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e A simple model with " and G’ (known as top-color model)

—o(pp — t't') ~ 20 fb

500

-
[==]
[
r—r—rrr

i top
[ W+jets
= QcD

{ observed

tl

100

e Comments on kinematics in ¢t events

200

Mreco (GeV)

CDF Run 2 (2.8 fb)
Preliminary

m(t')=450 GeV

500



t'?

e ' : top-partners (stop, KK top, heavy top ...), vector-like top, 4th
generation ...

e In many models, ¢’ mixes with SM top

— Introduce x quark with (3, 1, 2/3)
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t’ couplings
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~v: the same as SM top



Constraints ?
o t-W-b coupling : sy, < 0.57 from ¢y, ~ V3, > 0.82
e CDF32fb~ 1+ D023 fb~! — |Vy| > 0.77 — s;, < 0.64

e correction to T parameter (Chivukula, Dobrescu, Georgi, Hill 1999)

2 o2 2 2,2
B 3 mgst [ oMy 4cgmy, I 2\ _A(
167 sin“Oy, My, my o My — My My

— My = 115 GeV: T < 0.36 at 95% CL (assuming optimal
contribution to S)

— M;, = 115 GeV and my = 450 GeV: s, < 0.32

— M;, = 500 GeV and my = 450 GeV: sz, < 0.38

— Unknown new physics could give negative contribution to T,
allowing larger values for sy,



t’ decays

o t'to Z/W:
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o For my > My + my:
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e In the limit of my > m; + M,
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e For my < my+ My, B(t' — WTb) >2/(2+c2) > 2/3



G'?

SU@3)1 | SU@B)2 | SUR2)w U1y
SM quarks: g%, u’, dfy 3 1 2, 1, 1 | +1/6, +2/3, —1/3
vectorlike quark: xr, Xr 1 3 1 +2/3
scalar with VEV: X 3 3 1 0




G’ couplings

e The gluon-prime interaction with light quarks is also vectorlike, but
of different strength:

e For r <1 (r> 1), theory becomes non-perturbative

e Imposing some loose perturbative condition, hsy (h1) < 47 /+/ N, with
N. = 3, with a; = ¢g2/(4m) =~ 0.1, tree-level computation can be

trusted for:
0.15 < r < 6.7



The gluon-prime interactions with the ¢ and ¢’ (chiral)

9sG¢ [t (92 Pr + grPr) Tt + t'4* (g7 PL + grPr) T*t']

flavor-changing termes,

9sG ' IV (g Pr + gpPr) Tt" + H.c.

The left- and right-handed projection operators are given as usual by
Pr.r = (1 F75)/2, the couplings of the left-handed quarks are

s7 7 1
2 L 2 L r_
gL—T‘CL—7 ; gL—T'SL—7 ; gL—<"“+;) SLCrL

gr, 9% and g, are analogous to the left-handed ones except for the
replacements s;, — s and ¢y, — cg.

5 parameters: my, Mg, sy, v, My,



(G’ decays and production cross sections

Decay widths of G, into light quarks.
/ — D 2
r (Gu — qu) = Easr Me .
Decay width into ¢t for Mg > my
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Including the exact phase-space suppression, the decay width into t't’ is
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1 1
Foi,2) = 1= (o4 ) = (21— )’

/
B(xi,x2) = [(1 — T — 332)2 — 4561332] v

For Mg > 2my, the total width is independent of the quark mixing angles:

20 fb is required to give 5 excess events for an 8.8% acceptance

For large higgs mass, B(t — Wb) ~ 70% — o(t't') ~ 40 fb



e Want o(t't') ~ 40 fb

e For Mg =1 TeV and my = 450 GeV,
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e In the region, 0.3 < s, < 0.5 and_O.S < r < 0.4, tt' +t't cross section
(in dashed lines) is larger than t't’ (in solid lines)



my reach at Tevatron is about 600 GeV

At Mg = 2my threshold, the G;L width becomes very small because
the t't’ decay is no longer kinematically available.

For small sz, T'a ~ a.,r’Mg.

Taking Mg = 1.2 TeV, my = 600 GeV, s, = 107% and r = 0.2 we
find o(pp — G|, — t't') ~ 35 fb

For M, > my —my, B’ — Wb ~ 72% — o't —
(WTb)(W~Db)) ~ 18 fb

QCD pair production ~ 0.1 fb my = 600 GeV

Assuming a ~ 9% acceptance for a semileptonic (Wj)(Wj) event
at my = 600 GeV, approximately 10 events in 10 fb~! of data are
expected.



e For a lighter Higgs boson, the smaller t — Wb branching fractions
leads to a decrease in the (Wb)(Wb) signal.

