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Who Am I?



Effective Field theory
is everywhere...
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Intro to

FFT



arXiv: 1903. 03622



Reduction ism

Why didn't Newton and Maxwell need QFT??

Heavy physics decouples" - Effective description



Reductionism

Large separation of scales



How To Build a theory

1) Degrees of freedom

2) Symmetries

3) Dimensional analysis



Power Counting
"Physics is essentially dimensional

analysis and Taylor expansions
"

Large separation of scales
=> "power counting parameter" I

Observables can be computed

order-by-order in power counting
=> Predict theoretical uncertainty



Why EAT?

Conceptual. Exposes relevant physics

Praticle: "Model Independent"
↑)arametrization of low energy physics

Practice: Facilite hard calculations

↑ raticle. Improve perturbation theory



From High to Low Energy
M w@

1) ECM =1 >I -OI
↑heory w/ Wo massless particles - easy

2) Ecm wA - M 2 Oi 1 F 0

Multiscale theory - hard

3) Ecm KA A Single particleEFT
=> easy



Heavy Physics Decouples
/

Integrate out heavy particle"

It is t
&F/ EFT ↳T
t

m <CM



Loops

>*
Generate logs e.g. log "E

Decoupling more subtle

"Matching" full (ur) theory
onto (IR) EFT



EFT and Loops
Loops in QFT = log(M1) wlog]
When MCA, logs can become large

> must resum them

Promote coupling "constants" to running couplings

Renormalization Group Evolution



EFT

Watchistamental(no) theory
a

Renormalization
Running I group evotution

--

---M

Predictions for experiments



Non-relativistic EFT

Q FT fields include "particles"
and "anti-particles"

Express = Oparticle - Panti-part
Want observables as expansion in P/MK1

> UCCl-Power counting
can "integrate out" Ganti-part Enon-reLEFT

#: "Heavy Quarh Effective theory"



STrEAMlining
EFT Matching
w/ Xiaochuan Lu

5 Ehengbang (Revin) Zhang
arXiv: 2011.02484

arXiv: 2012.07851



How to organize BSM predictions?

Simplified Models Effective Field theory
SM+gluino + neutraling DOFs: 9,2, d, l.e,

2=ISM tigtfg
H, Br, Wr, bu

+My gig Symmetries:
SU(3) =SU12) =UC1)

fggge
1: LsntEoOSMEFT



Constraints on SMEET

SMEFT

- Standard

Model

EFT

How to interpret?



EFT Matching
Connect UV theories to

= FT parameters

Two approaches
L 7J

Feynman Functional

diagrams Methods

Cneed EFT in) JeValuateaseadvance



Matching



iagramatic Prescription

Supertraces
evaluated

using STrEAM

pachage

① a I



Example: Singlet Extended SM

One loop matching is "solved"



Stay Tuned

Functional matching relies

on dim veg and method of regions.

What about Us???
We have developed a novel

4D regulator for the anomaly
Facilitates integrating out
Weyl fermions.



Soft de Sitter Effective theory
c) Dan Green (UCSD)
arXivi 2007.03693

+ Akhil Premkumar & Alec Ridgway
artivi 2106.09728,2111.09332

+new paper today!



3off de Sitter Effective theory

physical:
I UV modes

a(t) ↑ is H
I-T
I -

SdSET H Power counting

<< H ↓



Scalar Fields in dS

EOM ·o inP+
Soft limit Og = (9H)-**Gs

w/v =ld
or x =3-2 B:str St. x +3 = 3

m = 0 - x+0



One-to-many Mode Expansion
Factorize into soft and hard modes

& (E. t) = $$17,t) + 1n1E, t)

Integrate out hard modes

= Local operator expansion

Observables order - by order in power counting



SdSET Fields

Two IR degrees of freedom
· "Growing" mode O+7 correlatesand
· "Decaying" mode 9-

/PS= H (CaH544++(H589.)
Time dependence factorizes:

"



Starbinsky's Stochastic Inflation
Massless scalar field in d5(1986)
v/g)-

#or
a

Pot"the
=> Folher-Planch equation;

2019, t) =HEPI9,t tsTEg[Viq) $10,4]



Starobinshy Stochastic Inflation
v/g)-

I#or
a

Gaussian noise

Tree-level potential

systematic corrections?



