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2. Framework

- Axions fr272 gç µ + Mavic +
Rastelli# Simmons -Duffin

2008.04931
- Efts : what we bound 2102,08951 ←
- making positive sum ru les 2106.10274

3.Results :

- bounds with graviton pole 1- many related !
- relation with nem- found Bounds

- Unsolved problemes
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- why Waves

,
Fields

- why partides

- why anti- partides

- why gravity attractive

↳ why Eft logic has townk .

There exists a nich perturbatives-matrix bootstrap
( Generalized vnitaiity, rigidifie

of function Spaces, _ . . )

The nonperturbative conforma bootstrap can quantitative/y solve
'

theories

that lie at the boundaries of theory Space .

( ie . Ising CFD

↳ Is QCD at a Boundary ? Under which assomptions? ¥ .

g.→
I

Today : non perturbative constants on 5-matrices
with a'heavy/light

'

separation .

↳ SMEFT parameter range?

↳ Gravity : hon Far from Einstein 's GR can Nature be (causal/y) ?



2-72 scattering
comments :

i) fixed angle scattering can Show timeadvances
[ Giddings 1- Puto '09]"

ï:
↳ causality probes Regge limit (

"•t'time Mgs tonb fixed)
in) stxongest statements invite Crossing :

Particle ↳ 3 = antipouliche 3→ I
a

Analyticity (causatifs)"
+ www..mx
-

Î dispersion relation

it
i)Analyticity ofMk;-) out-sidef-m.to × (real axis with s>ma au>ma

+ a Crossing path from 5-ma toum)
iil Boundedness : / MaG)1s / e- const as Ista

where Utp) = wanepaeket { compact support
in nom .

fastdecay in impact panam

( m ~ gatàt inçt . )

(his is Hunger yet easier
toprove than

"

Froissart band
"

/Mbit)/ça/ →⑧ )T

Rigorous /y valid in Ads
/CET !
( SCH

,
Mienne

, Rastelli, Simmons -Muffin
'

ah



What do we bound ?

C- × : EFT of a single real scalon , belon cutoff Kale M

C- hiahendenivutives

Problem : Lagrangien isn't a physica observable ! Rathe
,
we focus on M

Naive/y : EFT parameters ⇐ Taylor coefficients around 5,790 .

problems '. - Taylor Series ill-defined since Kops are non -analytic

- contradiots EFTSpirit: parameters should be matche
d through expérimente
at the Seale unum

,
NOT wo.

↳ ⑤ un appnoach : bound observables that are :

i) Linear in S-matrix

ii) Dominate# by Ist
,
Hl -M

'

Iii) Reduce to gpe if 5-matrix → tee - level
C- ET

these observables will bebounded nonperturbation,but haiden
to internet if EFT

is strongly interactive

(physis above M could be strongly coupled )
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IÉ GEO ! could single out G's by expanding arouna fouinard Limit. [Adams etat!?
⇒ g. = {hip > 0

,
etc

.

Today : keep 6F10 &

Clearly
,

C- -770 ⇒ 6,70 .
Gravity is attractive !

,,

Han to bound other coup /ings
? Laurent Series arouna fourreur limit

Yield divergentsums ! l¥=Î#
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Method to bound other
-

terms :
'

e) Use hishhusubtlacted sunnites to eliminati all comptines
with s
"
Reggegoth.

Ex :

"

Null constants
"

: IR Crossing relates the coefficients of Êt
"

and 54 .

⇒ Imposed sum rites

-

-
finite Gum ! !

Cselt
,
Marai
,
Rastelli 1- Simmons-Duffin 'ai]

ii) Construct Wave functions Utp) with positive heavy action :

mm

If : Go Utp) ÉÎËÎ¢, Itto m'M
,

J
. µ

bourdon light
Then

,
ff41p) ( 8%5+2%+9} pa) 70 .

interactions

Linear Programming: optimise Utp) to get optimal constant on 9,9}, etc .



Such Yip) exist !

Amongotten properties :
- compact support in P (ex: § 4-pjdpcoslpbt-HY-f.tl 70)

i

- positive in b

We do not know a General basis forgera:c d.
.

In practices we make a polynomial ansah and use linear programming.

fa the Scolan EFT, we find an allowed Cone :

with 927
- # 8k¥

stu d'¢41

%#
- Ê÷↳fÊÈ)(ru :!%D

| ne-sati-alkuedbmnauity.resohespvviheihQED.to/nauity?
allowed
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Hon about 6-70 ? ⇒ Near . found somnoles

Notting prevent, g, #o with
6=0 .

