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Abstract

We give proofs for the important formulae required in the article [1].
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1 Introduction

For the N = 3 superconformal diffeomorphism the Kiirillov-Kostant 2-form was given by
(5.1) in [1] as

24, = /dxd39{ - d[Q?J (A%b(fa ©) +cS(f, s, 9))} - C?JD91D92D03?J}-
We show that the top component of the anomalous term takes the form

[yeijrDiDiDiylgs = d[-- -] + Ox[- - ].

*Professor emeritus, e-mail: aoyama.shogo@shizuoka.ac.jp



The boundary term d[- - -] is explicitly calculated so that we get we get the formula (5.2)
in [1]

/dﬂﬁdSH yDg1 Doz Dp3y = dry.

We also calculate the top component of the N = 3 super-Schwarzian derivative S(f, ¢; z, 0).

2 Various formulae

1
f=h+04; + §6ijk9’iejtk + 010203w,
1
Yk = Mk + Opp + §€ijk‘9i9j7' +0,(0 - 7) + 0102037y,

1 1
okl = nem + O — Omy + iﬁkﬁuj@i@ﬂ - §Tl€kij9i9j7' + 010 - 7) — mOK(O - T) + 001 p”
+010203(—nrry + mrk + 2€,107i),
CrP1Pm = MMNm + MeOmp + (Oepm — O1p1%)Nm +

+(%77k7715mij9i0j7' + %nmnkelijeiejT + %mnmfkijeieﬂ')
+(77k7719m(9 T+ N b1(0 - ) + 7m0 (6 - T> + 0k + O0m1k + OmOm) p°
+610503 (lemrm + kimp” + p(0 - 7)(20mOkmn + 200mmk) + 2pT S
+(=mers + mrk + 2€kliTz’p)77m>a
ELlmPEPLPm = ELlmMkTTm + 3Okmnmp + 3( — (0 1)*7 + eximOk0immp® + €xtmOrTnm (0 - 77))
+3010205 (6k1m77k771?”m —4(n-T)p+ 2/)3) ;
Dy f =y + (010:h + ei0it ;) + (010:090; + %Qij@'@w) + 0102030,.1;,
Dyor = dup + (913x77k — €0 + (0 - 7) — 9sz> + (0,010.p + %ﬁlijgiejrk)
+010205(61,0.T + €11;0275),
Do, = mp + 9z( — Ou(n - On) + p2) — aglinT +m(0 - 7) +7(0 - n)
£0:((0- m)up — (0 0em)p +2(0 - 7)p) + Lt () —70)
+610203 [ = MOpT — 7O + 2r1p + 4771 + €45 (=100 Ty + OuiTj — TiTj)} ;
epni Dn D1y, = —20p6T — 265171
—i—( — 2€p11010:p — 26prk>
(o OntiD2n + 201005 — 010 - 0a) + EpmilyOmuTi + xmilyOme )
+epmiOm 010102 p,

1
(epniDn D) Dy, = —6 [,07' + (2(9 ST)T 4 §€pnl9p7-n7—l)>

1 1
+ <§€pnl9p0nrl7- +(0-7)(0-T)+ €pnbplnTiOrp — §epn19p0n(8xn)p)

1
— = eonify0n0) (370957 4 3(7 - 0yr) — 2(0up)? + p2p — (1 - r)ﬂ .

Constraints due to the superconformal conditions D;f = prDjpy:

Och = —(n-0um) +p*, U = mip,



ti = —miT — €kN TR,  w=(n-7)—Tp,
1
T; = OxMi, OZpTi+TTi+§€ijijTk.

Calculation of y = W

df + (¢ - dp)

= dh+ (n-dn) +2p(0 - dn) — €;;60:0;dne + 2(6 - dn)(6 - 7)
+01650 (2(dn 1) 4 2pdT — 4dp7),

A=0.f+ (p-0zp) ( Note that

= 02 4+ 2p(0 - 7) — eiubibyTeT + 2(60 - 7)?

