Received: March 21, 2000, Accepted: April 27, 2000

HYPER VERSION

Conformal nature of the Hawking radiation

Massimo Materassi

Department of Physics, University of Perugia, Italy E-mail: materassi@pg.infn.it, maxmat@iroe.fi.cnr.it

Abstract: String theory usually represents quantum black holes as systems whose statistical mechanics reproduces Hawking’s thermodynamics in a very satisfactory way. Complicated brane theoretical models are worked out, as quantum versions of Supergravity solutions. These models are then assumed to be in thermal equilibrium: this is a little cheating, because one is looking for an explanation of the seeming thermodynamical nature of black holes, so these cannot be assumed to be finite temperature systems! In the model presented here, the black body spectrum arises with no statistical hypothesis as an approximation of the unitary evolution of microscopic black holes, which are always described by a 1 + 1 conformal field theory, characterized by some Virasoro Vir or Vir ⊕ Vir algebra. At the end, one can state that the Hawking-thermodynamics of the system is a by-product of the algebraic Vir ⊕ Vir -symmetric nature of the event horizon. This is the central result of the present work.

Keywords: Black Holes in String Theory, Conformal and W Symmetry, Black Holes.

Contents

1. Introduction 1

2. The summing-averaging hiding mechanism 2 2.1 The horizon-centric ideology 2 2.2 Horizon QFT for string theoretical black holes 5

3. Quasi thermal emissions 7 3.1 Quasi-thermal emission from elementary strings 7 3.2 QUATESE for D-brane modeled black holes 10

4. Conclusions 12

1. Introduction

When a quantum radiation in a well known initial state |in⟩_{rad} is sent into a black hole, then a black body radiation is received back, so that some thermalization machine seems to be at work, turning the quantum pure state |in⟩_{rad} into the quantum mixture ρ^{out}_{rad}(T_{BH}), a canonical ensemble at the Hawking temperature T_{BH} [1]. If things work this way, the presence of black holes in our universe immediately forces us to change drastically the basic principles of Quantum mechanics!

More, a black hole can be attributed a finite amount of entropy, the Beckenstein- Hawking entropy, which is shown to be an essentially geometrical object (in classical terms), and behaves exactly as thermodynamical entropies, tending to grow indefinitely within classical processes (when the positive energy hypothesis is done), and decreasing when the hole evaporates, while the total entropy of the universe grows on due to the thermal radiation from the dying hole.

String theorists have constructed representations of the quantum states of black holes whose evolution is assumed to be unitary. The quality check of such stringy models consists in verifying that their quantum statistical mechanics fits perfectly with the values of the thermodynamical parameters evaluated for the classical solution corresponding to them. The agreement between these models and supergravity classical solutions is perfect (see [2, 3, 4, 5] and many others).

This wonderful agreement, anyway, does not explain fully the mechanism of the Hawking effect: stringy models for black holes have the right temperature when they are supposed to be thermodynamical objects to be treated statistically... But, why have they to be treated statistically, even if they are describing microscopic black holes?

I think that, just as black holish thermodynamical laws and quantities emerge outside any explicitly statistical context in the classical general relativity, it must be possible to produce quantum models which show thermodynamical properties without any need of postulated thermal equilibrium: this behavior must be shared by any believable quantum model of microscopic black holes, because it characterizes the very presence of an event horizon.

The question addressed in this work is whether it is possible to obtain a thermal radiation from string-modeled black holes without supposing explicitly their quantum state to be a finite temperature distribution. The answer seems to be that it is possible, at least for the black holes presented here.

The paper is organized as follows.

In section 2 the “ideological” basis of our construction is presented, and the effective D-string model proposed for four and five dimensional SUGRA black holes. In section 3 the result is presented, and the non-thermodynamical derivation of the Hawking effect explained. Section 4 is devoted to conclusions.

2. The summing-averaging hiding mechanism

The construction of quantum mechanics in a curved spacetime is deeply influenced by the presence of event horizons, because such causal structures diminish our capacity of observing the world: what we can see from outside of the degrees of freedom and observables of the black hole, is only few charges, the ADM mass and angular momenta.

This condition of concealment of the “other” quantum numbers of the black hole is very particular: they cannot be observed, but they cannot be “anything”! As we will see in the models presented, the structure of the quantum Hilbert space H_{BH} must be very well tuned to reproduce the correct Hawking radiation. All this amount of microscopic information sits “behind the horizon”, but influences deeply the emitted radiation which, even if thermal, still has a precise memory of what is inside (in fact the T_{BH} here predicted is a function of the main quantities defining the quantum theory).

