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1. Introduction

Previously on the Strong Dynamics Channel:

a) Chiral symmetry breaking in QCD and
applications to EWSB

b) Using strong dynamics to create light fermion
masses (extended technicolor)

Cc) Experimental signatures of strong
dynamics and constraints on model-building
from light flavor physics (walking)

Today’s Mission: EMISSI

ON:

the LARGE mass
of the top quark

e How is it created?
e Why is it so much heavier than

its weak partner? than other up-type quarks?
e What guidance does experiment provide?
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In extended technicolor (ETC) models, fermion
Mmasses arise because heavy gauge bosons cou-
ple the quarks and leptons to the condensing
technifermions that break the EW symmetry

e larger ETC gauge group subsumes TC
e all fermions carry ETC charge
e ETC breaks to TC at scale M > Apc.

T
massless ﬂAAAKij T

The top quark’s mass comes from exchange of
an ETC boson among ty,, tr and technifermions

TL Tr TL Tgr
Sl =
ETC t, tr
t, tm ETC

and its size is my ~ (g2/M?2)(TT) ~ (g2/M?)(47v3)



T his works well in principle — but it is difficult
to accommodate a large m; while remaining
consistent with precision EW data.

Two key challenges have led model-building in
new directions:

The dynamics causing large m; couples to by,
How to keep Ry consistent with experiment?
This leads to models in which the weak
interactions of top are non-standard -
as discussed in Section 2.

me > my but Apx1
How to accommodate large weak isospin
violation in the t—b sector without producing
a large shift in My,? This has led to models
in which the strong (color) interactions of t
are modified - as covered in Sections 3 and 4



2. New Weak Interactions
for Top

In classic ETC models, the large value of my¢
is thought to come from ETC dynamics at a
relatively low scale M (~ few TeV)

However note that

e SU(2)y is intact at the ETC scale (M)

o the CKM element |V ~ 1
Therefore the dynamics generating my must
couple equally to t; and by.

While many properties of ¢t are only loosely
constrained, the b has been far more closely
studied. In particular, the Zbb coupling has
been well-measured at LEP.

That coupling could be affected by ETC since
e ETC couples ordinary fermions like ty, by,
to technifermions
e the W and Z acquire mass from condensing
technifermions



Zbb in extended technicolor

Simplest way to build an ETC model: make

the SM and ETC gauge sectors independent
e ETC & weak groups commute: Ggpro X SU2)w
e ETC gauge bosons carry no weak charge

The ETC bo.son responsible for m; couples to:
&(9y A+ TF) + &7t (Tg v+ UE)

ol

o TN
DiL

ETC ETC

Recall, the top quark mass comes from:
UL Ur U Ug
el m t
t, tr L ETC R

its size is my ~ (¢2/M?)(4mv3), so that



Exchange of the same ETC boson among purely

LH states causes a direct correction to Z decay
b,

which reduces the Zbb coupling strength by

2 2
— —e D (gv
0gr, = 2sin@cosf I3 (M2)

Where can this be seen 7
e (Z — bb) has direct & oblique corrections:

7 = QA+ Ap)(Ty+0y)

e consider Ry, =T (Z — bb) /I (Z — hadrons)
e oblique, QCD corrections cancel in ratio
e direct correction proportional to dgy,

OR
b

S

oy

Let’'s compare to results of the LEP Electroweak
Working Group...



Data on R, and R. (LEPEWWAG, 2005)

o RPM and REPLCMTA match to within 0.5%
e 10 in Ry is about 0.5%

0.182 ! ! I | T T T [

68% CL

95% CL

0.164 +——+——F————
0.214 0.216 0.218

0_
Rb_rbb/ rhad

This effectively excludes our simple commuting
ETC model for the origin of the top mass.
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A New Kind of ETC

What about ‘non-commuting’ ETC models ?
e weak group SU(2)w is embedded in Ggrc
e the ETC gauge bosons carry weak charge

Must balance requirements
e wide range of quark masses
e weak interactions ‘universal’ at low scales

This leads to the symmetry-breaking pattern:

ETC X SU(Q)lz'ght X U(l)
! f
TC x SU2)peavy *x SU2)ignt X U(L)y
l U
TC X SU(Q)weak X U(l)Y
l v
TC X U(l)EM

