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Tension in the data

Combined Asymmetries Strong EWSB
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» solid: leptonic asymmetries, my, ~ 50GeV
» dash: hadronic asymmetries, my ~ 500GeV

» dot-dash: non-asymmetry measurements,
mp ~ 50GeV

Chanowitz, 0806.0890




Top/Strong EWSB

Tension in the data

Combined Asymmetries Strong EWSB
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X2/2 dof

» solid: leptonic asymmetries, my, ~ 50GeV
» dash: hadronic asymmetries, my ~ 500GeV

» dot-dash: non-asymmetry measurements,
mp ~ 50GeV

» combined, my, ~ 85GeV, CL(14.1,7) =0.05
» cf. mp2=114GeV

Chanowitz, 0806.0890




What about the hlerarChy? Top/Strong EWSB
If it's SUSY, why haven’t we seen any superpartners yet?

Strong EWSB

m?/p?

Giudice-and Rattazzi, 0606105
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Why StrOng EWSB? Top/Strong EWSB

Strong EWSB

» A natural hierarchy, cf QCD
» Calculability via AdS/CFT
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Why not Strong EWSB? Top/Strong EWSB

Strong EWSB

» Electroweak precision tests
» Flavour changing neutral currents
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WW scattering |

The obvious place to look for strong EWSB is WW Strong EWSB
scattering . . .

Butterworth, Cox & Forshaw, 0201098

Bagger et al., 9504426




WW scattering Il
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» Can LHC see it, if it’s there?

ATLAS, 0901.0512
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WW SCatterI ng | | Top/Strong EWSB

Strong EWSB
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ATLAS, 0901.0512
» Can LHC see it, if it’s there?

» Is it there? 4nv ~ 3 TeV
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What has strong EWSB got to do with the top?




The EWSB/top connection | Top/Strong EWSB

» Of SM couplings, y; is largest
» Can we say anything stronger?
» Recall the ills of strong EWSB: FCNC and EWPT
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Strong EWSB and FCNC

Ar < E < A\yy = The language of hierarchy is CFT
Natural hierarchy — d[0] = 4

Two ways to get fermion masses:

» Bi-linear:
L =yhOufp, Oy~ (1,2)
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Strong EWSB and FCNC Top/Strong EWSB

Ar < E < A\yy = The language of hierarchy is CFT
Natural hierarchy — d[0] = 4

Two ways to get fermion masses:

» Bi-linear:
L =y Oxfp, On~ (1,2)%
» Linear:
L =Y Or+yrfrOL+ MmO OR, @?N(&Z)%

D. B. Kaplan, 1991
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Bi-linear fermion masses

g fLﬁHfR + foFIfoH
/\F

FCNC = A 2103 4TV — d<1.2-1.3
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Bi-linear fermion masses

fLﬁHfR foFIfoH
&= +

FCNC = A 2103 4TV — d<1.2-1.3

RS:d —

» TC:d~3

» WTC:d ~2

SM: d ~ 1 (but then d[0],04] ~ 2)

v

v

Strassler, 0309122
Luty & Okui, 0409274
Rattazzi, Rychkov & Vichi, 0807.0004

Rychkov & Vichi, 0905.2211




Linear fermion masses

L=y HOp+YRIROL+ MO RO R

» O) g can be relevant
» Flavour can be decoupled
» RS-GIM

Gherghetta & Pomarol

Huber & Shafi
Agashe, Perez & Soni
Agashe, Perez & Soni

Agashe, Contino & Pomarol

, 0003129
, 0010195
, 0406101
, 0408134

, 0412089

Top/Strong EWSB
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Compositeness |

L = Zeoi(9el) + Leomp(9«) + Lmix

Contino, Kramer, Son & Sundrum, 0612180
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Compositeness |

L = Zeoi(9el) + Leomp(9«) + Lmix

» 1<g.<4r
» |SM) = cos ¢|el) + sin¢|comp)
» |heavy) = —sin¢|el) +cos ¢|comp)

Contino, Kramer, Son & Sundrum, 0612180
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Compositeness Il

» |SM) = cos ¢|el) + sin ¢ |comp)
» |heavy) = —sin¢|el) +cos ¢|comp)

