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1. Introdution�
 �	Hawking radiation with the thermal distribution at the Hawking temperatureN�(!) = 1e�! � 1; TH = 1� = �2� � �h(� : surfae gravity at horizon)Hawking radiation is a universal phenomenon in a bakground spae-time withan event horizon.Therefore it is plausible that the Hawking radiation an be derived from� properties of the horizon,null hypersurfae, ausal struture� \universal" e�etive theories near the horizon.
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Considering matter �elds in blak hole bakgrounds,1. Two-dimensional e�etive theories appear near the horizon.2. The Plank (Fermi-Dira) distribution an be reonstruted from�
 �	quantum anomalies of the two-dimensional e�etive theory.� gravitational anomaly, gauge anomaly=) Fluxes of energy, harge and angular momentumfrom the Hawking radiations[Robinson & Wilzek℄,[ Iso, H.U. & Wilzek℄� anomalous transformations of (higher-spin) urrents under onformaltransformation=) reprodue the Plank (Fermi-Dira) distribution[Iso, Morita & H.U.℄
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�� ��Reissner-Nordstr�om blak holeds2 = f(r)dt2 � 1f(r)dr2 � r2d
2; A= �Qr dt;f(r) = 1� 2Mr + Q2r2 = (r � r+)(r � r�)r2 r� =M �qM2 �Q2�
 �	Charged salar �eldS = Z d4xp�g �g�� (��+ ieA�)�� (�� � ieA�)��m2���+ V (�)� :Partial wave deomposition: �=X�lm(t; r)Ylm(
)S = Xl;m Z dtdr� r2(r�)hj (�t � ieAt)�lmj2+ j�r��lmj2+f(r(r�))��m2j�lmj2+ l(l+1)r2 j�lmj2+ V (�lm)�i:( r� = r+ 2M ln(r=2M � 1) )Near horizon, potential term l(l+1)=r2, mass term and interation terms aresuppressed.=) Eah partial wave mode behaves as d = 2 massless free �eld in (r� t)setion. 3



BH

�
 �	Anomaly methodOutgoing mode = right movingIngoing mode = left movingIngoing modes near the horizon are irrelevant for thephysis in exterior region.So we �rst neglet these modes near the horizon.The two-dimensional e�etive theory beomes hiral.=) gauge and gravitational anomalies= breakdown of gauge and general ovarianeBut the underlying theory is not anomalous.Ingoing modes near the horizon anel the anomalies anddo not ontribute to the Hawking uxes.Aording to this senario, we derived the uxes of energy,harge and angular momentum from Hawking radiation.hT rt i���r!1; hJri���r!1 4



This analysis has been applied to the Hawking radiations of matter �elds in� rotating blak holes (BTZ, Kerr-Newman, Myers-Perry blak hole)� blak holes with a osmologial onstant� dilatoni blak holes� non-extremal D1-D5 blak hole� blak ring� � � � � � � � �
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2. Higher-spin urrents and thermal distributionThe ux of energy is a moment of the thermal distribution.hT rt i���r!1 = 148��2 () Z 10 d!2� !e�! � 1Can the anomaly method reprodue the omplete Plank distribution?Here we showhHigher-spin urrenti���r!1 () Z 10 d!2� !2n�1e�! � 1To generalize our method to higher-spin urrent, we need to know� onservation laws� anomalies ) � � � Ward-Takahashi Identities for higher-spin urrents=) This is diÆult. (though this is interesting.)We bypass this problem by using the onformal �eld theory tehnique in thee�etive �eld theory near the horizon. 6



�
 �	Energy ux from trae anomaly� General properties of 2-dim CFT (with entral harge )onformal gauge: ds2 = 2e'(u;v)dudvThe holomorphi quantity T (onf)uu (u) is de�ned from the onservation equationof the energy-momentum tensor T�� = ÆS=Æg�� and trae anomalyT (onf)uu (u) = Tuu(u; v) + 24� ��2u'� 12(�u')2�Conformal transformation: (u; v) �! (w(u); y(v))T (onf)ww (w) = �dwdu��2 �T (onf)uu (u) + 24�fw; ug�where fw; ug is the Shwarzian derivativefw; ug= w000w0 � 32 �w00w0�2�
 �	We apply these relations to CFT around the horizon of BH. 7



