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Fact #1 - LEP and SLD precision data strongly suggest the
existence of a light Higgs boson, mH ~ 100-300 GeV
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Fact #2 - The instability against radiative correction makes a light

(elementary) scalar in the low-energy spectrum highly
unnatural unless a symmetry protection is at work
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Q each protected by a symmetry

Strategy: relating the Higgs boson to fermions or gauge fields
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Two examples of symmetry protections

e i mass of fermions and gauge bosons are UV-stable:
Q each protected by a symmetry

Strategy: relating the Higgs boson to fermions or gauge fields
to acquire their symmetry protection

h
CHIRAL SYMMETRY > SUSY h C (h)
(fermion protection)
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GAUGE SYMMETRY > GAUGE-HIGGS Pttt

UNIFICATION
(gauge protection)
[requires extra dimensions]
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 The extra dimension must be hidden: for example, it can be compact

Consider a segment : Any field propagating into the 5th dimension
can be decomposed in Fourier armonics

il Zc (y)p'" (

Bulk

and must satisfy definite boundary conditions :

y=0 y=L O5®(x,y;) =0 Neumann (+)

¢(z,y;) =0 Dirichlet (—)



Each Fourier mode behaves like a 4D field
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Each Fourier mode behaves like a 4D field - ~

n k izati
with mass m, = — (n=0,1,2,...) quantization <_)f the momentum
in the extra dimension leads to

L
a 4D mass gap
\ y

= . ()

N only (++) fields have “zero-modes”
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¢ Quantizing with boundary condition solves two apparently big problems :

|. Fermions in 5D are NOT chiral

2. As, being a gauge field, transforms as an adjoint
representation — not an SU(2) doublet !
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The Higgs potential at 1-loop

e The 5D gauge symmetry forbids a potential for As

but 1t 1s globally broken by the boundary conditions
MW
Arbitrarily short wave-lengths in the 5D bulk will
not be affected by the presence of the boundaries SU(3)
3" The potential at at 1-loop is UV-convergent SU@)xU(1) SU@)xU(1)

¢ Being a finite-volume effect (like the Casimir energy) the potential can
only depend on A5 through the gauge-invariant Wilson line :

V =V(®), ®(x) = exp {Z/O dz’ As(z, y)}

That 1s:
{ V(0) = L14J<— periodic function 0 = (95\/5) AéO)
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From a 4D point of view the quadratic divergence in the
top loop 1s canceled by the tower of Kaluza-Klein modes

+ Z = finite

----------------------------------------------------------------------------
*

. The cancellation happens among
states with the same spin !

* *
---------------------------------------------------------------------------

Heavy Top partners come in complete
multiplets of the bulk gauge symmetry

For a symmetry larger than SU(3) there can (=5 of SO(5)) =
be fermions with exotic quantum numbers

For example: SO(5) — SO(4)

electric charge +5/3 \

27/6 e >
L
21/6 T (b)

NG Rl i
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Discovering the top
partners at the LHC

Pair production

Single production
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Discovering the top
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I=>> Example: Look for BB and T5 /3T5 /3 in [ R.C.and G.Servant JHEP 0806:026 (2008) ]

same-sign di-lepton final states
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I=>> Example: Look for BB and T5 /3T5 /3 in [ R.C.and G.Servant JHEP 0806:026 (2008) ]

same-sign di-lepton final states

l"‘ 1Y q q l+ 1% l_l— v
W—I—
W
W W+
b 2 b
2 b t Py 153 t
: 0000 i : 00000 ~ 1
\\“‘ B t B \“‘\ T5/ 3
%4 L
7 4

v tt+ jets is not a background [except for charge mis-ID]

v For the T5 /3 case one can reconstruct the resonant (tW) invariant mass



[ Signal and Background Simulation ]

Signal and SM background have been simulated using;:

»» MadGraph/MadEvent [MatrixElement] + Pythia [Showering - no hadronization or und.event]
*# Quark/Jet matching a la MLM
% Jets reconstructed with a cone algorithm (Getlet) with AR = 0.4, E7'""™ = 30 GeV

