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Quantization of Abelian 2-dim. BF theory
BF = B(dw + w?) (4-dim.)
/ d*z[e" $pO,w, + bO*w, — icO", (]
M l
: pdw  fw = dv

on shell N=2 twisted SUSY Iinvariance
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Gauge Theory on the Random Lattice

Form Simplex Gauge Theory + Gravity ?
0 & R
1 w = wydxt A
2 B = Blu/dmlldﬂ:l/
. Q = Quupdzida’ dzp Boson <«— Fermion ?

matter fermion ?

s 0 2 \¢/
A=jlw+Q+--)+k(6+B+--) SUSY ?
+F1(x® + xG) ) +iO + 42D 4.

(quaternion based formulation: origin ?)

S=[Tr(3AQA + 1A3)
SA=dV +[A V]

N.K.&Watabiki ‘91
3d Chern-Simons gravity by witten (1988/89)



3-dim. Chern- Simon Gravity

Soont = f(%AdA 4 %A3) = [Tr(eA (dw + w?)) (Witten 1988/89)
(A= ePy + w®J,,)

. regge calculus idea
SLat = 21 eabcea(l)[ln ﬁ U] ¢

oP(l)

=ew

» IR,
Z = [ dUdee™5 ~ [lagges(2J41) Iietraneara(—1) % { J¢1; Jz Jz }

~ S e SRregge  Ponzano-Regge gravity

N.K., H.B.Nielsen & N.Sato (1999)
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4-dim. BF Gravity (N.K., K.Sato & Uchida (2000))
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Generalized Chern-Simons actions in arbitrary dimensions
1 1 3 1 * Q1 *QJ k
§= | Tr(5AQA+ A% ) =18" +iS"+jS7 +kS" € A_
IS Invariant under a generalized gauge transtformation:

SA=QV+ [A,V] = 16¢1 + 6o + joAg + ki A,

To prove generalized gauge Invariance:

1.Q* =0
2 {G A1 =Q ., [G,A]=0Qx

3. Tr( AL Ay) =Tr(N o Ay), TrA-Xxy) =Tr(AgAl), Tr(A_Al) =-Tr(A_A2)



quaternion algebra: Serrs — /Tr (%AQA+ %A:s)

i’ =j"=k’= -1,

ij= —ji=k, jk=-kj=1i, ki= —ik =] 0A=QV+[AV] (Q=]d)

Let us introduce two-type of fields a+ b+ c=odd or even
(Abellan) [Q(CL, b7 C)7 (I)(a’,b’,c’)] =0

A=q(l,1, 1)@(1,1,1) + q(1,0, 0)(13(17070) + q(0, 1, O)CI)(O’LO) + q(0, 0, 1)@(070,1)
=1P1,1,1) +1P(1,0,0) +IP(0,1,0) + kP (0,0,1) c A

V =q(0,0,0)®,0,0) +9(0,1,1)® 1,1y +q(1,0,1)® 0,1) +q(l,1,0)P 1,0
=120,0,0) t1®0,1,1) TJ200n T kL1100 A,

/(2) grading structure

AA'=-A'Ae A, AV=VAecA_ VW =VVeA,

different grading commutes total 3-gradings (anti-commuting)
with quaternion without quaternion




Higher form gauge fields and non-Abelian extension

S

boson-fermion c=0,1 even-form

odd-from

D 0,0,0)(T) = A osonic even forms,
boson <<I>(0,1,C) (x)=A im of bosonic odd forms,
: D10,0)(x) = e(z)="direct sum of fermionic even forms,
ermion < ®(1.1,0)(x) = e(x) = direct sum of fermionic odd forms

Derivative operator: 4 =dz*0, as A-type operator:
Q =q(0,1,0)d = jd
Non Abelian extension

A=APTP = (1 + i)y +jAF + kAP)TP
Y =VPTP = (14§ +ia? + jaf + kol )T"



Generalized Chern-Simons actions

fermionic-odd |
St = /Tr 11 (dAg + A2 4+ A% +2) + Aq (dibo + [Ao, o)) + gwi”] :
fermionic-even -

S /Tr —1ho(dAg + A2 + A% — ) — Ay (dypr + {Ag, 1)) — %@8] :

- 1 1 1 - A .
bosonic-odd S7 = /Tr —§Aodx40 — §A8 + 5141(03141 + [Ao, A1])

