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wewonmen  w | The Higgs boson is the only

Nt | missing element

*Yetto be confirmed ~ SUNEEEE,

Without a Higgs, the model predicts its own demise around a TeV
But with a Higgs, the electroweak scale should be dragged up to M,
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The Standard Model
The WW Scattering Problem

Sans Higgs contribution there are three WW scattering diagrams:
E* ?AN\N\% + ﬁ g2

The cross section rises as 4 = unitarity violation at a TeV!
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The Standard Model
The WW Scattering Problem

Sans Higgs contribution there are three WW scattering diagrams:

The cross section rises as 4 = unitarity violation at a TeV!

Some new physics must enter to cancel this growth before a TeV

Standard model Higgs s and t channel diagrams will do exactly that
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The Standard Model

The Hierarchy Problem
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For M near the electroweak scale, one needs mg — Am? = M2

For Anp ~ O(Mp) we have O(10%8) — O(10%8) = O(10%),
meaning disagreement only after the 34th decimal place

A very strong suggestion that the SM Higgs is wrong
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Technicolor: The Good

One idea is Technicolor!

» SU(N) gauge theories can
introduce a completely natural
hierarchy from the coupling
constant running strong —
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idea is Technicolor!

SU(N) gauge theories can
introduce a completely natural
hierarchy from the coupling
constant running strong —

8n2

scale=A. ~A e Ouon

strong cutoff
Electroweak Symmetry Breaking: SU(2)y @ U(1)y — U(1)em
Correct W and Z Mass Ratio (tree level): p = My /Mzcos 6y =1
Rich Phenomenology: new strong resonances near scale A

strong

No Dangerous Mass Scales: chiral symmetry protects masses

Example Already Exists (sort of): the Standard Model without a
Higgs should give a mass to the W and Z bosons (QCD)
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Technicolor: The Bad

Technicolor sounds great, but ...

Although it has its merits,
technicolor is definitely not without
problems. The worst of which:
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Technicolor: The Bad

Technicolor sounds great, but ...

Although it has its merits,
technicolor is definitely not without
problems. The worst of which:

The S parameter is too large!
(S ~ Nrc/3m)

B Even the most generous estimates,
T NDA ~ put the theory outside of the S-T
plane ellipse
Y 04 0. é 02 04 06
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Fermion Masses:

» Generically, no simple mass
mechanism for fermions

» Extended Technicolor (ETC)
can be introduced
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Minimal Conformal Technicolor:
A New Hope

Minimal Conformal Technicolor (MCTC) can avoid all these problems

» An SU(2)c7¢c coupling approaches a strong conformal fixed point
» Sterile technifermions get mass terms, force the coupling strong

» Confinement breaks the SU(4) global symmetry down to Sp(4)
» VEV-less SUSY “Higgs” at high scale mediates fermion masses
» i.e. This is a Bosonic TC model (Dine, Kagan, Samuel 1990)

» S-parameter is suppressed by a mixing angle (which can be small)
» Large scale separation keeps the FCNCs small

Conformal dynamics:
» Need d = d (H) < 1.5 to separate EW scale from flavor scale
» While A = d (HH) > 4 to evade the hierarchy problem
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Dimensions in Conformal Theories

In the good ol’ days, all dimensions were integer — half integer if things got really crazy!

The arguments of CTC rely on large anomalous dimensions, there
exists support from both:
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Dimensions in Conformal Theories

In the good ol’ days, all dimensions were integer — half integer if things got really crazy!
The arguments of CTC rely on large anomalous dimensions, there
exists support from both:

Theory (Rattazzi, Rychkov, Tonni, Vichi 2008; Rychkov, Vichi 2009;
" Rattazzi, Rychkov, Vichi 2010; Poland, Simmons-Duffin 2010)

> Ay=Min{d(H'r?H),d(H"H)} bound
is very strong (Ay >4 = d = 1.6)
» Bounds on singlet HH are weak

Lattice- (Appelquist, Fleming, Neil 2009; Hasenfratz 2010;
* Del Debbio, Lucin, Keegan, Pica, Pickup 2010; others. ..)

