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String Theory as a theory of
Interacting massive higher spin fields

[0 String excitations give rise to an infinite number of fields of increasing
spin and mass

M2 ~ T(s-1) (in open string theory)

0 Infinite tower of higher spin string states plays a crucial role in
ensuring a smooth ultraviolet behavior (or even uv finiteness) of
superstring theory, thus making it a consistent theory of quantum

gravity.

[0 Can String Theory be a spontaneously broken phase of an underlying
gauge theory of massless higher spin fields?

T->0
Gross ‘88, ..., Sundborg *00, Lindstrom & Zabzine ‘03, Bonelli *03, ..., Sagnotti & Taronna ’10,...




String Theory as a theory of
Interacting massive higher spin fields

[ One can try to deduce the structure of higher spin field
Interactions from the action of String Field Theory

Sopen string:<q)|Q|CD >+ |P>3

but due to the complexity of the problem, only terms in the
Lagrangian describing a system of free massless higher spin
fields have been obtained in this way so far

0 This system of massless fields was called triplet (by Francia & sagnotti)
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These fields and their equations were first obtained by S. Ouvry and J. Stern, and by A. Bengtsson in 1986




Higher-spin triplets

Ouvry & Stern ’86, Bengtsson ’86; Henneaux & Teitelboim *88; Pashnev ’89, ...,
Francia & Sagnotti ‘02; Sagnotti & Tsulaia ‘03; Barnich, Bonelli & Grigoriev "05;
Buchbinder, Fotopoulos, Petkou & Tsulaia *06; Buchbinder, Galajinsky & Krykhtin *07;

Sorokin & Vasiliev ’08; Campoleoni, Francia & Sagnotti ‘08, Francia ‘10, Fotopoulos & Tsulaia ’09
Bekaert, Boulanger & Francia ‘15

“Triplets” — fields transforming under a reducible representation of SO(1,D-1)
Spectrum of physical states of (simplest) HS triplets:
S, S-2, s-4, ..., 1 or O — in the case of bosons

s, s-1, s-2, ..., ¥2 - in the case of fermions

[0 Basically, these systems are obtained by picking up a single Regge
trajectory of an (open) string theory M2 — T(s-1), s=0,1, ...,

e taking T-=>0, M .2-=>0
« cutting the Regge tragectory at s=s,




Congider, for instance a free open bosonic gtring in flat space—time, whose worldsheet is
parametrized by a ‘spatial’ coordinate ¢ € [0, r] and a ‘time’ coordinate . String dynamics
ig described by the coordinates
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X™(r,0) = 2™ + 2a'p™1 + iV 2 Z Ea?e_ﬁ”Tcos(nJ)
0

and momenta

1 < .
P*(r,a)=p"+ Z ane " cos(na),
20
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where '™ and p™ are the center of mass variables and aj; are the string oscillator modes
satisfying (upon quantization) the commutation relations [p™,2?] = —in™®, [a)},a]] =
ngn-l-iﬂmp'

String dynamics is subject to the Virasoro constraints

o0
1 1
Ly = 7 E ap Omn = V20 P amip + 5 E ap nOmn, k#0,
N=—00 n#k,0

Ly = Zﬂlpmpm T Z Q’Tnﬂ’mw
=0

The latter produces the mass shell condition for the string states

1
ME = —ijﬂ'm = E E aiflnamn-
iU



We observe that in the tensionless limit o’ — oo all string states become massless, while
the properly rescaled Virasoro constraints become at most linear in the oscillator modes

1 L

- — i —
— Qa,LO‘CH"—?OO — P Pm, Iy = Dol

lO Lk‘a’aoo — Pm Cl}?

and satisfy a simple algebra without any central charge

l0,1x] =0, Ui lk) =011 l0.

Thus in the tensionless limit the quantum consistency of string theory does not require any
critical dimension for the string to live in. Note that at o’ — oo the string coordinate

blows up and is not well defined, while the oscillator modes remain appropriate variables
for carrying out the quantization of the theory.

