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1-loop amplitude: A =
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Euler-Heisenberg :
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Z=- ZF2 + oy (F, F*")* + ap(F,, F*)* +
e’ Te*
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L 144072m4” % 5760m2m#
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BITENSHES UV-IR relation
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n=0

cf. Maxwell xhIEE:
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M(s) = E ar, S, Ay, = ?l;c > S
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cf. Maxwell xhIEE:
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BUT® UV-IR relation. #IC IR REDIEEEDRED [Adams et al '06] :

2 " ©  Imd(s) 2 J‘ *  Imo(s)
Ay, = — S = ds
T

0 for 2n=24,...
S2n+1 T S

>
2 2
mg, mg /\

{uvwﬁ%:#gﬁ%ﬁmuL

cf. Maxwell xhIEE:

1 —
& =- ZF2 + ay(F, F*™)* + ay(F,, F")* +
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UV BIRICWBHRTD TAEY ) OIFEHRZRRU K UV-IR relation 851 %,

cf. de Rham-Kundu-Reece-Tolley-Zhou [arXiv:2203.06805]

“Snowmass White Paper: UV Constraints on IR Physics.”
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A a4 VEIANDSEMOHEIE & RIEE

[Camanho-Edelstein-Maldacena-Zhiboedov '14]
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# AREOImE

EEMAEEDRT—ILDNTZ V0 AT —=I)LEDEWVWEE A < Mp.
ZDRAT—IL A [TEREDSEAE 2 IREL R,
cf. RIEFRDEHE - EEEDOEEAEVIRRE (Regge tower)




massive gravity Is not positive
[Bellazzini-lsabella-Ricossa-Riva '14]
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R 1 massive gravity (9O SEFRIICIEATWLND
TR 2 : massive gravity "E2oh b &, EXRREBOBFEENNE

WD BIEEENERDLZ < (FLT=F U MEPENTE S HEHEIEL

Limlt




large N QCD D XY >~ ® Regge Bk

[Albert-Henrikssonf-Rastelli-Vichi '23]
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ex. HIRISRED 1 DE UVUTEEEINTWVWS T55WWEFAE, [Arkani Hamed et al '06] :
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cf. Harlow-Heidenreich-Reece-Rudelius [arXiv:2201.08380]
“The Weak Gravity Conjecture: A Review”
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55 \/\Egj] %/u (Weak Gravrty Conjecture)

[ArkaniHamed-Motl-Nicolis-Vafa '06]
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Black Hole

BH extremality ND &M #E1E
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X EFENELD positivity ¢ 20, — a3 > 0.
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Figure 3: The solid curves show GW spectra for the Hagedorn phase followed by standard cos-

mology with different values Ty = 22 ]\\% = I', where heavy open strings radiate gravitons. The

reference values taken are Np = 5, LenaM, = 5, G = 0.32, X = 1, A = 2v/2/(21)%, T = 1,
Ls =100L¢ng. B is taken to be 2, and o is taken to be ogp given in App. B.1. The dashed curves

show GW spectra for the SM with different reheating temperatures 1'. The black horizontal line at
107 is a rough bound based on BBN (see footnote 16). The spectra peak at fy ~ 60 GHz for the
Hagedorn phase and at fy ~ 80 GHz for the SM. Both the axes are taken to be logarithmic.
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