Title: What is the standard model of particle physics trying to tell us?
Date: Nov 23, 2016 02:00 PM
URL: http://pirsa.org/16110084

Abstract: <p>I will argue that the standard model contains a rather strong hint that -- instead of being simply an ordinary continuous 4D man
spacetime is actually the product of a 4D manifold and a certain discrete/finite 6D space (i.e. there are 6D discrete/finite "extra dimensions").
introduce this idea and the evidence for it in simple way, and then discuss various outstanding puzzles and future directions.</p>
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The EFT perspective: the basic input




The EFT perspective: the basic input
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The EFT perspective: the basic input
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The EFT perspective: the basic input

Step 1:
Step 2: Q}é

SU(3)

SU(2)

U(1)

qi=(

)
’I,LL
(5
dL

)




The EFT perspective: the basic input

Step 1: SU(3)|SU((2)|U(1)

i i uj
Step 2: 4y, 3 qr, = d?

: L
up| 3
di,| 3 ‘ |
i ; 17
L __u=(%)
VR
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The EFT perspective: the basic input

Step 1: SU(3)|SU((2)|U(1) |
i i Uy
Step2: q7| 3 dy, = (df)
. L
up| 3
di| 3
i1 [t = ”!ff)
= - (eL
vl 1
eh| 1
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The EFT perspective: the basic input

Step 1: SU(3)|SU((2)|U(1) |
Step 2: jS; 3 2 QE = (3%)
up| 3
di,| 3 |
DT e ()
vl 1
eh| 1
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The EFT perspective: the basic input

Step 1: SU(3)|SU((2)|U(1) |
Step 2: jS; 3 2 QE = (3%)
up| 3 1
a3 | 1
EnEREE)
vl 1 1
eh| 1 1
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The EFT perspective: the basic input

Step 1: SU(3)|SU(2)|U(1) |
Step2: qf| 3 2 | 1/6 q; = (Zi?)
. L
up| 3 1 [2/3
di| 3 1 |-1/3 |
1 | 2 |—1/2 1k = (”fg)
. €L
vl 1 1 0
el 1 1 | -1
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The EFT perspective: the basic input

Step 1:
Step 2:

Step 3:

SU(3)|SU(2)|U(1)
gr| 3 | 2 |1/6 q = (
ub| 3 1 |2/3
ds| 3 1 |-1/3

i 2 |-1/2 1} = (
vh| 1 1 0

ehl 1 1 | -1

)
’I,LL
2
dL

)
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The EFT perspective: the basic input

Step 1:
Step 2:

Step 3:

SU(3)|SU(2)|U(1)
gr| 3 | 2 |1/6 q = (
ub| 3 1 |2/3
d| 3 1 |-1/3

i 2 |-1/2 1} = (
vh| 1 1 0

ehl 1 1 | -1

h

)
’I,LL
1
dL

)
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The EFT perspective: the basic input

Step 1:
Step 2:

Step 3:

SU(3)|SU(2)|U(1)

ar| 3 | 2 [1/6 q; = (
ub| 3 1 |2/3
d| 3 1 |-1/3

i 2 |-1/2 1} = (
vh| 1 1 0

ehbl 1 1 | -1

hl 1 2 | 1/2

)
’I,LL
2
dL

)

Page 16/79



The NCG perspective: an initial thought
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The NCG perspective: an initial thought
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The NCG perspective: an initial thought

Y(z) = Pa(x)
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The NCG perspective: an initial thought

( P11 Y12 Y13 P 1\
Va1 Yag Pag Vay
P31 Y32 P33 V34
Y(z) = Ya(z) = | ———— Va1 Vap Va3 Yy
P11 Vo1 Y31 Y
V12 Wao W32 o
13 Yoz Vas Yas
\’&14 Vog P3q Py )
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Quick reminder: what is an algebra?
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Quick reminder: what is an algebra?
* Example 1: smooth functions f(x): C,, (M)
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Quick reminder: what is an algebra?
* Example 1: smooth functions f(x): C,, (M)

— Infinite dimensional
— Commutative (and associative)
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Quick reminder: what is an algebra?
* Example 1: smooth functions f(x): C5, (M)

— Infinite dimensional
— Commutative (and associative)

* Example 2: nxn complex matrices: ]\i,-,,(@)
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Quick reminder: what is an algebra?
* Example 1: smooth functions f(x): C5, (M)

— Infinite dimensional
— Commutative (and associative)
* Example 2: nxn complex matrices: ]\-J;,-,,(C)
— Finite dimensional
— Non-commutative (and associative)
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Quick reminder: what is an algebra?
* Example 1: smooth functions f(x): C5, (M)

— Infinite dimensional
— Commutative (and associative)

* Example 2: nxn complex matrices: ]\i,-,,(@)
— Finite dimensional

— Non-commutative (and associative)

e Example 3: Quaternions: H
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Quick reminder: what is an algebra?
* Example 1: smooth functions f(x): C5, (M)

— Infinite dimensional
— Commutative (and associative)

* Example 2: nxn complex matrices: ]\i,-,,(@)
— Finite dimensional

— Non-commutative (and associative)

e Example 3: Quaternions: H

o a b
7\ =b a

(a,b e R)
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Quick reminder: what is an algebra?
* Example 1: smooth functions f(x): C5, (M)

— Infinite dimensional
— Commutative (and associative)

* Example 2: nxn complex matrices: ]\i,-,,(@)
— Finite dimensional

— Non-commutative (and associative)

e Example 3: Quaternions: H

o a b
7\ =b a

(a,b e R)
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Quick reminder: what is an algebra?
* Example 1: smooth functions f(x): C,, (M)

— Infinite dimensional
— Commutative (and associative)