2.1 The horizon-centric ideology

Suppose to deal with a process during which the microscopic black hole emits quanta. At the beginning of this process, the black hole quantum state is some |ψ_{BH}(i)⟩. Then the system emits a quantum with momentum k, due to some interaction V_{int}(k), and undergoes a transition to another quantum state |ψ_{BH}(f)⟩. The transition rate of the process is evaluated in terms of the matrix element

S_{if} = ⟨ψ_{BH} (f)| V_{int} (k) |ψ_{BH} (i)⟩ . (2.1)

Now, the approach presented here is to consider the initial and final quantum states of the black hole as hidden by the horizon, so the process must be calculated as inclusive with respect to all the possible final states with ADM quantities (M^′, J^′, Q^′, . . .), and averaged over all the possible initial states with ADM quantities (M, J, Q, . . .); this rate reads:

Γ^{hidden} f,i = ∑ f,⟨i⟩ |S_{if} |^2 ≡ 1 N (M) ∑ i,f |S_{if} |^2 , (2.2)

here N(M) = dim ker(M̂ − M1).

The idea is then:

• the right quantum system modelling a given microscopic black hole must be constructed in such a way that the quantity Γ^{hidden}_{f,i} in eq. (2.2) is a thermal distribution with the correct values of the parameters of the corresponding classical solution.

First of all, in order for Γ^{hidden}_{f,i} to be a thermal distribution, the degeneracies must be wide enough so that averaging over the initial states of mass equal to M, and summing over the final states of mass M^′, is very similar to taking a thermodynamical limit in the number of degrees of freedom [6]. A black hole is thought of as a highly excited system (see [7, 8, 9]), and we need models in which N(M) is a rapidly growing function of M. There are systems with this property, whose high level degeneracy exactly matches that of black holes: in general we will see that 1 + 1 dimensional conformal field theories share this feature.

The criterion of thermal nature for Γ^{hidden}_{f,i} is important because it leads to a relationship between the emission temperature of the black hole and the central charge of the CFT of the horizon [10]. This relationship seems to be important because it appears in every model explored here (and no presentation of this “general coincidence” was known to me before).^1

If the condition of thermal nature on Γ^{hidden}_{f,i} holds in the form expressed before, the correspondence point can be smoothly reinterpreted: suppose that the system,

1It is very important to say that the present results about Γ^{hidden}_{f,i} are very near to those obtained treating the systems in a microcanonical statistical ensemble: there appears a first degree of approximation in which the ensemble can be considered as canonical [11], while the microcanonical nature of the statement |ψ_{BH}⟩ ∈ ker(M̂ −M1) is revealed when a finer approximation is considered; at this further level, the behavior of Γ^{hidden}_{f,i} resembles that of the spectrum found in [12] for the explicitly microcanonical approach.

which generated a black hole collapsing, is a certain quantum system Q. Typically, this will be seen as a black hole when its ADM energy M is so big that:

r_s (M) > ℓ_Q , (2.3)

being ℓ_Q the physical size of Q (see e.g. [7]). Roughly speaking, when r_s(M) > ℓ_Q there exists an event horizon which (at least classically) hides the system, allowing for the observation of ADM quantities only.

Now, the mass starts to decrease by Hawking radiation: suppose that this process can go on till the Schwarzschild radius becomes smaller than the physical size of Q, as

ℓ_Q > r_s (M) . (2.4)

From this point, there is no event horizon, and the external observer can describe the system with the same precision that would be possible in absence of any gravitational complication at all.

The picture is the following: when condition (2.3) is met, many particulars of the system are hidden by the horizon, and in this situation any quantum process must be studied as in eq. (2.2), because ADM quantum numbers (M, J, Q) are everything that an external observer can hope to measure.

On the contrary, when condition (2.4) holds, there is no event horizon preventing the observer to measure completely the ket |ψ_{BH}⟩: external observers can choose to perform an inclusive measure, but this is simply up to them.

