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Plan of the talk

e Review of the pure spinor string in a flat background

e Pure spinor string in a curved background

e Non-minimal variables in a curved background

e Construction of the b ghost in the heterotic string in a curved
background

e Final remarks



Review of pure spinor in a flat background

(Berkovits, hep-th/0001035)
Given the superspace coordinates in ten dimensions (X, 6%), their
momenta and a pair of conjugate pure spinor variables.

1 _ _ _
S= /d2z 58X,,,6X'” + P00 + W, OXY,
Q= 7{ e <pa —  (m0)adX™ — f(vmﬁ)a (604™90) ) j’{ A\ d,
Q is nilpotent because the pure spinor constraint Ay™A =0
Q= 7{ (AymA)O™, (ﬂm = OX™ + ;(97m69)>

= @ is declared as the BRST charge of the theory.
Note that w, is defined up to (Aym)aA™.



Review of pure spinor in a flat background

It reproduces the superstring physical spectrum through the
cohomology of Q.

QAY“An(X,0)) =0, X*AL(X,0) ~ A*An(X,0) + A\*D,Q.
For example,

Aa(X,0) = (7"0)aam(X) + (07™P0) (Ymnpt (X))o + - -,

am describes a photon and i a photino.

This model is conformal, spacetime supersymmetric and BRST
invariant.

This is the minimal pure spinor string in a flat background.



Review of pure spinor in a flat background

The stress-energy tensor of the traditional strings is trivial because
the existence of the reparametrization ghost b. Thatis, Qb= T.
For the pure spinor string, the stress-energy tensor

1
T = Mal" = dad” — wadX",

is annihilated by @ and the b ghost is given with the help of new
variables. They are the conjugate pairs

(@0473\06)’ (Savra)v

and are the non-minimal variables (they are constrained). They
contribute to the BRST charge with § ©*r, and

Qo = —ry, Qs*=0% Qr,=Q&*=0.

They do not change the cohomology of the BRST charge (Berkovits,
hep-th/0509120).



Review of pure spinor in a flat background

The non-minimal pure spinor has action

S = / d’z %axméxm + Pa0f® + wadA* + Q ( / d’z saéxa>
The BRST charge is
Q= f)\o‘da + 0%y,
and the complete stress-energy tensor is
1

T = —§|-|m|—|m — d,00% — W O™ — Q(Saa:\a)'

The b ghost is constructed to satisfy Qb= T.



Review of pure spinor in a flat background
The b ghost satisfying Qb= T is

.

b= —50\, — wa00* + N, ™ - ——
.« 4(AN)

Ay ) EET

~

1
+——(w m)\ A m89,
x M)( YmA) (AT 0)
where
P = 2 (d7™8) + —— (1™ 3) 2 (yapw).
2(\0) 8(AN)2 2V
Q™ is such that Qb= T.

Note that b is invariant under dwy = (AY™)aAm.

The idea is to do this construction in a curved background.



Pure spinor string in a curved background

Given the curved superspace coordinates ZM, the variable d, and
the pure spinor variables. The world-sheet action in curved
background is

S= / d’z z’V’azN(GNM + Bym) — 0ZMEp@dy + wa VA

+EDE+ o' P,
where B _
VAY = N + M azMQp,
1
QM/BO‘ = 559/\// + Z(’yab)ﬁaQMab.
The background superfields are the supervielbein E, the

superconnection €2 and the NSNS two-form B. They will be
constrained by the BRST invariance.



Pure spinor string in a curved background

The BRST charge is Q = § doA%d,. @> =0 and 9(\“d,) =0
put the background to satisfy constraints (Berkovits & Howe,
hep-th/0112160).

Q> =0=2MNT,5% =0, XN Hu, =0, XNNR,5.° =0.

Some non-vanishing components of the background superfields are

1
Tapa = Hopa = —(Va)ap, Taab = 2(731’)0‘59& o = Zva(b

This model is one-loop conformal invariant (Chandia, Vallilo,
hep-th/0401226).



