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Supersymmetr y?

 Higgs as PGSB
(LH, RS-l ike)?

 Higgsless?

 Technicolor ?

Extr a-
Dimensions?

Twin Higgs?

What w il l we see a t the 
LHC ?

Natu ral theo ry of EWSB?



General Featu res

MSSM:  30 n ew 
part icles around the  
corner.

Long decay chains.

Why havenÕt we 
seen any?

¥ Few part icles:

Lit tl e Higgs 

More minimal 
supersymmetr y

Involve the 3r d 
generat ion

~

Full solut ion at 100 GeV Full solut ion at 10 TeV

ÔPartn ersÕ f or a ll par t icles
Partn ers only f or the t op,
gauge bosons and Higgs



¥ Stable par t icles?

- MSSM: R-part iy

- Lit tl e Higgs : T-par ity t o avoid electr oweak 
precision constr aints. 

- R par ity is mo re general: i f c onser vat ion of 
Lept on and Baryon number.

- Missing E  signatu res seem gener ic

(! 1)3B + L + 2S

T

General Featu res



- Models where the Hig gs is a pseudo-Goldst one 
boson.

- Large spontaneously br oken global symmetr ies. 
Explicit Ôcollect ive br eakingÕ: more than o ne 
couplings are r equired t o give a mass to the 
Higgs.

- Extended gauge, Yukawa and Higgs sect ors.

- same spin Ôpartn erÕ cancel quadrat ic divergences.

Lit tl e Higgs



- Minimal Li t tl e Higgs Spectr um 

- Goldst one bosons become str ongly coupled at h igh 
energy. Needs a UV complet ion at ! 10TeV

W !

cancel quadrat ic
divergence of W

!
cancel quadrat ic

divergence of Higgs

T
cancel quadrat ic

divergence of t ops

! 1TeV

might ha ve extr a ÔlightÕ states



¥ Model: Str ongly coupled UV complet ion of the 
lit tl est Hig gs.

- Str uctu re

Lit tl est Hig gs
SU(5)/ SO(5)

str ongly coupled gauge theo ry
Flavor symmetr y

10TeV
Global symmetr y
Gauge symmetr y

1TeV
Standard Model

Katz ,Lee,Nelson, Walker Ô03

SU(2)2 ! U(1)
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- Mesons

- Baryons
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¥ composit e ÔgauginoÕ:

¥ R - pa r t iy: 

! lighest of    ,    ,     is s table

 dark mat ter ?

Masses are of the sam e order than the t op 
par tn er be cause of ßa vor symmetr y:  

(! 1)3B + L + 2S

÷g ÷C ÷N

! 1TeV

C+ , C! , N

! 3! c
3" ÷g

ÔhiggsinoÕ,ÕbinoÕ,ÕwinoÕ

ÔgluinoÕ

! 5! 5"



Discovery of Li t tl e Higgs at LHC

Top partn ers

gluinos

ZÕ ,WÕ 

many colored par t icles:
large cr oss sect ion

Perelstein, Pierce, Peskin 
Ô03

couplings predicted by
Lit tl e Higgs:

Possible t o measure but ha rd

 large cr oss sect ion, missing energy signal



We have: missing energy, extr a gauge 
bosons and extr a f er mions! 

can we t ell w hat is g oing on?

stu dy the gl uino



¥ Decay of the c omposit e gluino: 4-Fer mi operat ors

- Many operat ors. We concentr ate on the f ollowing:

÷gtcbC+

f 2
÷gbtcC+

f 2

absent in 
supersymmetr y

Composit e gluino

÷gC+ tcb
f 2

÷gC! øtcøb
f 2

÷g b

tc C+

÷g tc

b C+

÷g

tc b

C+ ÷g C+

øtc øb



¥ Decay of a gl uino in Supersymmetr y

If mo st sl ept on and squark except the s t op and 
sbot t om are very heavy: 

÷g

q

÷q

e+

ẽ

e!

