The plan

1. The Standard Model: the “indirect” informations
2. "Higgsless”

3. The Higgs boson as a PGB
4. Beyond mSUGRA




EWSB: "weak” or “strong”?

(“weak")

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

perhaps (probably) embedded in susy

gauge couplings (perhaps) unify

C‘sfrong'ﬂ

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 gauge invariant Higgsless SM
The ElectroWeak Chiral Lagrangian

Hgy=3( ° S = expi——
Inthe SM:  Hay=3( ", — expi—

invariant under

Hgy = UrHgy, ULzéXpi(DL°T/2 HSM:>eXp(i(Dy/2)HSM

Changing notation:
O =(v+h)X

D®=dd—gWd+g®PB, W,=-i/2W,.t B,
1
D, Hsul|* = iTr(DﬂCI))+(Dﬂ(I))

O = U, ® = Pexp(—inyTs/2)

B,=—i/2B, T

1
H, Hgy = 5Tr(c1>+c1>)

=> Throw away h and even forget the doublet origin of 2
= EW Chiral Lagrangian

In the g’—0 limit
SU(2)1xSU(2)g > = U Uy




The EW chiral Lagrangian (continued)

An expansion in powers of derivatives and V, = (D,Z)Z"

Lewen =La+ Ly +LN1 + Zlooﬁ
1 SN Ao V2
§TT[WWWW + BB Ly = ZTF[(DﬂZ)+DﬂZ]

Ly =X/ QY Q7% + )\ QL Xm3Q% + h.c.
]2 y - . . 1
aUL Tr (TV,))’ — Lg agTr (V,V, ) Tr(TVE)Tr (TVY)

= Lr = aiTr (V,V*) [Tr (TVY))
igg y ST x
l_B#uTT (THN ) g2 ) 5 T = ZT3Z+
=> Lz = as— Tr (TWw)]
1 TB#L-’TT {T[Vﬂ LIF”] :I
° => Lo = ag=Tr (TW,,) Tr (T[V*, V")
asgTr (W, [V¥, V")) .
) — L ay [Tr (TV,)Tr (TV,])?
ay [T (VW]

=
=
=
=
=
=

= 2V-terms = 3V-terms

as [Tr (V,V* :']E = 4V-terms




Some remarks on the EWChL

= [ts symmetries:

gauged SU(2)pxU(1)y exact (surprising?)
As ¢, Ao — 0, global SU(2)xSU(2)g conserved by

Lo+ Ly +Lnp + 30, L;

= Without knowing the underlying dynamics, 11 unknown
parameters do, di,--., d10
as opposed to a single one in the SM: the Higgs mass my,

(v, g, g’ are in common)

= The SM as my, — @ is a particular Lgwch
At one loop, 4 d;‘s diverge logarithmically




What 1s it known of the a; ‘s experimentally?
(LEP; can LHC do better?)

V2 - terms: do, v as < T’@ v

see plot and below

(in one-to-one correspondence)

V3 - terms: ‘ ‘ dg

/
Setting dg9 — dy, a3z <> 47, ky
From ee- —W™W~ at LEP2
g —1=—0.016"35

ky—1=—0.027"70 05
LEPEWWG

4 terms: @, , de, A7, A10

Nothing known O = SU(2)L+r conserving

(O(1073) in the SM)




A nearby strong interaction

AW W)~ (ENV)? — (E/v)?=~E°
” ”
Gauge Higgs

Without a Higgs, perturbation theory saturated at £ ~ 4swtv

Obvious from the point of view of LEWCh
ALy =V /4](9,+ igAy)e™ ™ /M|

1
~ gzvaﬁ + (9,7)* + ﬁ:n:z(aﬂﬂ:)2 +...

M
= Ay ~ 4oy ~ dn—>
g

Unless something happens below /A4




EV?(EDF EV

M
= Ay~ Ay ~ da—
g

47TV

A better estimate gives Ay~ ——=~1.2TeV
Vg




Which problems without a Higgs boson?

1. Perturbation theory lost at s~ 12TeV

W I =0,2 Jeven
the central process I=1 Jodd

AWTW™ — 22 without the Higgs

)
AWIW™ - WHTW") boson exchange
A(ZZ — 22) 8 S
)

AW W™ - W™ W~ “4’\“%2

1 +1
G = oo d cos ) A(s,0)P,(cosf)
S — 1 _I_ 7/./4 A Im(a)

SST =1

Im(a) = |a|* +]a™|*




2. EWPT problematic

x“(x') -
x! (x%)

—_— e — —

| 68%,90%,99% CL

A2
A61,3 — (1,3 log W
VA

e 3 a(M Z)
e 1= 71672 cos? Oy

0.0030.0040.0050.0060.0070.008 1 a(Mz)

€3 X S Gl e

€3




An attempt to improve the situation

1. Keep SU(2)xU(1) gauge invariance but leave out the
Higgs boson, while insisting on SU(Z) (XSU(2)g—SU(2) ,n

as relevant symmetry (except for g ¢O and m .- m, #0)

02
SM
L=L] et Z < (D,U)"(D,U) > +EQL¢UQRi

U(x) = el (x)/v 7 (x) =1 Qri = (

Consistent with all data so far, except the EWPT
(although p=1) and reliable only up to A=4mv

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

scalars, fermions, vectors




Scalars: a “composite” Higgs boson

Contino et al

h = SU(2), .- singlet  Why light? (PGB, h=As,...)

1
L=0LM 1 (9,2 —V(h)+ Ly + . MFV

gauge 9 M /
v? h h? v =

T < (D, U)T(D,U) > (1+ 20— +b—) + EQML (1+¢)Qr:

If (m,h) = linear SU(2)xU(1) multiplet: a=b=c=l
EWPT OK and consistency well above 4mv (if m small enough)

Lsp =

Too good not to be true!?!
Yet, if h found (by the usual means), hard to overestimate
the importance of measuring a,b,c as well as possible
How?
h production and decays at the LHC, to some extent

WW->WW but only for
WW —=hh high luminosity




1. EWPT improved

L= ”{”ﬁ (D2 EE) (1 % 4@}; + - ) +V(h)
- et )(

a, b, c are free parameters
[ for a SM Higgs: a=b=c=1]




2. Perturbation theory valid up to higher energies

+

2
s —mj,

Ax x = xtx7) ~ ,Uig [S - + (s« t)]

unitarity for: a=|

A = =)

unitarity for: a’=b

’m,;,\/g

A" — ) ~ —5

unitarity for: a=c




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 |
V= =7V, VE o RVERT G e Satont

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?)



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 ( g,/ )
Single V or associated VW/Z production by DY (fy )

pair-V production by WW-fusion (g, .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




