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What bootstrap reveals?
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Bootstrapping U(1)-anomalous EFTs with 7, v, and h
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Bootstrapping EFT's
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Bootstrapping EFT's

Cauchy-Schwarz inequality

~+ 1nelastic h— / elastic ~y ht elastic h—
) ) \ ! ) ) . /

/0 th(t)(;;IE%) < \/ Vdw B( )(Mj%wmfl%)}{/_o dtC(t)J&?it}
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Phenomenological implications

Two causality bounds

"f’fg|

MJ22% 5 v/ Cd~

G

coupled to vy or ATh™

irst resonance

First resonance

coupled to yTh™ or y~h™T

vt ht
A 1. ’ 62!‘% 2 ) H’g 4
noimalles n---- M»,WJr»)Hr = TT[QB] nN—-—-—-— M?}h-"‘h-“‘ — Fﬂ—fu;% [23]
f’\ﬁ(—f_ t - h+ t _
(nF'F) (nRR)
vt It
Non minimal . k1 o . K3 - o2
interactions Mutoeoe = 3, BT A Mucaene = WUQ] we
+ ¢ ) ht ¢3
*’ (RE7) | (R°)
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(D Any EFT

|’£Rg‘ MJZQ — Acaus
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Kkl

Spin>2 resonances must appear
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alies
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(D Any EFT

|’£’ig‘ <
F2Mp ™

Mj>o Cdry

First resonance
coupled to v~ or hTh™

(2) Large-N,. gauge theories

SCan F?
Acaus NMP k.

"f’fg‘

K~ Kg~ N/ Np

>

Fy ~ /N,

Cq~y NCNF
Mp = AqgN.

SCan F?
Acaus ~ MP ek
Kkl

Spin>2 resonances must appear

- Apert

F
with alies
N,

Acaus ~ AQG

o Acaus

Np

Unimportant scale Acaus > Aqa
of the EFTs

36



(D Any EFT

|’£’ig‘ <
F2Mp ™

Mj>o Cdry

First resonance
coupled to v~ or hTh™

(2) Large-N,. gauge theories

SCan F?
Acaus NMP k.

"f’fg‘

K~ Kg~ N/ Np

>

Fy ~ /N,

Cq~y NCNF
Mp = AqgN.

SCan F?
Acaus ~ MP ek
Kkl

Spin>2 resonances must appear

F
with alies

N
Np

Acaus ~ AQG

Unimportant scale Acaus > Aqa
of the EFTs

37



(3 5D Models and Holography

Examples

X

X

X

X

X

Holographic QCD

Black holes: gauge—gravity anomaly
Holographic superconductors
Chiral magnetic and vortical effects

Topological insulators / axion electrodynamics

|"‘3’fg|
F2Mp

™

M 5>2

~Y C4’Y

MJ22 — ACaus

[ Acaus ~ MP

\/ Cay Fg

"iﬁg‘
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(3 5D Models and Holography

5D Models with Uy (1) x Ua(1) gauge invariance

L5 = /d4x dz\/—g [M§5R + M; (v@N + A2 ey Vi £ )

+ ks eprnporAM FNPFRE 4 o EMNPQRAMRgPARgRB]

|’%'%9| <
F2Mp ™

™

M 5>2

MJ22 — ACaus

Cqa~

F2

T

"iﬁg‘

A/C
[ Acaus ~ MP4—W

]
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(3 5D Models and Holography Moy il < =
= F2Mp ~ Y

™

5D Models with Uy (1) x Ua(1) gauge invariance
MJ22 — ACaus

£5:/d4xdzx/—g[M%5R+M5(VﬁrN+A?VIN+C4VV](§N+---) 5
A pp Vi L
caus ™ P~V
+ ks emunporAM FNUF@T 4 g o eMNpQRAMRgPARﬁRB] Kk gl
0 L
(Flat 5D space) Flat
___________ .}Z
A M5 Mps applicable even
o (K5f€g5)1/3 in L — o0
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(3 5D Models and Holography Moy il < =
= FEMP ~ Y

5D Models with Uy (1) x Ua(1) gauge invariance
MJ22 — ACaus

Ls = /d4x dz\/—¢ [Mggz + M5 (Vﬁw + A% Fcav Vira + - ) 5
A Yo I
caus P
+ ks emunporAM FNUF@T 4 g o eMNpQRAMRgPARﬁRB] Kk gl

1/Avv  1/AmR

(Warped extra dimension (AdSs))

R5Kg5 < Auv
(MsL)? ™~ Ar
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5D Models and Holograph |Kkg|
@ grapny MJEQFEMP < ey

5D Models with Uy (1) x Ua(1) gauge invariance
MJ22 — ACaus

£5:/d4$d2 \/_g[Mg5R+M5(VA2drN+A?MN‘|‘C4VV]4WN+) 5
Ane ~ Mp Y
caus Y WU p—
+ ks emunporAM FNUF@T 4 g o eMNpQRAMRgPARﬁRB] Kk gl
(AdSs)
(Theories in AdSs) % R5fgs N | kskgs o Auv
(MsL)? (M5L)2 ~ Amr
A
N, independent!
AdS/CFT
correspondence
\ 4 ) 1
X MJ>3 > 1 —> e ‘/11|§
. Mj>3

(4D strongly-coupled gauge theories)

Absence of k1!

(N, — 00 & A\ = gy N — 00)
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(@ Astrophysical constraints on x; Wﬁ,ﬂq
h™ Mh+,},+f},+

€ Ry 12 2
. Sreh2Psy
. . L ~T ¢
Analytic Experimental / (RF?)
| V (from the binary pulsar PSR B1534412)
2
€ |KJl | 5 s 62 |H}1 | < 6km2 [A. R. Prasanna et al. arXiv:gr-qc/0306021]
My>3 ~

First resonance

coupled to yTh™ or vy~ hT
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(@ Astrophysical constraints on x; Wﬁ,ﬂq
h™ Mptt o+

€ Ry 12 2
. Sreh2Psy
. . L ~T ¢
Analytic Experimental / (RF?)
| V (from the binary pulsar PSR B1534412)
2
€ |F‘31 | 5 s 62 |H}1 | < 6km2 [A. R. Prasanna et al. arXiv:gr-qc/0306021]
My>3 ~

First resonance

coupled to yTh™ or vy~ hT

Y
?|k1| ~ 6km” » A~8x10 eV > A
= No realistic EFT
h

Must have been seen already!

44



Conclusion Y nhh (anomalies)  py~ (non minimal)

N7 ;

KKl 1
M < . Je e?k1| <
J>2 F2Mp ~ V/Cary |1 e

x Bootstrapping EFT's as a powerful approach to get information
only with unitarity 4+ causality 4 crossing

x Causality bounds (— new cutoffs) in anomalous EFTs

with pseudoscalar (n) + photon (v) + graviton (h)

x Direct derivation of these bounds in 5D?

Are you in the scale allowed in your theory?

Thank you!

45



