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String frame
- | | ]

#® A string frame lagrangian naturally results from string
perturbative calculations, given in terms of the string

coupling constant e?:

e 2 () +1(-- )+ (- )+

# Attree level, in d dimensions, with arbitrary terms
]Z(R, ./\/l) .

™ GFe—2¢(R+4(8N¢ M¢+Z[ RM)

o Each I;(R, M) is a function, with conformal weight w;,
of any given order in &/, of the Riemann tensor R ., ,»
L and any other fields generically designated by M. J
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From string to Einstein frame
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# Metric redefined through a conformal transformation
Involving the dilaton:

4
Guv — €Xp mgb Juv,

4 ~
RMVPO' — €XP (—m¢) RMV'OO-,

® The same term in the conventional Einstein frame :

1 4 A4 (1, ~
 TemaV Y (R — == (019) 9,0 + Y eI L(R, Mﬁj'
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Gravitational o’ corrections
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® Effective action in the Einstein frame

1 4 4 (14w
m/\/—_g [R— —— (0"9) Oup+ Aea—= (T WY(R)} déz,

Y (R) : scalar polynomial in the Riemann tensor with
conformal weight w.
A : suitable power of o/, up to a numerical factor.

# Field equations

4 (14w Y (R) 1 1 Y (R)
R 1Y )\ ed_2 (1+ )¢ ( Y R v - - _ 1Y pa — 0
1% + Sghv + d— 2 (R)gp d_ 29u g 5qP° ;
A 4 (144
V2 — > ea—2 1T y(R)y = 0.

o |
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Background nonextremal black hole
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# Asymptotically flat, spherically symmetric metric in the
Einstein frame of the type

ds* = —f(r)dt* + g~ (r)dr* +r*dQ;_y;

# General assumption for the o’ corrected solution:
f(r) = fo(r) (L +Afe(r)), g(r) = fo(r) (1 + Age(r)).

r Y

# Tangherlini solution: fy(r) =: fg’(r) 1 (R_H)d—s

# Encoding charges and string effects:
d—3
fo(r) = e(r) (1 _ <R7H> > |

| Horizon radius — string frame: R?,; Einstein frame: RL. |
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The absorption cross—section
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# In classical EH gravity, for any spherically symmetric
black hole in arbitrary d, the absorption cross—section of
minimally—coupled massless scalars in the
low—frequency limit is (Das, Gibbons, Mathur, 1997)

o= Ag =4GS.

A : horizon area with respect to the induced metric.

# In the presence of leading o' corrections, for the generic
metrics considered (Moura, 2013),

o — A (1 ) fe(Rp) ;rgc(RH)> |
L.o We should obtain a covariant, frame—independent J

formula for o, in terms of physical quantities
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Black hole temperature

# Wick-rotate to Euclidean time ¢ = ¢7; the resulting T

manifold has no conical singularities as long as 7 is a
periodic variable, with a period 3 = 7.

Smoothness condition:

1
271 = lim,. B df 2 (r)
T 1m — Ry g_%(’r) dr 3
or
T = lim ﬁdﬁ
r—Ryg 2 dr
In our case,

_ fo(Rm) fe(Ru)+ ge(Ru)
T = 047T (1—!—)\ : )

or concretely

d—3
T = 14+ XoT), 0T = —do.
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Black hole mass
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# The mass can be written with a perturbative
multiplicative A—correction to the classical Tangherlini
mass. In the Einstein frame:

(d—2)Qq-2
16mG

)d—S.

M = (1+X0Mg) (R

# Both temperature and mass do not depend either on
systems of coordinates or on field redefinitions
(frames/schemes). In the string frame:

(d—2)Q4
167G

)d—S.

M = (14 X 6Mg) (R

o |
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Black hole mass

- N

# The mass can be written with a perturbative
multiplicative A—correction to the classical Tangherlini
mass. In the Einstein frame:

(d—2)Qq-2
16mG

)d—S.

M = (1+X0Mg) (R

# Both temperature and mass do not depend either on
systems of coordinates or on field redefinitions
(frames/schemes). In the string frame:

(d—2)Q4
167G

)d—S.

