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Quantum gravity does not have exact global symmetry.

Standard argument:

Suppose there is a global symmetry G.

We can combine a large number of
charged matters to make a black hole
in an arbitrary large representation of G.

Let it Hawking-radiate, keeping its mass >> the Planck mass.

Since the Hawking radiation is G-blind, the black hole still
contains the large representation of G with the number of
states exceeding the Bekenstein-Hawking entropy formula.

This argument has loopholes, and
it does not exclude discrete global symmetry.
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1. Global Symmetry in Quantum Field Theory
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2. Global Symmetry in Quantum Gravity in AdS
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3. No Global Symmetry.in Quantum Gravity in AdS

We uae the Ma/n(j/&mwuf /M}Ka/;/c 2 conabmcGon

Locad excitation &La]om o Mo AdS Aubk
/MZMM adﬁmj on WMW 77/\0904/\%

061 e oo owin  a JQMZUL /\ngicfh s CFT

11/23



J)f a ?\am&aﬂ(maﬂ Jé/\eog n Ad’S %M Z/(o/}aj
W, A st e a céuq/x«/@ocd Ny



J)f- a ?f\aﬂ/&aﬂmaﬂ Jé/\wg n Ad’S %M Z/(o/}aj
W, A st e a céuq/x«/@ocd Ny

/ifaﬂmnﬂﬁagwmlmfn
Vg, ) =T Uy, R:)

Commmies i, o Zuw«'«,@oc&

o;;{/\odt'«/\ ok X,

¢ / Harlow + HO:
[P A o) arXiv:1810.05337 (5 page summary, Phys. Rev. Lett.)

arXiv:1810.05338 (175 page complete proof, CMP)

13/23



Utg. ) =T Ulg, R. )
CommmAes ,WM cL Zum««,@ocd

o]b{/wdt'u\ ak X,
MNomGunid U on )@o?{c:ﬂ
— U .
U, ?MI/VG@ Canms X Ae @(Wp(

— Us w. ® (J, om Wmﬂ ?the

Aér tach Uy patven §"
Code a/w(m.pw .

14/23



Commmies i, o zuame,ﬁocd
OF{/\MT/\ ak X,

* Ko angumant. s fin spartamtsioly dken ofolil smmy Gon trwnple
i, Ayranity P — P+ Comat fn a ncalan fedd st fe Ao .

o The argurminmd aloo wnkn fa dionite aface/to:rw W\z@ 2in ch
wo P oamd T ?7%2 ane Jargc Wm amdl 7 ki Z’wwfg
X evm oven mom - onkertable pramid Ado.

o JAe Mjwd doea it mmh fn 2d gﬁwﬂ(@ (¢.9. on ﬂﬁm&
woddakeot ) amd 3ol onondzd pune Enitiion ?fm/m/l%, ,

15/23



4. Completeness of Gauge Representations

/QJMJ M G o CFT (amwdaum(a

o AdS
A Hay the pame G 2

We mud Ao pbow Ulg, 2) ads EJEMM{% o Aubk opirati. .

Bomple © Wet . Wikoon s 4 Atprussditin 2
}b/'momz/{«- AAS awnmAale .

Wo ado on HKerr, @ ey

16/23



We mud Ao chow Ulg, 2.) ads faithfully om Aulk oporatan.

Exovmp& C Wa . Wikoon ane am /w;omwdﬂiln o
}b/'\nomg/k AAS wwnmAalL.

Wa ado  on aecm,_@ EQCFTR

Ulg, 20)" we Uy, 2u) = s () Wy
/Bﬂ ﬂa?@'@?{ﬂwwj Y9, 7L st

Uty, Z.) " Wa Uy, 20) Wal = Sxl5) # 1

Koo wodd mét ﬁa\m@eﬂ\ «/L 350 at. Ulbs, 2 )
Comamntls with a/ng 1)(@@& optroclan (4.e. mot fa,b%jd )



Ulg, 2) ads fuithfully on Ak ouoctnn

I4 He arpromte Gromp O o compadt , ome cam

frnd o Lanile dumensionsl faith fud seprecant it
J

PO F™ ginmite ol fumite dimonoioms

A chn e U Upruaint ation 4 &

7&,\0‘ oo The Cmrﬂdlmw //\«\dadooﬁm.

18/23



5. Asymptotic Density decomposed into Representations

Harlow + HO: arXiv:2109.03838
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Questions for the Future:
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