i221,35 — 2i221,36)

ey (aA™) *C Ak 50% (Da®) Bpdo (D) SF o+

X . .
+ ( 212’20 — X21,26 — 221,34 + 2iz21,35 — 21221,36)
I
(noAA¥) 6t 0,00 (D?0) oF &+
¢

+ (—221,34 + 2iz21,35 — 2iz01.36) €*P g (770/\’) N 30% (Da®) O (Deo) oot
+x21,10A i (07°)*F 0% (Do ®) Do (Dp®) oF 0T

+ (21,10 + x21,23) €“PAN0* (D ®) 9,0k (D ®) & &+

+ (%f221,34 + 221,35 — 221,36)
ki (6I>dﬂ (noAA")k g (Dg®) 9, (D*®) & (Ds®¥)
+ (—%i221,34 — 21,35 + 221,36>
i (5) " (romny¥ 6%, (030) (0%6) & (D:0")
+ (—%i221,34 — 221,35 + 221,36>
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P eCtekron  nog\P sN7,0%0) (Do ®) ) (D d) dF T
+x21, 15011 (67°) %P 648 (Do ®) Do (Dg®) &+ o+
+ (%b@l,w - %ile,za) N (37)7 6% (Dg®) 8 (D*®) &F (Dg ™)
+ (—%:le 19 + 1IX21 23) Ay (M55 0% 0 (Dg®) (D?*®) T (Dsd™)
+%X21,20 (170/\/\k> 0*®, 8 (D?0) dT T
+x01,10A 0% ®8, 0y (D?d) > T
+x21,2o€°‘ﬁ (no/\/\k>194 (D ®) 8 (Da®) dF &+
+%X21,22 (170/\/\k)l 00,0, (D2¢) otot
+x01,20€ <na/\/\ )IG O (Dg®) 0 (Do @) dT T
+X21 1A0*0,0,0 (D2 ) otot
L (4)” ()0 (010)3, 0700 (010"
‘*é (—ix21,26) ki (5’) “ <na/\/\k>n 09, (Dg®) (D?®) & (Dad™)
01,2667 SN g N, 60y (Do @) 8y (D ®) dF dF
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+301,27€*P N4 0y (Do ®) 8 (Dp®) dT T

+ (N (—iy21,35 — ivo1,36 — y21,37) + OAN (—izo1,35 — iz01,36 — 221,37))
e 040y (Da®) 0y (Ds®) & T

+ (A% (—iy213s + iva,36 + y21,30) + OAN (—iza135 + iz21,36 + 221,39))
0*'0¢ (D?0) oo™

1 1 1 1
+ (A2 (—Riﬂl,as - 175'3’21,3(5) +oAA (_Ri221’35 - T6i221’36))
40° (D) (070) (Ds ) (Dy0)

¥21,32 1. 1. ¥21,38
+ (/\2 (7 — —iy2135 — —iy21,36 + )

16 16 16 16

132 1. 1, 25138
AA 32 2 1 221,38
+o ( 16 16 1221,35 16 1221,36 + 16 ))

0* (D*®) (D?®) oF (D?0T)
+ (Ny21,32 + 0AAZ1 32) €*B0* (D, D) (Ds®) ST+
+ (A2 (2iy21,36 + 2y21,39) + oAA (—

P0* (Dg®) O (Do ®) dT 0T

2134 | . .
e + 221,35 + i221,36 + 2221,39))

B
+ (N (2iy21,35 — 2iy21,36) + oM 221,34) (Gk/)a 00k (Da®) 0 (Dg®) dT ™
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One-Loop Renormalizable BENC Wess-Zumino Model

+ (Nyar35 + oMz 35) (5 ) 0%y (Ds®) (D2®) &+ (D)

+ (/\2)/21,37 + 0AAzo1 37) NN 649,00 (D2<D) o+t
+ (Ny21,38 + oAz 38) 0% (D>®) ST OO

+ (A%y21,30 + oAz 30) 0400 (D? ) ST 0,
(/\2}/22,2 + oMAAz222) 6*e0 (D2¢)

+ (Ny22,2 + oAz ) €*P0* (Dg®) O (D @),

)

