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Strings near black holes?

Two a priori unrelated questions:

Q1: How do strings behave near the horizon of a black hole?

Q2: What is Carrollian string theory?



A taste of Carrollian symmetry & geometry

e Physically ¢ — 0; hence “ultra-local”

c=1 cxl c=0

e Carroll boosts transformation act as

t—t =t+ bx', R xX =3

e Arises at the infinities of asymptotically flat spacetime; also
related to the geometry on null hypersurfaces and therefore
black hole horizons; obtained as the ¢ — 0 limit of Lorentzian
geometry

Metric g, replaced by (v/, h,,) satisfying v/'h,,, =0




Plan

@ The string Carroll expansion
for non-extremal black holes

@ Near-horizon strings are Carrollian

@ Magnetic and electric
Carroll strings
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The near-horizon geometry of a Schwarzschild black hole

e The four-dimensional Schwarzschild metric is
2GM 26M\ *
ds® = — (1 — G) dt® + <1 — G) dr? + r?dQ?
r r

with dQ? = d6? + sin? 0 d¢?

e Want to zoom into the near-horizon region r ~ 2GM =: ry, so
define a new radial coordinate ¢ via

Positive dim’'less pa-

1
_ 2
r=rn+ IT;,EZ rameter that goes to
zero as we approach

the horizon

e This leads to

2 4 422 4 )
ds? = r2d0%+e |- (dt) + 4d:? + 220 | +¢2 | S (dt)2 + —5-di? + 5 d0? | +O(?)
i "h "h i

e This has the form of a string Carroll expansion




The string Carroll expansion
e Consider a vielbein decomposition of a metric g
g(c?) = —c?E°(?)E’(c?) + PEN(?)EN () + E'(?)E'(c?)
o Expand vielbeine in powers of c? as E(c?) = e + c?eqyy + -+
g(c®) = eiei+cz(—e0e0+e1e1)+262eie£1)+- o= ht TR
where h=¢e'e’, 7 = —e’e’ + e'e' and & = 2eieél)
e To match with the near-horizon expansion, we identify

GEC2

e Comparing with our near-horizon expansion, we find

2
hudxtdx” = rfdQ?,  TudxMdx” = —%dtQ + 4d:?, D, dxtdx” = 2:2d0°
T
N—_—— —/— ™

2d Rindler spacetime

e This is a generic feature: the near-horizon region of any
non-extremal black hole looks like a string Carroll expansion



(Non-)extremal black holes and Rindler spacetime

e Extremal black holes generically have
a Lorentzian near-horizon structure
with an AdSs throat

e Non-extremal black holes admit a string
Carroll expansion which contain a ) Event Horizon
2d Rindler space fibered over a 2d base

Singularity

A RINDLER REMINDER:

e Worldline of body with const. acceleration in X-direction as
function of proper time t and rapidity at

T = xsinh(at), X = xcosh(at), X = const.

with ranges 0 < X < o0, —X<T <X
e Leads to ds® = —dT? + dX® = —(ax)?dt® + dx*



Warmup: magnetic and electric Carroll scalars

The simplest Carroll-invariant field theories are obtained by taking
the ¢ — 0 limit of a (free) relativistic scalar field theory

p_ g e Ly o
[’ - 2C2 (8t¢) 2 (8I¢)
This limit can be taken in two ways:
e The “electric” Carroll scalar: as ¢ — 0, the first term above

dominates
L1 1 2
L=Let O(1),  Le=5(0:9)

e The “magnetic” Carroll scalar: perform a HS transformation to
obtain

C2 X2

£ 2

1 c— 1
X0 — 5 (016 5 XDed — (019)° = L



The relativistic string and its Carrollian expansion
The phase space Lagrangian for string theory is

L=X"P, — %e (8" (X)PuPy + T?gu (X)X™#X™) — uX'"P,
where X" = x* + ey + 2" + O(€®) and u = u(gy + O(e).

Two choices for the e-scaling of e:

Mag.: e=O(1) = P = O(1), leading to

L= e_lﬁm,Lo + LonLo + €Lmnnio + (9(62)

Elec.: e = O(Ve) = P = O(Ve), leading to

L=/eLero+ O(e?)



The magnetic Carrollian string

The magnetic Carrollian string has a “traditional” Polyakov
formulation and may also be obtained by expanding the Polyakov

Lagrangian
T
Lo = 5 VPO X" 05X g (X)

With vas = Y0)as + €Y(2)as + O(e?)

e c-expanded metric g,3(X) = 0o X" 03 X" gu(X) includes “Taylor
terms”
gaﬁ(X) = haB(X) + G(i(X?y) + 0(62)
where
hag(X) = 8ax“8ﬂx”hw(x) 5

D(x,y) = Tap(x) + Pap(x) + 2hu (x)0(ox"0p)y" + ax"0x"y" Ophy (x)

e This implies that ‘ NB: Lorentzian WS ‘
T o
Lp = Lp.io+eLpno+O(e?), Lp.Lo = _5\/_7(0)7(0€haﬁ(x>

cf. NR strings



The electric Carroll string

e In contrast to the magnetic Carrollian string, the electric string
cannot be obtained from the Polyakov string since it is not
quadratic in transverse momenta as € — 0

= The closest we can get to a Polyakov-like formulation is

- E
Le=—-T°E (—waaaxwu + hwe%ﬂaaxwﬁx")+§Twwwﬂaax“aﬁx"

e This theory has a | Carrollian WS | with frame (v, e%); E is

the measure

e This theory is a combination of electric Carrollian scalars in the
longitudinal directions and magnetic Carrollian scalars in the
transverse directions

See also



The electric Carroll string
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Take home messages

i

@ The near-horizon geometry of 4d
non-extremal black holes takes the
form of a string Carroll expansion

@ Near-horizon strings are Carrollian

@ There are two types of Carrollian
strings: magnetic and electric,
which have, respectively,
Lorentzian and Carrollian worldsheets
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