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The present status of the SM
« Based on SU(3)xSU(2); xU(1)y ELEMENTARY

gauge symmetry spontaneously PARTICLES
Quarks

broken down to SU(3)xU(1).:

¢ Matter: 3 generations of
quarks and leptons
¢ One of the central role is played
by Higgs field
» one higgs doublet, interacts
with all fields

» develops condensate v

p— — — B m——

» W,Z bosons, lepton and quarks Leptons
and Higgs field itself acquires

m a S S £ Fermilab 55-759
Higgs boson is not found yet and is the most wanted particle!
The present Higgs mass limit is M >114.4 GeV from LEP2

The mechanism responsible for EWSB symmetry remains unknown!
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What do we know about
Electroweak Symmetry Breaking?

It takes Place!

¢ status of theory of electro-weak interactions: per mil precision
measurements confirm its SU(2)L x U(1)Y gauge structure

¢ the symmetry is broken — W and Z bosons are massive:
there are serious problems in any Lorentz-invariant theory of
massive vector bosons, unless those particles are Yang-Mills

bosons and the gauge symmetry is spontaneously broken
[Nambu,Anderson; Higgs; Englert,Brout; Guralnik, Hagen,Kibble;...]

¢ How SU(2)L x U(1)yvis broken?
SU(2)L x U(1)y does not break its own symmetry — couplings are weak
» Higgs mechanism?

» Dynamical symmetry breaking (Technicolor)?

» Extra dimensions?
» .27
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Non-linear sigma model

One can eliminate h(x) and still have EWSB via Sigma term
In the Higgsless model

2
Ly — Ls = vztr([D“Z]T Dﬂz)

|Dﬂ-99|2
p— ) J + i X — ~— g ;"TO 3 g_’r ‘2 0
= (0 v/V2)|=W W™o —|—2ﬂ % —I—QB (1/\/5

V2 e

1

2 ) ‘
%[gzI’Lr—}_I’LT_ 4+ 5(_5’11;0 _I_ng)Z]
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Non-linear sigma model
There are many 4D CP-conserving operators that can be written down

°,=3g%« B, Tr(TF) B = ag Tr(V, V) Tr(TV*)Tr(TV")| £, = &, Tr[(D,V*)?] €15 = 2ia s Tr(V,D,V*) Tr(TV*)
£, =4iga, B, Te(T[V*, V)| [E7 = a; Te(V VI Te(TV, )2 L1, =3a, TH(TDD V) Tr(TVH)| L6 = iy TH[T(CD,V, + D,1,)]
©,=igay Tr(E, (V% V")) | £s=i8%as[Tr(TE,,))? R 13 = 4ays[TH(TDV,))? XTr(V*V?)

L4 = a [Tr(V V)1 Bo=1igagTr(TE,)Tr(T[V¥,V*]) [ £14 = TH(EV)THTVY) |2 =Lia,, TH{T(D,V, + D,V,))
L5 = as[Tr(V V™)) ‘e =1a,o[Tr(TV) Tr(TV,)}? \ ~Te(E,V)Te(TV?)] X Te(TV*)Te(TV?)

[Appelquist, Bernard '80 ; Longitano '80]

E =% T I/“,T GD;L(,‘DVVV
which can be tested at the LHC s = 2long Tr(V,, 71 )

—_ 003"||'1._"|" T IR L B L
-EL 0.03 Iy - \ \ . - - -
= 1‘ - the only quartic interactions
e 002 | 1 under custodial symmetry
P 0025 ]
i ] e [V T T2
., 0.01 | ﬁil — Ofil(tl ﬂ/,uI’/UD
i o ] |
0.02 H e . N 1Y TN 2
pp -> VVjj P Ly = as(tr [V, V]
- 0 B
0015 -
: 0.01 | 1 [AB, Eboli, Gonzalez-Garcia,
0.01 1 Mizukoshi, Novaes, Zacharov '98]
i 002 FoWw . i
0.005 L background - \ 1 [Eboli, Gonzalez-Garcia,
I i combined limit | Mizukoshi '06]
o W signal+backgrounc Ejet[pb] 003 L b S
p b b Dy I P -0.03 -0.02 -0.01 0 0.01 0.02 0.03
0 500 1000 1500 2000 2500 3000 3500 4000 oty
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Non-linear sigma model
There are many 4D CP-conserving operators that can be written down

£, =1g% B, Tr(TF*) Bs = a Tr(V,V,)Tr(TV*)Tr(TV")[ £, = a;, Tr[(D,V*)*] €15 = 2iays Tr(V,D, V") Tr(TV*)
£, =4iga, B, Te(T[V*, V)| [E7 = e, Te(V V)N Te(TV,)]* B, =3, TH(TDDY ) Tr(TVH)| £ 16 = iy TI[T(D,V, + D,V))]
By =igay Tr(F, (V4 V’]) | B3 =48°as[Tr(TE,,))? B3 = Ja,[Tr(TD,V,)]* XTr(V V)

L= ag[Tr(V,W)1? Ro=13igag Tr(TE, ) Tr(T[VH V")) | £1a = anaTH(E V) T(TVY) R =dia, Te[T(D,V, + DV,)]
£y = as[Tr(V,V*))? ‘em =1a,o[Tr(TV,) Tr(TV,)}? \ ~Te(E,V)Te(TV?)] X Te(TV*)Te(TV?)

Appelquist, Bernard '80 ; Longitano '80
[Appelq J ] L5 =iy Tr([V,, T1D*D"V,)

ILC will slightly improve quartic coupling measurement

16mag a) the only quartic interactions
3 - under custodial symmetry
21 Ly = ay(tr[V,V,])?
R - 7Y 2
1- : N\r‘_‘\\\‘ Ls = a5 (tr [V, V"))
0 :
. ) [Eboli, Gonzalez-Garcia, Lietti,
) ,\ Novaes '00]
-2 7] o
LN, [Beyer, Kilian, Krstonosic,
-3 1 Monig, Reuter, Schmidt,
4 16720, Schroder '06]

£ 3 = - 1] 1 2 3 4
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Higgs (if there is) prefers to be non-SM like!

| L 'I' ) L] L] L 'I' | 1 ¥ ¥ I L L L] || 'I' ¥ ¥ ]

80.70~ Tevatron/LEP 2 (68% CL) I .
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80.30f ra -
N .
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Why do/should we think about
alternative way
of Electroweak Symmetry
Breaking?
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Example of Comparison
SM Higgs vs Technicolor

¢ simple and economical -

¢ GIM mechanism, no FCNC -
problems, EW precision data are

OK for preferably light Higgs

boson

¢ SM is established, perfectly -
describes data

¢ fine-tuning and naturalness -
problem; triviality problem

¢ there is no example of fundamental ¢

scalar

¢ Scalar potential parameters and -
yukawa couplings are inputs

complicated at the effective theory
level

FCNC constraints require walking,
potential tension with EW precision
data

no viable ETC model suggested yet,
work in progress

no fine-tuning, the scale is
dynamically generated

Superconductivity and QCD are
examples of dynamical symmetry
breaking

parameters of low-energy effective
theory are derived once underlying
ETC is constructed
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Electroweak Symmetry Breaking
without Higgs boson
but within the Electroweak theory
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Electroweak Symmetry Breaking
without Higgs boson

but within the Electroweak theory
The Loss of Unitarity and EW precision data

Is the main worry!

w

L

w

L

w w

L L
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Unitarity with and without Higgs boson

4 2
o >
Graphs = s
:i}f:: —3 4 6 cosé + cos?0 +2 — 6 cosh
S —4 COst — COsd
t +3 — 2cosb — cos26 —2 + £ cosd
Sum 0 1 1
+§ + —cosf

Alexander Belyaev
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Unitarity with and without Higgs boson

e W Graphs i Ly
:}ii —3 4 6.cosé + cos20 +2 — 6 cosh
S —4 Ccoso — COSH
t +3 — 2cosf — cos?0 —3 + LB coso
| Sum 0 1 1
. . +— + —cosf
7+ 2 2
Wi Wi
H 1 1
- —— — —cosf
2 2
S+t

If no Higgs = O(E?) = £ < /8rv ~ 1.2TeV
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How one can preserve
unitarity without Higgs ?