All other eovplings will Satisfy two-Sidel bounds :

-# La E G} Et#¥2 Massiers
Ma µ

°

The #
'

s can be found equivalent using hear - found sum roles "

mtn mm

( [ Totten, Wang + Zhou
'
20]Clearly (with 6=0) : GUO

, G} : 31ff . @Ht van Duang
'
20]

[Huang' +Arkani- Hamed
' 20]

for lower -bound? IR- crossing : high -spin States cuit ourlet#Shandy!

<
g- $-2
"?

# < 1mn >
m
"À &

☐
2

As fanas sum ru
les Core

,

all heavy states have size BE-1m .
( ie . black holes

,
long strings

,
eh canif couple)

-②y
Etions/Y enouqk to be significant



The 6-70 limit of the
"

wauepud.it
"

bounds giue theSave :

-

\

waepaepaf gum rues
→ $"""""Y deal with Graviton pole (perhaps also loops?)

→ Much easier to Justify physically µIç vs MÈO)

Two - sided bound's fasenenic coefficients:

%:*→ compatible with
geometric Series !

1- →
1- +4

n'→ ma nuit
- ÷



Mae ou non -gravitational Scalon EFT

the K:S ff-1 uhedon

gives the outer Curve I> maenull
constants

(see Huang 's talk )

convergence with adding null constants Elouges Hankel matrices) is Fast in this example .

The Kinks are simple 5-matrices :

Stv spin - o s = It it
•

14/€1 ⇒Eut e- 2

Unknown
Familie
\

dnisc6-EE-f.AE

of external
theories



What to expect for graviton scattering ?
IOP

preliminary :
"

max Susy : Miou = d'YQ) . ( N + %Ï t - r
. )

"

anti - subhacted
'-

sum -rites exist : /Mp3) E const . ⇒ lending sum inules measure Genty ! !

i) go is sub heading in Regge limit ⇒ expect upper bound
on Equi

à) UV spectral density canif van ish ⇒ lower boland (use 0 Einai Ea)

Indeed : O ' OM %Ë ç % & 3,000 8k¥,
Cbverrieni

, Penedono tvieira
'

"]
( SCH

, Mnac, Rastelli 1-Simmons-Duffin
'

21]

Tte /over bound seems

Çaturaled in IIB modulispace ! ! ! The upper bound is easily Satisfied by

Veneriano -Shapiro (25} -12,4<3.000)

⇒ ¥-5 it saturatied in some Theory ?

C Benn
,
Kosmupuvlos, Zhibædov

'

21]

Are we missing some constants?



Comment:(ausality vs EFT power counting

a contact interaction can be Mohed by dispersive sum nukes

if the maximal spin in its partial waves is large enouah : J>¥-1

2

C-×: Complex Sedan Greg#¥ ,
ne#

→ dim.to
→ spin I

C-× : graviton R
"
M ++ . _

= 9 [123
"
<3"

"
ns

"

→ spin 4

↳ The following SM contact interactions have spin EI :

] Unpnobed by dispos.

] potentially soi disputes.May converge?

unpublished ; see : Durieux
, Kitahara

,][ Machado
,
Shadmit Weiss 'do

Right now, Eren assvming spin - I convergence
,

we don'tget linear

bounds ondins .
6 5M Operators :spin - I sum rulesaetypicallynotpositi.ve

is - u
"

)

⇒ nonlineonbounds9.IE#9fo(stwnsesthangiEY1)



Cool fact with gravity :

i) All contacts involving a graviton now
with spin 72 !

[Chowdhury
,
Gadda
,
Gopatka
,
Halder

,

-Janagal , Mineral/a
'
20 ]

ii) ont } modifications to6RlinsenericDlhavespin2@manhyfdeistcin.Maldaccna ]
tlhibuedov '

14



Conclusion

causa /ity ⇒ two - sided bounds

0h Generic EFT
coefficients

"

causal EFT
"

is a pleonaçm ! (=
"

causal whatover
"

)

↳ Limites ou causal modifications
of GR? Longing )

↳ Lots to . explore : 0£ Inez
? Kinks? dinb? loops ?

↳ Is Adsm-necenstrainingthanftatsp.ae?.Causalitycertainly holds more surprises . . .

<


