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A H\ovth expefiment was (Y distosed  which ivolves
e decofierence of a quantum o otem de o & Dlack Wele.
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Tt hes been Svaaesed et His effect May e unique b bl
Noles andfor be of Fundamental iMporiance foc Heir Pattvm  descoigion .

On the other  Nand, we exgect that & blak Wole, when viewed Vom Hie awtside,
i> deverived bq an ofdinacy qan tom syerem ewbwins unitarily.

______
- ~
- ~

”””””
‘‘‘‘‘‘

Today : we plae the Dlack Vol b\‘ an ordiflacy 1ua(\\vm oyotem o Tinive iyt
and doteinn We same qualitotive elfect.

The ideos is to amlyze the ploblem i tesis o an elfective theory ot opflies equ q\\\‘ well
Yoo the Ve N wse as ‘(o(‘ o ofdinary Maties e\|s-\e.m.



Review o setoy for deceleence ’c\\wc\M expetimeny
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The black hete will db\ro\i He ohcene of te soferfesition at a censtant raote,
e he df-dugonal domants o Al ity Mattix desay as e fye

some constant 1. Wald, Satishandean, Danielson A305.063%9 , 3201.0003 6

Thee is an lmqloyvs Tmlifqh'ona\ velsion oF e effect (whiC“ wolves the 'wee)( Yosi Koo o‘ o Massive ?ad-ic,\()



black 1uqﬂ*vm “Yokem Alice

E“tdi\le. ‘“\&oﬂ fit.\'ufe.

The Gielde, coureed \01 f’A have waqe,\eﬂt)ﬂ'\ A~T>72R, 5 we @n K} ¢ > {7‘
of ffoximate e Yeck qoan fvm e‘h’tem b1 o Yom-\ ?adic\e in Clod PB b z
vpace. Internchions are caphves by wottile ofernions living on the

wecldline.
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Clocsical vestor, indicating the Oferator acking on the Wlbert spacc Paoli makeix acking on Akce's Sy
size o Alice's diole of e black feuibm system (Ymﬂkm'\zir\j the two wn‘?.smhor\s)

When we compote the fime evolution of Alie's density makix vider His Wtesaction, we Find
a constant decoelence fate of e focm
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Ir\ his k«me\oor K, He decoherne i Miein3 ‘fcm ﬂ\ermul of 1uamiom Hoo’mo.h'ons
& the Qecicic diQo\e ofexater clesc,fibmt) the black 1oqn{um sye-\—e,m.



The Fludtvation - Diss: ‘m*ioﬂ Theerm

To determine Gy () = Sd‘\’ OR(ALTA L) S P, systems & nteest, we winpote
He response fonckion  K(F) =i66) <[Fe(*), F©]) which i rlated to Gyl \)y
e Hoctuodion - di%ipaﬁof\ Heoem:
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Foe o) ofdiﬂm\‘ moXyer ‘:\'b‘\'tm’ L) Qqem'a of) kansvo(‘\' et hicents sueh as
the wm\vo\'\\l'm\ and v\bcoe’\\'y.

For black holes, the lo\»-?m1\>emul exfansien & AW i e)‘we:n b‘ the
(sh\\':. and c\jmmacql) “Leve mm\)exs:
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A=0 for Dlack holes in 44, bt B#0.

From o (om?v'\o.ﬁon of The Lowe numbers o can fead off Gy (+) and fepdoce the
black Vole decehorence woves o‘ Wald, Satishan dean, Danielson



Loﬂ\faﬁ‘aon lo m\«\m“\\ Matiee

The fesponce functions set the decoheence foke, oo wmpasing Lew 99 Lgagter
o the same a5 compating He decohereiice effecte.

We compafe objecl’s & e came size and ok the same kmfem’wm.
Kesfowyc Fonction of s\vhencql e\dveXet with (t«aish\)i\" ‘>;
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Im Xcond(w) ~ 6_4wa3

bH Roponse fonction:

Im xgy(w) ~ swr
To & wmyoraVle to o Yack e, \?[R ~e

A omall ball f some impote metal will do (CK. Al alloi)



Compativen o ordinary metter - qravitational coze

We can make a similoc wmpatisen for the 3fav\’ca‘riona\ effect.

(Ex. (ompare Yo o «ae\‘}-%m\n‘\a’riw& Floid or on elastic sclid with some viscosiy)

As om\w\m\i object & e come mess as the BY Jq fical\\' Nas a Iar%ur
decoerence effect while the opfosite is tve for on objest of the

Same Size  (when all comparisons aw Mode at Hhe some femperatore).
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* The decoherence effect is wneistent with Ane Nygothesis Hhet, fom the oviside,
Dk oles ave descrived ‘0\) orc\mwr\, qoontom Syetems.

' Tt o 1\»&\\’{&“\1&\\, et Yoc adaary Motter of hinike tenperature. .

" The decoherence arvises from Heemal Hodvations of e Molliple Mewontts of
the Black hole/motter system .

* For e e\zdﬂ‘owtjl\e’c ic effecy. P decofupence an be  of ZE al W\M&N‘\ o Yo Plack Noles and
oN‘\(\N(\\ O‘Djtc’rs.

¢« Fer The %vm\’fodionq\ ellect. opdin ey Wetter podoes o wesker effecy S
ipare chiects of e same size ond temperatoce .



The onteckion to abserption

Gy ) also AN he absecption of |om—“e,¢luex\cy fielde.

Let vo discows scalar Felds foe simplicity | where
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For  6a, divide Ti_; b T ond eoing poctice flox.
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/ e (O(H)0(0)) = g by
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Cave 15 Rloted o the dloesical aDsorption cess cection Eave by

Yor desdi‘omﬁ Wads 1uan Yo ‘.)Y%‘\'em
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Tabs(w) = (g + l)agLis(w) = 64w ~EG T puwecd



LO“\faﬁ‘aon le ordinary Mafier - More details...

Geovitotional case:
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P eponse Yonckion:  Tm X%H (W) x w—=

G

2= Kicemoe Viscosi¥
0\) 6ame Mass and same \'em Fem’wfe, Lo(“vaﬁsom: \ ™

R = warescild fodive (X' floid
VRS
w
GR;

Resporee Fonction ee\“'—jﬂx\li’m’m\% fluid - Tm y(w) ~

Example: se\?—%(u'r\q}m% bl of water at oot temp. (, ~ 0.6 M, R ~ S x10° W
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ImXBH VBH Ts Ts VBH

A ball oF water sorbs %m\li’fo!\s Mote eusi\\‘ then & black Nole of the came Moss.

b) Seme size and some femperotufe wipativon: . 4
s C
Kesyov\ee Q\mo’nm o" elastic solid With some “5%;1—\' » ImX(w)metal ~ wl/ﬁ (E) < )
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EXM\\?lC= lead ball at ~|.5 K. “‘a ~ 100 aum ; Kb v ,Q? Rsfsmwmschald .fo&li\)s. & e solid
05=6‘>€€d oF sound in solid
4
Ian;etal - 10-19 V10710 Bs  10-30 ) ~ 10
Imxpy VBH R Cs

The tetal absorbe Tewer gtonitons Yhan the black hole.



Zeto temperatore black holes

The neac- Dotizon %eome{(“ o‘ an extieMal Ylackk hole de,\k,lof-; an QY R\‘ox\m ate oL@ % me;\-(‘i
thek fixes the form of the wlaters.
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This amswer was Jenved veilg Aot uthods e o Kot Yook Yo i bralla, Wei 32101146
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The T-defendNt fot —0 i the T o0 i,
No T-degendent coniiDotion Yo Ak decoliorence ot long fimes.