The correspondence principle suggests that

• the “optional” inclusive calculation performed in the case (2.4), and its “obligatory” version that must be worked out in the case (2.3), have to agree at the correspondence point ℓ_Q = r_s (M) . (2.5)

This implies that the nature of the spectrum of the (uncollapsed, horizonless) quantum system must be such to produce a thermal spectrum when it undergoes inclusive processes, in the suitable approximations (then, the condition on Γ^{hidden}_{f,i} as expressed before); not only: the quantities characterizing this thermodynamics, that is temperature and entropy, must agree with the correspondent quantities for the collapsed system in the decollapsing limit

r_s (M) → (ℓ_Q)_+ .

This conception describes the evaporation process very smoothly; anyway, it is naive in a sense, because of the key role played everywhere by the horizon: maybe, the fault of this model is its belief that a classical horizon goes on existing at quantum level.

In a completely classical context, horizons are spacetime curtains that prevent external observers from receiving any information at all from inside the black holes;

in the semiclassical context of QFT’s in curved backgrounds, horizons can stop only ordered information, because Hawking thermal radiation can reach the future infinity.

It is expectable that in a fully quantum theory of spacetime, even ordered information can tunnel across the horizons and reach the future infinity (this is what results as those in [12] are telling us): if that tunnelling process were possible for ordered information, horizons would essentially disappear in exact quantum gravity (as substantial walls can disappear to tunnelling particles in quantum mechanics).

2.2 Horizon QFT for string theoretical black holes A black hole is a strongly coupled system, and one could expect it is impossible to describe it in a perturbative way; nevertheless, string theory is able to give, at least for nearly extremal black holes, a perturbative quantum mechanical description by turning them into dual weakly coupled bound systems of D-branes. The curved near horizon SUGRA spacetime is thus described by a system of quantum objects living in a flat background, emitting and absorbing (massless) strings to which they are weakly coupled.^2

In [2] the five- and the four-dimensional SUGRA black holes are described as dual to bound systems of D-branes, that are respectively D1- and D5-branes in the first case, D2-, D6-branes and solitonic 5-branes in the second; four or five spacelike directions are compactified, but one of the compactification radii is much bigger than the others:

R ≫ R_i . (2.6) This fact allows for a description of such systems as D-strings.

In the low energy approximation, the starting point to study D-strings is the Born-Infeld action [13] S_{BI} = −T_F ∫ V^D_2 d^2ξe^{−ϕ(X)} √ − det [G_{mn} (X) + B_{mn} (X) + 2πα^′F_{mn}] , (2.7)

that reduces simply to the Nambu-Goto-like functional S_{BI} = −T_F ∫ V^D_2 d^2ξe^{−ϕ0} √ − det [G_{mn} (X)] , (2.8)

when B_{mn} = 0 and F_{mn} = 0.

Let us study the case of emission of a gravitational wave, with string frame metric

G_{μν} = e^{12 ϕ0} g_{μν} = e^{12 ϕ0} (η_{μν} + 2κh_{μν} ) , (2.9)

where the components of h are very small, and T_{mn} is the pull-back of a tensor T_{μν} along the worldsheet of the D-string as T_{mn} = T_{μν} ∂_mX^μ∂_nX^ν .

2This way of working, which was found to be right in a range of cases wider than what was originally expected, has been clarified in terms of Maldacena conjecture and AdS/CFT correspondence.

The D-string action is then expanded in the gravitational field as follows: S_{BI} = − T_F √ g_{closed} ∫ V^D_2

d^2ξ √ − det η_{mn} (X) +

+ T_F √ g_{closed} ∫ V^D_2

d^2ξ κ √ − det η_{mn} (X) ×

× [η_{σσ} (X) h_{τ τ} (X) − 2η_{τ σ} (X) h_{τ σ} (X) + η_{τ τ} (X) h_{σσ} (X)] + · · · .

Let us now suppose X to be a small fluctuation around some classical solution X_0 of the equations of motion Ẍ_0 − X^{′′}_0 = 0: this X_0 is chosen so that

X^0_0 = τ , X^1_0 = σ , ⃗X_0 = ⃗X_0 (σ, τ) , √ − det η_{mn} (X_0) = 1 . (2.10)

The ”exact” field X differs from X_0 only for small fluctuations^3 X − X_0 = O (h^{1/2} ), the consistent approximation reads: S_{BI} = − T_F √ g_{closed} ∫ V^D_2

d^2ξ √ − det η_{mn} (X) +

+ T_Fκ √ g_{closed} ∫ V^D_2

d^2ξ [ η_{σσ} (X_0) h_{τ τ} (X) − 2η_{τ σ} (X_0) h_{τ σ} (X) +

+ η_{τ τ} (X_0) h_{σσ} (X) ] + · · · . (2.11)

