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Part A

Describing Nature



Describing Nature
How do we describe Nature /Formulate our theories ?

Specify system to describe (e.g. : d. o. f.)

Find the Symmetries in our system

Identify small parameter to make theory predictions

Encode Dynamics with the variational principle



Describing Nature System
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Describing Nature Symmetry
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Describing Nature Expansion
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Describing Nature Dynamics

Thevariationalprinciple

Action = Integral of Lagrangian

5 = / ddtxdt LC degrees of freedom )

Dynamics 85=0
e. g.
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Describing Nature (Q) Dynamics
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Our Example Lagrangian
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Part B

E) future ( Field) Theory
Describing nature with

limitations / unknowns



Effective (Field) Theories of
.l for

what if we don't see the whole

& the missing piece has small (perturbative) effects ?

→ Apply the programa with the expansion
now on unseen ( unknown ) physics effects

where for
" whole "

In fact , this situation is
we'll use abstraction :

ports of our system very commonly the case

the underlying theory



Effective (Field) Theories

(1)
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Effective (Field) Theories H - atom

Apply the programme here

system electron Ñ
,

P→
,
-5

¥ Symmetries : Rotation ,
translations

Expansion : Mp >>
me

✗(t.x.y.tl Dynamics : I-me-VGI.li?5,.E1--



Effective (Field) Theories U -atom

Apply the programme here

system electron Ñ
,

P→
,
-5

¥ Symmetries : Rotation ,
translations

Expansion : Mp >>
me

✗(t.x.y.tl Dynamics : I-me-VGI.li?5,.E1--
Electromagnetism : ✓ = - ÷÷* , -Ñ°B

Greatly symmpkfies our theory



Effective (Field) Theories U - atom

Extra ingredient: electromagnetism
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Effective (Field) Theories U-atom

Extra ingredient: electromagnetism
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Effective (Field) Theories

What we've learned

••• Not knowing does not prevent predictive

•• Identifying ✗ using expansion on
"
unknown

" not only organizes predictions
bot teaches us about unknown



Effective (Field) Theories Nuclear force
neutron
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Effective (Field) Theories Nuclear force

n,y→ , I, It fails miserably 1$
.
Instead apply EFT
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Effective (Field) Theories Nuclear force
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Effective (Field) Theories Nuclear force

45,5
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Effective (Field) Theories

(2)

What we've learned

••• Not knowing does not prevent predictive
C its just computations are harder)

•• Without crotch of E-M we write the

most general action allowed by

symmetries .

Constructive k un
- biased approach



Effective (Field) Theories Our example
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Effective (Field) Theories
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Effective (Field) Theories
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Effective (Field) Theories

(4)
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Part C

E) future Field Theory
for Fundamental Physics



EFT use in Fundamental Physics

Apply programme to particle physics

• Sketch the peculiarities of particle physics theory

• Symmetries take center - stage
• Specify

"

system
" to describe

• EFT in particle physics

• Advanced topics



EFT use in Fundamental Physics
Quantum Field Theory :
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EFT use in Fundamental Physics
Ip >
= atplo >

A) Canonical Quantization .
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EFT use in Fundamental Physics
Ip >
= atplo >

A) Canonical Quantization .

[apt,dp)=tpp .

Azhtvde = < final e-
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say < Ola
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EFT use in Fundamental Physics
Lorentz symmetry tells us how space-time

traitors under boosts
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EFT use in Fundamental Physics
Lorentz symmetry tells us about spin :

Group theory : Representation R Transforms as G. R
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Gamma Matrices Space-time like
Trivial

No transform Hm)ii= EVAN ]
"

i (F)
"

g- Iyyrfryyo
ftp.8rt-ZYprr



EFT use in Fundamental Physics
Lorentz

group First few representations

Gamma Matrices Space-time like
Trivial

No transform Hm)ii=ÉEVmiVv]ii (F)
"
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Angular mouton Op is Generator of rotations

( Jodi, - Eabc tbc) j→= jcjtl )

spin ! ① Yz 1



EFT use in Fundamental Physics
Lorentz symmetry

spin ! ① Yz 1

Lagyim density preserves ✗ prints E- p2=Ñ
[ set c- i ] As opposed to thaniltoman !

tzymzynpxlirmrr-m14-L-cdmvv-2.vn]

12m -=¥r )



EFT use in Fundamental Physics
With this much we can look at an EET :
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EFT use in Fundamental Physics

(3)

With this much we can look at an EET :
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n →€3 !
L = zwtsw-miwtw-igwcp-rrn.fi?JI
• w ← xz Cmr> 1)

