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7 weak coupling (!?)

ElectroWeak Symmetry Breaking L o ling (2?)
strong coupling (?%

Two examples:
1. s-particles at their naturalness limits
Pappadopulo

2. Light composite vectors , o
Carcamo, Corcella, Torre, Trincherini




“s-particles” at their naturalness limit

( 51, 52, IN)L & strongest coupling to the Higgs sys’renD

B
114

/(p & Mgz at tree level)

@1,5]2,793 heavy enough (> g)to be ~ irrelevanD

(where the s-leptons are almost doesnt matter)




Relevant physical parameters:

g

mgl . m52 : (9t

(1, My, Mz) (tan )

[only the case p< (<<) My, My examined so far]

An example (and a generic concern, at least in the MSSM case)

0,=n/4, u=150 GeV, tanG=7

800 F

myp > 114 GeV |
in the MSSM ™~
700

800 F

0;,=n/8, u=150 GeV, tanB=7

(from stop-higgsino only and exactly CKM angles)




A synthetic description of the LHC phenomenology

3 semi-inclusive decays (up to < few % in any case)

g — tty direct or by cascade

G — tbxy™ (tbx™) Fczrge’r cascades inside X's
G — bby bb irrelevant whenever u < My, M>
= 4 semi-inclusive final states

pp — gg — tttt + xx

pp — Gg — ttEb(Eh) + xx X = X", X1, X2
pp — gg — ttbb(ttbb) + xx

pp — gg — ttbb + xx

with rates determined by a single BR

By, = BR(§ — tbx™) = BR(g — tbx™) =~ (1 — BR(g — ttx))




Multi-lepton events from semileptonic top decays

o(IE1EFIT7) = o(gg) RUIFEIE, 11T
R(IFIE + jets + Erpmiss) = 2B*(By, + (1 — 2By) Bp)?

R(IFITI™ + jets + Ermiss) = 4B7 (1 — 2By,) (B, + (1 — 2By,) By)

B, =21% By, = 68%
By, [0,=n/8, u=150 GeV, tanB=7]

from semi-leptonic top decays

Same sign Di—lepton |

Tri—lepton ]




Which sensitivity?
E.g.: at /s =14 TeV and m; = 800 GeV, By, = 0.35
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lili ~ 23 fb background

FIHI )~ 7.5 fb

(fb/125 GeV)
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Next: / ' S AN

hich sensitivity limit on 1z for a given [ Ldt ?
1, M2 into play

ark Matter?

urther leptons from inter-x cascades




Light “composite” vectors

Generically: (not new(!), but useful(?) to be pushed further)

1. Keep SU(2)xU(1) gauge invariance but leave out the
Higgs boson, while insisting on SU(2),xSU(2)z=SU(2) .
as relevant symmetry (except for g'#0 and m .- m #0)

9
_ ASM v 4 V2
L=Luge T T <D, U)"(D,U) > ‘|‘—\/§QLZ'UQR@'

U(x) = el (x)/v 7 (x) =1%7° Qri = <

N\ = 4riv = 3 TeV

2. Introduce new “composite” particles of mass <(<<)A
consistently with 1 and see what happens:

scalars, fermions, vectors Bagger et al



Vectors: a “composite” p-like state

V= a sU(2) - triplet Why light? (unitarity, EWPT?)
The formalism is there since always (CCWZ):

u=VU — gruh' = hugz under SU(2)L x SU(2)r

1 |
Vi = =7V VA hVERT g o oo

V2

two more covariant vectors made of m, W, B

% [uT (0, —iB,)u+u (0, —iW,) uq Uy = U

1/~ A M?
= -1 (i) 2 ey

A

Vo=V,V, -V, V=0,V+T,V




The generic Lagrangian

EV — ESB -+ El‘c/zn + Eint W oo E;’/nt — Ll\/’ + £2V + £3V

parity assumed

_ WV o R A pv, t t puv
Ly = 2\@<V [uﬂ,u,,]> 2\@<V (uWHu' +u'B u)>

Lov = g1 (VpVHuua) + g2 (V,u™VVFi0ua) + g3 (Vi Vo [uh, w”]) + g4 (Vu Vo, u” )
+g5 (V, (u*V,u” +u”"V,ut)) + igs <V,J/,,(UI/V’“”/UT -+ uTB‘“’u)>

(NDA guess
1

9 parameters (an embarrassment) gv, fv = pe
but many processes as well: study

WLWL - VV in various charge 9K &~ AT

qq — V'V configurations but My < A |
. J

leave out direct coupling of V to SM fermions (top?)