» Evidence for conformal window
Ne=3,12 < Nf < 16

» Measure of d @ursa etai2010)
Ne=2,Nf=6,197 <d <287

» S-parameter suppression! so2010) ° © 2 ® ©

LoglL/Lo]
Appelquist, Fleming, Neil 2009
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Minimal Conformal Technicolor
The Model
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L > —rpp—RExx @
2

+ /\?4 (Qt°) () + hec.
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= X
t

This mass term knocks SU(2)c7¢
running out of its conformal fixed
point
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Minimal Conformal Technicolor

The Model
Field Content: (SU(2)crc,SU(2)w)u(1),
,lb ~ (2a2)05 X~ (271),%5 X, ~ (271)1, 5 ~ (2’1)0 xN ~ 8

Vacuum alignment

Fermion mass « — cos 6 W true vacuum TC
Top loop, gauge, x sin g

EW vacuumis 6 = 0 TC vacuumis 6 = %

The mixing angle, 6, can be small (~ 0.1)
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Minimal Conformal Technicolor
Return of the TC Model

Fermion Masses?
Low Mass Particles?
FCNCs?

S-Parameter?
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Minimal Conformal Technicolor
Return of the TC Model

Fermion Masses? Natural! (through MSSM-like Higgs messenger)
Low Mass Particles? A Higgs-like PNGB, h, and a “hidden” PNGB, a
FCNCs? Suppressed by high scale!

S-Parameter? Small # = small S-parameter!

Small enough to fit EW data? 0

04

» Top loop contribution
gives: my ~ v/3¢ctMjop e
» For ¢; &sin6 < J, model
in inside the S-T EW 00
ellipse -o1
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Superconformal Technicolor

Adventures in the UV!!!

Consider a supersymmetric theory with the following field content:

SU(3)scrc x SU(2)L x SU(2)r > U(1)y
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Superconformal Technicolor

Adventures in the UV!!!

Consider a supersymmetric theory with the following field content

SU(3)scrc x SU(2)L x SU(2)r > U(1)y

Vo~ (?3’ 2,1) — technifermions (ultimately cause EWSB)
Ve~ (3, 1,2)
Yo ~ (8,1,1) sterile technifermions (break SU(3)scre,
T~ (37 1,1) - get Ny = 6 for conformal running)
P~ (1,21) —. fields in place to cancel anomalies
Pe ~ (1,1,2)
H ~ (1,2,2) — messengers of flavor

a = 1.4 00 0
At SUSY breaking scale ¥, getsa  (X) = (X°) = ( 0 00
VEV — SU(B)SCTC — SU(Z)CTC 0O 0 O
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Superconformal Technicolor
Superpotential

Superpotential terms W 5 £¥¢ + (£x°)? break SCTC at the SUSY
scale (and gives mass to 3rd SCTC color of X terms)
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Superconformal Technicolor
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Superpotential terms W 5 £¥¢ + (£x°)? break SCTC at the SUSY
scale (and gives mass to 3rd SCTC color of X terms)

W= Q) QTP+ verPIEEE + ToEoEe 4 T+ T

Communicates mass to SM fermions
Masses for 3rd SCTC color (and P fields)
Masses for fermions of CTC

After SUSY breaking, we find:

Letr ~ Eatp + 00 + 6°9° + [Y0°2 + (y°) (Qt°)

where ¥4 53, Zf’m —¢a(@a=1,...,6)
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Superpotential

Superpotential terms W 5 £¥¢ + (£x°)? break SCTC at the SUSY
scale (and gives mass to 3rd SCTC color of X terms)

W= Q) QTP+ verPIEEE + ToEoEe 4 T+ T

Communicates mass to SM fermions
Masses for 3rd SCTC color (and P fields)
Masses for fermions of CTC

After SUSY breaking, we find:

Letr ~ akp + P00 + ¥4 + [y + (¥4 (Q1°)
where ¥4 53, Zf’m —¢a(@a=1,...,6)
Which is almost the lagrangian for Minimal Conformal Technicolor!
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Superconformal Technicolor
Superpotential

Superpotential terms W 5 £¥¢ + (£x°)? break SCTC at the SUSY
scale (and gives mass to 3rd SCTC color of X terms)

W= Q) QTP+ verPIEEE + ToEoEe 4 T+ T

Communicates mass to SM fermions
Masses for 3rd SCTC color (and P fields)
Masses for fermions of CTC