Kruskal oordinateShwarzshild metri: ds2 = �1� 2Mr � dt2 � dr21� 2Mr � r2d
2event horizon: r = 2M ,light-like oordinates:u= t� r�; v = t+ r�: ( r� = r+2M ln(r=2M � 1) )Kruskal oordinates:U = �4Me�u=4M ; V = 4Mev=4Mds2 = �1� 2Mr � dudv � r2d
2= 2Me�r=2Mr dUdV � r2d
2UV = �16M2 � r2M � 1� er=2M
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�
 �	Shwarzshild BHlight-like oordinate u �! Kruskal oordinate U : U = �e��uT (onf)UU (U) = 1�2U2 �T (onf)uu (u) + 24�fU; ug�Boundary onditions orresponding to the Unruh vauum� Regularity onditionPhysial quantities in the Kruskal oordinate system should be regular atthe horizon. =) hT (onf)UU i���U=0 : �nite� No ingoing ux from the in�nity (r !1)=) hT (onf)vv i r!1�! 0+ (The bakground geometry is stati.)The asymptoti ux is determined by the value of the Shwarzian derivative:hT rt i= hTuui � hTvvi r!1�! � 24�fU; ug= 48��2() hT rt i = Z 10 d!2� !e�! � 1 = 8><>: �2=48� for boson, ( = 1)�2=96� for fermion, ( = 1=2)9



�
 �	Generalization to higher-spin urrent� In at d = 2 spae-time, there are onserved symmetri traeless ur-rents.for example, 4-th rank urrent for a real salar �eld:J���� / (8 ����������� 12����������� 4 g������������+8 g������������� g��g������������) + symm.In general, one an onstrut even-rank urrent J�1;���;�2n for a real salar�eld. (odd-rank urrent = 0)� In general urved bakgrounds, (onformal gauge: ds2 = 2e'(u;v)dudv)Ju���u(u; v) = ('-dependent terms) + J(onf)u���u (u) =) T. Morita's talk� Similarly to the ase of hT i, hJ(2n)i is determined by �
 �	the regularity onditionand �
 �	its transformation property under the onformal transformation .hJ(2n)i r!1�! value of generalization of Shwarzian derivative() (2n� 1)-th moment of the Plank distribution : Z 10 d!2� !2n�1e�! � 110



�
 �	4-th rank urrentholomorphi part of the urrentJ(onf)uuuu = �25 : �u��3u� : +35 : �2u��2u� :First, we onsider the transformation property of : �u��3u� : under u �! w(u).Regularization by the point splitting:: �u��3u�(u) := lim�!0��u�(u+ �=2)�3u�(u� �=2) + 32��4�Under u! w(u) : �u�(u) = �uw(u)�w�(w)(w(u)): �u��3u�(u) : = w0w000 : ��(w)��(w)(w) : +3(w0)2w00 : ��(w)�2�(w)(w) :+(w0)4 : ��(w)�3�(w)(w) : � 1480�fw; ug(1;3)generalization of the Shwarzian derivative:fw;ug(1;3) = 6w00000w0 � 20�w000w0 �2 � 45�w00w0�4+90(w00)2w000(w0)3 � 30w0000w00(w0)211