M = (14 X 6Mg) (R

o |
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Relation between string/Einstein frame

-

# Equating expressions for the mass, one obtains a
relation between the horizon locations in the two
different frames:

SMg — M
RE[:R%(HA o E)

d—3
# Proceeding analogously with the temperature:
RE = Ry (1+ X (6Tg — 0T5)).

# There must be a relation between the mass and
temperature X corrections such that the two
expressions above are the same.

o

-

|
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Black hole entropy

® Wald entropy: S = —27G [y, 5225 —¢,6p0Vh dQy_o;

uvpo

# For spherically symmetric metrics, the only nonzero

component of the binormal is ¢4, = \/g;

IY (R
S = %IH (1_2)\/ RtTtT) \/—de 2 —
A Y
45 — 2G JH aRtrtr \/_de 2-

In general S = (1 + A d9).

|
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The Callan-Myers-Perry black hole |
f, For Y(R) = R*¥P R0 N

# The only free parameter is the horizon radius Ry
(secondary hair), which is not changed;

® jolr) = ffn =1 (B)"
# Einstein frame (CMP,1989):

folr) = ge(r) = FEMP (r) = (000 (o)

#® JTemperature:

T _d=3 <1_F51¥ghfP o’ ) 757§5A[P::__(d—1xd—4).

AT R 4(RE)? 2
® Mass:
o (d—2)Qg4_ d—3 d—3)(d—4
M:(WM%MP 4<RE>2) =2 (R, oMgMP = [N,

o H |
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Leading o’-corrected dilaton
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o ¢(r) _ (d—2)7 Ry \*%\  (d—3)(d—2)?
elr) = =3 Py (1_(7) >_ 31z @b
Ry\%2 d—1/( r \? Ry \¢3 2
=) s (E) B(<T> dT°>]<O
: @-sa—22 m* 1= ()"
o (r) = 1 s — >0
T ()
with B(z; a,b) = [ t*~ 1 (1 —¢)*~! dt (Moura, 2010).

At the horlzon

- (st (90 (25) ) 5)

with

\_ P(z) = ,(( )) _dn @D(Z) .y = lim (i % — lnn) . J

k=1
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The Callan-Myers-Perry black hole Il
- -

String frame:
FEVP ) = 17 (14 sigen(n) ) oM7) = 5 (1 e

B (d —3)R%° (d—2)(d—3) 2(2d—3)
e(r) = . (rd—3 _RdH—B) [ 9  d-1

+ (d—-2) <¢<0> (%3) +w> +d (RTH>d_1 + ;”i%;go(r)]
2

u(r) = —e(r) + o= (1) =r¢'(r) .




The Callan-Myers-Perry black hole Il
- -

# Temperature (string frame):

d—3 !
T = | 14eTgME =),
AT R, 4(3%)

3d(d—3) (d—3) —2(d—1)* +2(d = 2)(d 1) (¥ (525 +7)
4(d — 1) '

STSME =  —

# Mass (string frame):

! d — 2) Qd—Q d—3
_ 1+ sMCMP & ( S
M ( TOMsT (R%)2> 167G (RH> !

SMSMP (d_3)<_5TgMP_(d_2>2(d_4)>.



The Callan-Myers-Perry black hole IV
- -

V Y (R
o [or Y(R) = RH ’OORILng, ng} = Rirtr, Rirtr = %f”;

4 /
® G5k ctVer? = (—g + eﬂ(b%f”) 2

#® One gets for the black hole entropy 0Sg # 0S5 (effect of

the dilaton!):
AE o
¢ - ﬁ(1+(d_3)(d_2>4(R§)2>
AS — af
_ A (1+(d—2) (5TSCMP ( 2)2(d 5)) 4(R§)Q>'

# In both frames S # —07T and therefore o # 4GS.

o |
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Frame-independent entropy formulae
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# One can invert mass/temperature relations in order to
obtain RH(M), RH(T) ;

Ry(M) = ! <8GMF(%)>CI3 {1— )\35M},

VT d—2 (d—3)
Ry (T) = Z;; (14 X6T) .