The result is two non-SM contributions to Ry,
e the dynamics that generates my
e the mixing of the two Z bosons



The ETC boson responsible for m¢ couples to:

o) é/ : - g o

It gives a direct correction to Z decay:

b
U, )
ETC
Z "
b,

that enlarges the Zbb coupling by

2 2
_ —e U g-v U
0gr, = 2sin@coso 13 M?2 1

N|—

thereby altering Ry, by

oR
R~ +5%

But this is not the only effect on Ry now.
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The SU(2), x SU(2), x U(1)y gauge bosons
mix to form mass eigenstates
e v coupling to Q =153, +13,+Y
At =sin 6| Wi, + Wi, ]+ cosox*
e WL 7L resembling standard W and Z
e W ZH coupling mainly to 3rd generation

To understand the mass eigenstates, use a

rotated gauge basis (s=sin¢, c=coso)

D# = 9l + ig (T + TiF ) Wy Hig (ST;5 — ST3F) Wy ¥
WE=sWi+cW; W3 =cWi —sW;

DH = oF 4 ZCOS@ <T3€ + T, — sin? QQ) Zib

+ig (ST30 — £T3p,) 25
Z1 :COSQ(SW3E—|—CW3}1) —sinfxXx Zo =cWszp— sWsyy,

Mass eigenstates are (v2/u=1/x << 1)
3
Wl Wl——WQ , WH W, 48 SW1
7L~ 7, — Zs, ZHx~z,4-S5 .74

xcose xcose

Heavy boson masses are : MWH ~ MzHN \/_MW
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Due to the ZZ' mixing, the ZL coupling to
quarks differs from the SM value for the Z©

b
0gL, = %( T3E__T3h)
Z VA b
2
"~ —-51%- sin?p- sz
o)

Competing effects of same size, opposite sign
= net size of R, is consistent with experiment

What produces a large m; without causing a
shift in Ry is non-standard weak interactions

for the top quark
e this makes non-commuting ET C work where

commuting ETC failed
e the idea has been incorporated into other
models too (topflavor, seesaw)
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This suggests some immediate questions

EAPARDU

DOES the top quark have distinct weak
interactions?

ARE the weak interactions REALLY
SU(2)heavy X SU(z)light?

HOW can we tell?
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Available Approaches:

Direct measurement of the top quark’s weak
interaction strength. Single top production is
sensitive to the Wtb coupling.

Direct search for new W’ and Z’ resonances.
Look at collider production of bb, 7t+—.

Indirect test: fit to electroweak observables.
Modified weak interactions affect Z and 7 de-
cays, the value of My, atomic parity viola-
tion...
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Single Top Production

Production of a single top quark in pp collisions
at Fermilab is sensitive to the Wtb coupling:

As in the Z — bb case, two effects contribute.
e W - W/ mixing alters the coupling.
e W’ exchange adds to cross-section, oyy,.

Tevatron may measure Ry = o4y, /0y, to £8%.
e Structure function uncertainties cancel in
the ratio for the Wx process.
e Non-standard top weak interactions increase
R, unlike most kinds of new physics

Deviations in the Wtb coupling corresponding
to W/ masses up to ~1.5 TeV could be visible.
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Searches for W' or 7’

Extra electroweak bosons would affect heavy
fermion pair production at LEP II and FNAL

€, q _ b, t, 1

e, Q’>V\ZA’/\<b,t,r
LEP II data on ete™ — bb,and ete™ — 717~
already require My, > 400 GeV

FNAL Run II can search for pp — Z' — 77 — euX
e /' events topologically distinct from SM
e /' bosons up to 650 GeV likely to be visible

10fb~ 1

Required Luminosity (fb™!)

— be_l

0.6 0.7 0.8 0.9 16



Low-Enerqgy Precision Tests

Altered ZL, WL couplings and ZH, WH exchange
would affect precision electroweak observables.
A global fit yields lower bounds on My as a
function of the extra SU(2) mixing angle sin ¢

M (TeV)
.

