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Fermilab’s Tevatron

< Currently the highest energy particle accelerator in the World
< Proton-antiprotons beam =

< 2 multi-purpose detectors
< DY and CDF

< Run|(1992-1996)
S Vs=1.8TeV
< Discover top quark in 1995!
< Integrated luminosity 120 pb

<2 Run |l (2001-present)
S Vs=1.96 TeV ;
< Integrated luminosity by April, / Main Injector

05: ‘e & Recycler
2 Analyzed up to ~350 pb-’ e SR T R N
- "ES‘.'J
2 In tape ~600pb-" L'

=

.77 World’s only top factory! 25 %

This talk about CDF
Collider Detector at Fermilab
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Top Quark Production at the Tevatron

2 produced in pairs via the strong interactions.

[
gQ%\ g FEE S [ g AR R R R [
a\""ts“;_c ¥ + + b<
& — —
g’éh ? g IR R AR [ g IR RERR: [
S— -
——
~85% ~15%
one top pair event every 1010
inelastic collisions

\ o(pp>tt@M,, =175GeV) =~ 6.7 pb

/

single produced, in association with
other particles

/:>

o(pp >t+X@M,, 6 =175GeV)~ 3 pb

P

Topcolor-assisted
Technicolor
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ttbar final states

2 In the SM the BR(t>Wb) >0.99 @95%CL

< Final state is given by W* and W- decays wW-->

2 All Hadronic channel jets T U e
< Large BR
2 Small S/B

o Lepton (e,u) + Jets channel
< Second large BR
> Good S/B N
2 overconstrained kinematics ";

jets

> Dilepton channel
2 BRis Y4 of L+Jets
2 cleanest channel

T

u

2 underconstrained kinematics dilepton
(b) S/B~3

o Lepton + Hadronic Tau channel
< Very small BR
> SIB~1
S Production cross section measured | Can we measure BR(t2>Whb) ?
in all these channels
o (See Petra Merkel’s talk, tomorrow)
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Measurement of BR(t=>Wb)/BR(t->WQq)

< Indirect measurement using the CKM matrix :

< Elements |V, | and |V | are measured from the decay of B mesons to be
very small.

< Assuming unitarity and only three generations |V,,| is expected to be
0.998@90 %CL

< With top quarks at hand we can measure it directly :
< we measure R, defined as

BR(t = Wb) _ [
BR(t—>Wq) |y, |+ +,|

R = where q={d,s, b}

< Use the ability to identify jets with a distinguished secondary vertex
associated with the b parton .

< The number of b-tagged jets depends strongly on R and €,

< We classify the ttbar sample based on the number of b-tagged jets
<~ The relative rates of events with 0/1/2 b-tags is very sensitive to R
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Measurement of BR(t=>WDb)/BR(t=2>WQq) ‘

2 Use the Lepton+Jets and Dilepton samples.
2 Total integrated luminosity of 162 pb-*

> Lepton+Jets sample requires: < Dilepton sample requires :

< Isolated lepton (e,u) with E;>20 GeV < Atleast two leptons (ee, py, ep) E;>20 GeV
< ME;>20 GeV < ME;>20 GeV
< atleast 4 jets with E;>15 GeV O atleast two jets with E>15 GeV.

-
o

< Classify both samples based on
the number of 0/1/2 b-tagged jets

W+dp, 53.4+ 7.6
M QCD, 9.0£0.0

Mt 166176
— MC sum

v Data (0-tag), 79.0

< Estimate the background contribution

to each of the six sub-samples
< MC and data driven
S Background in the Lepton+Jet with

0-tags obtained using NN techniqueyv

Number of events
—h
@

T m T T T T

l-v- -¥- ‘ -¥-

00 0.2 04 06 08 1
Neural network output
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Measurement of BR(t=>WDb)/BR(t=2>WQq) ‘

< In the Dilepton and Lepton+Jets samples analyze the relative number
of events with different multiplicity of secondary vertexes, /.

exp __ artt b B
N =N, -e(R)+ N, £.(RA€)=€,(R(g,-€,1ner))
\ 5 N 5 N 5 N
> | 509\ L4JO-tag{ 5oot L4J1-tag| 5o09of L4J2-tag
o8 o8 o8
“oz “oz “oz
06 06 06
) 05 05 05
< We could assume the production 04 04 04
0.3 0.3 0.3
cross section to estimatg/’  and| o o
] R ] PR (1] PN
Compare d.fferent tag blns. 0 020406 D_:Ag 0 020406 D_:Ag 0 020406 D_:Ag
8b~0'44’ 8other~0'04