This action is formally the same as that of a free string perturbed by some interaction piece

S_{int} [X] = −

T_Fκ √ g_{closed} ∫ V^D_2 d^2ξh_{μν} (X) ( Ẋ^μẊ^ν − X^{′μ}X^{′ν} ) , (2.12)

which does coincide formally with the graviton emission vertex for the elementary closed string theory [14]. The Nambu-Goto string is quantized à la Polyakov, by replacing its radical action with a quadratic one that is completely identical to the F-string action:

S_{free} [X] =

T_D 2 ∫ V^D_2

d^2ξ ( Ẋ^μẊ_μ − X^{′μ}X^′_μ ) , T_F √ g_{closed}

= T_D . (2.13)

The D spacetime components of the field X^μ are redundant, and this is fixed by assuming X^0 = τ , X^1 = σ , (2.14)

(static gauge), leaving D − 2 independent variables only.

3In this position the power p of X − X_0 = O(h^p ) is chosen in the spirit of neglecting o(h) everywhere.

3. Quasi thermal emissions

The idea that the Hawking radiation can be obtained as a purely microscopic, non thermodynamical, effect by using 1 + 1 CFT’s occurred to us^4 studying a very interesting phenomenon (discovered by D. Amati and J.G. Russo in 1999, see [11]) in which a unitarily evolving quantum system emits thermal radiation, when inclusive rates are evaluated. This system is the fundamental bosonic string: such rates will be referred to as quasi-thermal elementary string emission (QUATESE for short).

3.1 Quasi-thermal emission from elementary strings

The action of an elementary bosonic string is: S = T_F 2 ∫ V_2

d^2ση^{ab}∂_aX^μ∂_b X_μ . (3.1)

In open bosonic string theory the mass is quantized and each single state is characterized by the partition {N_n}:

M^2 = 1 α^′ (N − 1) , ∑ n nN_n = N . (3.2)

It is seen that:

N ≫ 1 =⇒ dim ker ( N̂ − N1 ) = p^{(d)}_N ≃ K N^14^{(d+3)} e^π √_{2Nd/3} . (3.3)

If the spacetime dimension is D, the number d of free independent string fields is d = D − 2.

Let an open string decay from the level N emitting a photon of momentum k and energy ω, down to the level N^′ ≠ N. The transition takes place due to the insertion of a photon vertex V (k, ξ) = ξ_μẊ^μ(0)e^{ik·X(0)}, being ξ the photon polarization. The decay rate is: dΓ_{i,k,f} = |⟨f| V (k, ξ) |i⟩|^2 V ( S^{D−2} ) ω^{D−3}dω , V ( S^{D−2} ) = 2π^{(D−1)/2} Γ(D − 1)/2

. (3.4)

If the only observed outputs are the photon |ξ, k⟩ and the masses of the final and of the initial states, the whole decay probability is the sum of the |⟨f|V (k, ξ)|i⟩|^2’s over all the final states, and the average over the initial states of the assigned levels. This is an inclusive decay rate:

dΓ_i (ω) = 1 p^{(d)}_N ∑ i,f |⟨f| V (k, ξ) |i⟩|^2 V ( S^{D−2} ) ω^{D−3}dω . (3.5) 4This work is partially the synthesis of my Ph.D. thesis [10], whose advisor was Professor Giorgio Immirzi, of the State University of Perugia.

The evaluation of this dΓ_i(ω) is performed under the conditions N, N^′ ≫ 1 , N − N^′ ≪ N , N^′ , N − N^′ ≪ √ N , √ N^′ , (3.6)

that will be referred to as canonical limit; the very interesting result is that dΓ_i(ω) has a black body form:

dΓ_i (ω) = 2 (ξ^∗ · ξ) α^′MV ( S^{D−2} ) ω^{D−2} exp (−ω/T_H ) 1 − exp (−ω/T_H ) dω , T_H = 1 2π √ α^′ √ 6 D − 2 . (3.7)

Amati and Russo’s work explains that the emission rate dΓ_i(ω) becomes a thermal rate as soon as the summing-averaging operation ∑ f,⟨i⟩ is performed, in the

determinant condition (3.6): a more detailed study of the physical sense of eq. (3.6) is going to be presented as soon as possible in [10].