Alexander Belyaev
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Higgsless Models

Low-energy effective theories with natural EW symmetry
breaking alternative to Supersymmetry and Strong dynamics

¢ massive 4-d gauge bosons originate from 5-d gauge theory
(moose representation) with appropriate boundary conditions
¢ massive vector boson scattering amplitude is unitarised
via KK modes exchange — not the Higgs boson exchange!

Aao(ﬂ;‘y) ++/2 Z AS™ () COS (n}x; )
Ag = \/7 Z A"’”(:c,,)sm m5)

Our Universe oD gauge bosons expanded in eigenmodes on SYZ,
* 4-D gauge kinetic term AT — A"

5 E [‘Z\[f(Azn)Q . QAINAEEH (‘)/LA%H 1+ (aﬂAgn)Q}
BC: 054" =0 and A5 =0
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4D KK Mode Scattering

AT AT
4"'1 L J."l. L

AN AN
e ]. L ry 1 L

+ Crossing Channels

Ar oA An An
E* E? M?
_40E | @oF 0o (M
A=A M + A E: + + 7

AW = ( Gnnnn = D gink) a(9) AD = (4gan§ -3) ginkMg) al?(9)
Mz -
a(4) (9) — (fﬂb&fﬂdﬂ('?, +6cosh - Cos 9) + 2(3 — cos? g)facejrbde) 6(2)(9) — (facefbde — sip? g fabEfch)
3
E* sumrule: g2 . = Z g2k E? sum rule: gnnnnMi =1 Z gﬁnkM ,f
k k

¢ Cancellation of bad high energy behavior provided through
¢ exchange of massive vector particles
Chivukula, He, Dicus; Csaci, Grojean, Pilo, Murayama, Pilo, Terning

Alexander Belyaev “Collider Phenomenology of DEWSB models” Soton, July 7, 2010 17



DECONSTRUCTION

moose diagram can be interpreted as the discretization of a continuum
gauge theory in 5D along a fifth dimension

90 9, 9o IN IN+1
f f f f f
X5 1 2 3 N N+1
® Discretize fifth dimension D— >
“. % @ 4D gauge group at each site O

® Nonlinear sigma model link fields —
® TJo include warping: vary f;

® For spatially dependent coupling: vary g
® Continuum Limit: take N— infinity

® Finite N, a 4D theory w/o 5D constraints
Arkani-Hamed, Georgi, Cohen & Hill, Pokorski, Wang
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Conflict S and Unitarity

| Al A7 A A

- .‘l_ o o

¢ Z'resonance unitarizes WW
scattering, similar to what
Higgs boson does in SM
(Chivukula,He,Dicus)

RV A A A A

¢ Z'mass is bounded from above: mz, < V38Tv

: 452 2 M2 Qv
¢ ...and yields too much a value of S-parameter: . ¢~ °Z2°Z""Z _ —
[Chivukula, Simmons, He, Kurachi,Tanabashi] _ ST 2

¢ Solution - delocalization of the fermions:

mixing of “brane” and “bulk” modes!
[Cacciapaglia, Csaki, Grojean, Reece,Terning; Foadi Gopalakrishna, Schmidt]

¢ Alternatively there could be a large contribution to T parameter

Alexander Belyaev “Collider Phenomenology of DEWSB models” Soton, July 7, 2010 19



Fermion delocalization

il . /

{I:_T“. L |Il_l!:'l|' SH .|:4.“'
il .

Gu Sg —Cg B,
fyl . - /A
YL Cr Sf YL
.'11 -'\B
{ L Si" '!?f L‘-L

2B

Mixing of light and heavy fermions helps to suppress contribution
from heavy bosons to the EW observables!
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Ideal Fermion Delocalization

® Recall that the light W’s wavefunction is
orthogonal to wavefunctions of KK modes

® Choose fermion delocalization profile to match

W wavefunction profile along the 5th dimension:

44
gili X U,

® No (tree-level) fermion couplings to KK modes!

S=T=W=0
Y = My (Sw —Xz)

Fermion delocalization profile can be chosen to match
W-wave function along the 5" dimension:
leading to vanishing coupling of fermions to KK modes!

[Chivukula,Simmons,He, Kurachi, Tanabashi;
Casalbuoni, De Curtis, Dolce, Dominici]

W KK

\

Mass Eigenstate
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Three site model (TSM)
simplest, realistic, highly deconstructed,higgsless

Discretized 5" dimension written in the

language of 'theory space'’
[Arkani-Hammed, Georgi, Cohen; Hill, Pokorski, Wang]

gauge bosons: photon,Z,W, Z',W'

R
gauge sector is the BESS model
[Casalbuoni, De Curtis, Dominici,Gatto '85]
L
. . fermions: udc st b
I.-*""”'LU I.-*"'-"'L]_ UD.C S T B
SU((2) x SU(2) x U(1) plus leptons

[Chivukula, Coleppa, Di Chiara,Simmons '06]
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P Gauge Sector
Lrz = —3Tv|FZ + F? + FZ|
) Casalbuoni, De Curtis, Dominici, Gatto (BESS) PLB 155 (1985) 95
Gauge - Goldstone Sector

2
Lps = ?Tr[(DNZO)T D*So + (D,31)! D“z:l}

P <1 D> = 0,35 +19;W;X; — 1gj+12;Wjt1
g1
2 My e
— +x2—+/4+x?
g_2:S/C: L= M+ szglf\/ 2v2
lg 0 1 1 1 Fermion - Goldstone Sector
=5+ 3+ 2
% G o Mp(enbros b >
2, Sy = — F(GLT,DLO o¥r1 + YrL1YR1 + Y11 1€R¢R2)
— pl—F
2ij = d ideal delocalization (IDL): W', Z' are fermiophobic!
fy2 0 212 /
QO(I/JLO) Uy €2 = 174
= 47 =L 2 At aa
g1(1,)? Y d-wi+vitra
Independent parameters: M,,, s, , M., M, gw ' =gy +0(z?)
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The Three Site Model

representative and testable!