6+

5t

‘ ‘ ‘ ‘  sin 2
0.2 0.4 0.6 0.8 p S @

Z' W' prefer
3rd family

N.B.: Additional new physics can shift limits.
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3. New Strong Interactions
for Top

2
M2 MVVQ =1
7 COs< Oy
due to a ‘“custodial” global SU(2) symmetry
relating members of a weak isodoublet.

In the tree-level SM, p =

The fact that the two fermions in each isodou-
blet have different masses and hypercharges
causes “oblique” radiative corrections to the
W and Z propagators to pull p away from 1.

Conventionally, ong speaks of Ap=p—1

— [
Ap(0) = o o cos2 QWMg[”u(O) — M33(0)]

mm@mnmz i gh +
w W

The one-loop correction from the (¢,b) doublet
is large because m; > my. (What if m: = my7?)

t t,b
neny WQNM
w h W t,b Z
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Experiment finds |Ap| < 0.4%, which constrains
physics beyond the SM.

E.g., a new doublet of heavy (> M) leptons
(N, E) with standard weak couplings gives

M
167 sin? Oy cos? Oy M2
2,2 2
2 2 2msm m

ApN E R

A new quark doublet gives 3x as much.

Dynamical theories of mass like ET C must break
weak isospin to produce m; > my. But the new
dynamics may cause new contributions to Ap.
This realization has had a dramatic effect on
model-building.

Let's examine how ETC dynamics affects Ap.

19



“Direct” Contributions to Ap

ETC mustviolate weak-isospin to make my¢ > my,.
Then ETC boson mixing with Z through tech-
nifermion loops can induce dangerous contri-
butions to Ap

2 2
N o/ | '/NDFTC . 1 TeV
Ap =~ 12% (250 GeV> (METC/QETC>

How to satisfy experimental constraint: Ap < 0.4%7
e make ETC boson heavy 7

2
Mgrc (VNplfrco
IETC > 5.5 TeV (250 CoV

too heavy to provide m; ~ 178GeV

e arrange for NpFz, < (250GeV)? ?
e.g. separate sectors for m; and
EW symmetry breaking (more later)
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“Indirect” Contributions to Ap

VWhat about isospin violation in the technifermion
dynamical masses? Ap ~ (Zy(0) — Zp(0))2/M2

z(0)]
2(0)+

Again, one solution is having t, b get only
of their mass from technicolor:

A

AX(0) @ mi(Mgrc) — mpy(Mgrco) < my

Then t,b must feel a interaction not felt
by light fermions or technifermions.
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If top feels a new strong interaction, perhaps
e some (topcolor, TC2)
e or even all (top mode, top seesaw)
of EWSB due to (it) # 0.

One physical realization of a new interaction
for tis a (spontaneously broken) extended color
gauge group called topcolor:
SU(3)p, x SU(3) 25 SU3)gen
where (t,b) feel the first SU(3)
and (u,d,c,s) feel the second

Below the scale M
e Massive topgluons e2><Changed by top quarks

o L D —?\gg (t’y,u Qat)

<tt> o

NJL approximation

Ak — k—ke . ()
Ke =~ Ke O<M3

K, K

C

Note: M > 1TeV = fine tuning.
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Sample Model: Topcolor-Assisted Technicolor

(gn > 90) (gn > g¢)

Gro X SU(3), x SU(3)y x SUR)w x U(1);, x U(1)y
| MRK1TeV
Gre X SU(3)gep X SU2)w x U(1)y
| Apo~1TeV

Gre x SU(3)gep x U(L) g

Below M, new effective interactions for ¢ = (¢,b):

_4]\%. [@W %a w} e

. 47'”1.

_[lw— V1 4 vt e — 2bpyub 2
A2 | BYL YL T 3URTutR — 3°RTuOR

Result is large (ft) & m; , but not (bb) & my:

/ﬁ}t:/ﬁ}.+%lﬁl.> Ke >/<:.—%/<:.=/<:b

(=%)
8 /NJL
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Benefits of new strong top dynamics
in topcolor-assisted technicolor

technicolor responsible for most of EW

symmetry breaking = Ap =~ 0O

e (tt) responsible for only f ~ 60 GeV
ee fixes Z ETC Z

SVOAVOAWY

Y Y
e technifermion U(1)y, charges can
preserve weak isospin

) W,Z ‘
ee aVOIds %Q%

(tt) provides large my

ETC dynamics at M >> 1TeV

e generates light m; (no large FCNCQ)

e contributes ~ 1 GeV to heavy my
= no large shift in Ry
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4. Phenomenology of Strong
Top Dynamics

