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Previous results
e Berkovits and Howe (2001)
Sps = / d’z [%ézNazM(GMN + Bun) + OZMER dy + 0ZV EYyds
+ 0ZM Qe Nws + OZM s AT + wadAY + DaON
+ Cfg/\%gc?[; + 5§5X%Bd/3 + ngx\%ﬁi%g 4 pod daga}
BRST currents jg = A*d, and fB = Xaga
jg = )\aEaM(PM — (0Quw) — OQpd) — 0(,ZNBNM>
s = XaEaM(PM — (\Quw) — (o) — OUZNBNM)

e Nilpotency and holomorphicity implies Type || SUGRA
constraints



What are we trying to solve?

» Straightforward computation, no clear geometrical meaning

» Goal: Look for more symmetrical formulation between matter
and ghosts

» In some backgrounds (e.g. AdS) there are transformations
between matter and ghosts

» How to proceed? Second order formalism? Too restrictive

» Approach: Hamiltonian formalism (or first order formulation)



Pure Spinor action

> Assume the RR background P2 is invertible and solve for d,
and da

do = (9ZMEM® + (ACw)®) P3!
ds = —PL (9ZMEw" + (ACw)”)

» Action and BRST currents become dependent on Pa_;

» When Sps is expressed in Hamiltonian form

_ 05ps
M= 59,zM

. -1
all these terms depending on P_ | cancel!

» Action is describing the general case again



Pure Spinor action

Sps = / 0:ZMPuy + wa XY + 50N
1 ~
- §8UZN<%ZM<GMN — Bu AP Ben — Equ“ Ez” Bpyw)
+ E“Ea” Bei))

- %(PM AQuw — AB@)AMN( Py — AQuw — AND)
+ (ACw®ExM + XC*ELM) (P — AQmw — AQud)
+ C%ZN<BNPAPM + ENCERM — ENaEa’V’>
% (Py — AQmw — AQud)
+ 9, ZN(ACW) EMBun + 8, ZN (N CE)* ELM Bu
+ 9, ZM(AQMB) — 0, ZM(AQw) + (AAS)*Cw,a s



Pure Spinor action

Consider (Z') = (ZM, %, X&) and (P;) = (P, Wa, ¥a)

PR Aj AY O/ (—Y

J

where the matrix A is

Awv 0 0 |AuM An® AW’
0 0 0 0 6.7 0
O 0 0 0 0 -6
Aps=|T0M "0 0 |AMN AMB AMp
A%y 6% 0 | AN peS peB
A%y 0 — 5@3 AGN  paB  pdaB

)}



Simple example: bosonic string

» Sigma model with target space M
1 _
S = 2/8xm8X”(Gm,, + Bmn)
» Transformation 0x™ = V™(x) is symmetry if
LyG=0 and LyB=dF
» Noether current (jz, jz)
H 1 n m 1 n
Jz = Eax (Gpm + Bam) V™ + §ax Fn
12 1-
.jf = EaXn(Gmn + an)Vm — §8X”Fn

for some one-form F,



Simple example: bosonic string

» In Hamiltonian form
m 1 m Amn Amn aan
5 - /atx Pm — 5(80)( pm)< Amn Amn ) < pn >

([ (G=BG'B)mn —(BG1)p"
A= < (G—lB)mn (G—l)mn >

» The components of the current

Jz 2 (V F)[I+ Ua]
f(VF [T — Ual

(&
(o

-BG! G-BG B
G! G 'B

N— " —0

where
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Generalized metric

» (Fiber-wise) symmetric bilinear form
A(TMe T*M) x (TM & T*M) — C*°(M)
» Satisfies O(d, d) condition
01 01
t _
(Vo)1)
which implies that

0 1
(Up)>=1  for UA:A<10>

i.e. Py = 3(I4 Uy) are projectors onto (+£1)-eigenspaces of
Ua



Pure Spinor action

Target space: supermanifold M parametrized (Z') = (ZM,)\Q,Xa)

; 1 i Ay Aij aaZj(_)j
SPSZ/{atZ PI_E(GUZ Pi) ( A’i- AU > ( IP)j >}

where Apg satisfies
» Aps is a bilinear
» Satisfies the OSp

super)symmetric
d, d|2s) condition

G ) () (ot 3 )= (4, %)
I Alk 5kl AIJ' AIJ 51]_ 0
)

» The OSp(d, d|2s) condition guarantees that the action still
posseses the SO(1, 1) worldsheet symmetry (not manifestly)

(
(



Current

» Given a section (V, ), define current (j;,Jjz)

Je = (VI Fy) B (H—FUA)] ( 60;f_y >
jz = (V' Fy) [i (H—UA)] ( aggf—y >

» Current conservation 0j, + djz = 0 implies
(LyA)j = —(dF)h* )
LyA = (dF)-A = (LyA)/ = —(dF)yAY (1)
(LyA)T =0



Holomorphicity

> If the section (V, F) is a (+1)-eigenvector of Uy
Je =V'P; +F;0,Z' (=), jz=0
If the section (V, ) is a (—1)-eigenvector of Uy
=0,  jz=VP+F,Z'(-)

» In any case, the current conservation conditions become the

holomorphicity dj, = 0 or antiholomorphicity djz = 0
conditions



Nilpotency

» Given a current j(wg) = V'P; +FiaoZi(—)i

{evim) (01) s Jeva) (02) } pg = Ji(veE). (Ve E2)] 0 (01 — 02)
—{(V1,F1), (V2,F2))d' (01 — 02)
» For a fermionic current, nilpotency {jiqr),j,r)}pre =0
implies
[(Q.F),(QF)]=0 (2)
or in components [Q,Q] =0, LgF + (qdF =0



BRST currents

» Exist two sections (Q, F) and (Q, F)

XEM QN Bnm
(@)= ( )"BEBM()‘QM)Q) , (IF,-)( 0 )

~MEZMOQ)? 0

Same for (Q, F) with hatted expressions.

> These are (+1) and (—1) eigenvectors of U)
(@7 ]F) Jz=1JB Jz=0

(@7 F): jz=0, Jz=Js



Type Il SUGRA constraints

» Nilpotency
AN To5C = X NN R 5,7 = AN Ry55” = A*APHypc = 0
» Holomorphicity
Ta(be) = Habe = Hy5 = Tape + Hape = T,5. — H,5. = 0
Top" + TogpP?7 = . = Tap” — lHaﬁvPﬁ =T =0
CEP 1+ VaP?? — To P PP = Ryss + T3paClf = .= 0
S22+ Rusa P 4 Vol — T /€ =0
AN (Rmﬁ’y +T3 ng) = A"NR; ;7 =0

XN (V€] - MBVPﬁ) = Ao\ (vasgg —.)=0



Conclusions

» Obtained an action that treats matter and ghosts on the same
footing

» Translation of holomorphicity and nilpotency of BRST
currents into context of generalized geometry

LoA = (dF) - A (holomorph.)

[(Q F),(Q F)]=0 (nilpotency)
» Rederived Type Il SUGRA constraints



What is it good for?

» Special cases where there is an honest first order formalism

S = /ngZM + [3,\7,621\7’ + WO + (,Auaa/):a

1 AMI\7l AM& =
_ §(pM wa) ( Aa/\h Aaa < pal\:l )
a

» Pure Spinor on a CY background

1 _ _ .
5= / (8 + B mnOX™IX" + w0 DX + D000

FR(6%Ppa + Awa ) (%P5 + ©aA?)



Thanks!