» Higgs: sing, =1,
» Top Yukawa: y; ~ g.Sin¢g, Sin ¢,

Top/Strong EWSB




Top/Strong EWSB

Compositeness Il

» |SM) = cos ¢|el) + sin ¢ |comp)
|heavy) = —sin ¢ |el) 4 cos ¢|comp)

v

v

Higgs: sing, =1,
Top Yukawa: y: ~ g.sin ¢q, Sin ¢y,
q. or tg fully composite

v

v

Pomarol & Serra, 0806.3247
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Compositeness llI

Effects of higher-d operators

¥ = (?Rtﬁ)z + (anL)z + H}GIDH aLquL




Compositeness llI Top/Strong EWSB

Effects of higher-d operators
< = (trtr)*+(q.qL)? +H'6'DHq 0'q,

» {t — tt, bb scattering
» anomalous Wt b,... couplings
Eichten, Lane & Peskin , 1983
Georgi, Kaplan, Morin & Schenk, 9410307
Giudice, Grojean, Rattazzi, Pomarol, 0703164
Lillie, Shu & Tait , 0712.3057
Pomarol & Serra, 0806.3247

Kumar, Tait & Vega-Morales, 0901.3808
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Compositeness IV

Are there (narrow) resonances?




Compositeness IV

Are there (narrow) resonances?

» Couple most strongly to t,b (and W, Z;)

» EWPT and fine-tuning = light fermionic
resonances

» What else do EWPT imply?

Top/Strong EWSB




Strong EWSB and EWPT: Top/Strong EWSB

Effective Lagrangian at Myy:

L =N, WW~ +NasW3W3 + N3y W3B+yyBB




Strong EWSB and EWPT: Top/Strong EWSB

Effective Lagrangian at Myy:

L =N, WW~ +NasW3W3 + N3y W3B+yyBB

v

N(g?) = N(0) +qg?n’(0) +...
Mab ~ (Jadp)
> |_|+, — |_|33 ~ T

v

v

Peskin & Takeuchi, 1990; 1992




Strong EWSB and EWPT: T Top/Strong EWSB

SU2) xU(1)y R SU(2) xSU(2)r __ SO(4)
U1)a SU2)y — SO(®3)

Sikivie, Susskind, Voloshin & Zakharov, 1980




Strong EWSB and EWPT: T

SU2) xU(1)y R SU(2) xSU(2)r __ SO(4)
U1)a SU2)y — SO(®3)

Sikivie, Susskind, Voloshin & Zakharov, 1980
> B=Tsp
» Tis5o0f SU2)y
» SU(2)y protects T

Top/Strong EWSB
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Strong EWSB and EWPT: S Topirong ENSS

Second problem is S

» Scontains a 1 of SU(2)y

SU(2)y doesn’t protect S

Nothing protects S

S >0 = no cancellation
Make S small somehow?

v

v

v

v
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Strong EWSB and EWPT: S Topirong ENSS

There is a symmetry for S: SU(2),
» = S~ VZ/A
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Strong EWSB and EWPT: S

There is a symmetry for S: SU(2),

» — S~ Vv2/A\?

» V< A?
Put back Higgs: SO(4)/SO(3) — SO(5)/SO(4)
NGBs a 4 of SO(4)

v

v




Strong EWSB and EWPT: S Topirong ENSS

There is a symmetry for S: SU(2),
» — S~ Vv2/A\?
» V< A?
Put back Higgs: SO(4)/SO(3) — SO(5)/S0O(4)
NGBs a 4 of SO(4)
v/N\ dynamical
Higgs screens IR contribution to S

v

v

v

v




Strong EWSB and EWPT: Z — bb Top/Steng EWSS

Z — by b, coupling fits SM within 0.25 per cent

9_(Q%— Qsin?6y)

cos By




Strong EWSB and EWPT: Z — bb Top/Steng EWSS

Z — by b, coupling fits SM within 0.25 per cent

—Cosgew (QE’ — Qsin? Ow)
> PLFn’ . SU(Z)L — SU(2)R

» Pbrand U(1)y = Q% =0

» b, €4 of O(4)

Agashe, Contino, Da Rold & Pomarol, 0605341
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Back to top physics
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Back to top physics

Fermionic Resonances (Top Partners) come in

» g €4... of O(4)
» tge1... of O(4)

Fixed spectrum of electric charges

Top/Strong EWSB
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» Strong EWSB/Top physics connected via Summary
FCNC/EWPT

» Search for compositeness
» Search for resonances ...
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