+ (/\2)/21,36 + o221 36) ( ) 0* (Dp®) Ok (D2 ) ot (Dgo™)
)n
)6

B

B3 (~8iR2y233 — BioAAz2,3) (5¥) * 9% (D) 0, (B0

+ (16A%y23 3 + 160AAz3 3) 0 SO
+ (Ny23.3 + oAAzp3 3) 0 (D2¢) (D2¢+) ,

By

(~8iNyaa 3 — BiohAzas 5) ()" 0% (D5®) &0y (D5 0%)

+ (16A%y24 3 + 160AAZp4 3) 0* OO TTDT

+ (N%y24,3 + oAz 3) 0 (D?0) & (D20,

Bys = (—8iNyxs 3 — 8ioAAzos3) <5k)d5 0* (D) T (Dsd™)
+ (16A%y55 3 + 160AAzs5 3) 0* PO OTODT
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+ (Nya5,3 + 0AAzos5 3) 6% (D?0) T 0T (D20T)

1 1 8 _
By = (_5;/\2%,3 - 5,'(,—/\/\226,3) (a—k)a 0* (Ds®) B+ ST dT Y, (Dyd™)
1 1 -
+ (R/@ym3 + Ra/\/\Z26,3> 0* (D*®) dToT T (D?dT)
+ (A%y26,3 + 0AAz6 3) DO T DT OO,
_ 2 (3213 3273 4 2 5
By = (W (57 +yara) oM (28 2a ) ) ' (D*0) O (D)

+ (N (yor,3 + yo1.4) + OAA (2273 + 227,4)) nMo* o) (D*®) 9, (D*®)
+ (N%y27,3 + 0AAzy7 3) €P0* (Dg®) O (Do ®) (D)
+ (Ny27.4 + 0AAz27.4) M P 940y (Do ®) 9y (Dp®) (D?®),

5
I

(—% +x08.4) (na/\/\k>/94¢6k (D?®) 8, (D)
+ (3ra8.3 — 2x28,4 — 2x8,5) €* iy (oA % N 50°9, (Da®) 8o (D @) (D)
05 367 <r]o‘/\/\k>/ 0* (Dp®) 0,,8; (Do ®) (D)

+x08.4 ('r]cr/\/\k)l 0*® (D20) 9,0, (D*P)

05 57 <17<7/\/\k)l 00y (D®) 8) (Do ®) (D20)
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One-Loop Renormalizable BENC Wess-Zumino Model

By = (—2xa03+ 2x204) €*PAHp* (Ds®) 818y (Da®) (D*®)
4 (—6x20,3 + 4x00.4 4 2x09.5) €“P S AR G AT 64Dy (Da®) 8 (Dc®) (D)
+x20,3A0* D) (D?*®) 8 (D*®)
+x20,4A0*® (D2®) 9,9 (D)
+X29,56a5/\kl946k (Da®) 0y (D) (D2¢') )

Bz = (N’ys0.1+0MAz31) 0" (D?P),

B = a1 (oM¥)” 0'0r0,0,07 00,0,

Bn = (NynutoMan) (o) 0%, (D.®) 0 (Ds0) (D0).
Byz = X33,177kl (naAA")® 00T 0,0, 0T 0,07,

By = x31 (770/\/\“)/ 0'oT O dT YT,

Bis = s (noAn¥) otetotaoer,

B = x351An;, (07°)* 040y (Da®) 0, (Dp®) (D?®),

Byz =  x37,1¢B S e0n, n0q AP gAY, 048y (Do @) 9y (Dc®) (D?0),
Big = (Nys1+0Mzg1)6* (D?0) (D°0),

Bsg = (A2ys01+0AAzz 1) 0 dTODT,
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One-Loop Renormalizable BENC Wess-Zumino Model

Bio = (Nya1+0Mzyg1) 6" (D20) (D?0) &F,
Bin = (Nyar1+ oMz ) 0°0T o 00T,

B = xi1 (nal\Ak)IG4 (D2®) 9,8, (D*9)

