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2. K =2 : Positivity bound with gravity
—TEDRED F. positivity bound (FEHE S CIBAICHEIRTZ B [17, K. Aoki, S. Hirano (20)]

(*see also [Hamada et al. (‘18), Herrero-Valea et al. (‘20),
FEMNTHEARE (motivated by perturbative string amplitude) Bellazzini et al. (‘19), Alberte et al. (20), Caron-Huot et al. (‘21)])

1. Mild high-energy behavior lim |]V[(s, t< 0)/SZ| =0
|s|—>00

"
a —_
—| S a ~M;?
a

g \2raltral’t? 4 ouf
2. Regge behavior with single scaling  Im M (s, t ~ 0)|g5pz ~ f(£) (m) 7 |?
S

Ms: scale of Reggeization ~ mass of the lightest higher-spin state

’

A) = li jwd ImM(s’o)+ ! >_0(1) (approximate) gravitational positivity bounds
CZ( ) _t_l)%l_ A2 S s3 Mg]t MZIMZ pp g p %

FE -y b7
—BIMB+ANS—BOBE in4D 5 E 2. o, (N)EHET D, o)> 2L oREEER,

ZMZ

2

R 1 3 g
;] —3 (0¢)? — V() + (counterterms) V(p) = ¢ — % 4 Aﬁ

X TIEPOROP)*E WS TRV ALRABEGEO THNL TW5, ARXAX—TRHMEDL-HEZ LW LITT 2,

L=

m/GeV

A2 Ag? A? 1 g* 1
S| st m - _ = 9
RIERER: a2 (A) 16m2A* 672 A6 [ln <m2) 6] 12m2m2A6 M2

v (4, g/m):fixed, m - 0 BETIZ (EHNEFE) > -t FTEXEH S,

Bl Z 1EAp* B m = 0.0068 A*/Mp,

10

********************************** — (ENNEE) = MM

S m =54 % 10"*|2| M
—-Appl. Cond. \
m = 0.0068 AZ/Mpl

Excluded region ~ 2.8 x10° (

2
A
1015 GeV) s

‘ ‘ ‘ ‘ *A =102, Mg = 10'° GeV
w0 i i w2 it " is used in this plot.

A /GeV

(

—72 2
45-8mv3 g? 4 10-m /1_>>_0(Mp_12MS_2)_

129672 m* = 4608m* m?2

FFEHNFE) >0 (BEHWMFS) <0

V(p)ZEEICITFIBICTE LR

Summary & Prospects

B ARE D T IZV ()N Dswampland
REEEHL =,

V(p)EERICIZFBICTELL,

HEBMICM « ADRE [ disfavored
(e.g. single massless 1¢p*Z2 5% 1 ZA)

< ¢ >0 FY TORMABRE~DHE

D E T ILADpositivity bound @ B