# Replacing these results in the entropy, we get

S(M) = QZd—fﬁ(Gr (%))ﬁ <%)Z—§ [1+)\ (55— %5M>] ,

(D) Qo (d ~3
4G\ 4nT

o |
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The CMP black hole entropy
-

® One can check that indeed

ssgMP _ 1= 2sppomp _ ggomp 17 25 rome

d—3 d—3
SSEME 4 (d—2)6TEMP = 5SKMP 1 (g — 2)6TSMP,

® This allows us to obtain

S(M) = 2%\/?(GP<%>>$<£ a3

s = B (43" 1w ()

L.o These are frame-independent formulas ! J
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o

# Proceeding analogously

The CMP absorption cross section

.
o = (e (152)) (25)7 (o o 20

d—3\%2
o(T) = (4«7”) Qg_o (1+ (d— 3)N\T).

One can check that for the CMP solution

d—2 d—2
5T5MP+at§dMgMP¢5rgMP+at§aMgMP

ST ™ME # 6TGMP.

# The string-corrected absorption cross section cannot be

expressed exclusively as a function of the black hole
mass (or temperature) in a way which is independent ofJ
metric redefinitions!
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Covariant frame-indep cross section

°

-

Only possibility:

d -3
O_ 3Qd 2Ad 2
4T

This formula is valid for Tangherlini—like d-dimensional
solutions with leading o’ corrections.

Could it be valid for non-spherically symmetric
solutions?

Could it be valid to all orders in o/?
How about charged solutions?

|
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d—dimensional Reissner-Nordstrom

> RdH_3::U’+ \/:UJQ_q27 RQ_BZI’L /1'2_q27
87 5 2 5
% M q° = Q%;

Qg_o(d — 2) (d—2)(d—3)

d Ry 43 _
#® Temperature Ty = RH 1 — (RH) , from which

Riy(Ty) = R + e Ty + O (T%) (well defined

extremal limit);

1 (BRg\%3 _ 2242
® c(Rm)=1-(zz) =20

L (frame-independent ). J
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Generalization for charged black holes

-

9

o

B

r

Charged solutions: f(r) = c(r) (1 - (R—)d_g) ;

(d=3)c(Ru).,
At Ry )

Extremal limit: ¢(Ry) = 0;

Temperature: 7' =

1 d—3

(d—3)c(Ru) d=2 Ad-2.
Cross section: o = ~— Q7 A",

Well defined extremal limit (in principle!);

By defining = (R )t, Ty = 7, o reduces to the
noncharged case.

|
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D-1 D-5 system

Classical action compactified on S* @ T*:
rorery S V79T [R+4(V6)? — & [Hal*| a0

«° with period 27 R, t, i = 6, ..., 9, with period 27V /4,

2 2 t/ cosh ¢ —sinh ¢ t
fr)y=1-=28, his(r) =1+ -, - .
Tk —sinh¢ —coshg 5

R-R 2-form field strength: H 3y = 2rie3 + 2e 29712 x4 €3,
e3 = £df Asinfdg A dip, 6 is the Hodge dual in z°, .., 5.

_ 1 / / hi(r)
tlo = Vhi(r)hs(r (—f(r)dt T dw52> - hs () dade’
+  Vhi(r)hs(r) <(—2> + r2d9253>

|
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Three charges

-

o Define r,, a,~:
rn = rosinhg,
r1 = rosinh a, r5 = rgsinh .

# Four independent parameters: rg, ri, r5, 7y, Of
ro, @, 7, <, In terms of which one may write the black
hole mass and three U (1) charges.

1 2 Vi
= e“” x¢g Hiay = —rq sinh 2a,
o (27)* gs /SS ) 295 !
1 1
= Hay = —1r2sinh 2 :
Qs (272 o Joo 1) T 25,70 Y

L n=RP = }2{2‘2/7“8 sinh 2¢. J

S
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D-brane description

# Bound state: (Q; fundamental strings wrapping S* and
()5 NS5-branes wrapping 7% @ S1.

# Excitations: transverse oscillations, within the
NS5-branes, of a single effective string wrapped Q1 Qs
times around the S'. These oscillations carry the
momentum n and are described by a gas of left and
right movers on the string .