Models with new strong top dynamics continue
to proliferate. Three classes of models with
distinctive spectra and phenomenology have
emerged.

e topcolor

e flavor-universal extended color

e tOp seesaw

They include a variety of new states that are
potentially accessible to experiment
colored gauge bosons: topgluons, colorons
color singlet gauge bosons: Z’
composite scalars: top-pions, g-pions

25



Topcolor Models*®

color sector SU(3)y x SU(3), — SU(3)qcD
e Only t, b transform under strong SU(3)y,
e heavy topgluons couple strongly to t, b

hypercharge sector U(1),, x U(1), — U(1)vy
e third generation feels strong U(1)y,
e heavy Z' couples mainly to 3rd generation

weak sector SU(2)w

e standard

composite scalars tt, bb, tb, bt

fermion gauge charges

SU@3)n | SU), | SU(2) | U(1)y, | U(1)y
I 1 SM SM O SM
II 1 SM SM O SM
ITI SM 1 SM SM 0

* Hill hep-ph/9411426
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Note:

o« Br{X - bb} (pb)

6 +Br{g; - bb} (pb)

10

CDF Run I search for topgluons in bb
strong coupling makes resonance broad

a) Narrow Resonances
. CDF 95% CL Limit

6 +Br{g; — bb} (pb)

Technirho
Topcolor Z’;
Standard Z/:

Vector
Gluinonium =

200

! ‘ ! “‘r\\\ ‘ !
400 600 )
New Particle Mass (GeV/c")

I ‘ I I I ‘
c) Topgluons
. CDF 95% CL Limit

6+ Br{g; — bb} (pb)

[/M=0.5

Excluded: 340 <M < 640

200

400 600 5
M(g;) (GeV/c)

10

3

! I ‘ 1 1 1 ‘ ]
b) Topgluons 1
.« CDF95%CL Limit ]
2; ;
- Excluded: 280 <M <670
- L L ‘ L L ‘ L L B
200 400 600 5
M(g;) (Gev/c?)
3* ! I ‘ 1 1 1 ‘ =
g d) Topgluons ]
- . CDF 95% CL Limit" ]
2l / |
L Excluded: 375 <M <560
- L L ‘ L L ‘ L L ]

200 400 600

M(g;) (GeVI/c?)
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Run II & LHC can also seek topgluons in tt

o
N

10

Cross Section (pb)

@]
N

10

Cross Section (pb)

a)

Cross Section (pb)

Topgluons
—- 50 for 2 fb™"

e 50 for 30 fb”!

Width I/M=.3

600 800 1000 1200 1400
Topgluon Mass (GeV)

c)

Topgluon Width /M

©
R

Width I /M=.7

600 800 1000 1200 1400
Topgluon Mass (GeV)

O
N

@]

[N

©
N

e 2o 9 9
w0 o

°

b)

Width I/M=.5

600 800 1000 1200 1400
Topgluon Mass (GeV)

\\\‘\\\\‘\\\\‘]\\\‘]\
1 1

d)

' 1400 /

Preferred
'Range

5 10 15 20
Mixing Angle cot’d

N [

28
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Precision EW Ilimits on topcolor Z’

(Chivukula & Simmons, hep-ph/0205064)

M (TeV)
14}
12+

10+

0.2 0.4 0.6 0.8 1 ®

/' prefers
3rd family

Future Collider Limits:
e Run II can exclude 500-600 GeV Z’

in Z/ — 11 — eu
e NLC can find 3-6 TeV Z' in 7r production
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CDF search for leptophobic topcolor Z' in tt

~—~
2 2} |
N .
prairy —@- CDF 95% C.L. Upper Limitsfor ' = 0.012M
S
) -O- CDF 95% C.L. Upper Limitsfor I' = 0.04M
>< X
E 10 — X — Leptophobic Topcolor Z', T =0.012M, B
9r KO | : e i
. al “‘ L eptophobic Topcolor Z', T = 0.04M,, ]
X L i
8 7
6
5
4
3
2
1
0.9
0.8
0.7
0.6 5
0.5 ‘ | | ‘ | | ‘ | | ‘ | | ‘ | “ | ‘ | | ‘ |
400 500 600 700 800 900 100%
M, (GeV/c)

excluded M, < 480 GeV for [,y = .012 M,
excluded M, < 780 GeV for [,y = .04 M,
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Constraints on top-pions