+010203[2(r - T) + 2p0, T — 40pT],
1

1 2 1 2
1
~010205 (2(7“ - 0ym) + 2ppT — 4axm),

DlQOleSOm - 5kmA )

1 1 Ozp
- %eiijiHkaT—F %(9'7‘)24-919293 [;(TT) + Oy e

9
—;(dh + (- dn))(0 - ) + ;(9 - dn)
€i10:0;0mT + 2(6 axn)2)
9 1
—?(9 ~dn)(0 - On) — ﬁeijkeiejdnkT
1
+616203 [ - F<dh + (n-dn)) (2(7’ - 0zn) + 2p0,T — 4(935;)7')

+1012 (2(d77 1)+ 2pdT — 4dp7‘)} .
Using

€k DiD; Dy, = €;j(0:0;0) + 30;0;01.0, + 30;0,01.02 + 0,0,0,.02],
we get

l€ijkDi D Dyylgo
6
= E(dh + (77 : dﬁ)) (Q(T : 3x77) + 2:06307- - 48;,;[)7’)

6
— (2(d77 -T) + 2pdT — 4dp7),
(€4t DiDj Dyylor

1
= 120, [E(dh + (- dn)) (= (0 0m)7 + ijnbidum; Oun )

1
+ﬁ ((9 -dn)T — fijkeidnjaxnk>}7
[eij Di D;j Dyylg2

1 1
= 6e;50,0,02 [ - ;(dh + (- dn))Oxnk + ;dnk}»
l€ijkDiDjDyylgs

1
= jui83040% 5 (dh + (- )



Then we have

lyeijDiDjDyylgs
= [ylgo X [€ijxDiDjDrylgs + [ylor x l€ijrDiD;Dyylge
+yle2 % [€ijDiDj Drylgr + [ylgs X [€ij1DiDj Diylgo,
with

[ylgo X [€4jxDiDj Dyylps
dh d dh d
o2+ (a2 (2 )
[Wlor x €41 Di D Dyylpe

-n{anf i+ (- (G- 5015)

P
() -l (3 ) (5 o))

[y]e2 % [€ijiDiD; Dky]el

_ﬁwﬁ%@rm (”l@ﬂarﬁ+(ﬁ£@ﬂ%maﬂﬁﬁ@%@l

Tl 2

pop P \p p pop P op

+12[‘j}2 n (’p? . 627)}
+2(%T; a<ﬁi})-2(@4%f;)f?;)
G0

+m[(? iﬁ;%f+2(?fﬁ>C}%?)
) oy 2
s 22}

[Ylps ¥ [€ijrDiDj Dyylgo

([ + (2 D)][(5- LY (2 2) - & - ey

P P AV Y p ppop
v O\, dr  _dpT, dn OaT 0P T
poplip Tppt Np o pltp pp

2
(505 ]
dh n dn Oy T Oxp T, AT dpT
— 0,0,05{48 . —2 PRy
123{ [ (p p)H(p PP)(P pp)
( )Tﬂ_ﬁﬂ)
P p
1 89;77[ am"?m aznn (dl _ 2@1)
T e pp
+Tmngilu£442
PP PP PP
_24[2(@.@)1&0771 Ouria Oty (AT _ AT 12
o plp p p p p pp



+2(<dn (M) 1 6xm8xnm%>(d;_2dpf)]}‘

— — 7€
p ol 2™ p p)p Tpop

3 Calculation of [ye;;1.D;D;Dyylys
Using the result for this quantity in the previous we find
/ dx?d6df2df3[ye;ji.DiDjDyylgs = / dz*(L,o + Ly + L,2),
in which the Lagrangian density is expanded in terms of the fermionic field component 7.
Lo =o+ (1)l + (35
was+ (0 sl + (N eh)

a(B0.020) s [T (2 )] (2 g )