# Solution in the dilute gas limit : interactions between
left and right moving oscillations can be neglected.

® Reduction to five dimensions:
2 —2/3 2 1/3 dr? 2 12
ds? = —h 723 (r) F(r)dt? + h'/3(r) (mw dQ2 ) ,
T

h(r) = hi(r)hs(r)hn(r), hn(r) =1+

|
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Two large charges
-

ro, n << 11, 75. large values of «a, v; 1, @5 are large
compared to n.

Left and right moving temperatures

1 roge® 1 rge™*°
TL - o ) TR — o
21T 175 2T 1r1iTs

related to Hawking temperature by 7', L= (T‘ + Ty OF

_ 2,.2,.22
o o ’r‘o—l—\/ro dmerirsTy
(& _—

21 ri7r5 cosh ¢ 2nrirsTy

1
Ty = "0

Replacing in n and solving for r:

3m3r3r3 R VvV 4 4 R2\/
02— 98T [Ny e STNISR [V e TINTS RV e sy
|4 449 n 2g2n

ré has a well defined extremal limit, and that limit is O. J
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D-brane spectroscopy
- -

# Absorption cross section can be fully computed in the
dilute gas limit (Maldacena, Strominger, 1997):

w

Oabs(W) = 2m“rirs

# Low frequency limit:

WTO
Oabs ~ T
H

(1/Tyx dependence, finite extremal limit).

o |
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One large charge

-

ro,T1,Tn << 5. large value of ~; Q)5 Is large compared to
Q1,n (Klebanov, Mathur, 1997).

1 1 1

T, = Th = T
b f 27trs cosh(a + ) H

275 cosh(a — )

B 27rs cosh avcosh ¢

Expressing %, e In terms of ()1, n, we obtain

R Vv Vv 1 R
" \/ nQQ1 4mgsrs "0 ( 29s (Q1 i n) TO> +0 (o)

2
Tabs(w) = m3r2r2 (1 + sinh? o + sinh? ¢)w = ~ —U,

Low frequency limit: again, o,,s exhibits 1/Ty J
dependence, finite extremal limit
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Four dimensional dyonic solution

- N

ds3 = —h7Y2(r)f(r)dt*> + hY2(r) (ﬁ + &m%) ,
f(r)
® o= 1=
h(r) = hi(r)ha(r)hs(r)hn(r), hn(r) =1+ %n, hi(r) =1+ %, i=1,2,3.

(CveticC, Tseytlin, Youm, 1997).

® Define r; = rgsinh? a, r,, = r( sinh? ¢, with

Ny = 47“27“37—7;0 sinh(2a), n, = 7T_7“2() sinh(2¢).
iy oy

# We work in the range rg, r1, r, < 19,13, Which physically
means the charges associated to ro, r3 are much larger
L than those associated to r1, r,. J
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17,

D-brane spectroscopy ind = 4
-

— , Th = , Ty = .
47\ /rors cosh(a — <) B, /rar3 cosh(a + <) By, /rar3 cosh acosh ¢

Expressing e“, e* in terms of ny,, ny, 79, 72, 73, We obtain

_ ro _ (nwtdrarsng) 3
Ty = 2k% /My (1 KA NpMa, 7T7“()) +0 (TO) '
eﬁ —1 0
Oabs(W) = 2mw4/rar3ro(cosh 2a 4+ cosh 2¢)w - - ~ —.

() (1)

Low frequency limit: again, o, exhibits 1/Ty
dependence, finite extremal limit. This is a
characteristic of all the cases we have considered.

|
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Summary

-

o’ corrections naturally induce (and require) an explicit
dependence of the low frequency absorption cross
section on the black hole temperature of the form 1/77%.

Assuming fundamental string statesto bein1to 1
correspondence with black hole states, classically one
obtains a low freguency cross section with the same
explicit dependence of the form 1/7Ty. We verified this
property for different regimes of the D1-D5 system in
d = 5 and a d = 4 dyonic four-charged black hole.

What seemed just a way to encode o' corrections to the
Cross section may actually be the most natural way to
write it in the context of string theory, since it is valid
classically and with leading o’ corrections.

This cross section is well defined in the extremal limit, J
but this result cannot be valid ferextremal-Rlack - ole Sy e
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