Top-pion exchange significantly% decreases Ry
0.05

0.04

000 b e
150 300 450 600 750 900
M top-pion (GeV)

At Run II, neutral top-higgs (o) can be singly
produced and detected in decay to tc f

8 T T T T | T T T T | T T T T | T T

L _ gyxl\
— | — Wjj+Wbb 3
I B ! ] N
e 6 my, =200 GeV-|{ 5195
5 S m;, =300 GeV ] N o9
~ - t . \CD@
0 - ! ~=
o - . . S5
al e [simulation] Lo
= - oag
Z : £
\ - °
o) RI—
|—d -

My [GeV]
Charged top-pions visible in single top proscljuc—
tion up to 350 GeV at Run II (1 TeV, LHC)*



Flavor-Universal Coloron Models*

color sector SU(3);, x SU(3), — SU(3)gcp
e all quarks transform under SU(3)y
e heavy colorons couple strongly to all quarks

hypercharge sector (/(1);, x U(1);, — U(1)y
e third generation feels strong U(1),,
e heavy Z' couples mainly to 3rd generation

weak sector SU(2)w
e standard

composite scalars tt and full set of qg’

fermion gauge charges

SU(3)p | SU(3), | SU(2) | U(L)), | U(L)y
I SM 1 SM 0 SM
II SM 1 SM 0 SM
ITI SM 1 SM SM 0

* Popovic/Simmons hep-ph/9806287
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Gauge coupling limits [k3 = ascot?03, k1 = ay cot?64]

constraints from gauged NJL gap equations

w _om O, "%

/ﬁ:g-l-%/«:lz%r—%as—%ay (tt) =0

k1 <21 — bay (tr7) =0

constraint from Z — 77
Z 7' mixing alters Zrr coupllng

6gr; = 1(5gTR—S|n O M2 £[1— ft Kl—l—l)]

where the top plon decay constant IS
ff = th In(/\ ) [NJL approx.]

bounds from 6p [Z Z" mixing, coloron exchange]

(C) _ 167m2ay , [7 2
Aps ™ 3sin26y, (M ) "3

Z Oy M2
Api )% aysllfl WMQZ 1 — ft /"31 _|_ )]2
Z/
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constraint from UV behavior of U(1)1
e strongly-coupled U(1) tilts the vacuum
e Landau pole (Agy) of U(1); found from
RGE result [A = ea:p(5/3) C = 15/4]
91<1>|

91(1) |

1-(- <”>| '“<AA2>

if A of symmetry-breaking is to lie below Apg
then k1 cannot be too large:

2

1.8F _
K1 (6a) A,/A=10"

—1n2
16k (6b) A,/ A=10

(60) A, /A=10°
1.4} ™

(7) Landau pole

0.8
0.6
0.5

04r

0.2

! ! ! ! ! ! ! !
1 2 3 4 5 6 7 8 9 10



Plot of limits on strong and hypercharge couplings
in flavor-universal coloron models

KA <11>50 |
50. expt. .
excludes <CC>
Al i 0
< (1)
3.0 st R :
| <tt>=0 _
(5)
10 ir oo oG N N ] K
OZZZZZ;ZZZZZ'ZZGE)ZZZZZZZZZZZZZ_ ] 3

Limits on topcolor models are very similar
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Flavor-universal coloron limits*

e as [ = k3M,, coloron is generally broad;
seek excess, not bump in dijet spectrum

e DO dijet mass spectrum would show excess
at high invariant mass = M./ cotf > 837GeV

e this implies M, < 3.4 TeV in dynamical
models where coloron coupling is strong
20 ]

N

W

)
AV

15 DO
excludes
D
N-I—'
O 10
O
5

ex%Blc:;Ies M. (Tev/ Cz)

* Bertram/Simmons hep-ph /9809472
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Top Seesaw Models™ Summarized

color sector: SU(3)y x SU(3)y — SU(3)gcp

weak 4+ hypercharge sectors: standard

3rd family fermions: regular (¢,b), exotic (x)
tr,br, and xp transform under SU(3),
tp,bp and x transform under SU(3)y