< Instead, we take the approach of normalizing to the measured cross

section

mnc

N.tt_ _ Z Nl-ObS . Nlb

l
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Measurement of BR(t=>WDb)/BR(t=2>WQq) ‘

Lepton + Jets (L+J) O-tag 1-tag 2-tag Obtain expected events as a function of R
& (R=1) 0.45 £ 0.03 0.43 £ 0.02 0.12 * 0.02 _
ANN background 624490 58452  0.1%19 NP = NI -e;(R) + _Nz.b
a priori background 42+07 024£01 |—» +F obs b
Total expected 80.4+52 215+41 50414 N'inc = Z (N,‘ — Ni )
Observed 79 23 5 ¢
Dileptons (DIL) _ O-tag L-tag 2-tag Compare to observed and
& (R=1) 0.47 £ 0.03 0.43 £ 0.02 0.10 * 0.02 . N
a priori background 2.0+0.6 0.2+40.1 < 0.01 Maximize the likelihood
Total expected 6.1+04 40402 09+£0.2
Observed 5 4 2 - 8 p
% 6_ 0.5
Measure R : < al .
05 1 15 2 25R
+0.21+0.17 - _ +0.27
R=112" 7 o1 (stat+syst) 2 CDF 1 |R\1H?/4/
o
o 1 0..5 ‘ 1 15 R
- . ch
Set F-C lower limit : < 0_8/
R>0.61 at 95%CL i
0.6F [l 95% C.L.
|Vtb| > 0.79 at 95%CL _ B 50% oL
(assuming unitarity) 04— —

R

< Mild excess in double b-tags sample drives the R value above 1
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What the results of R implies ?

< The R result is consistent with the SM.
< This means that the top decays to a b quark most of the time, as
expected.

(t)
P

<But, is Q always a W+ ?
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What the results of R implies ?

< The R result is consistent with the SM.
< This means that the top decays to a b quark most of the time, as
expected.

(t)
P

<But, is Q always a W+ ?

<Could Qbe sometimes an H* ?
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Measurement of BR(t->H*b) ‘

Charged Hiqggs bosons appear in the context of 2HDM’s, like MSSM.

2 E.S.B = 5 Higgs bosons; 3 neutral (h?, H%, A% and 2 charged (H%)
Many new decay channels :

2ho, HO - bb, 11, g9, W*W-,Z2Z, cc

S A- bb, 1, gg, Zh°

D H*>t*b, t+v, cs, Wrh0, W*A, etc
g J

t This analysis assumes H+ may decay to any of these

< The presence of an H+ would affect the relative number of events
in each top decay channel, according to its decay. For example :

< If H¥>1v, number of events in the Lepton+Tau sample would show an excess.

2 If H¥->cs, number of events in the Dilepton and Lepton+Jets would show a
deficit.

< Top and Higgs BR’s unknown. MSSM can predicted them for specific
benchmark parameters.
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Measurement of BR(t->H*b)

< For each top quark we have 5 possible decay modes

< t>Wb
° t>H'b>t*bb>W*bbb < t>H'b>1vb
< t>H'b>csb 2 t>H'b>Wh%b>Wtbbb

< Use the Dilepton, Lepton+Jets (1 and 2 or more tags) and
Lepton+TauH (generically xsA)
< The number of expected candidates NexPjs

exp back N
Niysa = XSA 1T O &y xsa ILdt T ety

from XS meas / from MC
otheo=(6.7+0.7)pb \p & xsu ZB B; & xsa (wTop, wHiggs, m

(hep-ph 0303085) u—l

L, Branching fractions
of each decay mode
2 Need to know the BR’s to compute the efficiency

2 Given {BR’s} compare N°Ps to Ne*P for each cross section measurement
2 Use alikelihood in the parameter of interest
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Measurement of BR(t->H*b)

< Using CPsuperH (hep-ph/0307373) to predict the BRs
S Full QCD, SUSY-EW and SUSY-QCD corrections included

M,,=100 GeV

e 1
g, K H® decays to
c08 —v
§ B cs
] -, — {5
o 06 Wh®
- W-*A 4] B
04l —— S+ +W 'bb
L/ N = BR(t — H'b)
02—
O sttt s s o
1 10 tan(B)
M,.=140 GeV
) ;|
g, K H' decays to
£08— —w
P :
- - —1tb
E 0-6 _—' W+h{l
- W*A°
0-4 __ —C§+‘N+W+b5
E |--—--BR(t—> H'b) I
02— ™,
o~ -
% o) ;
1 10 tan(B)
5/22/2005

