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What w 1ll we see at the
LHC ?

Natu ral theo ry of EWSB?

upersymmetr y?

Higgs as PGSB
(LH RS-like)? Twin Higgs?

Dimensions?

Higgsless?

Technicolor ?




Gereral Features

Partnersonly for thet op,

@artnersG or all particles gauge bosons and Higgs

MSSM._30 new Littl e Higgs

particles around the
cor ner. More minimal

super symmetr y
Long decay c hains

Involve the 3r d
Why havenbwe generat ion

seen any?

Full solution at 100 GeV Ful solution at 10 TeV




Gereral Features

¥ Stable particles?
MSSM: Rpartiy

Littl e Higgs : T-parity t o avoid electr oweak
precision condr aints.

R parity is mo re general: i f c onser vat ion of
Lepton and Baryon number.

(| 1)BB+ L+ 2S

Missing E; signatures seem generic




Littl e Higgs

Models where the Hig gs is a pseudo-Goldstone
boson.

Large spontaneously br oken global symmetr ies.
Explicit Owllective br eakingO: mpe than o ne
couplings are required t o give a mass to the
Higgs.

Extended gauge, Yukawa and Higgs sectors.

same spin Opatn erCcancel quadrat ic divergences.




- Minimal Littl e Higgs Spectr um

W' ! T
cancel quadratic cancel quadratic cancel quadratic
divergence of W divergence of Higgs divergence of tops

I 1TeV

- Goldgone bosons become str ongly coupled at h igh
energy. Needs a UV completion at | 10TeV

might ha ve extr a OightOstates




¥ Model: Str ongly coupled UV completion of the
littlest Higgs.  Kkaz,LeeNelson, Walker O03

- Structure

str ongly coupled gauge theory
Flavor symmetr y

| | su(s)/so(s) Global symmetr y
Littlest HIgOs  sy@2)21 U@ Gauge symmetr y

Standard Model




Spectr um above 10 TeV
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SU(5) brokento SO(5)

- Baryons ' 11! 11!

l 5 3

OguginoC

top




¥ composite OguginoO:

5! 5" = C* C' N Olggsino@bin@wnoO
131 5" - 6 OglinoO

¥ R-partiy: (1 1)38*L*25

|l lighestof § (¢ i§s table
dark matter?

Masses are of the sam e order than thet op
partner be cause of [3a vor symmetr y:

I 1TeV




Discovery of Little Higgs at LHC

mary colored particles:.
large cross sect ion

Top partners

couplings predicted by rereisiein, pierce, peskin
Littl e Higgs: ov
Possible t o measure but hard

gluinos

large cr oss section, missing energy signal




We have: missing energy, extr a gauge
bosons and extr a f ermiond

can we t ell what Is g oing on?

stu dy the gl uino




Camposite gluino

¥ Decay of the ¢ omposite gluino: 4-Fermi operators

- Many operators. We concentr ate on the f ollowing:

abser in
super symmetr y




Supersymmetr ic gluino

¥ Decay of a gl uino in Supersymmetr y

y q € e
€ Mﬁr%ﬁé-@ N4

If mo st sl epton and squark except the s top and
sbottom are very heavy:

t g W
S M--@ﬁi%w N




¥ Ifthe s top and sbottom are off-shel I:

off shell sbottom off shel |l stop




There are no operators of the f orm

- would r equire the e xchange of a ¢ harged color
oct et.

¥ In supersymmetr y we e xpect

C, E G

¥ In composite model be cause of the Ba vor symmetr y:

Ch' G




In both su sy and non-susy:.

Gluino can be seen above background

]/ fb De Sanctis, Laris,

Montesano, Troncon O07

Gluino masscould be estimate
fr OMm Cross SeCt iQn Baer, Barger, Shaughness

Summy Wang O07
at -10% w ith 100/ fb




Susy VS non-susy

¥ What ob servables can distinguish a supersymmetr ic
gluino fr om the composite gluino?

- with a ppropriate spectr um, the Pnal states and
kKinema ic of the de cay are the same in both c ases

-  We look at mtzb = (P + F)b)2

The distr iubtion of Mgis di fferent .

2, : : : N
- Myijsthe o nly invariant distr ibution that c an be
measured.




m, distr ibut ion

Mg = 1TeV  mc = 300GeV my = 200GeV

SuUsy VS non-susy




Dalitz pl ot

# of e vents as a fu ncion of mﬁc mtzb
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¥ What a bout the p resene of C; UGgthen on-susy
case?

If CG& Wea Isoget

_ 2 2 w4
M =M (mg) ! T mgp+ " my,

100000 200000 300000 400000 50000
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Hisaro,Kawagoe,

Measurement Of mtzb Kitano,Nojir i 002

¥ Problems

Hisamo, Kawagoe,
Nojir i 003
De Sanctis, Laris,
Mont esano, Troncon O07

- Cus deform shapes

- Canbinaoric
¥ Cus:

More than 4 j

e tswith Py > 40Gev

at | east o ne

at | east 2 b-t

nard jet Pt > 150GeV

ag jets.

missing E; > 300GeV




¥ We consider the f ollowing spectr um:

Mg = 1TeV
mc = 300GeV
my = 200GeV

¥ The signal is isol ated by asking

- 2non-bjetr econdr uctinga W

W + b je tr econdr uctingat op

another b je tt o make It takingthe bje tthat
give the | owest 111




Without c ombinaoric background
pp! eg! ttBOW' W' NN

L (pp! egg) = 300fb
we generated 100 000 evernts.
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¥ With c ombinaoric
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Campaison t o supersymmetr y w ith
on-shell decay.
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¥ Thereis also an endpointin Ilpa Iso:

2 2 11
Mpw endpoint ! (mt:' C)(m

mg = 1TeV mc = 300GeV my

my )/ mg

= 200GeV

m: = 500GeV my; = 600GeV

super symmet

ok

compositie
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The stop and sbottom can be produce directl y.f

Cant be isol ated?




Coclusions

We presented a model with ¢ omposite gluinos at the
TeV scale. This might be g eneric in th is class of
models.

Cauld be hard t o distinguish fr om supersymmetr vy if
3rd generation is lighter than the r est.

There is inf orma ion in the sha pe of in variant ma ss
distr ibution, not o nly in en dpoints.

If the s top and sbottom can be produced on-shell,
the situation seems bdter.