SU3), | SU3), | SUR)
(t, b)), 3 1 2
tR, bR 1 3 1
XL 1 3 1
XR 3 1 1
seesaw mass for top W y XRXXL y 'R

(mow) (2 4 ) ()

composite scalars: trxr

unlike topcolor: (3,3,1,0) condensate break-
ing color symmetry must couple t; to xp

* Hill/Dobrescu hep-ph/9712319

37



Context of Top Seesaw Models

Earlier ideas:

Form composite Higgs bosons as TT bound
states in strongly-coupled (walking) ETC and
have them break electroweak symmetry

OR

Form composite top-Higgs as tt bound state
of spontaneously broken topcolor to make top
heavy in TC2 models, while the TC sector
breaks electroweak symmetry

More economical:

Make composite Higgs from top quarks* us-
ing strong topcolor interaction. In contrast to
TC2 models, EWSB can be due to (tt) # 0,
without technicolor.

. but can a tt bound state play both roles?

* Bardeen, Hill, Lindner, 1990
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Recall Pagels-Stokar relationship of v to
dynamical fermion mass >(p)

> _ 2 4k23 2454
M@\/\’ v 16772 Jo~ dk* 252y

Approximate topgluon exchange by a 4-fermion
interaction. This NJL (Nambu— Jona-Lasinio®)
model is equivalent to a large N, expansion.

(¢7u 2 ¢> 22 M2 <¢WV > ¢>
#Wﬂbz—za)(lbmbm)

In this " fermion bubble” approximation, >(p)
is constant; call it just my.

LRGN bk W

+

wea kly coupled

Then the Pagels-Stokar formula reduces to

2
V2 - Ne m2(log 4 m? + k).

 Nambu, Jona-Lasinio, 1961
39



Applying this result to topcolor (k ~ 1, N, = 3)
v2 & 25m? (log 4 m? >+ K.

yields a dilemma
e [0o produce v = 246 GeV from dynamics
at M ~ 1TeV, one is forced to generate
my ~ 600 GeV.
e If we pin my ~ 178 GeV (v = 246 GeV),
we require M ~ 101° GeV.
What problem results?

Pure top condensation will not suffice for EWSB.
But what if top is a bit less "standard” 7

Here's where the "seesaw’ idea enters.
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Seesaw: If top mixes with (e.g. weak-singlet)
partner fermion "x"', the top we see is a mass
(not gauge) eigenstate. Seesaw mixing pattern

(mow) (2 4 ) ()

yields two mass eigenstates;
e one is mostly top (LH weak doublet):
my™" ~ Tk~ 178GeV
e complementary state (mostly x) is heavy,
with mass ~ M,.
e As 1 = 600 GeV appears in Pagels-Stokar,

seesaw Mmakes top-generated EWSB viable.

Can rewrite NJL interaction as composite Higgs

L (B9 ra) (Boors) — (GULrH + h.c) — M2HTH

e Fermion bubble approximation: My ~ 2m;.

PR

e Consistent with EW data? (stay tuned)

41



Dynamical Issues

Since M, and m, link only weak-singlet fermions,
they are allowed by unbroken SU(2) x U(1).
But p involves weak-charged t; and must be
dynamically generated.

Can the topcolor/seesaw Lagrangian do this?

LD —(M%O(—LXR +moXLtr +h.C)
+1% (P xr) (KR Y1) NJL

e Rotate (tp,xpr) basis by tan¢r = mo/My
so the d=3 terms L are diagonal

e Postulate dynamical mass terms uitrxp
and potrtp (cf. u1 = pcosér, po = usineér)

e Solve gap equations...
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E.g. dynamical uq is (nontrivial) solution of

K4
K4
X
. t
t. XR

s

{

+
t

Solutions for do exist above a critical NJL
coupling strength: h%/4r =k > k. = 27/3.
Success!
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Precision Electroweak Constraints on Top Seesaw

Data favors ellipse in S—1T' plane, bounding M,
as a function of topcolor coupling k.