Bis = 31 (770'/\/\k )' 008, 8,07,

Bu = xa1N6* (D?0) 9,0, (D*9),

Bis = xa5,1AM0%0T00, 9,07,

Bis = (Nyas1+ oMzie1) 000" dT0,0,0T 90,07,
By = xi71A9'0T 0t 0T 90T,

Bis = xag1AMg'OT Ot OTH,9,07T,

Biw = (Nyao1+0MNzsg1) 0% (D*®) &7,

Bso = (Nyso1+0Mzsoy) 0* (D?9) dF 07,
Bsi = (N’ys11+0Mazs11) 0% (D?0) T,
B, = xs21 (na/\/\k) ' gttt a,0,0",

Bss = w31 (770'A/\k) gt (D20) 9, dT o,

Bss = xs4,1A0% (D20) 90T 90,
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One-Loop Renormalizable BENC Wess-Zumino Model

Bss = xs51 (na/\/\k) '6* (D?0) 9,0,9",

Bss = xs6,1A"0% (D?®) 8,9,0,

Bsy = xs71 (nol\Ak)l 0* (D20) dF 9,0,
Bss = xs5,1A"0* (D?0) & 9,007,

Bsy = xso01 (nJA/\k)/ 0* (D2®) 09,0,
Beo = xe0,1A"6* (D?0) 08,007,

Bor = Xe11 ('r]o‘/\/\k) ' gro+ ot 09,5,0+,

Bz = x621m"' A0 DT 0, 0,0T 90,07,

Bz = xe31AN0%0T 009,007,

Bea = xpaiAO*OTODT 90,07,

Bes = (Ayes,1+ 0oMAzgs1) 04 0T OO O™,
Bos = (A’ye6,1 + 0Mzes1) 04T 0T 0T 0T,
Bst = (N’ye7,1+ 0MAze7,1) 0% (D?0) 00T,
Bes = (Ayes1+ oMAzgg1) 0*dTOTOOGT,
Beo = (A’yeo,1 +0Mzgo 1) 0*dTOTOTOOT,

X. D. Wang (Nankai) Renormalizable BENC Wess-Zumino Model Nov 21 61 /77



One-Loop Renormalizable BENC Wess-Zumino Model

(Ny70,1 + 0AAz7o,1) nM0* (D?®) 0+ 907,
(Ay711 + oMz 1) 64 (D20) O (D?0)

Brx = (N’yr1+0Mzpy)o*et 000",
(Ay731 + 0MAz731) 6* (D?®) OO,
(Nyr4.1 + 0NAz741) 6* (D?®) T 0O
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One-Loop Renormalizable BENC Wess-Zumino Model

Invariant subset No. 29.
5(—18g%a; 4 23g"a3) (B Kl gt

fg = Dg®) 8,0y (Do ®) (D*d
29 13824 (D) 010k (Do) (D*@)
—192gag — 36g° 7
i 92gap 225232 + 55g’a3 e“ﬁecbl\k@/\’ﬁ“ak (Da®) 8, (ch)) (D2d>)
—144gag — 45g° 68g7
1440 — 498792 + 098733 \gegy, (D20 ) (D)
4608
—864 _ 5 2357
n 864gap — 360g°az + 523g" a3 A¥ g4 (D2¢) 8,0, (D2d>)
27648
—34 _ 405 107
4 3456gap — 504g°a, + 851g" a3 NG, (Do ®) ) (D®) (D) .
55296
By = (—2X2973 —+ 2X2974) eaﬁ/\kl94 (Dﬁq)) 010k (Daq)) (D2¢)

+ (—6x20,3 + 4x00.4 + 2x20,5) €2 €S AK g N 0% 9 (Do ®) 9y (D ®) (D?®)
+x00 3N 64 D) (DZ‘D) 0 (D2¢)

+x20,4A9*® (D) 0,0y (D)

+X29,5€aﬁ/\k’943k (Do ®) 9, (Dp®) (D2¢) )

1 1 1
X203 ™ T35, X204 o5, X957~ o (Sa (N%))
5 5 7
X203 ™ Tpos X204 T, X205 < oo (Tana (A%))
17 523 851 R
20,3 7 TTemy X204 T oees X205 = ooon- (F3ra (A%))
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One-Loop Renormalizable BENC Wess-Zumino Model