M,,=120 GeV

—h

Branching ratio
=]
®

e
=]
= %i]

e
=

o
()

H® decays to
—

c§
—1F

W*h°

W*'A°
—cS++W ‘bb

0 g \“--‘“-"_.__"—*-- ------- isnaaaght® T
: s L i |
1 10 tan( B
M,.=160 GeV
e 1
g’ B H* decays to
Zosl Hiowe
s g
i —t'b
g 0.6 __' Whe
™ WAL
0.4 — S+ W bb
E l ----- BR(t — H'b) I
0.2
0 :____"__' ... -

1

10 tan{ B)
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Measurement of BR(t->H*b)

2 Expected Events as a function of tan(j3) . Integrated luminosity 191 pb-1

P Posterior Probability Density
=
o
g =
=
] )
o Dilepton = 0.012
= m,. =120 GeVic> ~.
[FH] (\l“
i §
w
—
-
@ = o001
= =
@ Sem—
s S
=] et
3 E Lepton + Jets "n__"'
3 20K exactly 1 tag 0.008
L;Eg‘ 10E- m, =120 GeVic?
ot : .
10" 10*
1 tan(my™®
[ -T=
% sf 0.006
s
g
g 2p
g Lepton+Tau | 0.004
» qE decaying Had.
L of ~ m, =120 GeVic® .
107 1 10 10°
tan(()
” 10E _E_xpgl::_te_d_fin_‘ 0.002
=
@ BF
g C
- 6
2 r Lepton + Jets
2 at 2 or more tags 0
2 2f m,, =120 GeV/c’
ook . 10" 1 10 10°
107 10 10° tan
tan(p) (B)
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Measurement of BR(t->H*b) ‘

< BR'’s predicted by MSSM in Minimal Stop Mixing scenario

t - H* b search CDF Run Il Preliminary
Excluded 95 %CL m= 175 GeVic? [ L dt =192 pb’
160 y/ 160
— 3M Expected
140 . E sMz 1 Expected n _14ﬂ
1] [al]

o ? - [ Excluded CDF Run |l -
E12D%ﬁ o [ Excluded LEP ﬁ @ :12(]
- 7/ 5 © 23
Q o 2 g 2@ ]
O100F £ £ £3100

N7 SN
= 80 PP Es 180
B LEP (ALEPH, DELPHI, L3 and OPAL) i
60— Assuming H' >tv or H'— ¢8 only —60
B | Lol | Lol | Lol L
10" 10 10°
tan(f)
M, sy =800 GeVic®, u=-200 GeVic®, A=A _=uitan(f), A,=500 GeV/c?
M,=0.498*M,, M, =M; =M, =M,=M;=M=M _=M; 5
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Measurement of BR(t->H*b) ‘

< BR'’s predicted by MSSM in another benchmark scenario

t - H* b search CDF Run Il Preliminary
Excluded 95 %CL = 175 GeVic? L dt = 192 pb’
160> /o mE 178 GeVie” | Pt 160
/ —— SM Expected
140 . E sM+ 1 Expected - 140
0] [:
o % = O [ Excluded CDF Run |l N
2w 2 ogh R
-.E- 12“5 ﬁ E [ Excluded LEP ﬁ E ‘;12'3
© [ ag 283
©100F £5 £ £3100
77 H
= 80 PP 180
B LEP (ALEPH, DELPHI, L3 and OPAL) N
60— Assuming H —tv or Ht— ¢8 only —60
B | | 1 1 1 111 | | | 1 1 1 111 | | | 1 1 1 111 | | ]
10" 10 10°
tan(p)
M, sy =1000 GeVic?, =500 GeVic?, A =A_=2800 GeVic’, A,=500 GeV/c?
M,=0.498"M,, M, =M;=M, =M, =M;=M=M _=M; 5
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Measurement of BR(t->H*b)

< Assuming H+->1v only < Worst case of all possible
BR’s combinations

Tauonic Higgs Model CDF Run Il Preliminary
Excluded 95 %CL ~ m=175GeV/ic’  [Ldt=192pb”
160 BRH—tv)=1; BRiH—cS)=BR(H—t B)=BRH->W*'H) =0

Worst Case BR Combination
Excluded 95 %CL m,= 175 GeV/c? [L dt=192 pb"