+

%
(
|
(

p p P P P
[ (28] ) (B, 2
() (%5
(S (@G S vu(T = (G ),

ol [ et
—1—12{? + (% . ?77)}
x| = detn QT g (A Oothy o (T 1 Il
p P p P pp p P
+48¢in dgl daﬂ;”m 396;% .
Pl Gl )
waff+ (3 P am SR 00 - %27)
—48(d?7 d77> T 011 Ozn2 0213
poplpp P p
+24€1mn 8’;"[ aﬂ"gm dZ” (d(%) - ‘ﬁ’;)]

2

o=l (2] (22 0.) - (0. 42

pd dp pa P p PP pp pp
24(0- )5
R e | L S R U St
()
dn dn\T 0T
=24(- )55



dh n dn\i,0.T Oyp T, dT dpt
+H48| =+ = — )| (— —2—— —2——

[2 (p pﬂ(p pp)(p pp)

d d dn Oy d
_24(77'_27p7')2 48<ﬁ.an)2l.

P pp pp/pp

These Lo, L1, L 2 are calculated in Sections 3.1 , 3.2, and 3.3 respectively. Each of
them is shown to take a form d[-- -] + 0x[ - -.

3.1 Ly

The Lagrangian density to O(7°) has been given just above as

w=o+ (0D + (-5

T G e
R M e (R
dn\1 (8n i\ (O O
wff (). 2 5. 2
+24( dn>(8x77 3577)
_24(d77 . 8[;77) ((g (dns 85‘77) _,_24(@ ) @) (@ ) (85577))
pop /N p P RAY AT A

First of all we calculate the the first term in L o, which may be written as —6A0, A with

- ol (22

A0, A may be put in the expansion form in n
A0, A = [A0 Al + [A0, Al,2 + [AD, A

in which
dp®  0.p*dh dp 0yp? dh
A0l = Cr = 2%~
d[logp Ozd(log p*) + O (plz)am(pl)dhpﬂ ------ d — boundary
1.1
- 8x(—2)8$(?)dhd(n - 0gm),
o)
_ o dp* 9up*dh dp* (o N,
0.4 =20 = S % = T (5 2:0) +2(2:))-a))
[ dpPm oo N
(40, A1ye = [~ T (2-0:(D) +2(ax0) - a(D)
dp® (. m N/
x| = (00 0)) +2(8 ) ) |

Using this we expand L,o in 7 as

Lo = LTomo + LTomz + LTom4 + L7.07776

6



in which

Lo 0 = —6[A0;Al,p,
Lo 0 = —6[A0, A,

+48dh8 (dh)(azn .ax(a;”))
+24(d: a2d”) 48d—};(

p p
Lo = 6[A8 Al

0zn 0, dn
895 — ),
p (p)>

+48 iy (2 d")(aw.ax(ax )) +4s8(2- d—")ax(d—g)(%-ax(i

pop/Np  Tp

D)

p P

3.1.1 Lo

- Summary for Lo o

1
Lyop = —6d| log p*d;d(log p*) + O(5)0x(

1 1
+ Gax(?)az(?)dhd(n . 8177)

L

p )dhp?|

o(n?)

N

3.1.2 Lo,z

Terms with dh

_ 12 x,O dh [ (z ) ( %)d(%
dhd B,
+48—pi[<8 (Z)+ ; g ag(g)+ax(7”)g+ ;
48@ d(npfxn) (8277 ‘ax(azn))

O(g:)pn 20 M\ dpn
ax<;>+7;-am<d<;>+ )

d
X p’; 1

-4 (
Opp* dh

p? p?

=12




+48d262022[(az(2) aﬁ(zl)))
0,50 (0.2 - 1)
e (2.2)
)
st ()
O(n*)
~as % [ (0 - a2a()
et )
222,90 (1. 0,(%)
+32(0) (0D 1)

+ (0, 22

(Lot

Terms with dh, which comes from Lo 0

=S el G
- ()
a2 (3 0.)
e e (o)

T
P

The terms (1) ~ (15) are appropriately combined to get cancelled each other.