The corresponding nilpotent BRST charge takes the form

+oo

n
Q= Z (€ siibn— Ebo B s,

N=—0C0

where ¢, and b, are the ghosts and anti—ghosts associated with the constraint algebra
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Massless higher spin triplets
from String Theory

[0 In the tensionless limit T —= 0O, the string BRST operator is:

Q=¢C,p,P" JrZ(C_k p.a, —gboc_kck), k=41 +2,..,fx

k=0
., - string center - of - mass momentum (m=01,..., D -1)

alin - string oscillator operators (‘k‘ =1,2,...,00 labels the Regge trajectories)

C,,C, and bo, b, -string reparametrization ghosts and anti - ghosts

[0 String Field contains an infinite number of HS fields

|(D>:z¢mnp---q---(x) a™a"-..af---a%---ch---h|0 >




Massless higher spin triplets
from String Theory

[0 Reduce the infinite number to a finite independent set of fields
by picking up string states corresponding to a single Regge
trajectory cut at a level of spin s and satisfying the string field

equation of motion

Q|d>=0, S| D>=Q|A >, Q°=0

BRST gauge symmetry

[D>=¢, , ()a%--a%[0>+C, . (x)a%---alich,|0>

+ Dy (X) a'’;---ay?c,b, 0>

Symmetric tensor fields ¢,(x), C,_;(X) and D._,(x) form the simplest
bosonic HS triplet (they are not subject to tracelessness conditions)
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Bosonic HS triplet equations of motion
and gauge symmetries

OB, =0 Crrpomyr O =0,0"
Corpom, =0 P, —(8=1)0
0°Dy,m, =50"C

My =M

(msl m_,) - auxiliary field

S— 2

spectrum of physical states:

Guage transformations: : :
9 massless particles of spin

OBy, .. = SO Ay (XD s, $-2, 54, ., 1or0
2

o, =0 Ay o s

5Dm1___m = G”Anml e - auxiliary field




~Geometrical’ meaning of HS triplet fields

What is the geometrical nature of the triplet fields?

¢m — (X) - iIs a metric-like gauge field, analogous to graviton
= (it is not constraint by the traceless condition in contrast
to the Fronsdal fields)

g..(X), &, =0 E +0,E - linearized diffeomorphisms

What about auxiliary fields C__;(x) and D, ,(x)? Can they
be related to other geometrical quantities, such as a
generalized Christoffel symbol, i.e. a HS connection?
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HS triplets in the frame-like formulation
(D.S. & M. Vasiliev, arXiv:0807.0206)

O ¢.(x), C._;(X) and D ,(x) are components of the
(unconstrained) higher-spin vielbein and spin connection

eal"'as—l = dxmes]lmas_l (X), wal...as-l,b — dxmwgl...as-l,b (X) I]_I_I_U

—a b Ay q,b i Ay ag q,b _ _ =
o't =, Nap = 0; de™ ™ -dx"w™ ™ *+°n =0 - torsion free condition

mb

Higher-spin gauge transformations:

S = dgalmasfl (X) _ (S _1) dxmgalmasfl’b (X) . 5wal...as—1,b = dgal...as,l,b (X) _ (S = 2) dxmgal...as—l,bc (X) .

Relation to the triplet fields:

a,--a (851 a.,)m a,-a._ a;-8. -84 oM
¢1 stem S 7731) : D1 szzeml 52515a1’
S_

Cal"'as—l = (S _1) a)s_]l...as_bm + amerar_]l...as_l
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The frame-like action for HS triplets

|
[0 The action is constructed by analogy with that for gravity

1 1 B :
S = _IeaebRCd € aped — jea deb __efa)bf a)Cd € abed D=4, but can be written
9 2 for any D

Note that e2 and @ are regarded as independent fields

O The (linearized) HS triplet action in Minkowski space

s-1 d
S = jdxa(denl = —dema)”l “Szb’mj O n., Eaped

0 The HS triplet equations of motion

OS ek 0S5
— — de* ™ -dx" ™y, =0, E —> 0w =0 - dynamical equation*

o
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Fermionic higher-spin triplets (originate
from RNS strings) (Sagnotti & Tsulaia ‘03)

\Pgl___m B }(%___ms_B , ﬂ%l___ms . propagate states with spins s, s-1,...,1/2
2 2 =2
Equations of motion in flat space-time Gauge transformations
70 W = (=38 Xy, Mo, =(5=2)0wSm.m,
2 2

0" ¥on,.m, = (5= D00,y ) =V Onlyom, Fmomy =7 Onlimn

Y O . =(5=3)0 Yo . O :ané“ml---ms—g
=5 =

Generalizing this fermionic systems to AdS encountered a problem
with finding their eom and a Lagrangian description

(Sagnotti & Tsulaia ’03; Buchbinder, Galajinsky & Krykhtin *07)
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Fermionic triplets in AdS from their frame-
like description (.. & Vvasiliev’'08, Agugliaro, Azzurli & D.S. “15)