+

8wgj¥Y✗ ,

"
in correction → Jt



Effective (Field) Theories Our example
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EFT use in Fundamental Physics
Gauge Principle

local transformation of '=e%-4m¢ ✓

2m¢ '=ei✗2r0tei£i(zx)¢

hhvhne
Am ,

A'µ= ftp.t-igtmx



EFT use in Fundamental Physics
Gauge Principle

local transformation § '=e%-4m¢ ✓

2m¢ '=ei✗2r0+Éi(zx) &

Zune
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EFT use in Fundamental Physics
Gauge Principle

local transformation § '=e%-4m¢ ✓

Dµ¢=¥µ+igAm)o @v01 '=ei✗Dµov
Ulllem We)L SUB)c
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EFT use in Fundamental Physics
Gauge bosons
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EFT use in Fundamental Physics
Describe physics at any speed ,

classical or quantum
E- = me

,
✗ = Ct

,
E= wk

Measure velocity in units of a

Meagre angular mutism in units of K

E = m ✗=t E= W

IE ] = [ E
' ] = [ ✗
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] use GEN
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Natural
"

units



EFT use in Fundamental Physics
Describe physics at any speed ,

classical or quantum

IE ] = [ E
' ] = 5×-13=1 use GEN

eis is ] = 0 s=/d"xL 523=4

[Dr ] -_ E- '7=1

IH]= ?

TDrHtD^H)=4



EFT use in Fundamental Physics
Dimensional Analysis

c-E) = [ E
']= 5×-13=1 use GEN

eis 1-51=0 s=/d"xL 523=4

Derivative Fermion

[Dr ]=1 1-43--312

Scalar Vector - Boson

IH]= I [ Am]= 1



EFT use in Fundamental Physics
Put it all together in standard model
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EFT use in Fundamental Physics

I. = - tn§FiiFY←i£E*DrÑ4a + DRHTDMH
-

MIHTH-xtd-HT-YHY-4-h.at?fdCi,dOd.il4iHiDmiFm)

[ Ci ,d]= 4 - d < inhpilodlout 1ps > ~E)d

d > 4 effects cdEd=cd¥)d



EFT use in Fundamental Physics
Baek to our programme

• Decades of experimental search to
specify our

"

system
"

• Symmetries give particle properties
& Dynamics

• Standard Model is the most general

first order in EFT



EFT use in Fundamental Physics
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Effective (Field) Theories
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Effective (Field) Theories
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EFT use in Fundamental Physics
what lies beyond ?

+ d > 4 effects Cd Ed-=cd¥)d
Experimental Evidence Theory Hints
Neutrino masses ( D= 5 :) Hierarchy Problem

Dark matter Flavour puzzlegay.nagymny.yyun.my/gymgggpnggm



EFT use in Fundamental Physics

(5)

what lies beyond ?

e. g Eom4H For+ d > h eyed>

Baryon # , Lepton # violation ?

( u ,d
,
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- it )→eiB↳ @ id ,
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T - reversal ( CP ) violation ?
neutron EDM



EFT use in Fundamental Physics
what lies beyond ?

Whatever it is provided is

microscopic / High energy physics

EFT will describe it
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Solution to (4)
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Obtaining and processing feedback

The question I find asking myself repeatedly
Am I getting through ?

reflecting on my
view of.im

I realize I initially taught how I'd have liked

to be taught : * emphasis on coherence

* self-contained notes

* underline points I see as difficult

→ I am not the average student → Subjective
( In fact the kind

"

had to keep fro- learning



Obtaining and processing feedback

The question I find asking myself repeatedly
Am I getting through ?

Student : F-ion I extrapolate from me sitting at a seminar:

if too high - level / technical or poorly organized (even if intercity ! )
→ I tune out real quick

peers : Tyron In conversation with colleagues

Initially
"

Ask them
"

Then
"

Ask them better
"



Obtaining and processing feedback

The question I find asking myself repeatedly
Am I getting through ?

Student : F-ion I extrapolate from me sitting at a seminar:

→ Pitch at adequate level bit how do I know ?

Peer : F-ion → Ask them

Answer ( I think obtaining representative timely feedback



Obtaining and processing feedback
B) Pose questions in class to students from peer

• •• Use online form
obs .

•

; low engagement F u instead of show of hands
•

••u Sharpen & lay out plainly
question, c time corny:)Dither news for feedback ?

What if they learn after class ?

Designing effective feedback
. . .

{ wvstoe Car less

Assessment for learning in HE

sorbed
,
McDowell

, Montgomery