¢ The parameter space is:
simple and bounded
» from below by experiment
» from above by unitarity

¢ Low energy phenomenology of a
Higgsless ED is dominated by the 1%
KK mode 1#

Coleppa, Di Chiara, Foadi |

MF Bounds 1.2}
25000 . ]
’ & = b5 Ap(N) hep-ph/0612213
_ :E N “— 1.1t ]
20000 : 2 o5 | Ap(1)
> = p L ]
%13000_ | 0O 20 40 60 80 100 120
Lo f»g/ 1 ¢ The Three Site Model consistently
: st :
so00L i !mplgments the 1 KK mode in a gauge
iInvariant way
b

400 600 800 1000 1200 My

(GeV) « Can be tested at the LHC

Chivukula, Coleppa, Di Chiara, Simmons: PRD 74, 075011 (2006)
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CalcHEP
TOO I S [Alexander Pukhov, AB, Neil Christensen]

¢ Automatic calculations of tree-
level processes within user-
) defined model

¢ User friendly graphical interface
¢ Easy implementation of new
models
. » E ially using LanHEP
LanHEP [Andrei Semenov] Sy By e B
_ _ ¢ Feynman gauge and unitary
¢ Automatic generation of gauge
Feynman rules from the % Important cross check.
Lagrangian
» New features of CalcHEP
¢ Has checks for e batch interface
L. [Neil Christensen]
» Hermiticity
» BRST invariance ° I_mpr oved CalcHEP-MC
» EM charge conservation interface [AB, Pukhov]

» Particle mixings, mass terms,
and mass matrices
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Example of model Implementation using LanHEP
LanHEP

1
Lp2 = —§Tr(F02 + F{ + F22) where FI"" = W — 0"WF +ig; [WF, WY ]

F22E%388%% Hinetic and zelf interaction Lagrangian terms.

lterm -F##2/4 where F=deriv'mu*W23 " nu-deriv " nu*wW23 mu.

lterm -F#*#*2/4 where F=deriv'mu*Wil nu a-deriv " nu*Wl mu~a-g*epz”a b c* Wl mu"b*Wl nu c.
lterm -F**2/4 where F=deriv'mu*Wl nu”a-deriv nu*Wl " mu"a-g/x*eps”a"b " c*Wl  mu"b*Wl  nu”c.

(gauge kinetic term as an example)

lhep 3-site.mdl

CaIcHEP

AALLL

+

XX K K

WHZy W, Z,y W Zy W, Z,y W, Z,v W=, Z,~

W Zy W=, 2 W't W 2
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Example of model Implementation using LanHEP

LanHEP

1
;CFQ = —§TI'(F02 + -le2 + F22) where Fjﬁ“j — aMWJH - aVW]H + Zg] [W]H’ W]V]

F22E%388%% Hinetic and zelf interaction Lagrangian terms.

lterm -F##2/4 where F=deriv'mu*W23 " nu-deriv " nu*wW23 mu.
lterm -F#*#*2/4 where F=deriv'mu*Wil nu a-deriv " nu*Wl mu~a-g*epz”a b c* Wl mu"b*Wl nu c.
lterm -F**2/4 where F=deriv'mu*Wl nu”a-deriv nu*Wl " mu"a-g/x*eps”a"b " c*Wl  mu"b*Wl  nu”c.
(gauge kinetic term as an example)
|
Ilhep 3-site.mdl|
CalcHEP
Lagrangian + | i+ | W= | - [ g% * *AD
Pl ~ |P2 |P3 |P4 |> Factor b I$+ Ig_ ITW— Ig**§§§**§
A |W+ W= | |-g*vlg W+ W |~ | ~We [ gFE2/xEAD
A | =W+ |~ |—g*v0g W+ W [W— |[~WH | gEE2/xAED
W+ | W~ | 2 | |-g/x i | - |2 |2 | Sg##2/x**2
Wi+ | W~ | ~2 | |-g/x T+ | W— |2 | ~2 |—g*#*2/x**2
W | 2 | ~Wi— | |-g/x as | W— |~W+ | ~W- [gFA2/xAA2
W+ |- [~2 | -9/ W+ W= |~2  [~2 | Cgrrl ukil
W- |2 | ~W+ | | -g/= W |z |2 |~W—  |—gr*2/xk*2
W- |~ =2 | -g/= W |z |~W—  |~2  |-g**2/x**2
z |~W+ | ~W- |-g/x Wt o [~WE | ~W- [~W- [ gFR2/uER2
~WE [ ~W- -2 | | -g/= Wt o [~W= |~2 [~2 | SgRE2 xkil
A | 2 [W+ W= |-gFF2tv0grEa W— W= | ~WE [~W | gFR2/xEs2
2 | 2 | ~W+ | ~W- | -gF*2Av0grrl W- |2 | 2 | ~W+ | —grH2 kD
Y | W+ | W~ | 2 |-g**2#*v0g/x Ti— |2 | ~W+  |~Z | —g#**2/x**2
iy | W+ | W~ | ~2 |—g#*2#%v0qg/x Ti— | =W+ | =W | ~W- | gFE2/ AR
A |+ |2 | ~W-  |-g**2*v0g/x W—  |~W+  |~2  [~2 | Sgrrl ukil
& |W+ |~ W- | ~Z |-g**2*v0g/x 2 | 2 | ~W+  |~W- | —gFE2/x*E2
2 |wW- |z | ~W+ | -g**2*v0g/x Z |~W+  [~W—  |~2 |- gFA kA
A | - |~W+ | ~2 |-g**2*v0g/x ~W+ | ~WE [ ~We [~ | gF A2 e EAD
2 | 2 |~W+  |~W-  |-g**2#%v0g/x ~W+ | =W | ~2 |~2 | —g**2/x**2
A | ~%W+  [~W-  [~Z | —g**2*v0g/x
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Gauge boson widths and branchings

¢ Fermiophobic nature of the gauge bosons
¢ Dominant decay into WW and WZ pairs
¢ Z'Br does not depend much on deviation from ideal delocalization

1

™N _,f . S
T 10 & Mx =5 TeV . N
S| e
@ 10 ¢ -7 E
F - ]
10 & J
= 3 | |
-4 N aa- 400 600 800 1000
10 ¢ 7 E M,. (GeV)
- A : 'E;“- W I T 7 T 1
10 q_ 1 1 1 | 1 1 1 | 1 1 1 1|:|_-, . - g:gg?
400 600 800 1000 1 B e o 5=-033
[ b
M,. (GeV) ! 3 ’
2 My z g 10} 3
0(Z' — WHW™) = 2 z
192n(z?)s2 |
2 9 -“-]-d-..l...l...l...
F(Z' _ €+6_) . oe MW@Sw 200 400 600 800 1000
384mct M, (GeV)
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W' decays

¢ decay into fermions more strongly depends on fermion delocalization

1

S 73 = l ! 1
N g My =5 TeV T - 5=0.07 -
; 0 1 5-0.0 1
- A S 5=-0.33 3
= 10 = I .
(s - —
o : o 3
10 T T a bt :
10
10 >
- [ ] [ ] [ ] I 1 1 1 I [ ] 1 [ ] I 1 1 [ ]
Tﬂ 1 1 1 I 1 1 1 I 1 1 1
400 600 800 1000 400 600 800 1000
MW.(GEV) MW-(GE'V}
2\ 2
2 2 2e7
, e~ M W' I — 2
W' —ev) = T
927sz
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LHC SIGNATURES
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Three Site Model Signhatures

pp — £ rate at the LHC

production decay 3 | 1 .
S 007 ]
DY Z' = 70 it . ----- 5--0.3

VBF

/
— El/, th 10 RHH -
! L .
pp — Z' (W) e _
10 S~ -l
[ | 1 1 I 1 1 1 I 1 1 [ | I 1 I [ | ]
200 400 600 800

a(fb)

Z' > WITW— = (0

pp — W’(Z')ijW\N{’:
AP>W{

W' — WZ — 000y A L

200 400 600 800 1000
/ /
op— WZ WW', ... M, (GoV)
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LHC reach for DY di-lepton sighature

pp— Z — e’e rate at the LHC LHC reach for pp — Z " — e’e’ process
Q C
_— | | T | T T U
S 1 N $=0.07 S N —mmee $=0.07
o 10% ooss 18 107 $=0.0
- 18 N\ ___ 5=-0.33
I I r
10 £ E ) I
B ] < 10 =
D -
1 E . E G L
fslgnal:graraf'bg i -
_1: ] i
10 1 L
200 400 600 800 1000 200 400 600 800 1000
M, . (GeV) M, .(GeV)

