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Overview of the model

Overview of the model

Addition of one SU2), singletT with chargeQ = 2/3
[1 extradimensions, little Higgs models, GUTs

Mass matrix ofQ = 2/3 quarks with seesaw structure

MY = lY“, BY bare mass term or from Higgs singlet
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Overview of the model

Mixing with singlet  [] [

modifies interactions withV, Z andH
does not affect interactions with g
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Overview of the model

In particular:

e New quarkT has a CC coupliny/, to theb quark
(V1d, V1s much smaller)

e T has a FCN coupling to the top and Z boson
[Xer|? == [Vrol*(1 — [Vo[?)

@ Vy, smaller than unity:
[Vib|? = 1 — [Vub|® — [Veb|® — [Vl =~ 1 — [Vp[?

e Zt t, coupling also smaller:
cL=1-3f — oL=DX¢— 3% WithXq = [Vip|?
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Overview of the model

Signals at LHC

e Production of the new quark

QCD pair productiorpp — TT [Aguila et al., NPB ’90]

EW single productiompp — Tj [Han et al., PRD '03

e FCN processes involving the top quark [JAAS, APPB '04]

Rare top decays— Zqg,t — Hq (g = u,c)

Single top productiogq — Zt, gq — Ht

J. A. Aguilar-Saavedra Pair production of heav®) = 2/3 singlets at LHC



Overview of the model

Signals at LHC

e Production of the new quark
largero for moderatamy

QCD pair productiopp — TT o independent o¥/r,

EW single productiompp — Tj [Han et al., PRD '03

e FCN processes involving the top quark [JAAS, APPB '04]

Rare top decays— Zqg,t — Hq (g = u,c)

Single top productiogq — Zt, gq — Ht

J. A. Aguilar-Saavedra Pair production of heav® = 2/3 singlets at LHC



Overview of the model

Signals at LHC

e Production of the new quark

QCD pair productiorpp — TT [Aguila et al., NPB ’90]

o o< |Vrp|?

EW single productiopp — Tj [] larger o for my > 1 TeV

e FCN processes involving the top quark [JAAS, APPB '04]

Rare top decays— Zqg,t — Hq (g = u,c)

Single top productiogq — Zt, gq — Ht
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Overview of the model

Decays ofT (My = 115 GeV)

mr 500 GeV 1 TeV
Br(T — W'h) 0.50 050
Br(T — Zt) 0.16 023
Br(T — Ht) 0.34 027

<

DecayT — WTh: the same final states as for a top quark
(4" generatiorT may have decays — W*B with B — Wt)

Additional decayd — Zt, T — Ht establish thaT is a singlet

T — Ht discovery channel for a light Higgs boson
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TT production at LHC

TT production at LHC

We studyTT production in the channélT — WTbW~b
with oneW decaying leptonically and the other one hadronically

[JAAS, PLB '05]

We considemy = 500 GeV, mr = 1 TeV

Event generation done with our own MC generatdis, (tt, tbj) and
ALPGENWHhbjj, Zbbjj)

Analysis done wittPYTHIA + ATLFAST

b tagging efficiency of 60% (50%) for low (high) luminosity phase
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TT production at LHC

We require a final state with:

@ one isolated charged lepton
e two b-tagged jets with || < 2.5,p > 20 GeV
e at least two additional jets

[1 Additional signal contributions frorit — Zt, T — Ht decays:
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TT production at LHC

We require a final state with:

@ one isolated charged lepton
e two b-tagged jets with || < 2.5,p > 20 GeV
e at least two additional jets

[1 Additional signal contributions frorit — Zt, T — Ht decays:

TT — Wb Ht, HHW b — W bW bH (H— bb, cc)
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TT production at LHC

We require a final state with:

@ one isolated charged lepton
e two b-tagged jets with || < 2.5,p > 20 GeV
e at least two additional jets

[1 Additional signal contributions frorit — Zt, T — Ht decays:

TT — Wb Ht, HHW b — W bW bH (H— bb, cc)
TT - W'bZt, ZtW b — WTbW bZ (Z — jj,bb,vv)
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TT production at LHC

Signal and background cross sections

Process o x eff Process o x eff
TT (500) 37.3fb tt 18.8 pb
+ 46.5fb H) Whbjj 1.23 pb
+ 19.8fb @) Zbbjj 246 fb
TT (1000) 0.618 fb tbj 710 fb
+ 0.638fb H)
+ 0.481fbh )
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TT production at LHC

We require high transverse momentum for the charged lepton and jets

mr = 500 GeV mr =1TeV

PP > 50 GeV pieP > 200 GeV
p™& > 250 GeV P > 400 GeV
pPM > 150 GeV pPMX > 300 GeV
Hr > 1000 GeV Hr > 1800 GeV

50 GeV< i< 600 GeV 50 GeV < p< 400 GeV

Reconstruction done looking for two particles of equal mass

m(fybl) = m(jljz bz)
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TT production at LHC