(1) + (10) + (14) = _488;§2dh
(2) + (6) + (9) =0,

_|_
(5) +(7) + (15)

P> p p

dh 0.p*  dp? n dOh Oy p? dp?
—249, S0p(4)) + 24 -
(p p? )p2 (p (p>> p?  p?
dh 8,p* | dp? 7
—240, -9 (+
(p p? )p2 (p (p)>

----- d — boundary

o) (L au(h),

(7o)



—24

d(n - 9xn) 83,;/)26002(170 (g))
2 pr pr\p Tp)
"7
dh dp?
(4) + (12 —24**( )

_ g%l (e ﬂ.ﬂ
(1) =487 ax<p>ax<> )

/

2
NN M 4P\ (.M. 1
=180, (D) (0:]) ) ~ 8L 0. (R (0n(0) )
without dh O(n*)
dh@x n, N dh o dp (o m 1
A8 5= Bp(1) - 1) + 4820, (2)(02(2) - 1),
<p>( ) p) = <p>( ) p)

(3) + (13) :d[ 8‘518;’)(2.83(2))} ....... d — boundary

dh dp? axp<p a2<g))

—48— =
p? p* p

dh | Oup )
+48—d il 92
(=5 22

+z4a“’ 2 (0. - don(Dy).

P2 P2
FACAORE)

P
_ @dL M. g2 dh 2
85 (az(p) 8x(p)>+48p2 (a d( )-0 (p))

dh
= d[48f(a <;> : a%(%))}
dh dp? (

—48— —
p? p?

8) =d [48

NCORCE0)

p p
do.h Ny 5 (N
(@) a<p>

dh 8,
+48—a 7
P>

—48p— ((‘ﬁd(;

= d[24dh (8 (;) 833(%))} -------- d — boundary
246;}2”;‘; (c%(%) : ag(%))
—24dp (awd(%) -aw(ﬁ)) 42421 9aT)

)’890(%)) (the last term = —(8))

without dh O(n%)

dh 9,p?
2 pp (a d(” AR (ﬁ)).




Further cancellations occur among the terms (A) ~ (I).

_ _ g% dhy dpyn o
() + (D) + (F) = ~48=- S5 0.0 (7 0:0)),

() = ~210.{ B 20 (1 o) } 42

- Summary 1 for Lo,

[The terms with dhl,»
__d_GaxPanPZC”L(n 8117)}
P> p? p*\p p

dh Ozp (1 o.M

+d|a8 S =L (T 52D
| (- a:C))
82
) (p)

p* p }
il

dh
dh d(n - 9z1) (@ 8 (895

n
+d 24— Oz (—
— 48— 3

P P

O(n*)
d(n - 0xm) Oup* dp® (n ., M
O(n*)
dp?

+43%-0, (dp’))(a -1 - a2 g (92) (5, . )

w1thout dh O(n*)
d(n - 8177)

724[) (a d(” ) a(p))+24

without dh O(n%)

Terms without dh

=-ia [ (L o)) +2(on) )

+24(GZ7 aﬁ?)

dp® . rd
_12[)” Dy [pp (5-81,(%))]

d
-2 p” [(22C) -




ARy
+(ax(%> 0ed()|

Terms without dh, which come from L o

—24dp o, <d” )(2:0)-2) —24d” (d@(%)-@(%)).

The terms without (1) ~ (7) are appropriately combined to get canceled each other.

(1) +(5) = ~240, <Cif )2 (2 0u(h),

p p
(2)+(6) = d{24 (62( ) %)} ------ d — boundary
—24dpp (20 - 00,
d
(3) +(7) = 48i (00 -0.)).
(4) = d{ - 24 (890(;) : Omd(%)) } --------- d — boundary

These are summed with (8) to give

Summary 2 for Lo 2

[The terms Without dh], 2

- d{24 - (aQ(p) Z)} - d{24(am(g) : axd(g))}

3.1.3 Lo

Terms with dh
(3. (0020 (22 0.%2)
2
ARy

- (02 a2) (2 )] (22 )

T S )
2
(o - 22

11



=555 (2D ah) + (-0 )] (-0 2)

e R )

without dh
_ 48<77 ) @) d(n - Oam) (% . 333(@))

o op p> p

O(n®)

_48(% . ‘i)”) ‘;h 8;2’2 (8:77 '396(8;77))

—%i’; () d(%))

W(ax(?;) (D).

