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Thus the entanglement entropy of the emitted quanta necessarily increases with each emission
if the departures from the leading order Hawking state are small.

Proof: 'We use the strong subadditivity theorem [8] which governs the entropies of three
systems

S(A+B)+S(B+C)>S(A4)+S(C) (56)
We set A = {b}, B = bp+1,C = cp41. This gives

S{b} + buy1) + S(p) = S{b}) + S(ent1) (57)

We have from (47) that S(p) < e. From (38) we have S({b}) = Sp. From (50) we have
S(¢pt1) > In2 —e. This gives

S({b} + bpt1) > So+1In2 — 2¢ O (58)

This is the result that we wished to establish. It proves that whenever we have ‘normal
physics’ at the horizon (i.e. the parameter giving departures from the leading order state is
€ < 1) then the entanglement always increases by at least In 2 — 2¢ after each stage of evolution.
The entanglement thus cannot go down at any of these stages. Thus small corrections do not
change the conclusion of Hawking’s leading order result, and we will get mixed states/remnants
when the traditional black hole evaporates, unless we can show that the corrections to evolution
are really order unity and not order € < 1.
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is tantamount to cloning. For example [12], it violates strong subadditivity of the entropy,
Sag+ Spc > Sg+ Sasc - (23)

Let A be the early Hawking modes, B be our outgoing Hawking mode, and C be its interior
partner mode. For an old black hole, the entropy is decreasing and so Sap < Sa. The absence
of infalling drama means that Spc = 0 and so Sapc = Sa. Subadditivity then gives Sy >
Sp + 5S4, which fails substantially since the density matrix for system B by itself is thermal.
This argument is exactly as in Ref. [12], where the additional observations we are making
are that 1) the reasoning holds even under the postulates of black hole complementarity and
ii) the modes b and ¢ have high energy as seen by an infalling observer.

Actnally acanimine the Pace aronment [1R1 the ineanality ic vinlated aven mare atranoly:

N chm%\a as e Re SN\

Lo o= Qo\v&e& oL'C \R\QXQ/ |
Thewals L ¥023\eN\s  axe Wt qute e Saae

(@S NN \\,s\\\\ QLW See



V) BONPS ocegt . ENoX The  <at- e &\%\JNG\\XS
ceNN oo o o e AN N CoxnoX Ve Tonockked
S\o&g& ‘\Q@\\m\c\uB oOuC S oe NSNS OO

7/\ b\\so &QQQ\Q\E \Z\\Q\\: %Q‘\Q\'\( ‘g\cq\CeS ‘P‘\usk
\le Cear Le\ess

oL o ™oXe ©war NS S e DQQO\N\Q\ZXK

SO e NS e SN O™ e A\
O W oo Ehew wue Cos~  ComQue

AR GASRN e ANV 20w A\ S NN @ = O\\iQ



N\ O Co\\n@\)\i@ VAN woe U S O\&\x ™eedl Lo

CONQVLE

W e < D o 9 & N R ® sz\\7 N CoonXex \cexwg

WNe e tloe CogeN Lees HONRCE A Coe
NCE N \\B A \\QXCQQ\&\QG oLorne ) T~ O

Soee L OGN ®GNYy = N o
LG \%\ ’\ﬁl\
2o\ e 2 - Q\Z o O é&@% DOT N\J@
S N NN Sorve oot Phe  NedRon iy

k\{x& Q\QQQQ%O\X\
LT O J_ X J\\*W SN Q“&@GQ&\ @ e\ \



SO \Z\\Q Rbﬁ C\Z OXe S as (; C)\\ QNNIN

T (o \ st
\\V\Sis\e .

N
NS TS N
N Netie  odcalde
S CLQ\C\& Q\\Q\QK\QQQ&S



Queariong:

O\\ \M\u\& < \j\me <o U L\\ O \0\\( &Q \ {o\ q\: O™ CJQ
==X

W \Now e (NS SRR T oncae \ A U \calke C& ?‘
™ c&g\u\e N o~ Q\\\(Q\wo\\\g QNS AR\ &\(J\S ‘\\\&\\( <C E .