After SUSY breaking, we find:

Letr ~ akp + P00 + ¥4 + [y + (¥4 (Q1°)
where ¥4 53, Zf’m —¢a(@a=1,...,6) +)\L>\a
Which is almost the lagrangian for Minimal Conformal Technicolor!
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a-Maximization

Seiberg argued SUSY QCD with 3N¢ < Ny < 3N, will flow to a SCFT
Strong fixed points expected for Ny =~ 2N, (N; ~ 4N for non-SUSY)
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Strong fixed points expected for Ny =~ 2N, (N; ~ 4N for non-SUSY)

Dimensions in SCFTs are known to be: d (X) = 2Rs¢ (X)
Determining dimensions in the theory is done by “a-Maximization”

The superconformal R-symmetry, Rgc of any 4d SCFT is set to be that
which maximizes the quantity a(R) = 3 (3 TrR® — TrR) mriigator, wecht 2009
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a-Maximization

Seiberg argued SUSY QCD with 3N¢ < Ny < 3N, will flow to a SCFT
Strong fixed points expected for Ny =~ 2N, (N; ~ 4N for non-SUSY)

Dimensions in SCFTs are known to be: d (X) = 2Rs¢ (X)
Determining dimensions in the theory is done by “a-Maximization”

The superconformal R-symmetry, Rgc of any 4d SCFT is set to be that
which maximizes the quantity a(R) = % (3TrR® — TrR) (niiigator, wecht 2003)

» Fix large Yukawas marginal 4

» Neglect other superpotential terms
» Apply a-maximization

This will try to construct the theory with ' Vo
Yukawa fixed points Joint fixed point

Evans (UCD) MCTC: Flavor October 11, 2010 15/24



Flavor in the UV
That Dastardly Top!

We have: mp ~ 4 (42) (21 (e )"

d—1
(B3 ) ~%
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yre\ (Y (_Arc
We have: Miop ~ 4T Vew ( 41 ) (E) <Mﬂav0r>

d—1
(B3 ) ~%

We need both yr¢ and y; strong at the flavor scale!
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We have: Miop ~ 4T Vew ( 41 ) (E) <Mﬂav0r>
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We need both yr¢ and y; strong at the flavor scale!

Coincidence problem? Not if both reach fixed points!
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That Dastardly Top!
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We have: Miop ~ 4T Vew ( 41 ) (E) (Mf/avor>

d—1
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We need both yr¢ and y; strong at the flavor scale!

Coincidence problem? Not if both reach fixed points!
But d (Hy) > 1 = We need strong color group!

|e SU(N)Strong X SU(3)Weak — SU(B)C

Evans (UCD) MCTC: Flavor October 11, 2010 16/24



Flavor in the UV
That Dastardly Top!

d—1
yre\ (Y (_Arc
We have: Miop ~ 4T Vew ( 41 ) (E) (Mf/avor>

d—1
~ ()@ (ms)  ~

We need both yr¢ and y; strong at the flavor scale!

Coincidence problem? Not if both reach fixed points!
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Flavor in the UV
That Dastardly Top!

d—1
yre\ (Y (_Arc
We have: Miop ~ 4T Vew ( 41 ) (E) (Mf/avor>

d—1
~ ()@ (ms)  ~

We need both yr¢ and y; strong at the flavor scale!

Coincidence problem? Not if both reach fixed points!
But d (Hy) > 1 = We need strong color group!

|e SU(N)Strong X SU(3)Weak — SU(B)C
In SM, N; = 3 and Ny = 6 = No room for fields to do breaking
Two options: N, > 3 or split the quark flavors!
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Flavor with N, > 3
Field Content of the Flavor Sector

(SU(B)sc x SU(3)a x SU(3)s x SU(2)1) (1),

® ~ (6,3,1,1),
®° ~ (6,3,1,1),
A ~ (6,1,3,1),
A° ~ (6,1,3,1),
W > yjQH.U} + v QiHaDf Q ~ (6,1,1,2)
+ X{GiHgUS + x§ giHudf Uf ~ (6.1,1,1) 4,
+ Z2QA%G + Zf UiAl; + 27 DiAq; Df ~ (8,1,1,1)
g ~ (1,1,:‘3,2)_1/6
ui ~ (1,1,3,1)23
dar ~ (1,1,3,1) 43
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Flavor with N, > 3
Field Content of the Flavor Sector

