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Jay Wacker
touched upon it
(and quit physics)

Wolfgang Altmannshofer
presented it in detail

This talk
a different perspective




Why copies?
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“Find Element 6”
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"The analogies

Defining properties

l

(Near-)Copies

l

Probe at deeper lengths




Defining properties
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ELECTRON
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The ELECTRON is

a fundamental
subatomic particle
carrying a negative
charge. Its mass is
1/1000 that of the
smallest atom. It
participates in
electromagnetic
interactions, and is
typically found
orbiting the nucleus
of an atom.

Aerylic felt with
poly fillfor

MInimum mass.
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PLUS SKIPPING




“Quantum muodynamics”

MUON u

“Mu-meson” N |
I'he MUON is a

short-lived, heavier
version of the electron.
[t has the same negative
charge, but is 200 times
more massive than the

electron.

Acrylic felt with poly
bead fill for medium
mass.

$10.49 .suummn

“Who ordered that?”
- 1.1. Rabi
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LIGHT HEAVY
TAU
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The TAU is a
short-lived (8x10°1¢
second), heavier
version of the muon
and electron. It has
the same negative
charge, but is 3,478
times more massive
than the electron.

Acrylic felt with
gravel fill for

maximum mass.

$10.49

PLUS SHIPPING
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Other definining properties = other states




e

"~

Other definining properties = other states
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Other definining properties = other states
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Other definining properties = other states W

All fundamental fermions come in three families!
Why?! J




Conundrum extends into new world below 10 m
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Does the mass pattern give a clue?
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- W3 — heaviest known elementary particle




/

\\p\>: ﬂ"‘Pﬂ>‘f‘;‘¢b> Y

by




/

\\\)\>: ﬁ"‘"&>‘f';,¢b> Y

V)= ® (v £ WD+

N2OE Q Vet EN/L)*‘

yas

b

DIRY,

D,




4 R

1P, 7= & Wy +E L + @

Xz A Koy +F ey + RIXD
Vo= @ (U +% 4>+ @[ ¥

Xzl t o >+ |1
V2V @byt Bl +R%e)

]X3>; Q(Ka>+6’xu> +[+A IX()




4 R

1P, 7= & Wy +E L + @

XY= A Xy +F Xy +RIIX)

[Pey= © U+ > + @) ¥
Xy ze X2 t e [X+[d X >

V222 o lbe)t DY)+ |+
XY= o+ 9% + [ [ %)
<Vilgo= 6, <xilxp= 5y




-~

/] \




<"P;’Xd>#=0(’)

| P> I ulxy
Xy @)y <6)%>
<\P31 X1> <¢3' 7(,_> <w3l7(37




<%0 #+0())

P’<\PJX,>‘ <w1|7(z> <Wilxsy
<\k_ Xl? é"zl X2> <1’2-, X7>
W3] %Y Pl % <y [ %)

—

UN WRY MATRIX
u'u =1 —» POWERFUL STATEMENT ’




VudVp + VedVa + ViaViy = 0




VudVp + VedVa + ViaViy = 0
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A =0.2272 4 0.0010, A = 08181907, p = 0.22179%, n = 0.3407504

VuadVgp + VedVi + ViaViy =

(0,0) (1,0)







Lepton mixing matrix

0.822 0.547 —0.150 + 0.03811
—0.306 + 0.01981  0.704 + 0.01311 0.614
| 0.442 4 0.02481  —0.452 4 0.01661 0.774

No easy parametrization,

no pattern




* Three (near-)replicas of matter

* No clear mass hierarchies

* Y3 ridiculously massive

* Approximate pa

ern in quark mixing

* No pattern in lepton mixing
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+ Neutrinos [WTF is up with them?]




* Three (near-)replicas of matter

* No clear mass hierarchies

* Y3 ridiculously massive

* Approximate pattern in quark mixing

* Nopa

ern in lepton mixing

+ Neutrinos [WTF is up with them?]

+ Whyno CP violation in strong interac

Hon?




And that's the flavour puzzle




Has it Aelped?




Has it Aelped?

Yes — (i) in establishing neutrinos have mass
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Has it Aelped?

Yes — (i) in establishing neutrinos have mass
(ii) in probing for “new physics” (<10™ m)




PROHIBITED




€

PROHIBITED ALLOWED IN SM

SM prediction:
BR ~ 1040




PROHIBITED ALLOWED IN SM

~ SM prediction:
BR ~ 1040
ﬁ -ﬁf "N* é
I" "I MEG Limit:
- ~ i’ BR<5.7x 10713

BEYOND SM




g LHC limits
<, Wﬂﬁ‘ oij <Kil X5 p= &y

PROHIBITED ALLOWED IN SM

SM prediction: BR ~ 1014

CMS: BR<5x 10%; ATLAS: BR<7.3x 103




Has it Aelped?

Yes — (i) in establishing neutrinos have mass
(ii) in probing for “new physics” (<10™ m)
(iit) in constraining (=enhancing) imagination
of model-builders Yy







Wait, are you sure there’s just three?




Guesses?




Guesses?

Microscopic phenomena




(0)
Something S pvofoundly sick
N our understanding of
quantum ﬁe |dls




(1)

C Fermion masses

Higgs interactions )

Something in the ultraviolet

[Disclaimer: Doesn’t answer ‘Why three?’]
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Perturbative Number of

expansion \ /U\/ fields

Something in the ultraviolet

[Disclaimer: Doesn’t answer ‘Why three?’]




(2)
Symmetry princip le

Flavour fovce




(1) and (2) keys that open just the ﬂavowr lock

(Sub)master keys?




3)

Russian dolls







(4)
Trin Lfy




(5)

Strings




(6)

Anthmp lcs?




(6)

Anthvop lcs?

Nah.




How may we probe the mystery?




The LHC?




Bigger microscopes!

LORD OF THE RINGS

Physicists are discussing a proton-colliding machine
that would dwarf the energy of its predecessors.

Very Large Hadron Collider (suggested)
100 km esnesesensen,
100 TeV*

Large Hadron Collider
27 km
14 TeV

Tevatron (closed)

Circumference: 6.3 km
Energy: 2 TeV

*TeV, teraelectronvolt,




Final words

|7 fermion masses

+

Flavour: 21 out of 26 U3 quark mixing angles

+

S’tandavd Mode[ 0l quark Ef violation phase
payamete-rs 03 lepton mixing angles

01 lepton CP violation phase

+

01 strong CP violation phase

Where do these come ﬁrom?
And why three?!




Quark names

SO, YOU'RE UP FOR A NGHT
WITH A CHARMING STRANGER?

DEPENDS. Top | .
m HEY, T HAVENT
OREB EVEN BOUGHT
":'EU A DRINK.

EHE‘H.EE_F' TL-J'G
WHISKEY SOURS,

STRAIGHT DOWN.
http://xkcd.com/474/