¢ Decay and production are suppressed by x* compared to ‘usual' PYTHIA Z' model
¢ One should be prepared to face with this scenario with very different Z'/W' features
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LHC reach for DY di-lepton signhature

pXl,pX2-> el, El

E}ff. cross section [pb/GeV] Y-max = 0.00280
Al ’ + Y-min = 5.8E-05
B Rt z —> e e Y-scale = Log.
e ) ) ) Save plot in file
——— signal within Tare £ie
- ..  3-site model
| +++++++++
| ST
+t ++4+ n
e +
1E-4— ety
] ++—|—JF Jr
| | |
400 600 800
Mass{p3+pd}

¢ Decay and production are suppressed by x* compared to SM-like Z' models
¢ One should be prepared to face with this scenario with very different Z'/W' features

#» Discovery reach for DY process is about 0.5-0.6 TeV (vs 3-5 TeV)
» fermiophobic Z' required by EW data (vs SM-like Z'-fermions couplings)
» Z'WW coupling is hon-vanishing to provide unitarity
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Could be a big surprise for experimentalists
expecting charming DY dilepton signhatures
from Z' upto 5 TeV!

Dilepton invariant mass spectrum

[ Z,, [=24.1GeV a) - i
7 T=131GeV 1 e 1F E

[ y =, ..l.._'I - A ‘-l; E

o e Z - T=14.4GeV i L=100fo >
ST Z:LR' [=38.6GeV ill n g 102 RS SRS e s s R e o S e ALRM—

e SV W 1 I

:’ﬂ i .!--_ % :
E ¥ —. 10 E

ﬁ .y "E E

) - ¥
§ 1 —

d :
107" 3 =
10%F =

|
1 2 3 4 5 6

Z mass (TeV)

IIIIIIIIIIIIIIIIIIIIIIIIlIIIIIIIII IF".“
1000 1100 1200 1300 1400 1500 1600 1700 1800
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LHC status at @7TeV

e | HC has really started to

deliver luminosity
CMS: Integrated Luminosity 2010

e Bunches ~1e11 "-E 905
- gof—| — Delivered 85.75 nb™ | ... —
e Had Linst of ~1630 70F- . ' '
(only for 0.8h) : Recorded 74.28 nb
60—
® Currently rLIﬂﬂing 50 ;_ ...........................................................................................................................................................
10b4-2-4 (10 bunches, a0F—
4 colliding only in =
CMS) 30 :_ _________________________________________________________________________________________________________________________________________________________________________
20 f—
¢ Soon 12 bunches (8 -
colliding in CMS) L 5
= 3 | | | I M I T T 1 | 1 L ] | ] 1 1 | | 1 ] 1 1
30:0:? 10:10 18/04 23:06 08/05 12:01 28/05 00:57 16/06 13:52 06/07 02:48
* Technical stop on July Date

17t to allow 24+ bunches
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LHC projected potential @7TeV

PAS EX0-09-006 scaled to 7 TeV PAS EXO-09-006 scaled to 7 TEU,J‘L dt =500 |:J||{3f1

,-:_"'-"'h 105 E T 1 | | | T 1 | T T | T 1 | T 1 | T 1 E DN E I | T T1 | T T1 | T T | T T1 | T T1 | T T1 | T T1 | T T1 E
| F CMS preliminary ] £ B e  expected limit (S=1) ]
S L . ’,-'- - = H i SSM Z, )
2 5 o discovery ] L 38 .
7] - s+ expected limit (S=2) 3
C 10°: = N RS grav. (0.1) ]
g u m T RNy RS grav. (0.05) )
L — - —
ER - bl
Lo B i
2 10°- = i ]
& r : 10° E
o [ ] - E
g | , - : :
E | —a— g?,m z | i -
102 Bl — 10° = —
- -+- RS grav. (0.1) 3 = o =
- —+ RS grav. (0.05) 1 - CMS preliminary ]

i 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 ] 10-? | | 111 | 111 | L1 1 | 111 | 111 | 111 | 111 | 111

0.8 1 1.2 14 16 1.8 2 2.2 06 0.8 1 12 14 16 18 2 22

M (TeV/c?) M (TeV/c?)
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Vector-boson fusion WZ — W' and associate W'Z

production are much more promising:
larger rates + clean sighature
E.>300GeV,  pp. > 30GeV

J )
;] <45, ‘&-;;(jj” >4,

o (fb)

pp — Wi — WZjj— 3Njj

pp—> WZ — WZZ — jj4l

10-2|||||||||||||||||||||||||||||

400 500 600 700 800 900 1000
M, (GeV)
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ﬁF PR
pp — W7 Z)3) . Exact tree-level calculation with CalcHEP

» No effective WZ approximation.

» Complete set of signal and background
diagrams including interference.

hd Cal CHEP/symb ~ RTEED
= - alcl /sym
Model: 3_Slte_tfg Delete,On/off,Restore,Latex
i ul ul |ul ul ul ul
Process: p,.p—>W+,2,7],] a a ul%—‘—/ u1—>—/ ul%—‘—/
O ha oW A W+ AW+ A g W+
: | : : e L {Y
Feynman diagrams [ a1 Lk a1 w+‘} """ T a w+’h"* W+§"’"‘\\ .
7816 diagrams in 21 subprocesses are constructed. ul a1 als 9L ul S N
0 diagrams are deleted. ul—— z |ul——Ll z g ~d1 ~d1

(

Subprocess

ul,Ul -> Z,W+,01,d1 |
ul,dl -> Z,W+,d1,d1 |
ul,Dl -> Z,W+,ul,Ul |
ul,Dl -»> Z,W+,d1,D1 |
ul,Dl -> Z,W+,G,G |
ul,G —»> Z,W+,G,dl |
Ul,ul -> Z,W+,U01,dl |
Ul,Dl —> Z,W+,Ul1,U01 [
dl,ul —> Z,W+,d1,dl |
dl,Dl -> Z,W+,U01,d1 |
[
[
[
[
|
[
[
I
[
[

=

D1l,ul -> Z,W+,ul,Ul
Dl,ul -»> Z,W+,d1,D1
Dl,ul -> Z,W+,G,G
D1,Ul -»> Z,W+,Ul1,U1
Dl,dl -» Z,W+,Ul,dl
,D1 -> Z,W+,Ul,D1
D1,G > Z,W+,G,Ul
G,ul > Z,W+,6G,dl
G,D1 —> Z,W+,G,Ul
G,G —> Z,W+,U01,d1

OO0 COoOO0OO0O 00000 C0oO 000 O

HPOw~-IcnikWNHFOWL-~-IUEWN

NNHRPRHERHER R
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pp— W'Z — WZZ — jjlme 070

[
[AB, Chivukula, Christensen, He, Kuang, q
Pukhov, Qi, Simmons, Zhang '07]
' | ! | ! | ! | q
k - = = Higgsless(Unitary gauge)+BG I
_ : Lo Higgsless(Feynman gauge)+BG | l
2 (1 —— SM pp-=jjZ Z (jj4l) Total
R | . -
g 10 1= SMppggZ Z (i) ; l
® : : """ SM pp->ggZ Z (jj4]) :
> X
0 L
':D ""-""q,l 1]
a :
E 1 e 1 pr; > 15GeV, ;] < 4.5
[ e ]
b T 1 M;; =80 +15CGeV,  AR(jj) < 15
. | L ten 1L | . - '."1: - ZPT(Z) + ZPT(;” = £15 GeV.
200 400 600 800 1000 1200 =z J