(SU(B)sc x SU(3)a x SU(3)s x SU(2)1) 1y,

These fields get VEVs:
(@) = (@) o 33
03
O 1/6
()= (a9 (% . (8
- X 13 Ui ~ (6,1,1,1)72/3
D7 ~ ((_5,1,1,1)1/3
EII ~ (1’17572)—1/6
~I'C ~ (1,1,3,1)2/3
Ejic ~ (171a371)—1/3
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Flavor with N, > 3
Field Content of the Flavor Sector

These break:
SU(6)sc x SU(3)a x SU(3)s
— SU(8)¢ x SU(3) ¢
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Flavor with N, > 3
Field Content of the Flavor Sector
(SU(6)sc x SU(3)a x SU(3)s x SU(2)1) (1),
® ~ (6,3,1,1),

»° ~ (6,3,1,1),

A ~ (6,1,3,1),
These fields contain the SM quarks =

(6,1,1,2)1 8
(6,1,1,1)

~2/3

(6,1,1.1),,

~1/6

dic ~ (171a371)—1/3
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Flavor with N, > 3
Field Content of the Flavor Sector

(SU(B)sc x SU(3)a x SU(3)s x SU(2)1) (1),

® ~ (6,3,1,1),
»° ~ (6,3,1,1),

A ~ (6,1,3,1),
These fields contain the SM quarks =

They will be separated into: : (6,1,1,2);
g9~ 049+ "9 =g g C o B,
q; are the SM quarks ' (é, 11, 1)1/

~1/6

dic ~ (171a371)—1/3
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Flavor with N, > 3
Field Content of the Flavor Sector

(SU(B)sc x SU(3)a x SU(3)s x SU(2)1) (1),

® ~ (6,3,1,1),

»° ~ (6,3,1,1),

q; partners with the g; fields to create new A~ ((_5’ 1,3, 1)0

quarks at a higher scale through interactions ~ A° ~ (6,1,3,1),
of the form: Q ~ (6,1,1,2);5

( )

W > z2 QA%

(1,1,3,1)55
~ (171a371)—1
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Flavor with N, > 3
Field Content of the Flavor Sector

(SU(B)sc x SU(3)a x SU(3)s x SU(2)1) (1),

® ~ (6,3,1,1),

»° ~ (6,3,1,1),

q; partners with the g; fields to create new A~ ((_5’ 1,3, 1)0

quarks at a higher scale through interactions ~ A° ~ (6,1,3,1),
of the form: Q ~ (6,1,1,2);5

( )

W > z2 QA%

There are twelve new quarks under SU(3)¢

(1,1,3,1)55
~ (171a371)—1
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Flavor with N, > 3
Field Content of the Flavor Sector

(SU(B)sc x SU(3)a x SU(3)s x SU(2)1) (1),

® ~ (6,3,1,1),
p ®° ~ (6,3,1,1),
W3 ’qQ’H“Ljfp+y’fQ’@ A ~ (61,31)
- = o ) ) ) O
Xy QiHall] + X qiHua} A° ~ (8,1,3,1),
+ Z,?Q,‘ACZ]/- + Z;jjU,-AEIj + Z,?D,'Aaj Q ~ (6,1, 172)1/6
ur ~ (6_5,1,1,1)72/3
These give mass to the SM fermions through  Df ~ (6,1,1, 1)1/3
H communicating with the technisector . =
q -~ (1’1’3’2)—1/6
~I'C ~ (1,1,3,1)2/3
dic ~ (171a371)—1/3
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Flavor with N, > 3
Field Content of the Flavor Sector

(SU(B)sc x SU(3)a x SU(3)s x SU(2)1) (1),

w > ,-L~’Q,'HUUJ-C + y,-f’Q,-@

+ XjQiHaUf + x; giHuaf

z2QiA°G; + zj U AL + 2 DiAQ,

These give mass to the SM fermions through
H communicating with the technisector

The give an O (Msysy) mass to the 12

SU(3)¢r quarks

Evans (UCD)

o ~
d¢ ~
A ~

October 11, 2010 17 /24



Suppressing Flavor Violation

Flavor o
looks
disastrous!
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Suppressing Flavor Violation