= 160f
150 §= — SM Expected
S 150
= = sM+ 1o Expected
140 = . Excluded CDF Run ||
. CDF Run Il Excluded 140

-
W
o

w
=)
c—rlll|IIII|IIII|IIII|IIII|IIII|IIII|IIII

130

o — -
3 3 F /’
- - i
¢ 120 ‘ 3 120 %
s = £ 110k =
110 5 = 110 7
100 100
90f-
n _ b
sob . . . | sob m,.= 70 GeV/c %
B | 1 | | | 1 1 | | | 1 1 | | 1 | | | | | |
02 04 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
BR{t—>Hb) BR(t—> H'b)

SBR(t>H+b)<0.4@95%CL, 80<mH<160 GeV | | DBR(t>H+b)<0.85@95%CL,80<mH<160 GeV
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What these results implies ? ‘

< Results are, within reach, consistent with the SM.
< Assume then that t>W+b

(t)
PN

< But, is the nature of the tWb vertex as expected?
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W helicity from t Wb decays

< Examines the nature of the tWb vertex, b
probing the structure of weak interactions at Comng SpRRS /&
energy scales near EWSB t

spin=1/2
o Stringent test of SM A

and its V-A type of interaction.

W, Longitudinal fraction

I:O
= 0
+1/2ﬁ
f ﬁ+1/2

W_ Left-Handed fraction

-

W, Right-Handed fraction

4 B

ﬂ -1/2
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W helicity from t Wb decays

2 Ingeneral, the O*distribution of top decays in the W rest frame is W rest frame

w(cosd ) =F -g(l—cosél*)2 +F, %(1—cosz O)+F. -§(1+ cosd’)?

where F +F +F =1

< Inthe Standard Model: F=0.3 F,=0.7 F,=0 (exact when m,=0)

— 0-7
[==]
w
o
© 06

o

=
0.5

0.4

Left-handed 0.3 Right-handed

0.2

|IIII|IIII|IIII|I_I’ I|IIII|IIII

e
—e

Lol .|.-|--'r"r"'lll|'.;l-;ll| TR T A B N RTINS A |‘|‘.|I.|"f'|"r-p-|..1 Lol
-0.2 -0 0.2 0.4 0.6 0.8 1
coso

< The different W helicities result in different P spectrums
< left-handed: leptons are emitted opposite to W boson (softer lepton P;)
< longitudinal: leptons are emitted perpendicular to the W (harder lepton P;)
< right-handed: leptons are emitted parallel to W boson (hardest lepton P.)

=PRI
l'-r

=)

5/22/2005 Ricardo Eusebi - Frontiers in Contemporary Physics 111 20



W helicity : Longitudinal Fraction

< Both analyses assume F,=0 and are dominated by statistical uncertainties |,

* m
> Likelihood analysis of P, spectrum 2 Likelihood analysis ofcos(0 ) = ——2—-1
2 Combined lepton+jet and dilepton 2 Lepton+jets : 31 events m, —my,

samples: 57+13 events
P < Use mass fitter to select the

L L e |
60 CDF Il Preliminary ] B}
i oo 1 CDF Run Il Preliminary (162 pb’)
I Ldt = 200 pb et 9
50 1 5 . - 18¢
| o 5|
S0 - 12
[ 3 o - 210
D 40 §e ] i3 g9
S i N 6F g é%:
af | - -2F ‘ ‘ ‘ ‘
B ok N C 05 0 05 1 15
g% 2 s Fy
= I ® daa o - —e—Data
O=.'l 20| best fit i Lﬁ 4; T * ——Best Fit
i left-handed component | 3:— L o < ——Longitudinal
I longitudinal component | - ——Left-handed
10 L background component | 2 | Background
| | : LT
0 ; : > : 1; _V\:tl—a—‘ | i
0 50 100 150 200 250 300 0: I I s i I
-1 -0.5 0] 0.5 1 1.5 2

charged-lepton p; (GeV)

cos 0*
F, =0.89+,73, (star) £ 0.17(syst)
F,>0.25@95%CL

F, =0.27 igjgi (stat + syst)
F, <0.88@95%CL

< Mild Excess in the low Pt region

2 Right Handed Fraction: measurement ongoing at CDF. (Run 1 F,<0.18 @95%)
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What about production ?

< We know that, within errors,:
o The top decays mostly to b
S The top decays mostly to W+
2 The nature of the tWb vertex is what’s expected.