The origin of this thermal nature is the wide degeneracy of the string levels, expressed in eq. (3.3), which turns out to be an effect of the 1+1 conformal symmetry dominating the string physics. That the quasi-thermal^5 behavior of the elementary string emission is a by-product of the Virasoro symmetry is written explicitly in the form of the parameter T_H (check eq. (3.7)): D − 2 is the number of free independent fields, and it can be directly equated to the central charge of the algebra Vir in the CFT with fixed lightcone gauge [14]

T_H = 2 ℓ √ 6 C_{free} , ℓ = 4π √ α^′ . (3.8)

The rate for the emission of a soft massless particle with momentum k from a closed string, decaying from an initial state in ker(N̂_R − N_R1) ⊗ ker(N̂_L − N_L1) to a final one in ker(N̂_R − N^′_R1) ⊗ ker(N̂_L − N^′_L1), is calculated immediately from what has been done for the open string, due to the worldsheet-chiral factorization.

The mass shell relationship reads:

α^′M^2 = 4 (N_R − 1) + α^′Q^2_+ = 4 (N_L − 1) + α^′Q^2_− , N_R − N_L = m_0w_0 , (3.9)

where m_0 and w_0 are the Kaluza-Klein and winding numbers of the string along the compactified dimension of radius R, and:

Q_± = m_0 R ± w_0R α^′ . (3.10)

Due to the chiral factorization of states and vertices the scattering matrix reads: S_{if} = ⟨R_f | V_R ( k 2 , ξ^R ) |R_i⟩ ⟨L_f | V_L ( k 2 , ξ^L ) |L_i⟩ = S^R_{if} S^L_{if} , (3.11)

5I say “quasi-thermal” because dΓ_i(ω) is a Planckian distribution only in the canonical limit (3.6).

so that the summed-averaged emission rate is ∑ f,⟨i⟩ dΓ_{i,k,f} = ∑ f^′,⟨i^′⟩ | |S^R_{i′f ′} | |^2 ∑ f^{′′},⟨i^{′′}⟩ | |S^L_{i′′f ′′} | |^2 V (S^{D−2}) ω^{D−3}dω . (3.12)

Step by step, what has been done for the open string can be repeated for the two chiral halves, getting: ∑ f,⟨i⟩ | | |S^{R,L}_{if} | | |^2 ≃ K ω 2 ( ξ^∗_{R,L} · ξ_{R,L} ) Mα^′ exp(−ω/2T_{R,L}) 1 − exp(−ω/2T_{R,L}) . (3.13)

These are black body spectra: the left- and the right-moving temperatures are:

T_L = √ M^2 − Q^2_− a √ α^′M , T_R = √ M^2 − Q^2_+ a √ α^′M (3.14)

and can be expressed in terms of the central charges as:

T_L = 1 πα^′M √ 6 (N_L − 1)

C_{free}

, T_R = 1 πα^′M √ 6 (N_R − 1)

C̃_{free} . (3.15)

By approximating M^{−1} as the M^{−1}_0 of the unexcited string at rest, with M_0 = L_FT_F and T_F =^1_{2πα′} , one can write:

T_L = 2 L_F √ 6 (N_L − 1)

C_{free}

, T_R = 2 L_F √ 6 (N_R − 1) C̃_{free} . (3.16)

The closed string decay rate reads:

dΓ =

K^2 (ξ^∗_R · ξ_R) (ξ^∗_L · ξ_L) M^2α^{′2} 4 × × exp (−ω/2T_R) [1 − exp (−ω/2T_R)] exp (−ω/2T_L) [1 − exp (−ω/2T_L)] × × ( S^{D−2} ) ω^{D−1}dω V . (3.17)

This decay rate can be rewritten as the product of a black body spectrum with temperature: T^{−1} = 1 2 ( T^{−1}_R + T^{−1}_L ) , (3.18)

times the suitable grey body factor: σ (ω, T ) = 1 − exp(−ω/T ) [1 − exp(−ω/2T_R)] [1 − exp(−ω/2T_L)] ω . (3.19)

3.2 QUATESE for D-brane modeled black holes The low energy physics of a D-string is governed by actions which are formally equal to those of the F-string. The naive conjecture is that everything could work the same way for the D- as for the F-string, with the replacement:

T_F −→ T_D . (3.20)

If this system decays from a very excited level to some slightly less energetic level, the emission will be quasi thermal again, when summed over the final polarizations and averaged over the initial ones.