M(Zjj) GeV
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LHC reach for WZ->W' process [AB, Chivukula, Christensen, He, Kuang,

Pukhov, Qi, Simmons, Zhang '07]

E 'EObGév"""""_""_'lg
q E 700 GeV L=100fb Z
;E: o 900 GeV |
K
q £
= 7
200 400 600 a00 1000 1200
M 31 (GeV)
the complete WZjj BG E; > 300 GeV
Is factor 4 bigger then prj > 30 GeV
PYTHIA effective nil < 4.5
V-boson approximation! An(jj)| > 4
pre > 15 GeV
To be compared with ne| < 2.5
Birkedal, Matchev, , )
Perelstein '05 0.85My < My < 1.05Mwy
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_ ' [AB, Chivukula, Christensen, He, Kuang,
LHC reach for WZz->W proces Pukhov, Qi, Simmons, Zhang '07]

=

14 S W
= B — Z
E 109 p p j'] B -]
q ] =T e) S
___g‘ \_'vff,..-—"' -
l E — ...---"""f;#
= —
L
l S 10 et 30
b -
1 E /"ff
s ©
Fa)
z g
E 400 500 600 700 800 S00 fooo 71100 1200
E M, (GeV)
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LHC reach for WZ->W' process

| 4

LHC reach for

(i

[

(4

100 events per bin {50 bins total)

100

a0

60

40

20

[AB, Chivukula, Christensen, He, Kuang,
Pukhov, Qi, Simmons, Zhang '07]

Mgy = 380 GeV , My = 3.5 TeV
My = 500 GeV , my,,, = 3.5 TeV
Mgy = GO0 GeV , Mgy = 4.3 TeVW

ideal delocalization

Significance

101

s-channel Z' and W' [Ohl,Speckner '08]

=

-Q . .

g -pp — W 299

Q Bes e

o b A4 — -
= o

EJ‘- _.-"""-F —

% _-"‘__,.-—"-.-F-

S 10 B s 30

R, L~

= =i

—_ o~

0 L~

=

=

-E 1 1 1 1 1 1

S 400 500 600 700 800 900 1000 1100 1200
E M, (GeV)

My = 380 GeV, My, = 3.5 TeV

My = 500 GeV, m,

ideal delocalization

bulk

My = 600 GeV, my,, = 4.3 TeV

=3.5TeV

_ ° 3ICID 4;30 5(I3ICI 6ICIO ?IDD &0 ! ‘IIO 100
7 total invariant mass [GeV] Integrated luminosity
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ILC PHENOMENOLOGY
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ILC potential

clean environment and precision measurements
[e.g. see Ohl, Djouadi, ... talks]

¢ precision gauge boson couplings measurement will allow

to establish sumrules ;. — 2 2 4 Z (68 )2,

, N 2 0
4fhafwww f\f&; = 3 i}'ﬁ W Z:'U-rz + Z ﬁiu } [ )

¢ high mass resolution will allow to perform spectroscopy of
new accessible resonances expected to be below 1 TeV

¢ has indirect sensitivity to larger mass scale than LHC

¢ dominant hadronic decay modes can be used now - W'
mass can be fully reconstructed
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Prospects for ILC@ 0.5 TeV: g,...,
d9zww  of
-0.02} ==
-0.04f g
-0.06} r
-0.08} :
o0 800 1000 1200 1400
Miy: (GeV)
Sazww = IxZee§IWW | _ GxZ'ecGZWW 5 — M§‘7 1
IxZeesmy 9ZWWsns  xZeesm 9ZWWsy S — M7,

ILC sensitivity is ~ 4 x 10 with 500 fb+
hep-ex/0106057 American LC Working Group
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W' production at the ILC via VBF

| T ] 2 ' T I e
1 .'".. *, E . E F AT
| \ \ — — — — E=1000 GeV | 10! Eey= 500 GeV -
, [
1[]3 Z_ | ""\ \ F:= 50‘[} GPV _: 5 _ F:{jM:].DGG G':TT‘-'T |
C %, ] I
— x\k"- : \ E:‘ -
0 \ N\ o 2 .
) "\\ \ ~
\ N g 0 L _
~.:ne L e J a2 10Y | ]
a R \V'H AN W'z Z i
1 i e ——————— == N 5k ]
| L '
O | * = i
+ ! \
1 e ) E - -
‘*-».c..jf I| A "
[:' lﬂl -_ ﬁr"ila"{.':F |I \ — t; _1
s 'I \ = 10 - -
. II \ \ ] i
| Y . \ )l 5 _ : —
\ | \ \ 1 | i :
o0 L 1 AR T B B S Py G I 1 N
0 200 400 600 800 1000 0 200 400 800 800 1000
My (GEV) My, (GeV)

Birkedal, Matchev, Perelstein '05
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Beyond the 3-site model

there is an increasing progress in Higgsless models and Technicolor models
see e.g. recent talks at “Dynamical Electroweak Symmetry Breaking”, Sep '08, Denmark

equivalent description on the languages of Deconstructon and Technicolor
[Barbieri, Isidori, Rychkov,Trincherini '08]

The Higgsless 4-site Linear Next to Minimal Walking
Moose model equivalent to Technicolor (NMWT)
[see talk by Dominici] N.=3,N,=2 Ry (Ry)

in the two-index symmetric
y and

) ) )
G, . 1 . 2 . 3 . Gy SU(Z)L X SU(Z)R —> SU(Z)V O(RO)
G, G,

two triplets of heavy mesons Rl 2

S5=0.3

pp—> I (U=e un
[ g=2

70

AN12(-0.075,0.035) --------
AN12(0.085.—0.QF}|

New | L=10fb! )
Accomando, De Curtis, z,
-Dominici,Fedeli '08 |

70

70

7z
o ! 10

S+B=339

S+B=152 1

umber of events/20 GeV @ 100 fb”'

S| JneedL=100f, 500 1000 1500 2000
; e DT T e e . e M, (GeV,
%o 700 80 0 1000 1100 1200 1300 1400 1500 = AB, Foadl, Frandsen, Jdarvinen, u € )
S+B=#evts( ME3I) My (D) [GeV] Pukhov, Sannino '08

Z'Is not necessarily fermiophobic! complementarity of DY di-lepton and di-boson channels
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Effective Lagrangian for SU(2) X SU(2),
to order O(p?)

= L= = | , ,
ﬁboson — —§TI' {WMVWLW} — ZB;U/BW/ - §TI' [FLNVFII:L + FRMVFPI{L ]

2
Litiges = 5= Tr [MMT] - %Tr (MM

T P

W, and B,, are EW filed strength tensors

are the field strength tensors

F;
L/Ruv - associated to the vector meson fields

AL/R;L

1
2x2 Matrix MI—Q[’U—FH—FQ’I:TF&TCL] ) a:17273

7

Covariant
derivative

DM =0,M —igW*T*M+ig M B, T°
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Effective Lagrangian for SU(2) X SU(2),
to order O(p?)

