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Symmetry of Quantum Gravity
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CO1 Group aims to develop methods to
make top-down predictions from
superstring theory and to give guidance
to experiments and observations.
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— Ordinary quantum field theory
\J 7 g I J /@ i; § , ' cannot make top-down predictions.
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You can write down any low energy effective theory
, ' and expect it to have a UV completeion as far as
it is consistent within the low energy approximation.
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\ — Can superstring theory make top-down predictions?
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— Since quantum gravity is tightly constrained
\J 7 9 ! J /@ i; E , ' and it has unusual UV/IR relations, there may
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be non-trivial IR predictions from UV completion.
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Swampland Question

Given an effective theory of gravity, how can

one judge whether it is realized as a low energy
appropximation to a consistent quantum theory
with ultra-violet completion, such as string theory?

Vafa . hep-th/0509212
Vafa + Ooguri: hep-th/0605264
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effective theory of consistent quantum theory
of gravity, beyond those expected in the low
energy approximation?
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Global symmetry acts non-trivially on the

I Hilbert space.
i‘j.ﬂi I I t (i Gauge symmetry acts trivially on the Hilbert

space and depends on low energy description
(e.g., Seiberg duality).
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| am going to prove that there is no global

symmetry in low

energy effective theory

of consistent quantum theory of gravity.
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Definition: Global symmetry in QFT
(1) maps a local operator to a local operator.

J \ 1| i = (2) faithfully represented.
— \ ~
0 / \) I/}l(j%;]_\ |§EO)}:E¥E (3) commutes with the energy-momentum tensor.
(4) obeys generalized Noether theorem
(applicable to discrete symmetry)

(1) BFfERxRZRFIMERRICEERT D
(2) COBEFRIIINEZEER(CKRITT D
(3) IRILF— - EFEF > V)L LA

(4) WM bNicx—57—EE (BEECIFNECHITIEE

m

3)

/1]

R ULy, UR:) = T Uy, R:)
Re t 1
U?cg,R) 06w Uiy, R)
= [U"’;)(}(x) Urg), x€R
l O , x e inkevior oF R 1220

Rs



AdS/CFT ML CHWTIE. EFEDDRPIRIRRIFCIARER (.
CFT OFFRIIR ST A T DEFEDONZFF DIRREICHIL T D

In AdS/CFT correspondence, low energy states in the bulk are in a particular type of entanglement.
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global symmetry G in AdS.
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DX INE 7 BEICKRIR T DEPIERZEN DD,
global symmetry G in AdS.
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Contradiction



Weak Gravity Conjecture

In any low energy effective theory described by the Einstein

L\Ejj gravity + Maxwell field + finite number of matters, if it has
IU\ an UV completion, there must be a particle with mass m

and charge Q such that:

A2 A BENE R+ Y IRXD )R+
SIREREDIEZN SIR DR TR L+ —H5mN,
BEEDOhSEFENERICHECETIITHICIE.
8= m &&EE Q WA TOAFAZ @I IHFN
FIE U TIIR SR,

N

m _<__ I’Oi:__' C:, . Ma)‘l‘an Constent
T NG

Arkani-Hamed, Motl, Nicolis, Vafa: hep-th/0601001
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(2) true in all known string theory
construction
(3) holographic motivations
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Im a{( Cases
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m < (2 (o "=") unless “BPS
la

D [58UV] 5§WLWEDFENKDIIDE, TJSVIXT
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Vafa + H.0O.: 1610.1533

If we assume the sharpened version of the weak gravity
conjecture, all anti-de Sitter spaces supported by fluxes
are unstable without supersymmetry.
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gHleNZY -0 - TRILF—DE =R FORERBEZRE L T,
ZTVZ 3 ;K;L',H%:UE (C =) fg I\ﬂﬁﬁ'% t \ Compactifications of the Standard
Model of Particle Physics generate

_ 11— I\ U / 0)9/]’7 (73 Ej-b\?»r — v 07]\) dS or AdS in 3 dimensions depending
on types and masses of neutrinos.
PEE(CLDT. TEULZ AS T AdS HMiE5N D,

Arkani-Hamed Dubovsky, Nicolis, Villadoro: hep-th/0703067

Zﬂ’a’: Hﬁk/ \J 55 U\E =] jj%:u le_%ﬂaj'/\;bﬁé Cl_'_ Combining this with the
shapened WGC puts

BRI RVEE U AdS BEMTBLDSA  contraints on neutrinos.
<3S+ - Za1— U JDOB=(CHIEEN NS,

Vafa + H.0.: 1610.1533
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(dark energy) > (neutrino mass)”*4 Ibanez, Martin-Lozano, Valenzuela: 1706.05392
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The UV/IR connection may imply surprising IR predictions on

observable phenomena

from UV completion of quantum gravity.





