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What’s the landscape of consistent EFTs?)

energy

what defines the boundaryQ
uv

massive gravity

 Not every IR theory can be embedded in a consistent UV-theory

e This talk: massive gravity (and any isolated massive spin J>=2) is in the swampland
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paradigmatic example

T —m+const L = %(8M7r)2 +

F((‘9M7r)4‘ + .. =P M(rr — 7n)(s,t

c<0 in the swampland
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non-linear bounds (EFT-hedron approach) = inf-many linear bounds



1)

2)

\_

main lessons so far:

all bounds <—> all positive functions in [O,R]

it’s possible to project on a finite subspace

back to the amplitude
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GI bounds

(=A)ay, = a, — §°

A, =a, >0

An+41 > 0

~

(—A)%a, = a, — 25%an41 + 5%ans0 >0

J

4
sharp upper bound on the cutoff Q\ <

Cn
Cn+2

(tree-level \

M(5)|gpp  co+ cas® +cast + ...

even for very weakly coupled theory c<<1
much more stringent strong-coupling cutoff

M ‘EFT — g2 (1 —+ 5282 -+ 5484 -+ .. ) bound independent of g<<1
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Main Lesson: EFTs isolated Massive Higher spin (J>2) in the swampland
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VETLGENEL Bl  EFTs isolated Massive Higher spin (J>2) in the swampland

1903.08664 B.B., F. Riva, J. Serra, F. Sgarlata

caveat: trivial forward amplitude ./\/l(t — O) ~ 0
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need to go beyond forward limit
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M(S)|EFT = Ccg + 0232 -+ 0434 + ... +@2182t + 02282t2 + .. )

l. related by crossing symmetry M o c4(5% + 2 4+ u?)? = ca2 = 3c4 — €225° < 3¢

Il. Partial wave expansion “Arcs finite T<—> 2D-moments”

t#£0

—W.?—WW 2D moments
_t/2 2m Smax
du(z, J?) = 1 $/\/x)6(J? — J3)> 0
p(z, J?) = Y —Im o) (8/v2)o( 0)>
JZ=0(L+1)
example 3 918
(-——) —— < — < b3
a0 (5, 1) ! ’ e o+ ) - )
S,1)8" = (1 —3 S | 3 —af1,1 T H,2
— K00 S Hia 2“1/2’0 52 2“1’0 K1, 4,u ’ 2011.02957 S. Caron-huot, van Duong
. — - o — — 2011.02400 A. Tolley, Z. Wang, S.Y. Zhou
2 €2,1 €2,2 2102.08951 Caron-huot, Mazac, Rastelli, Simmons-Duffin

2112.12561 B.B,, Riembau, Riva
Huang, Rodina, Zhiboedov, Arkani-Hamed, Pomarol.... etc
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FINITE-T AND CROSSING

Massive particle crossing: very complicated

(2J+1)"4 helicities mix!

Mo Z NN A, X,
)\1)\2 (S t X)\l)\z)\3)\4 )M)\’lj\zl (u7 t)

Massless, or |t|<<s, particle crossing: very simple!

v/ —tm tm? Y
MR (u, 1) = M2 (s, 1) + (c§}§%§}§%+o()) Mﬁgig(s,t)

A1 A2 S 17271374 SUu

EFTs with gap M to new states m® < ] < s < M?

Crossing nice, error bounded by EFT-calculable quantity

|el’r0r |< fm Cill Ao ‘A>\’1>\’2 (O)/AAI A2 (O)
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t#£0

lack of positivity at t-finite? NO!

=) <)

1
T
p
»

MIM -0 — [[3Mar2 | M M(1M202) | < (1 ode AT AL |12 202)

\_ _/

positive definite matrix

‘ (2) t

o >\1>\2 1

finite-t arc bounded by t=0: (2) O =~ £/ 3
>\1 >\2 _I_ M2_2m2

2304.02550 B.B., Isabella, Ricossa, Riva Up to small EFT-controlled error
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2
m
L=+— Pl [ - (W + ...+ csh® +. ..d5h4)] 5d.o.f, 2free parameters
Py — BSED + 0, AT + 0,0,7O) Az = (m*Mp)*/3 ~ 1073 eV ~ (1000 km) ™
2 A —>2m (7 — 6c3 — 18c3 + 48ds)
00 m2<<|t|>6Ag (]. —4c3 + 3603 + 64d5) 00 9A6 €3 C3 3
t m2
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Y 2 m?
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BACK TO MASSIVE GRAVITY

m2 m2
L= \/—97“ [R - (h* + ...+ csh® +... d5h4)] 5 d.o.f, 2free parameters
Py — BSED + 0, AT + 0,0,7O) Az = (m*Mp)*/3 ~ 1073 eV ~ (1000 km) ™
m? < 11| < M?
0 oo AT (1 — 4cs + 36¢2 + 64ds) 0~15;-
n 2<<|t|>96tA6 (1 + 24c3 + 144c; + 384ds) \  olo
m 3 L
. Ot 2 I ]
At i 64A8 (1= dea)”, ! 100
= _ ] 0+
0.00 - et
TENSION!

—005;
A1) |

no intersection—> M bounded above by few m
(assuming analyticity in s cut-plane for |t| within EFT)

C3




MASSIVE GRAVITY CUTOFF

| t| =0.1M>
0.04
0.02
0.00 !
I | = M=13m
- _0.02- 1~ M=16m
= j \ | M=19m
—0.04F 1 M=25m
I | 7 M>28m
~0.06

2304.02550 B.B., Isabella, Ricossa, Riva

no parametric separation with m

— @ < SO@N o(10)H

teeny tiny range of validity
(60 orders worse than GR!)

no physical system in the universe where this EFT can be used
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example J=3: fails positive already @ t=0

ISOLATED J>2 SPINS?

-
\_

suffer of the same problem:

longitudinal-helicities grow too fast with energy, either in s or t or both

~

(J—even) = 2
long. =9

1903.08664 B.B., F. Riva, J. Serra, F. Sgarlata

= g*(my/Ay)

(E)3J+1
mgj

(J—odd)
) + .. —|_ 4 —I_ Mlong.
my
10
5._
)
=~
~ 0
o™
~

_10 1 y . ' L

||||||||||||||

-10

10
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CONCLUSIONS

( positivity bounds shape \
energy the swampland-landscape boundary

ll. isolated (M>>m) higher-spins
can’t be UV completed

\(corollary: massive gravity is not positivey

massive gravity &
Isolated Higher spins

Open Question for Christmas:

do massive higher-spins only come in towers of infinitely many states ?

e.g. KK tower, Regge states, QCD resonances,... (no parametric separation)



thank you!
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