Renormalizable Action

!
X29,3

!
X29,4

!
X29,5

(XO )29,3

74
Swyz, +/d8z <Z B,-) , (Its effective action is defined as [4¢1, (/\2))
i=1

(—2x59 3 + 2x59 4) €*PN0* (D3 ®) 0,0k (Da®) (D?®)

+ (—6x59 3 + 459 4 + 2X39 5) €PN g 040y (Do ®) ) (D ®) (D?d)
+x59 sAK04 D8y (D?®) 0) (D?*®) + x5 ,AN 0D (D? ) 0,0, (D)

+x5 56> N4 0y (Da®) 8 (Dg®) (D) ,

ﬁ (4x21,23 — x21,26 + 2x21,27) »
% (2x20,2 + 6x21,19 + 12x21,23 — 3x21,26 + 6x21,27) ,

g
TN (2x20,2 + 6x21,19 — 6x21,23 — 3x21,26 — 3x21,27) ,

N 1 X39.3 ( 1 )3
293 (1 — —= — ) -
X29,3 vZ

Renormalization of all the parameters m, g, x;j, yij, and z;; is compatible.
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One-Loop Renormalizable BENC Wess-Zumino Model

Comments

@ Through analyzing the Wess-Zumino model on the BFNC superspace, we
know that the action obtained by replacing the ordinary product by the star
product is not renormalizable in general.

@ To make it renormalizable one should add to it correction terms. For the
NAC superspace, which is a simpler case, one just needs to add the terms
from the primary one-loop effective action, and then provides the
renormalizable action to all orders in perturbation theory.

@ However, for the BFNC superspace the situation is much more complicated.
The iterative process should go up to the third time.

@ Moreover, the complexity also includes that the obtained renormalizable
action has so many terms that can be classified on the one hand into 74
subsets each of which has the 1/2 supersymmetry invariance, and on the
other hand into 74 bases that correspond to the 74 subsets.

@ In particular, in light of the invariant bases we construct the one-loop
renormalizable action up to the second order of the BFNC parameters Ak's,
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BFNC Wess-Zumino Model Renormalizable to All Orders

@ BFNC Wess-Zumino Model Renormalizable to All Orders
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Description of ldea and Treatment

@ The method we take is similar to the one used to construct NAC
Wess-Zumino action. [R. Britto et al, hep-th/0307165, A. Romagnoni, hep-th/0307209]

@ The one loop renormalizable BFNC Wess-Zumino action S(3) has only 1/2
supersymmetry but not global U(1) symmetries, because the mass and
interaction parameters are real numbers.

o If we want to use the symmetry analysis method that is very powerful for the
construction of renormalizable NAC Wess-Zumino action, we have to
introduce two global U(1) symmetries, such as U(1)g R-symmetry and
U(1)e flavor symmetry for Ss).

@ At first, we generalize the mass and interaction parameters to complex
numbers, and define the U(1)g R-symmetry and U(1)¢ flavor symmetry
charges for operators as well as mass and interaction parameters, exactly
following the NAC case.

e Then, we define the global U(1) symmetry charges for BENC parameter AX,.

X. D. Wang (Nankai) Renormalizable BENC Wess-Zumino Model Nov 21 67 /77



BFNC Wess-Zumino Model Renormalizable to All Orders

@ The undeformed part of S(3),

@ The deformed part of S(3),
/dsz ma1(m*)azg83(g*)94x

Its mass dimension, U(1)r charge, U(1)e charge should be zero.
@ We deduce from 8(3) the modified action,

74
S’(3) =S'wz +/d82 <Z c,-B,-> .
i—1
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BFNC Wess-Zumino Model Renormalizable to All Orders

The Coefficients ¢;'s |

The coefficients ¢;'s, where i = 1,---,89, are listed below.

a
cs
o

C13

17

Q1 =

25

€29

33 =

37
ca1
a5
Cag

53

g’m(m*)?,
mm™,
gmm*,
*\2
g(m*)",

*
gm7

m* (m*)?,

gm(m*)?,
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2

C6

g3 (m*)3 , c
gm”, o
g2m*, C11
=m", ci5
g (m*)?, c19
g (m*)?, c23
=g", o7 =
ng (m*)3 , e
m (m*)3 , c35
m’m*, c39
g2m (m*)3 , a3
g%, Ca7
mg* m*, o1
mg”*, Cs5