EHiggs—Vector — m2 1r [CIZJM + CPQ{IJ
+ %Tr D,MD"M'] — g2 ry Tt [Cr, MCLMT]

LTy Oy (MD#MY — DFMMT) + Crye (MIDPM — DF M)
S

§2

7 1 [Cr, + CRr, ] Tr [MMT]

9157 9
CL“ — AL,u — EWM . CRpJ _— AR,u — TB“ -
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NMWT parameter space and particle content

td:—.—-—

o fixi = ~ ] S = — .
fixing $=0.3 ~ S, and using = — (1 -7
WSR parameter space e 1
isreducedto My, g, s, My s
2 r}? rs
V=1 — ————
' AN

¢ 8, My have sizable effect in the process involving
composite Higgs

¢ new particles - two triplets of heavy mesons:
RE(RF) and RY(RY)
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Walking Technicolor and S-parameter

: N
Perturbative S reads as: Spery = 6—D
-
N =2 case

Conformal window condl_tlon for the N~ 8 = Spery = 0.42
fundamental representation

Co_nf_ormal window gondltlon for the Ny~ 2 = Spert ~ 0.16
adjoint representation

Small N_is preferred
N.=2 in the higher dimensional representation of N =2

case Is promising to be studied:
Minimal Walking Technicolor (sannino, Tuominen 05)

Alexander Belyaev “Collider Phenomenology of DEWSB models” Soton, July 7, 2010 51



Viable NMWT parameter space

Imaginary
12 o KON
10! ; i> ST
8 s S
gy ALLOWED A
CDF direct e ! :
limit from 2 /[ | ]\[H“ ) | i
pp -> &€ 05 1.0 15 20 25
a<o,
EWY and W defined by
parameters M, (TeV) the 2™ WSR
@95% CL

Barbieri, Pomarol, Rattazzi,Strumia 04
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Decay Branching Ratios (R))

b= T
(="
o5 )
T
10
10 E
10 .;—
1o '5;-
S=03 E S=0.3
g:_E : g_—ﬁ
TG-'I"'I"'I"'I"'I"'"'I"'I"' Tﬂ_ﬁ|||||||||||||||||||||||||||||||||
oG o8 T r.2 T.a & T.a = Z.2 oG o8 T r.2 T4 1.& T.&8 = .2
Mass (Tell) Mass (Te )
—_— ¥ A —————T
| =3 FH
[
o -1
o
: - ) el P
o B .
10 'Jé— L-v;_ ™
10 '#é—
10 "L
S5=0. 5 S5=0.5
g==z g=5
TG-'I"'I"'I"'I"'I"'I"'I"'I"' fﬂ-ﬁ'I"'I"'I"'I"'I"'I"'I"'I"'
o6 o8 T r.2 .4 TG T.a b4 2.2 o.6 o8 T r.2 T4 T.& T.a =z 2.2
Mass (Tall) Mass (Te )
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Decay Branching Ratios (R))

— — -
& T B T W R
e e Z 1
= -7
1o 1o
-3 = ']
10 10 R R
= -3
1o 1o
-4 -l
1o o
10 10
S=0.3 = S=0.3
Ww* 1 =2 B ] =5
TG-IIII.' ||||||||||||||||||||'.|||||||| Tﬂ-ﬁIlllllll"llllll:‘:I.;lll:J.J.L_I_.IJ.LI.I.:Illll
oG o8 7 1.2 1.4 .G 1.8 2 2.2 o6 o8 7 1.2 1.4 1.& 1.8 2 2.2
Mass (TeV) Mass (Te V)
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LHC Signatures
(1) (T4~ signature from the process pp — RTQ NS
(2) ¢ +ET signature from the process pp — ng NyE
(3) 3/ —I—ET signature from the process pp — RiQ L 7WE 3

detector acceptance cuts

"UE| < 2.5  ph>15GeV
transverse mass variable

\/UQ ) + p(4 +WT” — |pr(f) ‘|‘I7T‘2

\/UE (Cel) + pa(eee) +WTH — |pp(Ler) Jm*?ﬂg

Alexander Belyaev
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Signature (1)

(1) £+¢~ signature from the process pp — RY 5 — (T(~

$=0.3
10 g=5

o fermiophobic

vector mesons!
10

10

500 1000 1500 2000
M, (GeV)

500 1000 1500 2000
M, (GeV)

Number of events/20 GeV @ 100 fb™’
Number of events/20 GeV @ 100 fb’’

double resonance signal pattern can be resolved ---

distinct footprint, different from 3-site model

(Chivukula,Coleppa, Di Chiara, Simmons, He, Kurachi,Tanabashi 06)
or generic Z' models
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Signature (2)

(2) {+ F signature from the process pp — ng — (Fv

500

Number of events/20 GeV @ 100 fb”’

1000

1500

2000
M’ (GeV)

Number of events/20 GeV @ 100 fb”’

10

5=0.3

g=5
fermiophobic
vector mesons!

10

10

10

500 1000 1500 2000

M! (GeV)

for higher masses only one resonance is observed

Alexander Belyaev
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Signature (3)

3) 3 4+ F.. signature from the process pp — Riy, — ZW* — 30
T 1,2

—

=
Sy
=

Yy

=
-
=

-
=
-3
=

500 1000 1500 2000
M:, (GeV)

500 1000 1500 2000
M., (GeV)

Number of events/20 GeV @ 100 fb™’
Number of events/20 GeV @ 100 fb™’

highly complementary channel to fermiophobic ones:
not very high rates, but clean signal
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LHC discovery potential for NMWT

(1) (¢~ signature from the process pp — R{ o — ({7

R 10 F —
S S
f Foy
@ @ 2
o a 10%
E E C
3 1 F 3
- - -
: 10%
=T
10
- 10 |
i $=0.3
=3 o
10 g=2
:-.-I...I...I...I...I...I...I... 1.I.".f.l...l...l...I...I...I...
06 08 1 1.2 14 16 1.8 2 0.6 08 1 1.2 14 16 18 2
Mass (TeVl) Mass (TeV)

Alexander Belyaev
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LHC discovery potential for NMWT

(3) 34 F, signature from the process pp — sz — JW* = 30p

o~ 103_ Kt fﬁ'j_
: - $=0.3 ' -
S S
E g=2 E
o =
S 104 S 104
- - -
10 + 90 10 |-
\/ E 3“
: 3a - I
I 1
| I I L I 1 1 1 | 1 L L I L 1 1 I L L L 1 I 1 L 1 I 1 L 1 I 1 L 1 I 1 L 1 I 1 L 1 | L L 1 I 1
06 08 1 1.2 14 16 18 2

0.6 0.8 1 1.2 1.4 1.6 1.8

Mass (TeV) Mass (TeV)
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Composite Higgs Phenomenology

= M,=200 GeV, S=0.3, g=2 2 | M,=200 GeV, S=0.3, §=5
T T [
= s=+1 = s5=+1
iy s=0 g_ AN s=0
& s=-1 2 s=-1
S & L\
L
1| 1 € \
i \
B— : \H"“w,
N —— I .
I e
10-1||||||||||||||||||||||||||||||||||| fﬂ-Tl||||||||||||||||||||||||||||||||||

400 600 800 1000 1200 1400 1600 1800 2000 2200 400 600 800 1000 1200 1400 1600 1800 2000 2200

M,(GeV) M,(GeV)

Higgs-vector boson associate production can be significantly enhanced
noted by Zerwekh 06
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NMWT model studies at ILC@1TeV
(work in progress)

E].>—_z__
El
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E2
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El E2
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El E2
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Our Expectations from LHC
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Possible scenario In the near future

low energy collider experiments dark matter
experiments TeV/LEP/LHC/HERA experiments
exp data
2010 N
Number of
: observables o observables
N which agree
with the
[pheno data ] | theory

( SM ) (Theoryi) (Theoryj) (Theory k) (Theoryn]
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Possible scenario In the near future

low energy collider experiments dark matter
experiments TeV/LEP/LHC/HERA experiments
exp data
20127
BSM signal
: observable;% s found
N-+n

[pheno data j |

( SM ) (Theoryi) (Theoryj) (Theory k) (Theoryn]
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Possible scenario In the near future

low energy collider experiments dark matter
experiments TeV/LEP/LHC/HERA experiments
exp data
20137
Further )
. observables . et
: delineation of
N+ Underlying
theory is
[pheno data ] | performed

( SM ) (Theoryi) (Theoryj) (Theory k) (Theoryn]

Alexander Belyaev “Collider Phenomenology of DEWSB models” Soton, July 7, 2010 66



Possible scenario In the near future

low energy collider experiments dark matter
experiments TeV/LEP/LHC/HERA experiments
exp data
2015?
. observables )
N+k Is this the
end of the
[pheno data ] | story?