From Summary 1for Lo 2 we have

the terms with dh
p? p P

dh
- —48—[61(; : ax(g))

A [Carae))

2. 9,(%M)

The terms (1) ~ (6) are combined to get canceled each other.
(1+(3)+(6) =0,

(2) +(4) =0,
() +(7) = 0.

Summary 1 for Lo

-

N

~
[The terms with dhl,
(L )92 (0 0 (2 0, 0
without dh o0nd)
J

Terms without dh

= o[- (1 D) 20Dy alD)]
n

(. ) (% gz )

P
-

12



_24(@7 . %) (596(‘1;7) . %)

dn oo pdn - o
+24(?77.%") (?”.ax( ;77)).

Calculate each line to find

2 2
1) = -6 (2-0.h)) 2%

+GCZ{<Z o) -2(e2h) - alh)
6% (2-0.(0) -2(ax2(”) d0.(7))
412 az(g) d(g))@x CLZ)("-GAZ))
+12(0,(7) d(Z))‘if’Q(Z %)
)
p

()= ~48(7 - dC1)) (0:0) + =52 - 03(dC) + °5)
=187 () ) | (o ;

13

<1l>

<2>

<3>

<4 >

<H>

<6 >

<T7>

< 8>

<9 >

<10 >

<11 >

<12 >

<14 >

<15 >

<16 >

<17>

<18 >



41820, %) (L a(h)) (0u(%) - )

pop PP
+48ip(8;f)2(z - d(%) (ax(g) . g)
a2 (0 ah) (1))
2

(@) = 2a(a?) + 270, (%) 4 )
(0. + 00+ Loy 0,2 + 1)
——2[(aD) - 2.D) + L (L au(Dy) + 22 (ay - 1))
<[(d0 ) 2u(D) + 22 (a0 ™) - ) + 0 () (2 0u()
= —2(d(]) - 0.(0)) (40:7) - 0u())
~21%2 (a2 ,(y) (a0 - 2)
+200,(%) (- 2.D) (- 0u()
2002 (%) 0,() (02 - 1)
2L (L 0,(D)) (a0 -0(D)
2L (1,1 (a0 () - 1)
220, ()(2-0,(L))
22 (4% 1) (dou) -0u(”

—24(6;52(0«") 1 (4o
)

dpn oM Oup\nY | Ozp
x(dC)+ 7R + (%)) + ZRou()
n
P

(D) + 22 (a2 1)+ L (20

(- a2) + 0 (a7 4+ 2
(L) 25200

p
_ 24<d(%) : ax(g)> (d(g) : 03(%>)

14

<19 >

<20 >

<21 >

< 22>

< 26 >

<27 >

< 28 >

<29 >

<30 >

<31 >

<32>

<33>

<34 >



_24@(@)2 <d

pop
dp

+24?<% : 896(%)) <d(%) - 83(%))

Lo, ) (o)) (a7
+z4i”a;f (2-0.() (aChy-0:(D).

+24

O(n") contribution from [The terms with dh],2 in Lo o :

_ 540 0em) 3xp2dpz(n 8 (g))

p2 P2 P2 \p Tp

O(n*)
d(n-0m) , dp n, N
—48 Ae(“E)(0p() - 2
p? (p)( (p) p>

O(n*)

d(n - Ozn) 7 7
+u (M(;) : am(?)

O(n*)
— —24d(% . 3x(ﬂ)) 0xp” dp® (ﬂ . 596(@))

p/ P p22 PP
~2a(a(]) -0 o) (o) - )

_24(% : daz(Z))ax(‘i)’f>(ax(;’) - g)

212 (L () ou(5) (0. - )
+24<d(%) : 835(%)) (dax(%) - 835(%))
+24<% : daz(%)) (dé?x(g) : &c(%))

F21 2 (L) (a2l -0u(1)).