Flavor -
looks
disastrous!
Uqc Uéc Uéc El1 [12 03
/
u [ my 00 M3 ME MS
Ll 0 me 0 |ME My Mg
Set MX = 2X (A) Us 0 0o m | MG MY MY
/| ~c MY MY MU THRY MY /Ry
and X = xXv Uy 11 21 31 11 21 3
i =% gl MY MY MY mY mY m
us \ Mjz My Mg | miz Mg Mgy
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Suppressing Flavor Violation

Flavor -
looks 4+ ;;
disastrous!
Uqc Uéc Uéc tn Uo Us
up (my 00 | MI M7 MG
U 0 ms O M% M% M%
u
X _ X 5] o o m | MY MZ M
Set Mif = z;7 (A) I vy 1o mbs ﬁﬁls m:bs
and il = xv oy U v a0 28 2
L G| Mz Ve Mg T T e
us \ Mjz My Mg | miz Mg Mgy

Since M >> m, m, to suppress FCNCs we need M,-])-( = MX5,-,-
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Supersymmetric Conformal Technicolor with Topcolor

The Audience: Okay, now you are just messing with us. ..

(SU@)ic x SUB)g x SUR)L) 1y, d> ~ (3.3.1),
®° ~ (3,3,1),
gz ~ (3,1,2)1/6
€~ (B1,1) 5

W 5 yiHuGst® + ypHaqab® b~ (3,1,1),
+ W)y Huaqit + (Ya)j Haqidf ai ~ (1’?72)1/6

+ zdt°U + z;db°D uf o~ (1,3,1)_2/3

+ (20); GiHuUC + (29); GiHa D° df ~ (1,3,1),

+ puUU° + pgDD® U ~ (1,3,1)
ue ~ (1,5;,1)_2/3

D ~ (1,3,1)_ 4

De o~ (1,3,1)1/3
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Supersymmetric Conformal Technicolor with Topcolor

The Audience: Okay, now you are just messing with us. ..

(SU@)ic x SUB)g x SU@)L) s, d ~ (3,3,1),
Y c _
¢ ~ (3,3,1),
9 ~ 5 12)e
£~ (§,1,1)_2/3
These fields get VEVs O (Msysy): b~ (31.1) 4
g -~ (1,3,2)1/6
) = (°) x 1 ~
(@) = (¢7) < 13 uf o~ (1,3,1)
d¢ ~ (1,:3,,1)1/3
U ~ (1)371)2/3
Ue ~ (1,3,1) 4,
D ~ (1,3,1)_y
D° ~ (1,3.1),
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Supersymmetric Conformal Technicolor with Topcolor

The Audience: Okay, now you are just messing with us. ..

(SU(S)thSU(S)(—;xsu(z)L)U(1)y d ~ (:_:,’3’1)0
®° ~ (3,3,1),

9 ~ 5 12)e

£~ (§,1,1)_2/3

These fields get VEVs O (Msysy): b~ (31.1) 4

g ~ (1,3,2)1
() = (d°) 15 £~ (5

] » _2/3

Which break SU(3):c x SU(3)z — SU(3)¢ & ~ (1.3, 1)1/3
U ~ (1,3,1)y3

Ue ~ (1,3,1) 4

D ~ (1,3,1) 453

D° ~ (1,3.1),
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Supersymmetric Conformal Technicolor with Topcolor

The Audience: Okay, now you are just messing with us. ..

(SUB)ic x SUB)g x SUR)L) yry,

These are the third generation quarks
charged under topcolor
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Supersymmetric Conformal Technicolor with Topcolor

The Audience: Okay, now you are just messing with us. ..

(SUB)ic x SUB)g x SUR)L) yry,

These are the first two generations of quarks
(i=1,2)
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Supersymmetric Conformal Technicolor with Topcolor

The Audience: Okay, now you are just messing with us. ..