In the ase of BH : w(u) = U = �e��u: �u��3u�(u) : = �4U2 : �U�(U)�U�(U) : +3�4U3 : �U�(U)�2U�(U) :+�4U4 : �U�(U)�3U�(U) : � 1480��4�
 �	Regularity ondition at U = 0=) �h: �u��3u�(u) :i= 1480��4  � Flux at the in�nityNote: : �2u��2u� : and : ��u��3u�(u) : give the same ontribution to the ux.Reprodue the 3rd moment of the Plank distributionhJ(onf)uuuu i= 1480��4 () Z 10 d!2� !3e�! � 1 = 1480��4
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�
 �	General higher-spin urrentsIt is suÆient to know the generalized Shwarzian derivatives for : �u��2n�1u � :in order to derive uxes for the 2n-th rank urrents.�
 �	Conformal transformation of higher-spin urrentsGenerating funtion: �u�(u)�u�(u+ a) := 1Xn=0 ann!: �u�(u)�n+1u �(u) :Transformation : u �! w(u): �u�(u)�u�(u+ a) := �uw(u)�uw(u+ a) : �w�(w)(w(u))�w�(w)(w(u+ a)) : +Ab(w; u)Ab(w; u) is a generating funtion of the Shwarzian derivatives.Ab(w;u) = � 14� �uw(u)�uw(u+ a)[w(u)� w(u+ a)℄2 + 14�a2 13



In the ase of BH : w(u) = U = �e�u: �U�(U)(U(u))�U�(U)(U(u+ a)) := e�a� 1�U�2 [: �u�u�u�(u+ a) : �Ab(U; u)℄�
 �	Regularity ondition at the horizonh: �u�(u)�u�(u+ a) :i = Ab(U; u)= � �216� 1sinh2 �a2 + 14�a2 = 1Xn=0(�1)nBn+1�2(n+1)8�(n+1) a2n(2n)!Bn : Bernoulli number�
 �	Hawking ux orresponding to 2n-th rank urrenth: (�1)n�1�u��2n�1u �(u) :i = Bn8�n�2n () Z 10 d!2� !2n�1e�! � 1Reprodue the (2n� 1)-th moment of the Plank distribution 14



�
 �	Physial meaning of Ab(U; u)Ab(U; u) an be written asAb(U; u) = Z 10 d!2� !e�! � 1 os(a!)This is the temperature dependent part of a �nite temperature green funtionfor hT��(x)��(x+ a)i�hT�(x)�(y)i� = Z d2k(2�)2 � ik2+ i� + 2�Æ(k2) 1e�j!j � 1� e�ik(x�y)tortoise oordinate �! Kruskal oordinate : U = �e��u() zero temperature �! �nite temperature with � = 2�=�

Similar analysis an be done for fermioni ases. 15



�
 �	Charged blak holeU(1) gauge �eld : A(u)t = �Qr =) A(u)U diverges at the horizon.A gauge whih is suitable near the horizonA(U)t = �Qr + Qr+ =) A(U)U is regular at the horizon.�u;A(u)t �  � onformal and gauge transformations �! �U;A(U)t �From relations between h:  y�nu (u) :iA(u) and h:  y�nU (U(u)) :iA(U), the momentof the thermal distribution is derived,hin y�nu (u)iA(u) = Z 10 d!2� [!nNe(!)� (�!)nN�e(!)℄ ;Ne(!) = 1e�(!� eQr+)+1:� It is expeted that similar analyses an be applied to various blak holes.rotating BH, � � � 16



3. Summary� We derived Hawking uxes of the higher-spin urrents by using the CFTtehnique.� These uxes oinide with moments of the Plank (Fermi-Dira) Distri-bution.=) The Plank distribution an be reonstruted from thesequantities.� Generalizations of the Shwarzian derivative for the higher-spin urrentsare obtained.
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�
 �	Higher-spin urrents for fermionGenerating funtion:  (u) (u+ a) := 1Xn=0 ann! :  �nu (u) :Conformal transformation u �! w(u) :  (u) = (�uw(u))1=2 (w)(w(u))By a similar analysis to the one in the bosoni ase,h:  (u) (u+ a) :i = Af(U; u)= i2�a �a2 1sinh �a2 � 1!= 1Xn=0 i2n+1(1� 21�2n)Bn�2n4�n a2n�1(2n� 1)!�
 �	Hawking ux orresponding to 2n-th rank urrenth: i2n�12  �2n�1u  (u) :i = (1� 21�2n)Bn8�n �2n () Z 10 d!2� !2n�1e�! +1Reprodue the (2n� 1)-th moment of the Fermi-Dira Distribution18