* Example 2: nxn complex matrices: ]\i,-,,(@)
— Finite dimensional

— Non-commutative (and associative)

e Example 3: Quaternions: H

o a b B a [
T\ —=b a 1=\ -3 a

(a,b € R) (o, 8 € C)
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Quick reminder: what is an algebra?
* Example 1: smooth functions f(x): C,, (M)

— Infinite dimensional
— Commutative (and associative)

* Example 2: nxn complex matrices: ]\i,-,,(@)
— Finite dimensional

— Non-commutative (and associative)

e Example 3: Quaternions: H

o a b B a (A0
=\ b @ 1=\ -3 a D=1 0 )

(a,b € R) (a, 5 € C) (A e C)
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EFT input:

NCG input:

Step1:  |SU(3)|SU(2)|U(1)

Step2: q7| 3 2 [1/6
uh| 3 1 |2/3
dip| 3 1 |-1/3
i1 2 |—1/2
fo, 1 1 0
ep| 1 1 -1

Step3: h| 1 2 | 1/2
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EFT input:

NCG input:

step1:  |SU(3)|SU(2)|U(1) {m,q,\} € M3 C)eHaC
Step 2: (IE 3 2 1/6

up| 3 1 |2/3

dp| 3 1 |-1/3

] 1 2 |-1/2

z/}'ﬂ 1 1 0

ep| 1 1 -1
Step3: h| 1 2 | 1/2
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EFT input: NCG input:
Step1:  |SU(3)|SU(2)|U(1) {m,q,\} € M3(C)eHaC
Step2: qi| 3 2 1/6 ( . : :
up| 3 1 2/3 : !
di| 3 1 |-1/3 O :
RN ENEE | |
: | |
2 1 0 l !
el 1 1 | -1 | A
Step3: h| 1 2 | 1/2
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EFT input: NCG input:
Step1:  |SU(3)|SU(2)|U(1) {m,q,\} € M3(C)eHaC
Step 2: (]E 3 2 1/6 ( q I I Y11 Yiz Y13 Y
4is 3 1 2/3 : : Y21 Y2z Y3 Pog
i{ ) : q : Y31 Y3z Va3 Paa
dp| 3 1 1/3 : A : Yar Paz Yaz Paa
[‘; 1 2 |-1/2 ! ! Y11 Y21 Y1 P
; : mo Y12 Yoo Va2 Yaz
Vp| | ! 0 : : P13 a3 P33 has
e j{ 1 ]. _ 1 I l A "t‘/‘l,1 "ff)g.1 ’!IJ;M ’fﬁl,g,l
Step3: h| 1 2 | 1/2
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EFT input:

NCG input:

Step1:  |SU(3)|SU(2)|U1) Im,q, A} € M3(C)eHaC
Step 2: (]}; 3 2 1/6 i ( | | Y11 Piz Y13 Y
3 71 I U Yoa e
uh| 3 1 2/3 i | Y21 P2 Ya3 Paa
?.- . g I P31 P32 Y33 P3a
di| 3 1 1/3 : ’ ! Pa1 Yaz Paz Paa
{‘; 1 2 |-1/2 ! ' Y11 Y21 Y1 Par
; : mo Y12 P22 Ya2 Yaz
Vi 1 1 0 : : "f/_-‘u's '?ffz:i '1/_»’:3:} 'fﬁ-m
e f{ 1 1 =il ! ' Y14 Pa2a V34 Yaa
Step3: h| 1 2 [1/2
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EFT input: NCG input:

Step1:  |SU(3)|SU(2)|U(1) Im,q, A} € M3(C)eHaC
Step 2: (]}; 3 2 1/6 - ( q I I Y11 Yiz Y13 Y
i ;{ 3 1 2/3 i | Y1 Yoz Yoz Poa
?.- ) ) g I Y31 P32 V33 Paa
di| 3 1 1/3 : g ! Ya1 Yaz Va3 Paa
{‘; 1 2 |—-1/2 ! ' 1{-’11 T@zl ?{’::1 lffﬂ
; : mo P12 Yoo Va2 Pa2
Vi 1 1 0 : : "f/_-'ll'i '?I’E:i '1/_»’:3:3 'fﬁ-m
e j‘, 1 1 =il I \ ! LA ; \ V14 Y24 V34 Yaq
Step3: h| 1 2 | 1/2
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EFT input: NCG input:
Step 1:  |SU(3)|SU(2)|U(1) {m,q,\} € M3(C)eHapC
Step 2: (]}; 3 . 1/6 [ y | | wy up Uy vy \ i
. 4 l l ’ 3
?L}'{_ 3 1 2/3 R | dy, d; dj ep
r . ) : g : Wy ¥ g ¥R
dj{. 3 1 1/3 ! A N dp dp dg eg
{} 1 2 _1/2 ! [ wy; dy up dg
’_4 : m : U, dy Up dp
y;{, 1 1 0 o 4' __________ : . uy;, dy up dp
e jg 1 1 =1 i ' A J\VL €L Vg €p } ;
Step3: h| 1 2 | 1/2
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EFT input: NCG input:
Step1:  |SU(3)|SU(2)|U(1) Im,q, A} € M3(C)eoHaC
Step 2: (]E 3 2 l/ﬁ i I : wy u; Uj VL\-
“‘jf 3 1 2/3 _______________ d, d dj ep
' 3 | 1/3 Sy Yx g Vp

d_l{. dp dg d.h, €r

| |
: :
A " +
{} 1 9 _1/.2 : : wy; dy up dg
; | mo U, dy Up dp
V| 1 1 0 o 4' __________ : . uy dy up dp
eh| 1 1 =i ! ! A S\ ey v eg }-
Step3: h| 1 2 | 1/2 ??7?
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