Large-s behaviour

In short, out of the many amplitudes:

o2 3/2

S
A(WLWL — VLVL) X ’UQM‘Q/ A(WLWL —> VLVT) X ’UQMV

A(qg — VV) (and a small coefficient)

X ——5
2
M2

Not surprising: taken at face value A ~ 47v — (4wvMy )3

Reduce A(WW) = s/v2 and A(qq) = const by unique choice:
1 1

1
JdK Iv v g3 4 96 2

as in a gauge theory (see below). Exact or approximate?




"Composite” versus gauge vectors

Can study the correspondence oF V! with one of
the many vectors in SU(Z)LxSU(Z) xSU(Z)R broken
to SU(2)diag by a generic sigma model

(BESS, 3-site, ... , deconstructed SU(Z)LxSU(Z)Rin 5D)

Indeed, by appropriate field redefinitions:

~lmn
roauge _ Ezﬁy ZgK <VlVV,n’%V,,,IL/>
with 2v2 \

g3 =—1/4, g¢ = 1/6 fir = 2g%, Ejgvg}? =1
and g = My v
and improved asymptotic behaviour of
WLWL — V'V ff/ — VV
above any M)} threshold




V production and decays

Narrow ( = M\3, < 40 GeV at M < 1 TeV) and dominated
by V2WW/Z ( Il small but#0 because of VZ kin. mixing)
(V11 2)

Single V-production by WW-fusion ( gy )
Single V or associated VW/Z production by DY (f )

pair-V production by WW-fusion (g, .9, .9. )
pair-V production by DY (f, ,9«.9¢)

leading to 2W/Z, 3W/Z, 4W/Z final states (+j])
— multi-leptons to be disantangled from the background




Vector Boson Fusion

«~o(pp— VTV~ 4j)
pp — V+V+]J)

750 800
MV (GBV)

gy My, = 200 GeV
gvgx = 1/V2

and all other
couplings as
in a gauge model

pr(7) > 30 GeV
)l 5

At M, = 500 GeV o(I(%) = 0.3 fb




Drell-Yan

+ o (pp — VOV+)
=o(pp—VTV7)
o (pp — VOV™)

400 450 500

550

—— —_ J—

600 650 700 750 800
]VTV'((;G‘/)

At M 5 500 GeV

o(j£[%) = 0.2 fb

visible above background??




Test
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(which worsen the agreement with EWPO)

Tree-level positive contribution to S:
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Higgs

qualitatively very different
positive one-loop contribution to T

Potentially large (quadratically divergent)
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symmetry due to g' # 0

One-loop breaking of the costodial




The leading contributions to S & T generated by the exchange of
single heavy fields are:

A O vectors F : F ;
25 ey — (44\[2 4\[2)

AT Veetors 3ra | _F3 + (FV _ 26;1")1 \2 =+ ...

(ioop) 2, |02 20y 167202




» Unitarity and EWPO with heavy vectors

Assuming a QCD-type model, with a single light (A,V) set not saturating all
the sum rules...

Free parameters:

Unitarity

Unitarity

S
|
T
L




EWSB: "weak” or “strong”?

(“weak")

a relatively light Higgs boson exists
perturbativity extended —high E (Mgur, Mpi)

perhaps (probably) embedded in susy

gauge couplings unify

C‘s’rrong'j

EWSB related to new forces, new degrees of freedom
or even new dimensions opening up in the TeVs

perturbativity lost in the multi-TeV range
high E extrapolation highly uncertain




A\

KK-vector signals 'V

gq9—aqqV  qq—V V—VV, i, (hV)
(t or b, depending on the charge)

V — ff probably not useful, because of small BR

V canalso be a KK-gluon

pp — qqW — qqWZ — qq jet jet II

| Resonance mass - Topo4 |

SIGNAL+SMbg

TTbg: gone after cuts t t mass distribution
—¥— total reconstructed
total partonic

SMbg: 8 events in peak region

Prelimina ry .: Wi4jetsbg: gone after cuts

SIGNAL: 15 events in peak region W-+jets background

SM prediction

—1
100 fb
1t Resonance peak at =~ 649 G
_ ¢ resolution ~ 27 GeV

# events / 200 GeV / 100 fb™

| — |

o Hﬂn o

200 400 600 800 1000 1200 2500
mass [GeV]

t t invariant mass / GeV

Azuelos, Delsart, Idarraga Agashe et al




KK-quark signals
0 = (T2/3,B_1/3,X5/3)

00 —tV, th
499 QQ Q (tor b,’depending on the charge)

If they exist, easier to catch than KK-vectors
(like squarks, but without £7)

Single production also possible

PP — XX +BB — lili_l_jets—FET T(l TeV) 7t —= 1Tl vb

# of events/(50 GeV)

ar
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