O(n") contribution from [The terms with dh] 4

= g2 (L) (% 0 )

15

<35>

< 36 >

<37 >

< 38>

<39 >

<40 >

<41 >

<42 >

<43 >

<44 >

< 45 >

< 46 >

<47 >

<48 >

<49 >

<50 >

<3l >



- —4861?;(2 : d(g)) (ax(g) .ag(g)) <52>
—486?22(2 - d(%)) (ax(g) : Z)agE(axpp) <53 >
—48‘2’5(2 d(Z))azp(Z : ag(g)) <54>

4862’;2(2 : d(Z))(a;)Q(Z : ax(g)). <55>

The terms < 1 >~< 55 > are combined without repetition to get canceled against each
other.

Dyp? dp2 2
<1>+<29>+<45>+<48>:d{—12 ”"g %(ﬁ-a(ﬁ)) }, ------ d — boundary
P2 p2 \p p

<2> 4+ <42 >=0,
<3>+4<27T>+<51>=0,
<4>+4<25>+ <46 >=0,
<5>+<36>=0,
<6>+ <3 >4+ <49 >=0,
<T>+<13>4+<23>+<50>=0,
{<8>+<24>+<30>}+{<16>+ < 38>}

— %L (1) (1 der(h)) + 210, () - ) (doa(y - )

—l—{(lg) —|—p(38)}p ’ ’

—240,(%2) () - 1) (a0 - 1) (4)
~21a(*) (1) (-3 ) 3
+d{24a””pp (g 'd(g)) (Z-ag(dpp)>}, ........ d — boundary

<9>+ <47 >

2
~afi2(.D)- ) 0%}

(1 a(D) (0D - D)%)

<p p )
(Z-ah) (22D - Do)

= {6(890(%) . Z))QEL;(C?;)} -------- d — boundary

+24



1o ahy) (D) - T)or ) (©)

pp p’p p
no.m 2N NN\, dp?
+12<7-d7>(6x U -f)a , D
p (p) (p) p ‘T(/ﬂ) (D)
<10>+<18> + < 52>=0,
<1l>+<2l>+<54>=0,
<26 >+ <44 >=0,
dp Orp UNAYE] n
<28>+<37>+<40>:—24——ax[df-f = 0= } (E)
pp ((p) p)(p (p))

<12>+H{<19>4+ <83 >+ {<32>+ <43 >}

——06(2-d(D) =Lo,(L) (1 0.(D)) — 45 Lo (=) (L a(h)) (0u(D) - 2)

#2102 (4" 1)

_ (M 1\ er A
- 48(p d(p)) L0.(7)
o4, (0 %xPy (M 4
20,(2 >(p d(p))

/N /N
IS LS

o
8
—~

<1l4>+<35>

—a{ - 2402(82’))(61(2) : g) (ar(%
+21d0,(22) (arh) - 1) (0u() - 2)
210,20 (1) (- a0u(D)). (n
<>+ <17T>4+<31>+<39>

:d{ —24(62'0)2<d(2) : g))(g 395(%))} --------- d — boundary

Ozp , Oxp Ny I\ (N Ul
+48ZZEa(ZEEY (d(L) - ) ) (- 0u(5) ), J
; <p>(<p> p))(p <p>) ()
<20> 4+ <33 >+ <41 >=0,

<22>4+<55>=0.

For the terms (A) ~ (J) further combinations are taken without repetition to find can-
cellation

(4) + (1) =0,
(B) + (D) =0,
(C)+ (H) =0,
(B) +(G) =0,
(F)+(J)=0

17



[The terms without dh

Summary 2 for Loy

7]4

_96(2 :

The term to O(n°®) coming from [The terms with dh]ps in Lo s
(M dnNd(n-0em) (Oam o Oan
=—a5(2. 2 (%2 au( ; ),

p P

(1)+(2)=0.

3.2 L.

The Lagrangian density to O(7!) has been given in the beginning of this Section by
(3 D)o+ (2 A Bttt

h
02

dh
ra

L= 48[

+12[

+48€1mn
p

dh
02
dh
02
48 ( C?