Stochastic Inflation () BG flow

UV theory
alt--

SISET

"icon,Et NRG
Stochastic
1of lation



Light Scalars in dS
M + 0

Composite operators Exto

& = 4.m (HH)- 011)
RG mixing expected
Contract any two legs

10... ] >40n.....()Cote



Light Scalars in dS

965 andisscaleless ande
=solate Ur divergence

↑"- p"+lEm

10. ... ] >x0ne.... ; (2)EL-*-1)



ynamical RGE) Stocastic Inflation
Resum time dependent logs:
of (0n...) : -EXOn., On ... ]
insertion ->
· f potential t
Un Cn954- <Onez... ]
(Starobinshy; Starbinsky, Poboyama)

= s equivalent to a Folker-Planck eg

m Cfor $10, +) 0/ <9v>= 364p19,t)0 Bangatand



Apply Same Techniques to Inflator
certurbative
X unitarity

= Planch

y
constraints

↳ Large
->nctuations

Primordial ·ut of

Non-Gaassanity -> perturbative
control?



Large Deviations in the Early Universe
We have developed a

&ut today!

comprehensiveunderstanding for
the origin of this breakdown.

The tails of these distributions

are dominated by a different

suddle point-operator scalings
change and UV sensitivity emerges.



Hamiltonan Truncation
Effective theory

wI Kara Farnsworth
Rachel Houtz
Markus Luty

artivi 2/10.08273



Explore Strongly Coupled QFT
Lattice QCD

(from Adelade group)



Hamiltionan Truncation

7) Write #=1o +0 where Ho

can be solved exactly
FolEd): EilEs)

2) Introduce "energy cutoff" Emar

3) Compute matrix elements of1

using frunctated basis

4) Diagonalize -> approx energy spectrum



Want to Study IR Strong Theories

Simple case study

19 "theory in 2D

& imensional analysis
<4) = 0 = [ 1T = 2

Relevant operator

-> Weah in UV and Strong in IR



Improve Numerical Predictions

Interpret Eman as

EFT cutoff scale

Power counting In EIR/Eman
Write Hext =HotH, + Het. . .

&initew/ Ha =0 (Un) volume non-locality
A x

Expect HereSdr(99", 1tlto (1+g7+gi]
+..



# FT Expectations

HereSdr(99", Bttt (1+g7+gi]-

↑Local appror"
+..

Compute energy eigenvalues
as a function of Eman

"Row truncation" converges as 'Eniar

"Improved truncation" converges as /Emar



Technical Details

· Need IR cutoff - work in finite volume

· Observable for matching is "transition
matrix" (old fashioned perturbation thy)

· Derived set of diagramatic rules

· Imax breaks Lorentz invariance

=> sensitive to states that do
not participate in interaction.



Numerical Results



Numerical Results



Numerical Results



Numerical Results



tay Tuned

Extension to next order which

requires incorporating state dependence
into matching coffecients.

# xtension to 3D 194 requires
incorporating Ur divergences



Outlook

Effective Field theory
is everywhere...



· Heavy physics decouples
· EFT is dimensional analysis

and Taylor expansions
· One loop matching is "solved"
using functional methods

· Stochastic Inflation is EFT

Renormilization Group evolution

· Hamiltonan Truncation is EFT

witha finite energy cutoff



Backups



Tree Matching
Assume UU theory is 1994

it
se
- =isin

t

x =(y, , 99,
Gauss#In Initial conditionsanilk.) 9, (R2)
c

42



One Loop Matching

-

-o
-

A
so-C⑧O

Other terms removed by 9.54-+ * CN39



ii.MMatinsinaI
-

6, = 7-VE 12+30e) +5T)
+ 0() impact on initial conditions

(contributes to NNNCORG)



Initial Conditions to

In Fiz Fo iin For ai YH
I,

+ (9(2)... Q. [nsk
Ic



NIO 4510) RC

Ei
e
-> aileyairiis

<9.CE =030,(F.) 4. (2)) IR

~ P(k.)P(02) (STatBlogEY
+ finite



NNLO 4110) RCs 9, (5) O15a)-

YeKi V--

LIT*-9*
X

0x15s 0+ (my)

COIKE =034+14.) ...0+1a)) w

#a Ez (16 +42E)-11+322) ttitinDogen



NNLO9Y0) RC

Tin, ailof F.
&)? (=03 9(2)) =iin P)[+0]



Put it all together

P=5EVB] toRePtAEs(9+P]
Wet =1 (9.3+195, 95x..)
Sexf = x-1262 - EVE (2 +3V=) + 5.57)
Compute equilibrium distribution,
relaxation eigenvalues, etc.