And  TRexe \S ™o ANveck OGNS Cox Pradudl &\%
A WA\



\

TR = Ry , ) Cdm\s\em\m\ka’\((\\:a ‘( /

e Cina\l Se O o o@dg@&g ¢ oCus OX. O
\OO §>\\ o\e SN e AN WNa\\Ne %(\\M\d \>Q\\<o\&®>c
Qe ca\ WANVAS The we G\I\f&\\k :S
=3 =

Lopa> > <L <R

O \\\6 Soes Se s SR RN Q\Q\\%
o C&‘x@? e~ e\ QKNS&&E Al

N o o omce (& N <<t Ro=C s R=Cy
c\eax\ 5 e @=SC SN %EE

= =
4C\>V%W 4 CRQE = \(

X_ SUnCe Qk@b = C N U ows C@\SQX



& U e\ A N\¢ co G&et
Ilewy YU
e ceed e LRy R, S FO
=0 oL we WIS e R%\) (. \FO
So o Qredse wa to  ched®  whethex
we Coos OO0\ Ehe  wonogam NS va\i b Q“

e o Scee % e CxUsS- Covmea UL OO anigh,

AN ele Case e oQ A V) N R wee
oW AT e AN N =% X

e Q?\QQC\L xD\\\o\\f_
T, R ~ (G, Y\ ~ N



> 0\ e newey exp\\c;\:\} w~ote dowe . and (o

We SN N&b\a O %UQ AN tRNoelt e e OV o EOXS

NSO S x < yos ed O~ \\\&NQC\: @\&UW@&\\@.
NENS WL odels | aove cow Necy. ket VS
Q\&?QC\D C\ ) C,Q_ Co | N{<2 QZQ\Z \(Q\N\e\a
CO W\Q\\ Q@k ¢ c& \

& o < VW~ Q%Q\(Cﬁ\\: NS Oone Zao o \g
Co~xe Ko\ o\ ou o e <\, \\(Q\Q\\:(\K\X T_% Y C'Al

e ™ R . oQogaV\g A\ < &%e&i TRl
s COTRTATON = \ax %Q\,
Toewe Soxe oo 5\@’&( SSISEE N Cx o2 ot
o Iae e O OXe o\ \e %

\§ e~ oS 635 Do s o ou Q\% L



e = R TR Q\w@ogo& Vs Vaced  own
AANS Louse e o T SIS CTT Wl \Nawve
the  ebte~xaad  \Wode wae /| hewnaeeld
CS\\) O\\ ‘\\; \‘S

QK\EO\K\& ed CTVs A e etewal VL



B etexned LA ANTES =wo AN

\so'\c (AN SO\ r
= o\ OX
. S N _ O\ NNTON
bow O - Q\Si % Cone s Ehel S S Nave
4 N \conmt Wada  We\esg

Cot e\ e %\ \)E-S O~ W Q\\\\\Q\Q«

\(\c)\\éo
s <P ak\rO\\ &\\\Qe

(Cj L) O m\\o\q

=



e (O a < Thax o Te U\ NN W&wéx‘\\\cx\\s

excomaled NON & N S ~C GO RO . one
SANFTON (DA &B Choe LN Lo @NN
\J Q:\\\% Ae <~ e \ \’“@ Tthee  <odiatiow .

Note Bho TR 8RS e e
[STANEEEN N\ @ ¢ o\\,\& \ ™o O\ SA\\g Q\R\&\Q&
Q\\Q\f oo oS OV N LI TR \E8 \

(=N e o\ e RIEAS S@e_c\t\ ST NN %\\\L e that
e ek Qo T es et e oS e\ d
Q\? Q ™ol e A O\\\\\'Z g \e s SK\QRDON\Z o

N



C ~ O Laaaxng

o\ Bixe we u{o\o\\z\&\é u%@\ OO gd&\:Q\(\
Q\%@\LSLK <

o O \G\“( Q&Q (VRN tlae Q&\K\a aedualtt O,
[ ve "’6 Qone QNO\‘S.

AN WS S e @)X\ AN o  <udw
QQC«QQ\:‘S 2' —X; \7\\25 O ?d&\:u\ O\\’ZG Q&
L Q\\&QY st



)= Twe Ry New \ec\-uxo< / W 9o\
Soves N\ oo e e

TeRndigle oY \\G\OO&@\Q\\a ofF wlowaton

N %\fa\\ge NG \j\\G\E NS O\“\\s * 9@@0\( 3
S A O Ty ek ol S o0 AL SOk
S U AL O™ s\ Ule 6%~ O Cauch 4
<\l e = o\ asagad\a\le NSax  the
\s Ou\i\&&\(k& \

AN SN =N c_ox@?c&mc\k{ O™

& Ao

soNe~ e & LOX XU Q.
) ~o
O~ o\ exueX ol Q0 Cawm

WSS cdxcm\ko\\ziow\o) e Ceilt
YO ex\xo oSo Crow R




-
0N Co™NS S\L Q\\t W %O\cxw g\&g\ve (9 @\\K%\‘ s\

AVR &oes QoL xeo‘u'\%e T L @\N&@ ¢~
Q\\& Kes ~oo~ D o e Q\J\ Co\\S\B\Q 'YQ\\ OWN

oS e Ceolwes O C\(\scm\k\w\
e onamaCs SN NN Vo Y