+%1ﬂ0(d1ﬂ0 + [Ao, to]) + %¢1(d¢1 + {40, ¢1}) — dofe, 1211}]
bosonic-even

Sk = [ Ty —fll(dAo + A% + 1&8 — ?ﬂ%) — 1121? - ¢1(d120 T [Aoﬂﬁo])
3

are generalized gauge invariant:

6 Ay = dag + [Ag, ao) + {Ar, a1} + [¢1, 4] — {¢o, a0},
§A| = —da; —{Ag.a,} + [1211,&0] + 11, ag) + {1207@1}7
Sy = —dén — [Ag, d1] — [A1, o] + [¢h1, do] — [tho, aa],
6tho = dag + {Ag, ao} — {A1, da} + [1, a1] + [Yo, ao]




All anti-commutators turn into commutators for Lie algebra !
(hidden grading c )

{Ao, a0} = Ay 040 [TB TC] {¢Oa&1} ¢0 aq [TB TC] {Alaal} = A?a?[TBaTC]

D-dimensional generalized Chern-Simons actions

wgi) v : i-form

generalized gauge fields © (1) p@) oB) @)
1wy B Qg Hy

A= 14 + it + jAo + kA,
= 1! (1) w(3) +o) i (0) ¢(2) ¢(4) )
+iws? + 0P+ )+ k(6 + BP + HY 4.0,

generalized gauge parameters ol i+ i-form
0) (1) 12 173) ;)
b, UB) n .

Vg U1 509

YV = 1lag + ia1 + jou + kag
+u()+¢)+d® )+M(”+d$+~)



Z2-grading system

(exclude fermionic gauge fields and parameters)

Yv=0, a=0

S5 =0) = [ 77 [~o1(deo +wB) - 62B1]

1 1

SI(1h = 0) = /TT — pwodwo — ng’ + ¢1(dB1 + |wo, B1]) — Qoﬁ],

ij(w = 0) - /T?“ — Bl(dWQ +w(2)) — le(dQO -+ {wo,Qo} + B% — Hl¢%]

]
(even-form gauge field)

0p1 = [¢1,vol,

dwo = dvg + |wo, vo] + {@1,u1},

0By = —duy — {wg,u1} + [¢1, bo] + [B1, vo],

0€2 = dbg + |wo, bo) + {01, U1} + {B1,u1} + [Qo, vo]

0Hy = —dU; — {wo, U1} + [¢1, ho] + [Bi, bo) — {0, u1} + [H1, o]

(odd-form gauge parameter) ,



O-,---,4-dimensional generalized Chern-Simons actions

(differential form degree: sector-wise equivalence for G-C-S)

leading as BF type
r |- - 3ot

Tr| =1 (dwo + w2 + {87, 95 = (1)?) = i (@d§” + [wo, Agm])_qul]

1 1

Tr| — Loodwo — 22 + 3@ @0 + [wo, 0P — (6 By} — (6 61 1)

S = [Tr|561(do1 + oo, 61) = {0, 01} + 397 @0 + fwo ff’)])]
Jre] gt

+ ¢1(dBy + [wo, B1]) — Qo(#5 + ( A((JO))Z)

CHE / T?‘[‘ By (dwo + wi + {8 857} — (01)2) — $1(d0 + {wo, R} + BZ + {§§7, 05V}

— {0 @) — Hy () + ¢3) — o (@D + [wo, 98] + 90, B57]) — 08 [wo, B



bosonic generalized gauge transformations

51 = [p1,v0) + {4, 61"},
dwy = dvg + [wo, vo] + {¢1,ur} + [1f”, &1”] — {5, o},
6B) = —duy — {wo,u1} + [p1,bo] + [Br,vo] + {85, 6} + [V, o] + {457, a7},
082o = dbg + |wo, bo] + {¢1, U1} + {B1,u1} + [Qo, vo]
— {8, o7} + [, af?) = {67, o} + [t ™),
0H, = —dU; — {wo, Ui} + (@1, hol + [B1,bo] — {Qo,u1} + [H1,vo]
+{¢(0) (4)}+[ (1) (3)]_|_{¢(2) A(Q)}_'_[ (3) (1)]_|_{¢(4) A(O)}