+24€1mn

—24[

+24[

O(n")

pop 2

S

X [ — 461mn

p? o \p p PP

81:771 T dnm 8907777,
— 0 ( )
pp T p p
dnl daxnm O Tin T

ppop

— 4€1mn Oy (

p P

T Oatim D't
pp P P

n (ﬂ _ dﬁ)}qmn%m%%(d Ty @z>

p P PP P

+
p P PP P

'@>18xm Ozn2 O3
plp p p P
" Gzl l(d(Z) _ L’Zﬂ
poopNp pp

p
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T
n d77 aacnl 8:v77m dnn i 8pacpp7'
- mn T ; - ;

(G- (0.5 = =27




The terms (1) ~ (4) are combined to get canceled against each other.

(1) = 48]
(2) = 480,
+48

= 240,
+24

+24

+48

Il
IS
—
[\)
o~

+24]

124

The terms (a) ~ (1) are combined with (5) ~
+()=0
+ () + (k

(a) +
(b) +

(9) +
(c) +

Lp
rdh
Lp
-dh
Lp
-dh
Lp
_dp2
_;?‘20*
-dh
dh (2
Lp

dmy
(3) = 2etn =" d(

(i
(e

2
ih <n'dn>}p2€lm”p p

rdh

—+

2

_.|_

2

52

+ o+
e N N

VIS DISDIS DI

2

2 \p

d77 @ 8a:nl 83877771 a;rnn T
: ) €lmn

RS | S 5
+
—
I3

+
A~
I3

E
~~
|3

_QgC@ @g}hm%m@ﬂ@%@z

)
)

p /]

dn O p? OxM ANy, Oy T
. 7) ( B )Elmn -

p P

pdn ! 1 AN o ( Oxfin Oxmi\ T
“*ﬂ[?m”p A );

d77 dp2 axnl axnm 8&:7771 T
'7)}(_72)@77171 T
P 1Y P P

pop
6:1377[ dnm axnn T
P P p P
0, dnm, O

[Elmnaaz( T ) Nlm Oxlin T
P P

axnl d'rlm aznn T

pp PP

Elmn

— — Cmn

p P

€lmn

pp PP
8:c77>] OxMt ANy Ol T
T elmn -

pp PP

p p P

OxNim 8367771) T + dny OxNm Oxnin T dp
p

o

dn; O 0,
— et ;7[ zTm OxTn

p

ppp}

p d(p) PP

_ @ﬂqmnaxm Gmnm%z}

P p P PP

p P

PP PP

p P
d(aa:nl ) Oz Oz T
p P p P
8mnz§@ﬂzzézﬁzz:}
pp PP
Oxt Oz Ox'in T
pp PP

- ?)Elmn

PP PP

dn)i| 836771 3x77m aznn T dp
| | €lmn
P P P

p P P P PP

PP PP

p P

— €1 d (@)%%Z

dny . Onm ONp, T
By ( nl)LL,}

plp pop

p’p p pl

d — boundary

(7) to get simplified as

81{24[% i (ﬂ : M)}qmnaa;mdzn&;;]n;} o



d77 axﬁ) 823771 dnm aa:nn T
€lmn i ——
P P P p P

d Oz Oz O
=48 Zk( in m 2 UE

d)+ (f)+(7) = —48(

dnm
)Glmn
P P P P

dn dn Oz OxMim Ozl T
h + 6 :_32 Imn —_—
() +(6) = =32( ) e T

{(@)+(f)+ (D} +{(h)+(6)} =0.