=gm(m*)?,
=mg~,
—m,

=g",
=g>(m")*,
=g>(m")*,
g
=g(m")®,
=m(m*)®,
_ m(m*)2,
g2 (m>t<)47
m(g*),
m? (g*)°,

g'm(m*)*,
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The Coefficients ¢;'s Il

cs7 = gm(m*)?, csg = mg™, cso = g2 (m*)?, ce0 = 1,

o1 =g (m*)?, 62 =g", 3 =g", s =g",

ces = g", 6 = m(g*)?, a7 =1, ces = g",

o = m(g*)?, cro = mg”™, cr1=m, cra =m",

c73 = mm™, cra = mg*, cr5 = gm2 (m*)‘l7 cr6 = m? (m*)3 ,
= mPg® (m*)?, s = m? (g%)° m*, cro = m? (g%)?, cs0 = g3 (m*)° |
a1 = g% (m*)*, 2 =g (m*)?, g3 = (m*)°, css = g*m”,
cgs = (g*)2 , cge = m(m*)2 , cgr = g2m(m*)5 , cgg = mg*m™,

cgo = gm (m*)*.
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BFNC Wess-Zumino Model Renormalizable to All Orders

Symmetry Charges

dim U(l)R U(].)q> dim U(l)R U(l)q>

m 1 0 -2 m* 1 0 2

g 0 -1 -3 g* 0 1 3
(A2 ] -3 2 0 Vv -5 2 0
d*o 2 0 0 ) 0 0
) 1 1 1 ot | 1 -1 -1
D, z -1 0 Di| 3 1 0
D? 1 -2 0 D? 1 2 0
Ok 1 0 0 d*x | -4 0 0

Table : Mass dimensions and symmetry charges of parameters and operators.
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BFNC Wess-Zumino Model Renormalizable to All Orders

Constraints on Divergent Operators from Symmetries

y * y+7573R
r = /d4x>\(’), A~ Ay g Rg (7’”) (m ) o
Auyv Ayv
o d*9(D?)Y(D?)?(DD)"(83)S VPO (0T)A, vV = (AF,)2 6%,
d 2—a—B—-7y—-86—-2(—-2n+5p, R=—-a+B+2y—-2—2p, S=-a+48,
3R S
P = d—i—?—5—2y:2—2y—20¢+2*y—46—2(—277+2p2O,
v S o —m, 5§5—77,
vy =2 0, 620, a>0, n>0, p>0, ¢>0, B=>0
p = 1
y > 0, x>0, x+a—-B—-2vy+25+2p>0, y+a—B-3y+36+3p>0.

They are just linear equations and can be solved easily.
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BFNC Wess-Zumino Model Renormalizable to All Orders

Divergent Operators

o, dd, dOT, ddTOT, dOTOTOT, ddTOTOTOT, doTOTOTOTOT,

PO, dPdTOT,  dddTOTOT,  PoPTOTOTOT, dddTOTOTRTOT; (1)

80d, B9dT, 8999dT, D?90d, D29930P; (2)

¢,+7 ¢,+¢,+’ ¢,+¢+¢+7 ¢+¢+¢,+¢+’ ¢,+¢+¢+¢+¢+7 D2¢+’ DZ¢+¢+7
D*¢FTotot, D2dTototedt, Dotototetor, D2otetotototer. (3)
D?*®; (4.1) D?*0®, D2D*0d, 99+t 9980dT T, D?000d, D2odT,

D2D%90dd, 99ddT, 9DDOGT, D299ddt, D20090ddT, DD ddT;
D?dod, D?D?0dd, 90dtdTOT, 99000t dTOT, D2odTot, D20ddt,
D?D?09ddd, D2D?*dddt,  9oddtTdT. gDDOOTOT,  D29oddT T,
D’9000d*+, D?9DDOOOT, DD odtet, D2D’D eddt;  (4.3)
D?D*dddd, 9ddtdtotot D2odtotedt, DXZoddtot, D2dodot)
D?D20dodd™,  9oddToToT 9DDOOTOTOT,  D29odddToT,
D29DDOdOT O, D’D odTdtdT,  D2D2D dddteT;  (4.4)
D*¢d0ToT o, D’0dddtoT,  D2D20ddddT,  90ddTdT Tt
oDDOOT Ot ot Ot DD ddtotdtet;  (4.5) D20dddtotot  (4.6).
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BFNC Parameters