Kalb-Ramond — BF — this formulation

fermionic generalized gauge transformations

5s” = [, vo] — {¢1,61”},
cw(” —da§> [wo, &) — [61. m]—ré“%ulm i, vol,
57 = da? + {wo, 0§} — {¢1,647} — {B1,&i”} + [8§7, bo] + [¥1", wa] + [B57, v,
iV = —da? — [wo,ai”] — [61,087] — [Br, oY) — [, 61]
— [8”, Ux) + [, bo] — [67), ua) + [0, wa),
0" = daf? + {wo, af} — {61,04"} — {B1, 6"} + {0, afV} — {H1, 4"}
+ 1557, hol + [V, Un] + [§7, bo] + [, wa] + [, wo]



Quantization by Batalin-Vilkovisky formalism

BRST transformation for gauge field and ghost:

1

@B, Ayl = Dyuc”, @B, =35 pc’ct

nilpotency of: @B
1
[QB, Duca] — O, [QB, 5 gCCbCC] — (0
Consider the action with external fields:

1
S|J, K] = /ddx (E + JEA), + Juc" + KD — §Kafgbccbcc)



Ward-Takahashi identity:

mzmbﬁﬁmmnzg/wm(wa”—aﬁPbC) SLRKT)

T K] — (iSITK]y

. . ) .
a __ K] = Aa 7.5 (I)a T K a zS
¥ = o DT K] = (A76'9), 5 DI K] = (e
Effective action;
We K| =T[JK|+J-® J“’—aW J—aW
! ! ©00eT Y 09

WT-id = Slavnov-Taylor identity:

0 0 OW oW  OW oW
p— l’l/. — _
17 0 g ) g e,
OprsT® = (@, W) fermionic bosonic

Batalin-Vilkovisky quantization is the generalization of this.



Batalin-Vilkovisky quantization

F9 oG F9 oG

Define Poisson bracket: {F,G} = 994 95~ 99" HPA
A A

graded Jacobi id.

%
FO _ _qyealriiean 98

degree of anti-field @5 : |4 = —|®a| -1 - Y
7 A A 0D 9% ,

1
Wi[d, &% = /ddaz(ﬁ + JE AL+ Joc® + AT D — 025 2l + e b%)

!

non-minimal sector
Quantized gauge action satisfies master equation: (gauge fixing)

oW oW oW oW oW oW
W, W) =2 _9 _9
v W 0A% 0AL” dct Oct Jc* Jc

| (W,W} =0

1
zzzgﬁqua—wa§f&&@ﬂ::0

BRST transformation: op®t = {W, d4}



anti-field ®7 can be replaced by derivative of gauge fermion ¥

Yang-Mills
R ) 0
oY = — (deg. W = —1)
0P T = 9, Al
=y — Aa* o a\Ij __aa
/D@Ae%w@’(\ygéi)a) _ /D@AQ%W(@%) BT 9AR T C Opu
. ow
A . 1 AW Cq = — a =0
X /D<I> AWV (zhABVW — —{W, W}) e oc
2 oV
Ca = _a—a - aﬂAg
C
Wis independent of the choice of gauge fixing fermion ¥
If the quantum master equation is satisfied:
1
thApyW — AW, W} =0 W= /d4a:(£ + G0, DFE® + 28, A

h — 0 : calssical master equation, {W, W} =0



Symplectic structure in classical mechanics

. . y . 0L
Hamiltonian; H(q,p) = piq" — L(g,q),  pi = i
OH . OH oL  dOL .
op; 4 o¢¢  Oq¢°  dto§ bi

OF OH OFOH OF ., OF

90 0p;  Opiog  ogl T ap

Poisson bracket

(BRST tr.) Fl(q,p) ={F, H} =

(Master eq.) %—i] ={H,H} =0 Energy conservation

Lagrangian:  L(q,q) = piq* — H(q,p) Action: S = /dt(pq — H)



AKSZ construction of graded symplectic manifold

(Alexandrov, Kontsevich, Schwartz and Zaboronsky)

QP manifOld:/('Ma{'a'}a@)a {@,@} =0
graded Mfd. I H;sltonian

graded Poisson bracket

grade 1 vector field (BRST charge)

Q ={06,-}
;0 090 0098
<Q ¢ 0z’ Oq' dp;  Op; Oq’ (%) = (q 71?@))

Q% = Q{O,} = {0,{6, }} = %{{@ﬁ@}, }=0

graded Jacobi identity



Every solution to the classical master equation determines
QP manifold = quantized physical phase space

closed symplectic two form: dw =0, w = wepdz® A dz’

_1vap OF OG
Poisson bracket: {F,G} = (w™) b(f;xa Db
. : : : - __ Ma 0
Symplectic: Low = (igd + dig)w = digw = 0 Q=@ 5 (dz)
existence of Hamiltonian ©: iow=d® —— {0,0)}=0