S

( SM ) (Theoryi) (Theoryj) (Theory k) (Theoryn]
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Possible scenario In the near future

low energy collider experiments dark matter
experiments TeV/LEP/LHC/HERA experiments
exp data 6ne more N
" theory is
2016~ born to
: observables _ respect data
N+m
pheno data

ﬁheory n+1)

( SM ) (Theoryi) (Theoryj) (Theory k) (Theoryn]
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Signatures could look alike

Alexander Belyaev
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Feynman Matrix Parton level MC event (
[ Rules ] [E|ementj [event generator) [generatorj KObservables]

list of

kinematical
variables /

signatures

4

list of
theories

T T

Theory
ideas
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The strategy for delineating of underlying theory

list of

kinematical

signatures variables /

“Dictionary of LHC signhatures”
should come out of this loop

4

list of
theories

T T

Theory
ideas
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First Steps towards “Dictionary”

A.B., Asesh Datta, Albert De Roeck, Rohini Godbole, Bruce Mellado, Andreas Nyffeler, Chara
Petridou, D.P. Roy, Pramana 72:229-238,2009. e-Print: arXiv:0806.2838 [hep-ph]

Variables SUSY (MSSM) LHT UED
heavy partners heavy partners heavy partners
Spin differ in spin have the same have the same

modes

heavy partners

by 1/2 spin, no heavy spin
gluon
Higher level NO NO YES

heavy partners

heavy partners

Nyt i+ fNp—1—

Rsusy < RrogT

Rrar

Ruegp ~ Rrgr

N(l's+E .+ jets)

from several only from only from
SS leptons rates channels: SS heavy SS heavy
SS heavy fermions, fermions fermions
Majorana fermions
_'"'-'IfE'.J,..—|—jEfSJ'I
R = Rsusy RruTt < Rsusy Ruep

to be studied

b-jet multiplicity

enhanced (FP)

not enhanced

not enhanced

Single heavy top

NO

YES

YES
via KK2 decay

T,
T + ET

polarization
effects

to be studied
to be studied

to be studied
to be studied

to be studied
to be studied

Direct DM
detection rate

high (FP)
low (coann)

low
(Bino-like LTP)

typically low for
~1(5D) DM [22]
typically high for
~u (6D) DM [22]

Alexander Belyaev

“Collider Phenomenology of DEWSB models” Soton, July 7, 2010 72



Tools for delineating underlying theory

Feynman Matrix Parton level MC event (
[ Rules ] [Element) (event generator) [generator) KObservables)

(PDF, mass sPeCtra)C Jet matching )
calculators ,...

(" calcHEP/MicroMEGAs )

CompHEP 4 PYTHIA A

FeynRules FeynArts/FormCalc HERWIG
LanHEP MadGraph/MadEvent ISAJET

Sherpa Sherpa

Whizard/Omega

Golem \_ J

Herwig

- J
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Tools for delineating underlying theory

Feynman Matrix Parton level MC event (
[ Rules ] [Element) (event generator) [generator) KObservables)

(PDF, mass sPeCtra)C Jet matching )
calculators ,...

(" calcHEP/MicroMEGAs )

CompHEP 4 PYTHIA A

FeynRules FeynArts/FormCalc HERWIG
LanHEP MadGraph/MadEvent ISAJET

Sherpa Sherpa

Whizard/Omega

Golem \_ J

Herwig

- J

HEP Model Database (HEPMDB)
(discussed at FR workshop)
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Conclusions and outlook

¢ Dynamical EWSB models are compelling:
» no hierarchy problem, analog is realized in nature (QCD), effective
theory parameters are potentially derivable from underlying theory

» holography principles, applications to hadronization
» new phenomenology including new DM developments

¢ Models implemented:
» 3-site model, 3-site HLS model

» 4-site model
» MWTC, NMWTC + DM sector
» New requests?

Alexander Belyaev “Collider Phenomenology of DEWSB models” Soton, July 7, 2010 75



Conclusions and outlook

¢ Distinctive phenomenology:
» One or several Z'/W'

Boosted Z,W,H bosons and boosted heavy quarks
Combining different signatures: the way to establish no-loose theorem?

4 &

3-site model: di-lepton DY discovery range is up to M . ~0.5-0.6 TeV, tri-
lepton signature from WZ->W' signal can completely cover M, space

¥

one step beyond the minimal Higgsless model
Z' is not necessarily fermiophobic
equivalence between 4-site and NMWT models

DM within TC models: more exciting sighatures — collider ones as well as
signhals at Direct and Indirect DM search experiments

¢ What we expect from this workshop
» discuss current progress and new ideas

» discuss new possible projects
» requests for tools? ( FR generators, ME generators, MC generators)
» Anything not mentioned above?

¥ & & 3
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Conclusions and outlook

¢ Distinctive phenomenology:
» One or several Z'/W'

Boosted Z,W,H bosons and boosted heavy quarks
Combining different signatures: the way to establish no-loose theorem?

4 &

3-site model: di-lepton DY discovery range is up to M . ~0.5-0.6 TeV, tri-
lepton signature from WZ->W' signal can completely cover M, space

¥

one step beyond the minimal Higgsless model
Z' is not necessarily fermiophobic
equivalence between 4-site and NMWT models

DM within TC models: more exciting sighatures — collider ones as well as
signhals at Direct and Indirect DM search experiments

¢ What we expect from this workshop
» discuss current progress and new ideas

» discuss new possible projects
» requests for tools? ( FR generators, ME generators, MC generators)
» Anything not mentioned above?

THANKS TO ALL OF YOU!

¥ & & 3
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Allowed deviation from IDL

<! —0.33 < S < 0.07 at 95%C.L.
M = 117GeV
6 aem S
gwel/ = — (1 I 5 S()) %‘J 0_25 L T T T T T T T T T T 7]
2 2 w 0.2 g .
1 —|— X GL "J C p 4 ]
W - —_— — = x - p ]
Jwev S\ 4 2 )] = 015 F . .
S=-0.33 -
0.1 - e —
_ 9 - -7 S=0 ]
o L] 5 ag(I+2%) 0.05 |- -7 e
€ = — |17 — 5 S C - __—5=0.07_-
2 53, - T
- 0 =—.‘+'-‘7_—|—'—FT::|T_|'_ T |_ l l | L1 1
'/ _ 5 200 400 600 800 1000
v -0 I -0 J_ ;]_['E{-f—r
5 p— L) —+ O,\S p— c) -+ ? l{)g ~a MW'
1._.- i iw‘[HT‘Ef
[Matsuzaki,Chivukula,Simmons,Tanabashi; Dawson,Jackson]
78
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One more hope for the ILC? (Dubna, Russia)
Sissakian, Shirkov, Trubnikov, Budagov, Denisov, Kozlov, Tokareva, Vorozhtsov, Ivanov '08
- e o g

)

i £ oo

| T i =
i E
—_— t i T pxpoy e

Explanation

- Peat -Sand I -Loam - Clay T 1] -Limestone | -Watered field 4 -Head pressure [0 - Contour of designed placement
HES OO Ea— L } [
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Appendix
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TSM: Representative of a Higgsless Extra Dimension

¢« Low energy phenomenology of a Higgsless
ED is dominated by the 1% KK mode.