Summary for L

= o S (o

3.3 L
The Lagrangian density to O(72) has been given in the beginning of this Section by
L72—24(d77 dn)TaT
p prpp
dh n dn Opp T, . dT dpT
P U\ P T Y
P2 \p p ppp  pp
_24(dl_2dp7—) — 48 @.az”)Zdj
p pp p p’pp
We take expansion in 7
LTQ = L.,.Qmo + LT27,72
with
dh T. OxpT T dpt
Lo =482 (0,(0) — LT (q(Ty - T 1
i pQ( (p) p/))((p) pp) W
T dpT\2
—oq(a(Ty - LTV, 2
() =7) @
dn dn\ T 0,7
Ly2p2 =24 3
<p p)p p ®)
n dn Oxp T T dpt
a8 I (g, Ty — LTy (q(Ty - 22T 4
<p p>< (p) p p)<(p) pp) @
dn Oym\ T dT
—48( )77_ (5)
pp/lpop
The terms (1), (2), (4) are calculated as follows.
dh T, T OxpT T dp
1) = 48% [0, (Dya(ly — LT ”
(1) =185 [0:0)d(7) = ZE2d(%) ~ o) |
2
-

PP PPt el 2
dht T dh Ozp*T T dh T T
+243 0, | — —d(— — “d(5) — = 2do,
{ [2 (ﬂ)] 22 o) )
do h T T
-2 a0}
PP opop
dh OxpT ,, T dp . T.T
+48— | — == —d(—) — —=0,(—)—
pQ[ pp (p) p )
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h
d52 zd(z) + 0 — boundary
P2 pp

} — 24
} ------ d — boundary
-

@) = —2fd5)- a) -2 %L 7]
= ~24d|()d()

Contribution to L2 ,2 from the calculation of L2 0
< L7.2’,72 > from 0(n9)
!
= 24— (dn - 0.n) + (2
Lp p
r/d d
=24[(Zo,(h) + (g-(m ”))]%d(

— 24 :2(—-&,3(%))

+
/N

SIS ™IS o
AS

+d[24(% : dp");ax(;

In the sum < a > +---+ < i > we find cancellations among the terms

):| L ree e e d — boundary

<a>+<b>=0,
<ec>+<f>4+<h>4+<i>=0,
(3)+ < g >=0,
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<a>

<b>
<c>

<d>

<e>
<f>
<g>

< h>



B)+<d>+<e>0.

Summary for Lo

La=—d 24‘;2@33(;);} - d[24(%)d(p)} +d[24<% d:) Zo.(5)]

This is the end of the long calculations of
/dx2d91d92d‘93[yeijkDiDjDky]93 = /dl‘Q(LTO + Lo+ LT2)'
We have shown that there remains only d— boundary terms as

/ d$2d91d92d93 [yeijkDiDjDky]es

— éd/dm{—G{logch?xd(logp ) + Ox (p )0x(

AT G R )
+24‘;Z(ax(") 2h)}

-2 ‘if (22C) - )+ 24(2:()) - 20 }

+{- 19020 dp"; (; : 8(2))2 1 24%P (2 ahy(2- 2%

{24 €1 dnl a:cnm a:ﬁnn
P P P

T
p
4 (2 o 2Ot 7

—24{65;ax<;>;+<;>d<;> (2 dfj’)pw;)}}

4  Calculation of S(f, p;z,0) and [A%eklmgpkwgpm]gs

The N = 3 super-Schwarzian derivative is given by
2
S(fopia,0) = L(epuDnDigr) Dy
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It is expanded in components as
T 1
S(f7 YT, 9) =2 [; + ﬂfpnlaanTl

1 1 1
+< - 273(9 7)2r + ﬁepnlepen’rlamp - %Gpnlepenaﬂo
1

6,2 €pn1ptn b (T&TT + (7 0,7) — 2(02p)? + p@ip)] .

Here use was of made of the constraints. )
The N = 3 super-Schwarzian theory contains a quantity A2 e€gmm@rp1om in addition
to the above Schwarzian derivative. The top component is calculated as

1 3
(A2 emrpromles = p* — 3p%(n - 7) + 5(77 - 7)?

1 1 1 )
+§ekzm77km(prm) + G Cklm (;(r T) 4 0uT — 2%/)7 - ﬁw : 7)3)-

By using the constraints it becomes

1 1 5,
(A2 €pimereromles = pt = 3p°(n - 1) +2(n-7)* + gﬂclmnknml( - 2%/)7)-
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