(SU@)ic x SU(3)g x SUR)L) 1y, ¢ ~ (33.1),
¢ ~ (3,3,1)0
gz ~ (3,1,2)1/6
t° ~ (31,1
These are new high scale quarks i (_ )—2/3
b~ (B,1.1),4

(1,3,2

(1,3, 1
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Supersymmetric Conformal Technicolor with Topcolor

The Audience: Okay, now you are just messing with us. ..

d ~ 3,1
(SUB)ic x SUB)g x SUR)L) ), (3,3.1),
®°¢ ~ (3,3,1),
gz ~ (3’ 1 ) 2)1/6
t° ~ (3.1, 1) 43
These are new high scale quarks c =
b~ (B,1.1),4
They have dirac masses of O (Msysy) g ~ (1,3, 2)1/6
(1,3, 1
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Supersymmetric Conformal Technicolor with Topcolor

The Audience: Okay, now you are just messing with us. ..

® ~ (3,3,1
(SU@)ic x SUB)z x SUR)L) 41y, (3,3.1),
®°¢ ~ (3,3,1),
g3 ~ (3.1,2)
t° ~ (5'3,1,1)_2/3
These are new high scale quarks c =
b~ (3,1.1), 4
They have dirac masses of O (Msysy) g ~ (1,8, 2)1/6
Through interactions with t¢ and b€, they ui o~ (1.3, 1)_2/3

communicate mixing between the 3rd and first
two generations of quarks
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Supersymmetric Conformal Technicolor with Topcolor

The Audience: Okay, now you are just messing with us. ..

(SU@)ic x SUB)z x SUR)L) o ~ (3,31)
Y c =

d* ~ (3,3,1)0

W > yHugst® + ypHyqsb® @G ~ (3:1.2)

+ (yU)UHquUjC—’_(yd)ledqldjc tc ~ (37171)_2/3

+ z0t°U + z9b°D b~ (3,1,1),

N (Zul)JijéHUUC;D(CZd)iqudDC qa ~ (1’372)1/6

TP U~ (1.3.1) 4

d° ~ (1.3.1),,

u ~ (1)371)2/3

us ~ (1,5;,1)_2/3

D ~ (1?371)—1/3

D° ~ (1,3,1),,
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Supersymmetric Conformal Technicolor with Topcolor

The Audience: Okay, now you are just messing with us. ..

(SU@)ic x SUB)z x SUR)L) 41y, ‘1: ~ (331
®° ~ (3,3,1),
W > yiHugst® + ypHaqab® g3 ~ (3.1,2)
+ (W) Huqitf + (Vo) Haqid? t° ~ (B 1.1)
+ zZ0t°U + z9b°D BC ~ (371’1)1/3
+ (2u); qé'HuUC + (Czd)i qiHyD° g ~ (1,3, 2)1/6
+  puyUU® 4+ ugDD . (1,:—3’ 1)_2/3
after VEVs this reduces to: daf ~ (1"3’ 1)1/3
L > (my)yuiuf + mytt + (6,); uiU° U ~ (1,3,1)y3
+ AU+ pyUUC + down-type terms — U° ~ (1,3,1) 4
D ~ (1,3,1)
D® ~ (1,3, 1)1/3

Evans (UCD) MCTC: Flavor October 11, 2010 19/24



Flavor in SCTC w/ tC

or Supersymmetric Walking/Conformal Topcolor-assisted Technicolor

We have then a mass matrix of:

u\" my, 0 &y u¢
M, = t 0 m O I
U 0 Au Hu UC
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Flavor in SCTC w/ tC
or Supersymmetric Walking/Conformal Topcolor-assisted Technicolor

We have then a mass matrix of:

T

u my, 0 &y u¢
M, = t 0 m O I
U 0 Au Hu UC

Diagonalization of MZMU and M;Md can give the correct CKM matrix
elements for very reasonable parameter choices
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Flavor in SCTC w/ tC
or Supersymmetric Walking/Conformal Topcolor-assisted Technicolor

We have then a mass matrix of:

T

u my, 0 &y u¢
M, = t 0O m O t¢
U 0 Au Hu UC

Diagonalization of MZMU and M;Md can give the correct CKM matrix
elements for very reasonable parameter choices

FCNCs suppressed since all terms mix through the very heavy U or D
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Flavor in SCTC w/ tC
or Supersymmetric Walking/Conformal Topcolor-assisted Technicolor

We have then a mass matrix of:

u\" my, 0 &y u¢
M, = t 0 m O I
U 0 Au Hu UC

Diagonalization of MZMU and M;Md can give the correct CKM matrix
elements for very reasonable parameter choices

FCNCs suppressed since all terms mix through the very heavy U or D

Still, the strongly interacting tC gluon exchange puts the SUSY scale
bound into the 10s of TeV range

Evans (UCD) MCTC: Flavor October 11, 2010 20/24



Finding MCTC at the LHC

Detection of this model at the LHC is difficult, but not impossible!
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Finding MCTC at the LHC

Detection of this model at the LHC is difficult, but not impossible!