e pp — G — t'tY — (Wb)(Wb) for Mg = 2my, My = 120 GeV,
r =0.2, and s;, = 0.01, 0.1 or 0.3
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Other signatures
o pp— G, = tt — tZY(W=b) / (th%)(W~b)

o pp— G, —t't— (tZ°)t / (th%)t /| (W'b)t

o t't+tt' — tth
— B(h® — Z°Z° — 0707 j4) ~ 2.8% for M}, ~ 200 GeV
— B(t' — hP%) =~ 20% for my = 450 GeV

— o(pp — G, — t't) can be as large as 200 fb for Mg =1 TeV.
— o(t't — hdu—> Z979 — (T47)(57)) = 1 fb




e o(pp — t'j) = 4 fb (s1,/0.4)? without cuts, for my = 450 GeV (could
be important at the LHC)

e 1t resonance

e Possible to have axial coupling in G'-¢-¢, which may lead to Arp

SU@B)1 | SU3)2 | SU2)w U(l)y
SM quarks: q%, u’, dY 3 1 2, 1, 1 | +1/6, +2/3, —1/3
vectorlike quark: xr, Xr 1 3 1 +2/3
scalar with VEV: X 3 3 1 0

e Questions

— Does it really work? dijet limit seems strong
— Suppose t't production is dominant. Can it lead Appg?




e b-lepton invariant mass distribution - mass, spins
and couplings

e [evatron as an ILC ?

e W mass measurement with ¢t sample in dilepton
channel?

e alternative to Hp 7

e it in the dilepton is the closest channel to BSM
physics |



What do you see/think when you look at lepton-bjet
invariant mass distribution ?
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e End point? : (m2%*)° & 24000 GeV?

e Shape?: upside down parabola, y = az? + bx + ¢ with a < 0



Lepton-bjet invariant mass distribution
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SM predicts de = 0.91 + 2. 34m2 3.28m* (0 <m <1)
Non-zero m* conflrms FVF spin chain (top-W-neutrino)
The values of coefficients give cos2¢:yp cos 20wy, = 1, i.e., tWb

and W /v have the same chiral structure (either left-handed or right-
handed) (Anomalous top quark couplings at DO, Note 5838-CONF)



A few comments on kinematics
e t and ¢ are fully reconstructed in semi-leptonic channel
e We know center-of-mass frame for each event

e Can we use some of LC-tricks at hadron colliders ?

— angular distribution at CM frame
— threshold (¢t invariant mass distribution)



Spin determination - production angle and threshold

o.a_ — ] ]
L 4 1.0
[ (a) ]
0.6 _— —_ 0.8
o) - i o) L 4
n n | i
o) L 4 o)
(@) (@) r T
¢ r . B oer- _
S 04 — S C ]
o i T o r 1
b r 8 b r 8
X L 4 N 04 —
i | i i - -1
0.2— — L _ ]
L o St t ]
- 1 o2~ geg~tt €8 e
i ] C _ qq-~>tt ]
i i L qg-~>tt i
o.o o.o 1 1 1 1 1 1 | 1 1 1 1 1 1
~1.0 -0.5 0.0 0.5 1.0 ~1.0 -0.5 0.0 0.5 1.0
cosf cosf
0.008- T T T T | T T T T | T T T T | LI LU | LILBLEL | IIII- 0.008- T T T T T T T T | T T T T | LI LU | LILBLEL | IIII-
i qgq-~tt () | i ]
= 0.006— — = 0.006— —
) L 4 o L 4
(&) (&)
~ r 1 ~ r 1
v L _ - L .
N N
I: B 1 I: B 1
g 0.004— — g 0.004— —
o r 1 o r 1
~ L - ~ L -
b b
o I i o I i
5 r 1 5 r 1
> 0.002 — — > 0.002 — —
0.000 L 0.000 =
300 1000 300 1000




Spin determination - production angle and threshold
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A variable with leptons only

e 1D decomposed MT2 or MCT

— Pr : upstream momentum

L L v 35\ 7
Pty = 53 (piT : PT) Pr
T
, L . 1 5 L =
pir, = Pir — DiTy = ﬁPT X (pq;T X PT)
T
Mps, = \/2 (1917, 1P, | + Prr, - Por,)
MUBSO(NL) = p+ /w2 + 012

2
y o= My (1 _ Mc>
2
2 M;
— mass measurement of chargino and sneutrino in the inclusive same

sign dilepton channel (CMS-LM6)
— W mass measurement with ¢t samples in dilepton channel
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Alternative to HT ?

HTEET+ET
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A few more comments on kinematics

tt in dilepton channel is an excellent example for preparing for BSM
signatures at the LHC (in fact, it is one of difficult examples)

can we reconstruct all masses (¢, W, v) without any assumptions ?
can we measure spins of ¢, W and v ?
can we measure couplings 7

try to develop new methods ! (MT2, kinematic constraints ...)
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