Unfortunately things are not so simple: the elementary string mass levels in eq. (3.9) are not those of a D-string. The spectrum of non-BPS states of a Dsuperstring reads [3]:

M_D ≃ LT_D + 4π L (N_R − δ_R) − 2π L m_0w_0 ,

M_D ≃ LT_D + 4π L (N_L − δ_L) + 2π L m_0w_0

(3.21)

(being L the length of the D-string^6 and δ_{R,L} corrective constant zero point terms due to the supersymmetry), while the elementary string spectrum gives mass levels of the form:

M_F = √ 8πT_F (N_R − δ_R) +

4π^2w^2_0m^2_0

L^2

+ 4πT_Fm_0w_0 + L^2T^2_F ,

M_F = √ 8πT_F (N_L − δ_L) +

4π^2w^2_0m^2_0

L^2

− 4πT_Fm_0w_0 + L^2T^2_F .

(3.22)

In the long string hypothesis L √ T_F ≫ 1 the mass in eq. (3.22) can be expanded as:

M_F = T_FL + 2π L m_0w_0 + 4π L (N_R − δ_R) + O ( 1 T_FL^3 ) , M_F = T_FL − 2π L m_0w_0 + 4π L (N_L − δ_L) + O ( 1 T_FL^3 ) , (3.23)

so in this regime there exists a perfect duality between the elementary string mass and the D-string one (this is the S-duality presented in [15]).

More rigorously, let us consider what changes in Amati and Russo’s argument if the F-string is replaced by such a D-string. The quantum numbers N_{R,L} are:

N_R = L 4π M_D −

L^2 4π T_D − w_0m_0 2 + δ_R ,

N_L = L 4π M_D −

L^2 4π T_D + w_0m_0 2 + δ_L .

(3.24)

6The approximated equality symbol ≃ is due to the fact that this would be exact only if the massless open strings traveling along the D-string did not interact.

The expressions of N^′_{R,L} in terms of M^′_D are formally equal (w_0 and m_0 do not change if one speaks about neutral emission). With some kinematics, M^′_D is related to M_D (the D-string being initially at rest), and for small ω one has:

N^′_R = N_R − L 4π ω , N^′_L = N_L − L 4π ω . (3.25)

The inclusive process transition rate reads: ∑ f,⟨i⟩ dΓ_{i,ω,f} = ∑ f^′,⟨i^′⟩ | |S^R_{i′f ′} | |^2 ∑ f^{′′},⟨i^{′′}⟩ | |S^L_{i′′f ′′} | |^2 V (S^{D−2}) ω^{D−3}dω ,

due to the chiral factorization: the rest is pure mathematics, the net result is again: ∑ f^′,⟨i^′⟩ | |SR,L_{i′f ′} | |^2 = K Lω 4π ( ξ^∗_{R,L} · ξ_{R,L} ) exp(−ω/2T_{R,L}) 1 − exp(−ω/2T_{R,L}) , (3.26)

a quasi-thermal emission with the temperatures:

T^{(D)}_R = 2 L √ 6N_R D − 2 , T^{(D)}_L = 2 L √ 6N_L D − 2 . (3.27)

By involving the central charges C^{(D)}_{free} = C̃^{(D)}_{free} = D − 2, this relationship reads:

T^{(D)}_R = 2 L √ 6N_R C^{(D)}_{free}

, T^{(D)}_L = 2 L √ 6N_L C̃^{(D)}_{free}

. (3.28)

The grey body spectrum can be re-constructed as dΓ V (S^{D−2}) dω = K^2 (ξ^∗_R · ξ_R) (ξ^∗_L · ξ_L)

L^2 16π^2 ω^{D−2}σ (ω, T_{BH}) exp(−ω/T_{BH}) 1 − exp(−ω/T_{BH})

(3.29)

with σ (ω, T ) = [1 − exp(−ω/T_{BH})] ω [1 − exp(−ω/2T_R)] [1 − exp(−ω/2T_L)] , 1 T_{BH} = 1 2 ( 1 T_R + 1 T_L ) (3.30)

(this relationship agrees with (4.34) of [16]).

The result found for the D-string can now be easily generalized to the four and five dimensional black holes studied in [2] and [16]: the change is simply in the central charge of the SCFT. In the case of the five dimensional black hole the central charges are C^{D(1+5)}

free = C̃

D(1+5) free = 6Q1Q5, while for the four dimensional black hole, one has:

C^{D(2+6)−5s}

free = C̃

D(2+6)−5s free = 6Q2Q5Q6 [17].