By using the following symbols,

€afs 60‘67 edﬁ'v edﬁv Nkl 7]‘(/7 6k/mn7 (o.k/)OLB7 (

we can construct various possible forms of BEFNC parameters,
A2, oAN; (goANK) AR AR oA,
/\260‘5, AP /\26‘5‘6, U/\/\Edﬁ.;
N (G, aAE) P, N3P, n(3)* (na AN,
/\27]“7]"0, o_/\/\,r]k/nno7 nk//\no7 (()_/\/\k/)no7 nk/(no_/\/\n)o;
Eo‘ﬂ(no‘/\/\k)l7 PN N2pkleaB G AARH B /\2(0"(1)0‘67
/\konon(gn/)aﬁ’ EaCeﬁtek/nonnp%q/\pc/\q“ eaC"]no(U/\Ok)l'BAng,
eO‘CeBL/\kC/\/L7 7]“50‘(77,,0(770/\”)5/\04.
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BFNC Wess-Zumino Model Renormalizable to All Orders

Construction of the Effective Action of 863)

Brs
Br7
Brg
Bgo

Bg1

Bgs

Bge

2

4 2 4
(Wy75,1 + oMzrs 1) 040", Brg = (Ayrp,1 + oMzrg 1) 0%0T 0T,

Nyr71+ oMz 1) 0%t ot et By = (Wyrg1 + oMazg 1) %0t ot ot o,

(A°vg0,1 + oMzgo 1) 0% (D201,

2

)
)e*
(Wy70,1 + oMzg 1) 60T 0T ot ot o,
)
(/\ yg1,2 + oMzgy 2)

0* (D%0™) T + (A2ygy o + oMzg1 o) 5B gt (Bao™) (D[_j®+)

1 o4 _
Nygr o+ S oMz, 2) o* (D20T) oo™ + (N2ygp o + oMz ) e*P o (Dy0T) (DB®+> ot

(
(
( Y842 + %0/\/\234 2) D <I>+ otototol

+ (Nya,2 + oMhzgg 2) Pgt (Bgo™) (DB‘W) ototot,
( Nygs 2 + 70/\/\285 2) o* (5%et) oo oot ot

+ (Wygs 2 + oMzgs p) € &B gt (Bgot) (DB¢+) oTototot,
xgs, 1A 0% 0T 0,007, By = xg7 1 ("f”"‘k)l o*ot o, 0/0T,

I
xga, 1AM 04 0T 0T 0, 00T, Bgg = xgo,1 (noMK)  o*eTeT o 00T
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Construct Action Renormalizable to All Orders

We now deduce that S(’3) plus these terms is renormalizable to all orders in

perturbation theory,
89
S'3) +/d82 <Z c,-B,-> )

i=75
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Conclusion and Outlook

One-loop renormalizable BFNC Wess-Zumino model.
BFNC Wess-Zumino model Renormalizable to all orders.

BFNC Wess-Zumino renormalizable at a higher order of BFNC parameters.

NAC Yang-Mills model is renormalizable in Wess-Zumino gauge based on
dimensional analysis, [O. Lunin et al, hep-th/0307275, D. Berenstein, hep-th/0308049].

@ Check the dimensional analysis result for NAC Yang-Mills model in terms of
components form in the WZ gauge. [M. Alishahiha et al, hep-th/0309037, I. Jack et al,
hep-th/0412009, hep-th/0505248, hep-th/0509089, hep-th/0701096, arXiv:0808.0400, arXiv:0901.2876,
arXiv:0909.1929, arXiv:1012.2000].

@ Do perturbation analysis for NAC Yang-Mills model directly in superspace
without expanding in components in a particular gauge, [S. Penati, hep-th/0412041,
arXiv:0901.3094, M. T. Grisaru, hep-th/0510175, M. S. Bianchi et al, arXiv:0904.3260].
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