-04 -0.2 0 02 -04 -0.2 0 0.2
08 i I I I ‘ I I I ‘ I I ‘ I 17 I I I ‘ I I I ‘ I I ‘ I ] 08
. Klk,=105 (@ 1L KkK,=12 50 (b) -
B ac 50TeV | o6
i 1L 95%C.L. ]
- as 7 o4
L L 1 o2
[ X i |
i 13=M, i
————————————————————————————— I e
I Right curve: Fermion-bubble -
O Left Cl‘JI‘VEZ Impr(‘aved RG s
e e 08
(© | (d) -
;; 249 22 TeV ; 0.6
95%C.L. 1L 95%C.L. ]
0.4 | — 04
0.2 | | IO ~ 02
116Tev:Mx b 60 | 36—MX i
o I—" =" 1 o
L O KIK.=2 1L klk.=4 ]
_02 i | | ‘ | | i | | ‘ | L | | ‘ | | i | | ‘ | 1 _02
-0.4 -0.2 0 02 -04 -0.2 0 0.2
AS
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Shifts* in central m; value affect S-T ellipse.

0.4

T T T T T T T T T T T ,«*‘\\\‘\_.‘\

] m=178.0 + 4.3 GeV \“.\1\\&\\\\\\4“ \
m,= 114...1000 GeV \\\\\\\\\»\\\\\\\\
- H \\\\\\\\\:Mg‘ .-

0.24Y=0° 7

\\\\\}\}k\y\éig%g}“p
.q‘

\

0N
3

CDF (*Preliminar 1 \\\\\ Y
) ,_._( . y) ] Pt \\\\ ‘f‘»‘\&‘ ‘
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What does this imply for M, constraints in top
seesaw models?

LEPEWWSG: upper (lower) S-T plot early (late) summer 2005
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Top/Bottom Seesaw and beyond

Gauge group: SU(3)1 x SU(3)o x SU2)w x U(1)y

Add partner w for bottom quark:

SU(3)1 SU(3)2

), 1= ()

I == I =020
()13 ),
(X)I:OOT% (X>I:Oor%
W R w L

Seesaw mass forms for b

(o) (0 0 ) ()

small m., suppresses my (cost?)

New composite scalars created:
neutral bywp ; charged trwp, brxp

precision signatures: shifts in S, T, Ry

ambitious extensions: flavor-universal models
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Top-Bottom Seesaw and Ry
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D@ /CDF pair-production limits* on weak-singlet
quarks mixing with ordinary quarks

(a) Seek excess in top-search dilepton events
pp — ¢H g — WG W — qlgtevlvy

Flavor-conserving neutral-current decays and
Cabbibo suppression lower B(g — ¢tW)

0.5 -

0.4 —

0.3 e > i
S

L - - _ds____]
P }
\ s de .
0.1 \ L7 = .
N . ’
O L
50 100 150 200

Heavy D—quark mass [GeV]

o My g~ 140 GeV
o My Z 160 GeV [if d,s,b all partnered]

* Popovic/Simmons hep-ph/0001302
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(b) CDF search for pp — b bH excludes 100
GeV < M,y < 199 GeV if B(bH — bvtZ) ~ 1.

ﬁ | | L L LI L | L
“: 0% E
N A Theory o fpp—b'b'X) -
R B . ]
T 95% CL timit ]
QL - .

5 .

199 GeVic
e 10 E

-
-
-
“a
"
"
»
-
>
.
‘.‘-
-
“
*u
ki
L ]
-

N
-
-
-

100 120 140 160 180 200 220
b mass (GeV/c)

Note: LHC can see pair-produced x quarks via
x — ht — tit in 6-top final states. o ~ 1pb— 1.
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5. Summary

Creating a large mass for the top quark - and
only the top quark - is a challenge in models
of dynamical electroweak symmetry breaking.

It is necessary to maintain a delicate balance

between several Kinds of experimental constraints.

51



Some early models like (commuting) Extended
Technicolor or Top-Mode Standard Model foundered

WIPE OUT...

/
k

e T e

under the opposing forces of the large top mass
and the low scale of electroweak dynamics.
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Data on the Zbb coupling and weak isospin
violation have been the impetus for creation of
models in which the top's large mass is
provided by gauge interactions specific to the
third generation.

So far, models like Non-Commuting ETC,
TopFlavor, Topcolor-Assisted Technicolor, and
Top Seesaw are still in play.

These models have a rich phenomenology that

should afford clear signals...
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...for ongoing and future experiments to pursue
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