AKSZ construction of quantized action:

S = /ddajdde(pdq +0) (d=2060"0,, 0, as odd coordinate)



QP manifold can be geometrically understood as follows:

Consider the differential equations: () = dw;(t) — Xi(z(t)) ()
t
. .,
Assume grade 1 vector field: X =X 5
2 (1) = i + to deg{t} = -1, t*=0
X'(2'(t)) = X"(z 4+ vt) = X' (z) + tv? 0X
({9£Ej
I
L 0X
5’mj
dX*(x(t)) 0X" | .
o = X'+ =0 integrability of (")

stationally flow (time independent)

| | 0Q'
T __ M) 2] __ _ _
Xi=Q Qi = Q55 =04 {6,0} =0




Explicit examples QP mfd

graded coordinate: (¢%, pa) grading (1,n — 1) : (a;i ~ (4%, pa))

Poisson bracket:

— — —
(rGy_ FO0G | F0 G FO e iri-ae OF
’ dq® Op, Opa 0q° Oz Oz
. . 1
Hamiltonian, ex.1 : ©(q,p) = §f,§'“cpaqch {0,0} =0

QP manifold: (M,{-,-},0) =0 (find © to get QP-mfd)
nilpotent degree 1 vector field =BRST charge:

Y-
@(9 0 @(9 0 9, 0
_ _ — (—1)" c b .
{@ } aq apa apa 6(]@ ( ) (fabqp a T fbcq q aq >

Q* =0



Y —=> M:(x,0) — (¢“,p*) = (P%(x,0), V*(x,0))
S~ field theory projection

1
U (x,0) = c*(x) + 0 A+ 29 0 ¢Mv(x)’ (™ = anti-field of )

Do(,0) = dalz) + A% (2) + %eﬂevc* (2) (lp*| = —lel = 1)

a,uv

d = 09, ( / d*2d®0 046", = / O, dz" A da:”)

AKSZ action W = /d2:13/d2(9(<13ad\11a + OV, d))

1
_ / Az / d’6 o, (d\If“ + 5 f,?c\lfb\Ifc>

1 UV ma U oAx a a c 1 vk a c 1 v xb ra c
= /dQLIZ‘ (§¢a€’u F’UJV —G'LL Aa,l/(aﬂc —’_fbcAZC ) -+ ZE'LL CCL,,UJ/ bCCbC + 56“ ¢ul;/fbc¢ac>

quantized 2-d. minimal BF action by formalism

fermions and 2-form boson can be identified as anti-fields



AKSZ construction coincides with 2-dim. G-C-S action

Graded manifold M: coordinates:  (¢%, p1a)
grading (1,0)

Pia has independent hidden grading |

F9 oG F9 oG

Poisson bracket: (F,G} = _
7 aqa apla, apla aqa

Hamiltonian, ex.2: O(q¢%, p1a) = ©1(9%, p1a) + O3(q%, P1a)

©(¢", p1a) = ©1(¢%, p1a) + O3(¢*, P1a)

a 1 a C 1 Qa C
01(q%, p1a) = §fbcp1aqbq “ » O(q,p) = §fbcpaqbq

1
@3 (qa’ pla) — gfabcplaplbplc

{0,0} ={6,+ 05,0, + 63} =0



Map: ¥ — M : (z*,0") — (¢*, p1a) = (Y (x,0), P(x,0))

component fields:

a a a 1 v Da

¥ (2,0) = 64 (@) + 00, (&) + 20°0" B, (@
a Ta a 1 v Ja

W (.’IZ, 9) — ¢0 (QE‘) + Hlqu,,u(x) + §9M9 wO,,uz/(x)

Waksy / P22d%0 (DA, + 0, (B, T) + O3(, 7))

1 1
— / d*xd0 (cbadqfa + 5 f2 @, UPwe 4 3 fabcqﬂ@b@C)

— [ Tr{on(dwo +f + (9,5} + v)__— ghost #=2
+ b (A + [wo, DO]) + Br(2 + (4)2))

Coincides with 2-dim. generalized C-S with fermions
(different gradings anti-commute here)



AKSZ construction and BV formalism

(ghost #, hidden grading)
1
(0.1)  2%(x,0) = ¢1(z) + 0%d7 . (z) + 5070 By, (2)

