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POSITIVITY : LI CASE
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THE SAME FOR NON- LI THEORIES ?

MOTIVATIONS :

We are interested in theories in which Lorentz is spontaneously broken

• Cosmology .

In particular Inflation and Dark Energy / Modification
of Gnevity

In general tee EFT is defined on a ¢ background , cannot be
"

extrapolated
"

from Ll background

we are particularly interested in weird theories
.
Are they consistent ?

• Condensed Maltez .

Here ceeorey Here is no e.pe in starting Ll

• QFT at finite T or change Q
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• • • JUST DO THE SAME ? Gneee
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One can look at the scattering of IT 's .

In a Ll theory His is Weee - defined
at arbitrary energy . ( calculable in

MN MN EFT only at low energy )

> <
In a Lt theory I cannot scatter IT

W ,
Wz

at high energy .
These are not good

asymptotic states

scatter a superfluid wave at 10 TeV ?

What is the object whose analyte city we want to use ?

• Find analytic function were low E limit gives theft

• Find analogue of Froissart bound ?



TRY SOMETHING MORE BASIC

1
.
Assume to flow to a CFT in UV ( general ? )

2
.
UV behaviour of < JM J

"

> and < 1-MTP > is known

p 'gM - tip
"

< Jr ( p ) -5ft ) > = Cs
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3. At low energy EFT ( is not conform-e and ) breaks Ll spontaneously

4. Amaeiti city and unitarily of <JJ > and <TT >
, together with UV limit

above implies positivity properties in EFT



CONFORMAL SUPERFLUID

• Superfluid : fd% G- PG ) ✗ = - dp∅&

Expanded around ¢ = c. t it describes a perfect fluid w/o vortices

OodTpu = ZP
'

G) Opatdvo + PG / 9pm f = ZP
'

X - P p =P Up =⇒
E. S . W = } PG) = ✗

2

Poincaré ✗ U (1) → spacetime translations × Rotations § seift )

• To be concrete focus on a CFT at finite µ .

UCI ) spent . broken

At Ekpe the system is described by an EFT

✗ ( t ;x→ ) = pet + IT (tix )

SO (D; 2) × U (1) → spacetime translations × Rotations @ shift )
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CFTS AT LARGE CHARGE Rdtaztietee ' 15 + • • .

Action by coset construction or out of the metric gpiu = Spin / stpdaxopx /

s
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You want to study :

< 0
, @
( ✗ ◦* ) . . . . Oa (✗in ) > in lRᵈ
I possibly other operators with finite change

By operator - state correspondence we are in a state with large Q on Sd
- '

✗ IR

For large Q one has an EFT with a single Goldstone and CFT results

can be obtained as an extension in YQ
On cylinder this gives ¥2 ~ ¥ I - loop connection

to
E.
g.

In 3d :



CONSTRAINTS FROM CURRENT
Focus on 3d

4=8-5-510×13 _ czGÑ+csFsRMÑxÉx - ¥Fg¥,↑- - ¥FñF%_xoPx117×1

Can we get constraints on Ci ;z;]
b and d using <JJ > ?
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CURRENT ANALITICITY
I was sloppy about dealing with tee poles .

G ,[ (x - ×) = ⊖(✗ ° - ✗ -1<0 / [54×1547]/0>

( Remember Kramers - Kunis ) G-É(w;F )

circuit ) is omoeytic if Imp
"
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ÉA has some properties but in lower beef plane ≥ 0 matrix

G- ME (w ) - G- Ecw ) = @ it )ᵈ ? 8
"'(p- Pm )Ñ>cPmIJ%)1o#

-

>
(p + B.) <01J

"

G) 1pm > < Pm / 5%310>

ÉRCW ) Lw ( fixed 3)

Ér end Ña one continuation of
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Got (a)

Gnp at large / PI
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Tpeu POSITIVITY

Given its behaviour at •
,

I have to divide by w
'

.

So I wiee get a constraint

on higher order operators
a o ^ MJd >
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UV CHECKS

6

Luv = -10412 - d lot - ¥-1412 At finite µ : spinning ↳

Conform oe at tree - levee

Integrate out rodioe direction & =fei°
(0100112LEFT = ÷q 10013 - ¥+12 + Idol R ) -1 . . .

C ' =¥g Cz =g÷ Ca = 2,6¥ OK bounds
.

Saturates TT - bound

One can add another real sceeoe

Luv =
• . .

- (0412 - ii. 46 _ 13,141244 _ pz /¢1442- ¥42
The bounds one non - trivioeey satisfied for all d , de , Pi , Pz



RELATIVISTIC KRAMERS - KRONIG Meer.se Stoneham ' 76

Red and Imaginary port of index of refraction are related in a medium as

a consequence of causality
+ A

→

gᵈ÷ ✗
^
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( 3 ; E.)
This is Just a consequence2M (w ;É◦) = ,-÷f of cousoeity : Oct )

151<1
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(3,1%+35)
Relativistic

version

• Tee integral may not converge and we need to take dd÷m on both sides

• Before we close I = }w but I = Ñ + } w is also ok
.

However it

turns out it does not change bounds ( it connects LHS and RHS by (¥ )
#

)

• straightforward to prove it is equivalent to what we did before



WHAT ABOUT LOOPS ?
•

See BelloEtimi
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Mino
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EFT loops complicate teiys because ci runs with energy

and a out opens on aee real axis -

,

,

One can deal with His but in our
'
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/
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particular example there is no running
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No way to combine interactions to get log running for Cz and i



CONCLUSIONS AND FUTURE

• Robust constraints on ✗ EFT

• Oney on sub leading operators (
"

more irrelevant than CFT
"

)
,

which start quadratic

To Do LIST :

•• Explicit checks at loop order

•• EFT coefficients of critic-e OCN ) at longe N
• LID

.

From LTT > one gets bounds on operators in EFTI

• Real systems : CM ? Fuee set of constraints for eight in a medium
• Finite T ? ( Deeocretaz )
• Higher order <JJJJ > ?

• SOMETHING MORE GENERAL ?