We will have light SU(2) c7¢ gauginos, our global symmetry structure is
SU(4) x U(1)x — Sp(4)
= 3 physical PNGBs — h, aand
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Finding MCTC at the LHC

Detection of this model at the LHC is difficult, but not impossible!

We will have light SU(2) c7¢ gauginos, our global symmetry structure is
SU(4) x U(1)x — Sp(4)

= 3 physical PNGBs — h, aand

his a composite Higgs

» For good S-parameter, it needs to be light (120 GeV)
» Will look just like a SM Higgs (ILC may be able to distinguish)
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Finding MCTC at the LHC

Detection of this model at the LHC is difficult, but not impossible!

We will have light SU(2) c7¢ gauginos, our global symmetry structure is
SU(4) x U(1)x — Sp(4)
= 3 physical PNGBs — h, aand

his a composite Higgs

» For good S-parameter, it needs to be light (120 GeV)

» Will look just like a SM Higgs (ILC may be able to distinguish)
ais a new state which is very weakly coupled to the SM

» For a good S-parameter, it will be heavy m, ~ %

» Decays through anomalies or into tops

» Pair production possibly large enough if o1¢ is O (TeV)
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Finding MCTC at the LHC

Detection of this model at the LHC is difficult, but not impossible!

We will have light SU(2) c7¢ gauginos, our global symmetry structure is
SU(4) x U(1)x — Sp(4)
= 3 physical PNGBs — h, aand

his a composite Higgs

» For good S-parameter, it needs to be light (120 GeV)

» Will look just like a SM Higgs (ILC may be able to distinguish)
ais a new state which is very weakly coupled to the SM

» For a good S-parameter, it will be heavy m, ~ %

» Decays through anomalies or into tops

» Pair production possibly large enough if o1¢ is O (TeV)
71 is a new state which is also very weakly coupled to the SM

» Similar story to a, but much lighter . ..
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Finding MCTC at the LHC

Detection of this model at the LHC is difficult, but not impossible!

We will have light SU(2) c7¢ gauginos, our global symmetry structure is
SU(4) x U(1)x — Sp(4)
= 3 physical PNGBs — h, aand

his a composite Higgs

» For good S-parameter, it needs to be light (120 GeV)

» Will look just like a SM Higgs (ILC may be able to distinguish)
ais a new state which is very weakly coupled to the SM

» For a good S-parameter, it will be heavy m, ~ %

» Decays through anomalies or into tops

» Pair production possibly large enough if o1¢ is O (TeV)
71 is a new state which is also very weakly coupled to the SM

» Similar story to a, but much lighter ... but unfortunately
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This is most likely physics for the 14 TeV LHC

D a8
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Conclusion

» We have seen two realistic models of flavor in strong EWSB
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Conclusion

» We have seen two realistic models of flavor in strong EWSB
» Both are natural, UV-complete models for conformal technicolor
» These models are partially intended as “existence proofs”

» Recent developments from both theory and lattice support CTC,
the superconformal symmetry is essential to the model

Evans (UCD) MCTC: Flavor October 11, 2010 23/24



Conclusion

We have seen two realistic models of flavor in strong EWSB

v

v

Both are natural, UV-complete models for conformal technicolor

v

These models are partially intended as “existence proofs”

\4

Recent developments from both theory and lattice support CTC,
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Both are natural, UV-complete models for conformal technicolor
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These models are partially intended as “existence proofs”

\4

Recent developments from both theory and lattice support CTC,
the superconformal symmetry is essential to the model

v

This is a relatively young idea with much need for model building

v

The phenomenology needs to be developed more thoroughly,
but there is definitely interesting new physics there

v

Much more work is in progress
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The Thank You Slide

Thank you!
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