1.25 - : - : - -
Coleppa, Di Chiara, Foadi
1.2} ]

Z. LISH A p(N) hep-phl0612213 |
G

Ap(1)

O 2'() 4.0 6IO 8.0 1(50 120
N
¢ The Three Site Model consistently
implements the 1% KK mode in a gauge
Invariant way.
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TSM: Representative of Dynamical EWSB

¢« Warped Higgsless ED is conjectured to
be dual to a walking technicolor theory.

¢ The Three Site Model consistently
Implements the vector resonances
(TC) In a gauge invariant way.

¢ Satisfies precision electroweak
measurements (S=0).
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The Three Site Model

Chivukula, Coleppa, Di Chiara, Simmons
PRD 74, 075011 (2006)
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12 J \/51 J
— o0

11370 1wt
W, (

where j=0,1

Gauge Sector

G9=9 91=g, g2=49
g>gq,9
=g/g=x< 1,9 /g=5/c=t
N I

62_92 92 ng

L:Fz — —%TI“{F(? +F12 —|—F22}
where

prv o __ " 2y 1 AP p v
FM = ghWh — 9 W + ig, [Wj,wj}

Casalbuoni, De Curtis, Dominici, Gatto
(BESS) Phys. Lett. B155 (1985) 95
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3o Y1/ -
| Gauge - Goldstone Sector
N
SU(2)o x SU(2)1 x U(1 2
( )0 X ( )1 X ( )2 EDZ — ?TI'|:(D”20)T D[,LEO _|_ (DMEI)T DM21i|
27 where
Yj=e"7 . .
D> = 0,35 +19;W;X; — 1gj+12;Wjt1
1.0 1 -+ o -
T = 12 J ¢§1 J This gives the gauge boson mass matrices:
S 10
VoAl 27" )
A2 = 2 90 —gog1
+ 7 4\ —gog1 297
s = 0
42 9o 90291
MZ =4 | —go91 29 —g192
0 —0192 93

Alexander Belyaev
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Independent parameters: M, , M,, e, M .
- \) Dependent parameters: g,,9,,9,,f

N

SU(2)0 X SU(2)1 X U(].)z

go — 92
g1 t = M2,  2+4x’—y/4+x?
W —
1 12 | 1 | 1 MW’ 2-'-:’132—'-‘ /4_|_a34

Mz, 2+4x? — /444

Mz 2422(14t2)—/a+z2(1—t2)2

S

]

|
Q
o

87
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P R1 PR2

" Fermion - Gauge Sector
Yrol/ Yr1 _ _ _
SURo x SURW U2 £h = 1bro P Yro + Y1 P Y1 + Yr2 P YR
YO,lQ — 1/6 YO,lL = —]_/2 Where
Yau = 2/3 D, v; = 0,v; +1g;With; 4+ 1g2Y; f Wath;
Yaa = —1/8 Yoo =1 for j=1,2

and
D, 2 = 0,02 + 1g2Y2 s Watha
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Ideal Delocalization (IDEL)

N~ ) T 4 ()
JiVreVrLy = [QWSM + O(z )]UW

— 0 0 0 1 1 1
gWTSM o gOULevLqu gleevLqu

= [gw,,, T+ 0($4)](USVUSV + viv'viv)
Iwsn + Oz

212

2—x?+V4+at

€7 =

_ 0 0 0 1 1 1
VV’ gW'i‘SM - gOULevLUUWr _|_ gleevLuvwr

o.,,0 1 .1
gWSM (,UW,UWI —I_ ,UW’UWI)

0

Chivukula, Simmons, He, Kurachi, Tanabashi: PRD 72, 015008 (2005)
Casalbuoni, Deandrea, De Curtis, Dominici, Gatto, Grazzini, : PRD 53, 5201 (1996)
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) Gauge Fixing Sector
SU(2)0 x SU(2)1 x U(1)2 Lor = —Tr|G2 + G2 + Gz]
— 0 1 2
where

Go =9 -Wo— 3g90f(mo0 )

ns = ( ﬂ-‘? ; ) G1=0-Wi— %glf(ﬂ-l o 770)
e = 0

Gz =0 -Wy— 2g2f( —n7*)
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| Ghost Sector

SU(2)o x SU(2)1 xU(L)2 £ — _Ty {EO(SBRSTGO + €105, G1 + EzéBRSTGz}

where

Oprsr Wui = —<3qu +1ig; [ Wy 5 ¢ ])

OprsrTj = %f(gjcj —gjt1¢it1) + 3 [ 95¢ + gjv1cit1 , ™5 ]

_é[ﬂj’ [ﬂ-j ’ gjcj—gj_|_1(3j_|_1] }-|-
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) Checks:

¢ Feynman vs. Unitary gauge.

¢ Decoupling of heavy fields.

¢ Masses and mixings (LanHEP).
paadll Sqri(s)=200 GeV ¢ Hermiticity (LanHEP).

700
600 |

500 |

G(WZ—W2Z)(pb)

400

300 r

200 r

103
M, (M,,,)(GeV)
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Heavy fermions

>l L S e S %‘“ | m, 2400Gev' T T T ]
- z' -
N 0.35 T‘H—JL___ . 9— 10% E
T n [ — L.: - ]
- 0.3 :;"_'-F_ZH _ B 7
= - . ] i
54| - ] i i
0.25 [ ] )
: : 10°F E
0.2 = - - -
— wd ] I ]
015 5 " wa - ] : :
: : | 1 1 1 | | 1 1 | | | 1 1 | | 1 1 | |
0.1 T 1000 2000 3000 4000 5000
400 600 800 1000

M., (GeV) M. (GeV)

ecrucial ingredient of the model, in particular, provide unitarity
* but are too heavy to be observed even in strong pair production processes
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LHC reach for DY tri-lepton signature

In case of maximal deviation from

Idea delocalization

-

pp—>W' - WZ — 30 +v

process can become important

cuts:

‘Mpﬁ“— — Mz‘ < 10 GeV

Pt > 20 GeV

My + Sy > M;fw > Mw: — I'wo

pp—> W - WZ —veuw

G (fb)

Signal significance

800

1000

M, (GeV)

pp — W rate at the LHC
, T T T ‘ T T T T T T

7000
M, (GeV)

~ 1 fb for M,,=700 GeV but

—

LHC reach forpp - W' - W'Z — v

\
\
- -1 —
10 2 L=100fb’, $=-0.33
A
\
\
\ —
1 | | |
200 400 600 800 1000
M, (GeV)

do/dM;. (fb/GeV)

=
-

0.09
0.08
0.07
0.06
0.05
0.04
0.03
0.02
0.01

400

further BG reduction is necessary:
work in progress

ppo> W - WZ —>veuyw

T
1
=

1000
Meun (GeV)
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EW precision data

Fits to precision electroweak data also constrain the Higgs boson
mass in the SM.

0.3

T oo

0.1

-01
08 b—rr—"

-0.3

L 1 1
02 015 01 005 0 005 01 015 02 025 03

LEP EWWG: my, < 240 GeV (95% conf.)
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