1.0)  U(z,0) = §2(z) + 0"l (x) + %9“9'/1@8’7#,/(:1:)

{} anti-fields identification
®%(x,0) = ¢f (z) — O epwiy () + 01071 (x) .
P (z,0) = cg(%+\emgu(x) + 010265 (x) (7l ==lel = 1)
We define BV bracket:
physical field (ghost #=0)

(FG)_/d% F9 96 _F9 0G  F9 9G _F9 9G  Fd 9G _F9 oG
e Ob1a 005" 094® 01 Owg, Owl,  Owyl Owg,  Ocg Oct,  Oci, Och

%
FO _ (_pyeerr) _qyel@sr) OF
0P T 0P

hidden grading
Waksz =Wprp + W



Waksz =Wgp + W' (Waksz,Waksz) =0

Quantized minimal BF action + modification

1 v a * a a C 1 a *Qa
Wgr = /d233 §¢1a€“ F,, —/d25’3 (%5(8#% + frewo,co) + §fbcc1acoco b0 fa 5689251@)

1

*xb *cu *C
W/ = 5/ (fbc¢]_a€'uywl M _I_ fabc¢1¢licl )

Puzzle: Waksz is equivalent to the 2-dim. generalized Chern-Simons
action with fermions and at the same time quantized BF action

with extra term W’ gh()st number of Bi” — CTQ — —9
010%ci ()
|
1
0°(2,0) = 63(a) + "1, (a) + 20"0" B, (@
" 1 "
(2, 0) = Yo (2) + 0w, (2) + 5070795 4, (2)

()

oQ

C



On the other hand we can consider 2-dim. generalized

C-S action as starting classical action : . .
simply two form gauge field

/ with ghost number O
(bosons only) S5(i =0) = /TT [—¢1(dwo + w§) — ¢1 B4 ]

dp1 = o1, vo),
gauge trans.  dwgy = dvg + |wo, vo] + {b1,u1},
0B1 = —duy — {wo, u1} + [¢1, bo] + [B1, vo),

We need to introduce the following fields:

X* (0,1), Y%, (1,0), Z%, (2,1), (ghost number, hidden grading)

finite number of fields is not
enough to obtain nilpotent @

| with physical ¢;,wy, B; ghost # =0
2% =+ 50007 By «— infinite reducibility

Xa:¢il+...



We consider a supermanifold which has the following coordinates:

(X(an)7 YF(%m—I—l))’ (m — 00, 700)

where the suffix denotes ghost number. X has hidden deg. 1 and Y has O.

We can find deg. 1 nilpotent vector field (BRST operator):

Q=) Om, Q=0

0

B a b C 0
+ Efbc (; X(2k)X(2k—|—2m—|—2)> Iy

A . .
QQm—i—l — Efbc Z)/(%k—l—l)YV(—Zk—iﬁm—i—l) oY @
L (2m+41)

(2m+41)

0
Q m — Afac Yb XC_ m a
2 b (; (2k+1)“* (—2k+2 )> OX o) (A, B = const.)

We can find hamiltonian g satisfying:

Q* = {0.{6,}) =~ {{6.6},} =0



Hamiltonian:

A C a B a C
O =52 D> e i) Yompzmin X(om) + 37 2 D Fabe X (o X (s amr2) X (amy
kK m Tk m

AKSZ action; S= /deUdQ@ (Z X(—2m)adY(opm11) + @>

We already found in our BV minimal action for 2-dim. G-C-S
with infinite reducibility. (N.K., Suehiro, Tsukioka & Umetsu '98)

[ /d%tr > ACH (0, C8 + > (e ChLCE iy FCH CE i} — € C i CE i)

n=—oo

T éf Z (Cflcf(ann) + C£C§(m+n))

m=—aoco

0. @)

o CT}LWEIUJV (a,ucfn,u + Z [Cﬁ,u7 Cf(m+n)u])}

Infinite reducibllity:
gauge tr. Ve =01A=|Q + A V1] (eq. of motion) F =0

521 A= [Q+ A Vs = (Q+ AIQ+ AV} = S[{Q+ A Q+ ALV = S [F.V] =0



In the current AKSZ procedure we can identify:
a F.a B.,a 1 F.a
lf(2m—|—1) — C'2'm—|—1 + HMCQmu + §C2m—1,ul/