% Jet energy and momentum smeared by 100% /v E to simulate the detector resolution

o [fb] | o x BR(IEI¥) [fb]
Ts/31'5/3/BB + jets (M =500 GeV) 2.5 x 103 104
T5/3T5/3/B§—|—j€t8 (M =1 I} TGV) 244 1.6
T | (W TW T 4 jets (D tth + jets) 121 gl
SM bckg ttW= + jets 595 18.4
[mn, =180 GeV] | | WTW W 4 jets (D hAWT + jets) 603 18.7
WEW* + jets 340 15.5
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IF1E+n jets+ Er (n>5)
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[ Strategy and cu’rs]

IF1E+n jets+ Er (n>5)

* We demand at least 5 hard jets (pr > 30 GeV):

Cuts: jets :

(pr(1st) > 100 GeV

(pr(1st) > 50 GeV

Discovery Potential:

{ pr(2nd) > 80 GeV leptons : { pr(2nd) > 25 GeV K1 > 20 GeV
\njet Z 5, |77j| § 5 \|77l‘ < 2.4, ARU > 0.4
Hend pe HW | HWW | WWW | WEW=
(M =500 GeV) | (M =1 TeV)
Efficiencies (€main) 0.42 0.43 0.074 | 0.12 | 0.008 0.01
o [fb] X BR X €main 44.2 0.67 14 | 0.62 0.15 0.16
: pen HW | tWW | WWW | WW
Extra Cuts | pr(lst jet) > 200 GeV (M =1 TeV)
tor M=1TeV: | §™5.(1,)] > 300 GeV | | Efficiencies (cgisc) 0.65 0.091 | 0032 | 016 | 0.18
i o [fb] X BR X €main X €disc 0.43 iRt elo2t il | 002 0.08
Ldisc Ldisc
—1 —1
M = 500 Gev | 15/3 T8 | 20pb || M=1Tev Thrat i o )
B only 147 pb~ B only 48 tb™
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Mass Reconstruction

M=500 GeV

i

1. Reconstruct 2 W’'s
(M (57) — mw| < 20 GeV

AR;;(1st pair) < 1.5
[pr(1st pair)| > 100 GeV
AR;;(2nd pair) < 2.0
[pr(2nd pair)| > 30 GeV
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Mass Reconstruction

M=500 GeV

l"‘ 1Y 14
W+
W—I—
b
I5/3 t
T5/3 f
W g

1. Reconstruct 2 W’'s

IM(j§) — mw| < 20 GeV

AR;;(1st pair) < 1.5

[pr(1st pair)| > 100 GeV

AR;;(2nd pair) < 2.0

[pr(2nd pair)| > 30 GeV

2. Reconstruct 1 top (t=Wj)

IM(Wj) —my| < 25 GeV

el HW | tWW | WWW | WW

(M = 500 GeV)
Apitd 0.62 0.36 | 0.49 029 | 0.15
il 0.65 0.56 | 0.64 035 |1 0.35




357 - e
: M =500 GeV L=10fb"
Ol e T
i 1 T,,+B+bck

S o5 ‘ |

> §

Q) [

& 20 f

@ i

= i

S 15|

-t i

"5 i

w 10
5
o
100

# of events/(40 GeV)

7-"'!'"l"'l"'l"'l"'l
i All reconstruc:ted events combined |

6:— """"""""""""" -
- M_1TeV §L_100fb1

5'_ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
- T5/3+B+bck

43 = B+bck

] background

800 1000 1200 1400

1600




CONCLUSIONS



CONCLUSIONS

¢ Gauge-Higgs unification is another example of symmetry protection,
beyond SuperSymmeitry, to keep the Higgs light



e

CONCLUSIONS

Gauge-Higgs unification is another example of symmetry protection,
beyond SuperSymmeitry, to keep the Higgs light

Prediction: Heavy tops and bottoms and possibly other exotic fermions



e

e

CONCLUSIONS

Gauge-Higgs unification is another example of symmetry protection,
beyond SuperSymmeitry, to keep the Higgs light

Prediction: Heavy tops and bottoms and possibly other exotic fermions

Same-sign di-lepton channels promising for discovering B and Ts/3
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