4. Conclusions

The emission rate from F-strings becomes approximately thermal when very excited states are treated, and low energy particles emitted: if the rate is summed over the final states and averaged over the initial ones, then a Planckian distribution appears.

Can string theoretical black holes benefit of a similar mechanism? The answer is yes, because the string modeled black holes studied here can be represented as a suitable 1+1 SCFT: this is explicitly verified for D-strings, for five dimensional holes corresponding to D(1 + 5) systems, and for four dimensional holes corresponding to D(2 + 6)-5s systems. In all these cases, the emission temperature is a function of the central charge of the SCFT at hand, which has the same form for all these systems.

The emission rates have to be inclusive and averaged, when black holes are treated, due to the presence of the event horizon that prevents external observers from seeing the exact state of the black hole, even if its ADM charges can be measured from infinity.

I want to conclude mentioning that the emergence of a Vir -symmetric nature of event horizons was put in evidence in the context of classical General relativity too, by Carlip (see [18] and [19]), and by Solodukhin (see [20]): a comparison between our results, holding in string theory, and those purely relativistic ones could lead to the formulation of the horizon physics in conformal theoretical terms, definitely. This comparison is going to be presented in a forthcoming paper [21].

Acknowledgments

I would like to thank Professor Giorgio Immirzi of Perugia University, whom I have been working with during my Ph.D. period, and Professor Mario Calvetti of Florence University, who encouraged me to publish these results.

A special thank goes to Silvia Aldrovandi, who never stopped trusting in me.

References

[1] S.W. Hawking, Particle creation by black holes, Comm. Math. Phys. 43 (1975) 199.

[2] J.M. Maldacena, Black holes in string theory, hep-th/9607235.

[3] S.R. Das and S.D. Mathur, Excitations of D-strings, entropy and duality, Phys. Lett.

B 375 (1996) 103 [hep-th/9601152].

[4] S.R. Das and S.D. Mathur, Comparing decay rates for black holes and D-branes, Nucl.

Phys. B 478 (1996) 561 [hep-th/9606185].

[5] S.R. Das and S.D. Mathur, Interactions involving D-branes, Nucl. Phys. B 482 (1996) 153 [hep-th/9607149].

[6] O. Aharony, S.S. Gubser, J. Maldacena, H. Ooguri and Y. Oz, Large-N field theories, string theory and gravity, Phys. Rep. 323 (2000) 183 [hep-th/9905111].

[7] T. Damour and G. Veneziano, Self-gravitating fundamental strings and black holes, Nucl. Phys. B 568 (2000) 93 [hep-th/9907030].

[8] A.A. Tseytlin, Extreme dyonic black holes in string theory, Mod. Phys. Lett. A 11 (1996) 689 [hep-th/9601177].

[9] L. Susskind, Some speculations about black hole entropy in string theory,

hep-th/9309145.

[10] M. Materassi, Quasi thermal emissions in string theory and Hawking effect, in preparation.

[11] D. Amati and J.G. Russo, Fundamental strings as black bodies, Phys. Lett. B 454 (1999) 207 [hep-th/9901092].

[12] E. Keski-Vakkuri and P. Kraus, Microcanonical D-branes and back reaction, Nucl.

Phys. B 491 (1997) 249 [hep-th/9610045].

[13] J. Polchinski, Tasi lectures on D-branes, hep-th/9611050.

[14] M.B. Green, J.H. Schwarz, E. Witten, Superstring theory, vol. 1 & 2, Cambridge University Press, 1987 [15] J.H. Schwarz, An SL(2, Z) multiplet of type-IIB superstrings, Phys. Lett. B 360 (1995) 13 [hep-th/9508143].

[16] J. Maldacena and A. Strominger, Black hole greybody factors and D-brane spectroscopy, Phys. Rev. D 55 (1997) 861 [hep-th/9609026].

[17] Private communication by J.M. Maldacena, sep-22-1999.

[18] S. Carlip, Black hole entropy from conformal field theory in any dimension, Phys. Rev.

Lett. 82 (1999) 2828 [hep-th/9812013].

[19] S. Carlip, Entropy from conformal field theory at Killing horizons, gr-qc/9906126. [20] S.N. Solodukhin, Conformal description of horizon’s states, Phys. Lett. B 454 (1999) 213 [hep-th/9812056].

[21] M. Materassi, CFT’s and Hawking temperatures, in preparation.