1
a B.,a F.a B.a
X(Qm) — C12'm +0"C 1w + 502777,—2/11/

2m—

renaming

a a a 1 v la
Yv(2m—|—1) — ¢(2m—|-1) + Huw(2m),u + §0M9 ¢(2m—1),u1/

a a a 1 vV nRa
X(Zm) — ¢(2m) + Hluw(Qm—l),u + 591&9 B(Qm—Z),uV

=D Yomar) = D Ylomer) T 0" D Wy, + %eﬂey > Vom—1yuw
=(0" + 0" + 076070,
O =3 Xy = D Oy + 0" D o+ 500D B oy
=(0" + 6"up; + 049" B},
In this way classical fields ¢%,w, Bf;, can be introduced as physical
fields having ghost number zero for bosons. At this stage fermions

still carry ghost number. We can extend to introduce fermionic
classical fields (ghost #=0). We need to introduce infinite ghost fields.




What is the physical meaning of the result 7
=P Quantization of topological Super Point Particle Field Theory

We introduce particle coordinates: (a*(7),p. (7)) (0"(7),nu(T))

nilpotent BRST transformation dpxt (1) = 0" (7)
opf* (1) =0
O0ppu(7) =0
0BNu(T) = —pu(T)

Consider the following BRST exact action
(gauge fixing of topological point particle):

equation of motion:

2p, = a¥ L., . :
Son-shell = _/dT (Za:“xu T 77M6W>



conjugate momentum: commutation relation:

)
Mo = g — Po (2", p,] = 0¥
L9 (6% m,} = io¥
7T9,,u = % — nlu

first quantized BRST charge: @p = i0"p, = 0"0, =d

super coordinate eigenstate: |z,0 >

field of super point particle:

: 1
bosonic:  ®(z,0) =< z,0|® >= ¢(z) + 0", (z) + 59“9”BW

. ) 1 A
fermionic: W(xz,0) =< z,0|¥ >=(x) + Hw,(x) + 59“9”¢W



Point particle field theory

physical state condition: <1,0|Qp|® >=0,0,0(x,0) =0
<z,0/Qp|¥Y >=0,0,¥(x,0) =0

Since BRST symmetry is nilpotent, there is gauge symmetry:

5|(I) > = QB’AB >, 5‘\11 >= QB‘AF >

Action satisfying physical state condition:
S =< U|Qp|P >= /dedQH U(z,0)Qpd(x,0)

We can introduce Yukawa interaction and 3-point interaction
in BRST invariant way:

1 1
S — / d*xd*0 (@"’d\lfa + 5 L, WO + 3 fabccbacpbcDC)

Quantized interacting topological super particle field theory action

This coincides with even dimensional generalized Chern-Simons action !



Comparison with AKSZ construction

Introduce grading:  deg. of (¢%, q,) = (1,0)

{FG}_F%(‘?G_F%@G L
0 0¢% 0qa Oqa Og° O = gfacd’ad’, 19,0} =0

1 1
S: _ada _acabc
/(261 q+3!quqq>

We claimed this structure can be extended more general framework
with 3 gradings:

¢* — A® = 1Y% + i + jJA? + kA? Q= jd

VO = 142 + ia? + ja% + kal
1 1
Sacs = [ Ir| 5AQA+ oA (A= AT, V=V"T)

0A=QV+ AV



A* = 19§ +if + jAG + kA
— 199 + kA 4 (4 — kAD) guaternion + commuting different gradings
= (0f + A}) + (4§ — AF) . .“ o
=30 4 Pl = o no quaternion + anti-commuting different
- " gradings

no-quaternion + 3 total gradings:

1 1
q — _ada _acabc
/(261 q+3!quqq>

1 1
- / [_(cpla + Woa)A(PF + WG) + 57 fave(DF + UG) (2] + W)(D] + WS)]

2
= Sg + So
target space dim. Quantized topological super particle field theory actions
1 1
even dlm SE — / ((I)lad\j[jcol + §fabcq)611\j[jg\118 + yfabcq)?q)?q)i>

: 1 1 1
Odd dlm' SO — / (§(q)1adq)clb + \IjOad\Ij(C)L) + §fabc\118(bliq)i + gfabcqququjg>

hidden grading is needed for Sp



Conclusion

Quantization of G-C-S actions is reformulated by
AKSZ formalism.

AKSZ formulation of G-C-S is quantized topological
super point particle field theory for arbitrary
even- and odd-dimensions.

Odd dimensional formulation needs 3rd grading.

To keep component fields of G-C-S as physical
classical fields infinite components are needed.