Signals and backgrounds after cuts mr(= 500 GeV)

Process Neut  Npeak

TT 201.7 125.8
+ 1394 454 K)
+ 585 209 P

ft 1609 240

WhDjj 287 65

Zbhjj 39 10
thj 70 11

J. A. Aguilar-Saavedra
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TT production at LHC

mr = 500 GeV, 10 fo! — 10.9¢ evidence (300- 660 GeV)

200r T ] 200 T
150:, 150
3 ! 3
0] L [}
§100; §100*
gl :
so- so-
o(; %
‘SM* = tt, Whbjj, Zbbjj, tbj
‘T" = TT —W'bW b— ¢*uvbbjj +H,Z contributions
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TT production at LHC

Signals and backgrounds after cuts  my(= 1 TeV)

Process Neut  Npeak

TT 58.2 335
+ 396 7.8 H)
+ 210 51 P

tt 208 10
Whjj 132 15
Zbbjj 19 1

tbj 3 0

J. A. Aguilar-Saavedra Pair production of heav®) = 2/3 singlets at LHC



TT production at LHC

mr =1TeV,300fb! — 9.15 evidence (800- 1200 GeV)

60 T T ] 60 T T
EY b r
S0 — SM +T(1000)| S0
30l : s
o o
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tt, Whbjj, Zbbjj, tbj
TT — WrbW~b — ¢*uvbbjj + H, Z contributions
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TT production at LHC

More detalils ...

o

(Cut required to reduce backgrounds)

cut substantially reduces tAg (H) andTT (Z) signals
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Distributions for 2000 events, without cuts
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TT production at LHC

More detalils ...

Formy = 500 GeV,TT (H) andTT (2) signals have a sizeable
contribution around thety peak
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Distributions for 2000 events, without cuts
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TT production at LHC

More detalils ...

Formy = 1 TeV,TT (H) andTT (2) signals are widely distributed
across then®” andmhadrange
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Distributions for 2000 events, without cuts

J. A. Aguilar-Saavedra Pair production of heav®) = 2/3 singlets at LHC



Summary and conclusions

LHC reach forQ = 2/3 singlets

Formy = 500 GeV, 55 evidence achieved with 2.1
Eventually,mr ~ 1.1 TeV can be reached with 300fh

03— 71— 77—
L \T=028 ) =
— 50 discovery (TT)
— 50 discovery (Tj)
| -~ 95% bound (T / U=0)
02l 1T 95% bound (T) Tj scaled
—- from ATLAS result
>
[Azuelos et al., EPJC '05]
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Summary and conclusions

LHC reach forQ = 2/3 singlets

If Q = 2/3 singlets not observed at LHC [] limits onmy, |Vrp)|

03 —— | |
H \T=0.28 |
N — 95% bound (TT) ]
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Summary and conclusions

Conclusions

New T singlets with a mass up to 1 TeV can be observed at LHC
(with a mass around 500 GeV they will be quickly discovered)

In addition to direct observatio = 2/3 singlets may give indirect
effects in low energy physics:

o CP asymmetries iB decays
® dmg,, 0mMp
e Rare kaon decays

as well as in top physics:

e top FCN decay$ — gZ
e ete” — tt (ILC)
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mr andVyp, dependence oF T, Tj production
Allowed range for CKM elements

Additional slides

Anomaly cancellation

tr[t?tPY] = —5abZYq — A= (—2>+2—0

tr[r2r°Y] = éaabZYf — A=0
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mr andVrp, dependence GF T, Tj production

Additional slides Allowed range for CKM elements

Indirect constraints oNtp

V1p constrained by the T parameter

T= 167,C3, {IVro% [0+ (Y7, Yb) — 0+ (¥t Yo)] — [Xer |20 (yr, Y1) }

[Lavoura, Silva, PRD '93]
[JAAS, PRD '03]

plus other model-dependent new physics contributions (ignored)

T=-017+0.12 (U arbitrary

Experimentally
T=012+010 (U=0)

[] 95% bounds ofVry|
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mr andVrp, dependence GF T, Tj production
Allowed range for CKM elements

Additional slides

Indirect constraints oNtp

Allowed range foVy, Vi,
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mr andVrp, dependence GF T, Tj production

Additional slides Allowed range for CKM elements

my dependence of T, Tj production

Vrp ~ my/mr expected from mass matrix diagonalisation
... butVr, = m;/my too large fomy < 900 GeV

10° T 0. " T T
10k — T 1 L — V, (T=012)
\ Tj (V;, =0.1) 8 =
oE N J Vry ) ] [ Vi, = My /my
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mr andVyp, dependence oF T, Tj production
Allowed range for CKM elements

Additional slides

Allowed range foV, Vis

Experimental data frorK, B physics —  constraints oiVq, Vis

0.05 T T T T 0.07

Ml
Vel

Stronger constraints for larget
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mr andVyp, dependence oF T, Tj production

Additional slides Allowed range for CKM elements

Allowed range forX
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