Pure spinor string in a curved background

Define the one-forms EA = dZMEpA and Qa8 = dZMQumaB, here
A = (a,«). The torsion two-form is

1
= VEA = dE" + EPQp" = S EPE  Tc”

the curvature two-form is
1
Re" = dQp” + Qg Qc” = JE“EPRpcs”

and 1
H=dB= 6ECEBEAHABC.

The Bianchi identities are
VTA=TBRg", VRsB=0, dH=0.
The covariant derivative on a super p-form W48 is

V\UAB = deB + \UACQCA + (—l)erIQAC\UCB.



Pure spinor string in a curved background
The transformation of the variables under @
(Chandia, hep-th/0604115)
QZM = X EM, QXN = —N%5%,  Qua = du + Lo wp,

Qdy = —(Ma)al? + AN wsRas,° + Lo dj,

where N4 = 0ZMEyA and £,° = \Q,,,” gives a local Lorentz
rotation. As a check

QMN* = VA + NP5, QN% = (\°N) + AN T,p® — NPL,2,
where ¥ ;2 = )\VQWI’.

The combination ()\3\) = \*), appears in the b ghost =
non-minimal variables are not inert under BRST transformations.



Non-minimal variables in a curved background
The BRST transformation of (Xa,cba, Foey S)

Qo = —ra NP0+ 500, QY = —0P N X 5% — 0Py g
Qs = o + sBAVXwa + 55250‘, Qry = XYXWBrB + Zaﬁrﬁ,
where X is constrained by Q% = 0 and it is given by

1
Xya = 3000 — 7 (1*)a” Tyab

Let mecall ¥ = X + Y, and the BRST transformations are
simplified to
Qj\a = — I + iaﬁj\a, Q(;\)a = —wﬁiﬁa
Qs = % + S’Biga, Qro = iaﬁl’/j.

It is the transformation in flat spacetime plus a Lorentz rotation by
5.



Non-minimal variables in a curved background

The non-minimal pure spinor variables contribute to the
world-sheet action with

Q < / d?z s*V 3, — 3(M19Q,) (s A5) + %ﬁA TAab(svabS\)>
The Noether charge of the BRST transformations is
Q= jl{)\‘“da + &%
And the energy-momentum tensor is

T = —%I‘Ial'l"” — dyN% — W, VA
N N 1 N
-Q (sawa —3(N°Q,) (s’ Ag) + 4I'IATAab(5fyab)\)> .

Next step: find b ghost.



Construction of the b ghost

In flat spacetime we had

_ 1 . 1 o1
M= ——(dy™\) + ———(r7Y™PX) = (Mnpw),
2(M)( 7"A) 8()\)\)2( 7TPA) S (Ampw)
with
Qd, = _()\'Ym)anma Qwa = daa
QN*=0, Qr,=0, Q\y=—ra.
With this,
rm 1 ney.m 1 n N my\r
QI = ———MN"(AY"ypA) = ——= (M) (A" A)h

2(\8) 4(\X)2



Construction of the b ghost

In curved spacetime we have

where
D, =d, — A”Xvaﬁwlg, well defined under dw, = (Ay?)a\s-
And
QDo = —(Ma)al? + £07Dg,  Qua = Dy + Lo wp,

QAY = 8(AQ)A™ — NIT 5.

It turns out that

_ 1 N N .
Qre=— M2 (Avap) — (AP r)(Ayey® )T — £,5T .

1
2(AN) 4(AN)2



Construction of the b ghost

The b ghost becomes

~ ~ 1 ~
b= — (ﬂma —3(N°Q,) (s’ A\g) + 4I'IATAab(5fy"’b)\)>
e 4 1,7 — — (Ayapr)FT2 + L (wyaA) (M)
—Wq — T x_ ~_\W .
a 4()\)\) Yab 2()\>\) Va Y

Using 5
QMN? = (\y°N) — NPL,?,

1 .
QN = VA® —3(AQ)N* — E(A%bQ)(nyab)a +NPEge,

one obtains
Rb=T.



Final remarks

The background fields have an effect on the BRST transformations
of the non-minimal pure spinor variables.

The construction of the b ghost in a curved background is possible
for the case shown here.

The corresponding analysis for the type |l superstring in curved
background has been problematic (for me).



Thank youl!!