N1
N2

øq

÷g
t øb

÷t C!
N

W−

Supersymmetr ic gluino



¥ If the s t op and sbot t om are of f-shel l:

÷g
t

øb
C!

W !

N

÷gtcbC+

f 2

÷gbtcC+

f 2
ctcb

off shel l st opoff shel l sbot t om



- would r equire the e xchange of a c harged color 
octet.

¥ In su persymmetr y we e xpect 

¥ In c omposit e model because of the ßa vor symmetr y:

cb != ct

cb ! ct

÷gC+ tcb
f 2

cO1
÷gC+ øtcøb

f 2
cO2

There are no operat ors of the f or m



In bo th su sy and non-susy:

Gluino can be seen  a bove background

1/ fb ~

Gluino mass could be e st imate 
fr om cross sect ion Baer, Barger, Shaughnessy, 

Summy Wang Ô07

 De Sanct is, Lar is, 
Montesano,Troncon  Ô07

at  10% w ith 100/ fb~



¥ What ob ser vables can dist inguish a supersymmetr ic 
gluino fr om the composit e gluino?

- with a ppropr iate spectr um, the Þna l states and 
kinemat ic of the de cay are the sam e in both c ases

- We look at 

The distr iubt ion of        is di f f erent .

-       is the o nly invar iant dis tr ibut ion tha t c an be 
measured.

m2
t b = (Pt + Pb)2

m2
t b

m2
t b

Susy vs non-susy



distr ibut ionm2
t b

m2
t b

Susy vs non-susy

m÷g = 1TeV mC = 300GeV mN = 200GeV

÷gC+ tcb
f 2

÷gbtcC+

f 2

100000 200000 300000 400000 500000



d!
dm2

t bdm2
t C
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1

32(2! )3m3
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|M |2

ct = 0 cb = 0

M = M (m2
t b) ! ! m2
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¥ What a bout the p resence of     ,    in the n on-susy 
case?

If     =     we a lso get 

c÷t

c÷bc÷t

M = M (m2
t b) ! ! m2

t b + " m4
t b

c÷b

100000 200000 300000 400000 500000

m2
t b



¥ Problems:

- Cuts de for m shapes 

- Combinat or ic

¥ Cuts:

- More than 4 je ts w ith 

- at l east o ne hard je t 

- at l east 2 b-t ag je ts.

- missing E

Measurement of     .m2
t b

PT > 40GeV

PT > 150GeV

T > 300GeV

Hisano,Kawagoe,
Kitano,Nojir i Ô02

Hisano,Kawagoe,
Nojir i Ô03

 De Sanct is, Lar is, 
Montesano,Troncon  Ô07



¥ We consider the f ollowing spectr um:

¥ The signal is isol ated by asking

- 2 non-b je t r econstr uct ing a W

- W + b je t r econstr uct ing a t op

- anothe r b je t t o make       ( taking the b je t tha t 
give the l owest       .)

m÷g = 1TeV

mC = 300GeV
mN = 200GeV

mt b
mt b
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¥ With c ombinat or ic
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÷g

t øb W !

÷t C!
N

÷g

W !

C!
N

øb t

÷b

Compar ison t o supersymmetr y w ith 
on-shell decay.



¥ There is a lso an endpoint in          a lso:mbW

m÷g = 1TeV mC = 300GeV mN = 200GeV

m÷b = 600GeVm÷t = 500GeV
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The st op and sbot t om can be produce dir ectl y.f

d

ød

÷t

ø÷t

b

øb

W +

C+

N

C!

W !

N

Can it be isol ated?



Conclusions
¥ We presented a model w ith c omposit e gluinos at the 

TeV scale. This might be g ener ic in th is class of 
models.

¥ Could be ha rd t o dist inguish fr om supersymmetr y i f 
3rd generat ion is l ighter than the r est.

¥ There is inf or mat ion in the sha pe of in var iant ma ss 
distr ibut ion, not o nly in en dpoints.

¥ If the s t op and sbot t om can be produced on-shell, 
the si tuat ion seems bet t er.