In the frame-like formulation the fermionic triplets are .
ag_ m g
encoded in the single unconstrained 1-form tensor-spinor W =2 = dx"y ===

a..8,1/9 _ ~AM(a 1/2) a a...8c /9 ba
P a1z —a 1l/lm 51/2’ Zl 85-3/2 =y l//m 53/2’ ll s5/2_eb l//ml 855/2

Gauge transformations:

5l//a1 5-3/2 Dgal s-3/2 ebgal...as_:;/z,cnbc, Dl// — (d +%a)ab7/ab |\/_ e ya)l//
yb a1 As_3i2.0 Iry(al gaz as_3,2)b gal-“as—3/2’b77alb =
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Frame-like action for reducible HS fermionic
field In AdS

It is useful to introduce an auxiliary fermionic HS connection

a b b adj...d ,b aq...dc_ ,b d&a..a._ ,bC
@™ = X 2T Sttt = DER w2t _ gl R Senntyy
aAj...d_ ,b ’ (a Ay ... )b ... ,b
yba) 1 S3/2 _I /\7/ 1bl// 2 s=3/2 : a) 1 s=3/2 T]alb _O

bll ||

c

and gauge invariant 2-form torsion: T %2 — Dy -8z _glgf-tanty

Action:
3
= a ap_ — bed ny-ng_ b ¢4 njngc,,d
S =1 j €°..87°8, ap e (l//nl...ns3,27 T _6(5—5) Win,o, ¥ 15 7

+1[d°xJ=gp(D+2iv=A)p

the relative coefficients are fixed by the requirement that spin 1/2
only the gamma-trace part of the HS connection enters the action
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P &8ssz :em(all//azmas—llz) Zal s-3/2 — =y l// 85-3/2 Q852 — eb l//bal $-5/2
m d m d m

Metric-like action for fermionic triplets in AdS
(Agugliaro, Azzurli & D.S. ‘15)

e e B B
Shds = /d‘%\/ﬁ [?:Xb(rl)VXb(frl) —ix" IV Wy gy +4V T Dy gy + ;‘I’b( I Wy
+i(r — 1) (_E\b(?‘_z)y)\b(?—@ — VXN gy + AT Xb(r—ﬁ))

D+2 . D4+ 2r—4_,. D428y,
+v—A (Txb( D Xo(r—1) — T Wy + (r — 1) 5 N2 pr-2)

27

3 30 3 s

i 3 .
50— DX gy + S0 = DX gy Xb(r—1) —

2
+}ifb(?_1)}35(r—1) — (r = 1) Pz — (r — 1)(’*‘” — X Y B)Xb(r 3)”

V =d+w® - conventional covariant derivative and r=s-1/2

(T_l)}zb(r—l)

Gauge symmetr /
g y y 5@,3(7-) _ va&-&(?‘—l) _|_E.\/jf)/a€a‘(r_1)

5Xa(?‘—1) _ Vga(?‘ NS D+ gr -y A&-a(r—l) _Z-\/_*A,yafa(r_z)
saelr=2) - y.gelr=1) 4 %ﬂf@(r—?).
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Equations of motion for spin 3/2 - 1/2 doublet

gauge symmetry

(7/ V, +Ii Dz_zm)t//a—im%yby/b (V. ——mya)x oy, :(Va+%mm)§

.. .D
v-—ﬂya)w (yava—iDgzﬂjx 5x=(7Va+lzﬂ)§
}

5 D—4
(yV —I? —A)(x y°y,) =0

propagating spin 1/2

Sagnotti & Tsulaia ‘03:

.D-2 i/
(f’VbH - Ajwa—Tm vi=V, x

X=7", - puregauge

17



Conclusion and outlook

Triplet systems of fields of spin s, s-2,...,1 or O appears in a truncated free
action for the String Field Theory in flat space

In the frame-like formulation, these fields are endowed with a geometrical
meaning of higher-spin vielbeins and connections transforming under higher-
spin local symmetries.

Starting from the frame-like formulation for the fermionic higher-spin triplets
(describing physical states of spin s-1,...,1/2) we have resolved at long last
the problem of their metric-like Lagrangian description in AdS spaces.

Outlook

To understand whether and how the triplets in AdS may arise from the
quantization of strings in AdS at T-=0 (Bonelli “‘03)

Proceed with studying interactions of HS triplet fields along lines put forward by
Fotopoulos & Tsualia *09 (current exchanges, cubic & quartic vertices, etc.)

. reducibility can make things simpler:
single triplet vertex contains a # of vertices of irreducible HS fields

Minimal Vasiliev Theory is a theory of a single s=2c0 “triplet”, can it be extended
: . | cinfini  “tripl as | : | )2
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