AW
~®
AW
a0

__—
_,@\

< Are some top pairs coming from a resonance?
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Search for ttbar resonances

< Template method : 3 templates for modeling data: X,, tt, W+4p

SM X0 [ W-+4p
=
i
0.22f Wean 88 WMean G617 s o734
: RMS 8371 500 _ AMS 1098 C Ry
0.2 20— & s ioms adenet
- ¢t | Consta 2 B.613: 0.6176
s saas00ces
0.18 400 -
0.16 5 200
014 . r
012 . 150
0.1 C
E 200- C
-~ 100
0.06 9 r
100 50—
0.04 . B
0.02 a
ok TR TR 5005001000 %200 ﬂ4:‘10' G0 800 7000 7200
$o0 200 '500 600 700 BOO SO0 1000 1100 1200 0 400 500 GO0 70O 8OO 800 ‘““",,.‘;f'g;&““

M; . GeV

N, (c,=6.7pb) No(xo)

J Nw:Ntot'Ntt'Nxo

r

Simulation (pdf): 200 SM + 18 non-SM | sim

" o |
s Compare to data

0.1

st | and get P(c,,)

0.04-

0.06
: . <
0.02 !

%00 400 500 600 700 800 900 1000 1100 1200
Mﬁ,GeV

Fake data | | hd |
Entries 213
Mean 5013
45 E RMS  103.7

40
N Data
o
20:
15
10;
)

$00 400 500 600 700 800 900 1000 1100 1200
M, , GeV
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ttbar resonances: Sensitivity

< Expected posterior p.d.f. for a 700 GeV resonance

If there is none (i.e. SM only)

If there is 9% X, + SM

Cross-section posterior p.d.f. | hxsec | Cross-section posterior p.d.f. | hxsec
x1 0—1& Entries 200000 x1 O-BU Entries 200000
C Mean 0.1996 = Mean 1.385
! RMS 0.192 - RMS 0.625
0.25- 0.4
! 0.35-
0.2/ =
# 0.3
.45/ ©< 0.600at95% CL 0.25 G < 2.520 at 95% CL
0.1 0.15
I 0.1-
0.05 -
i 005 \
0_.\'?"\.,"“};1_”|.|....|....|Lu.|.Lu||...|.... NI VA S TR T S R
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
G, pb G,pb
SWork in progress. Stay tuned for incoming resulits.
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What else ?

< We know that:
S Topis produced in ttbar pairs (and possibly singly too)
S The top decays mostly to b
S The top decays mostly to W+
S The nature of the tWb vertex is what’s expected.

< Is anything beyond SM in our top sample?
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SM Kinematic Test

< Run 1 saw an excess of large ME; and lepton P

S PRL 77 3506 (1996) proposed that squarks around 300 GeV show better agreement to
data

2 Run 2:Work in the Dilepton sample

< Choose a priori a set of variables with potential sensitivity to new
physics
< ME; <Leading lepton P;
< Angle(ME;, Leading Lepton) 2“Topness” (based on kinematical fit)

< Perform Kolmogorov-Smirnov consistency test between data and MC

< Select the subset of events with the most non-SM features
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SM Kinematic Test

Missing E; Leading lepton p;
[ CDF Il preliminary | —%— Data (193 pb) [_CDF Ul preliminary | —»— Data (193 pb )
sF Total SM £ 1o 14 Total SM =+ 1o
. Z Bl tt (c = 6.7 pb) o Bl tt (c = 6.7 pb)
5 é [ ] SM background = [ ] SM background
- Z 10—
a4 C »n
2 £ 8-
2 3 2 F
1] E w 6?
i £
15— 2;
- 7 , E ,
% 200 “ 250 %" ~"20 40 80 B0 100 120 140 160 180 200
Er. GeV leading lepton p,
A¢ (leading lepton, met) “topness” = ttbar decay goodness-of-fit
[ CDF Il preliminary | —¥— Data (193 pb'1) |__CDF Il preliminary | —»— Data (193 pb’1)
s Total SM £ 1o of Total SM =+ 1o
= Bl it (c = 6.7 pb) - Bl tf (c = 6.7 pb)
5 [ ] SM background 5[ [ ] SM background
£ £ .
§ 3f : af
] - w [ .
2F =
1??
F A
% o5 1 15 2z 25 3 025
Ad(l, Ey).rad NT

@ Overall agreement of 1.0-4.5% mainly due to an excess at low lepton P;
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Conclusions

< CDF is seriously focused on exhaustive measurements of top
properties

< Many more analyses ongoing
2 FCNCt>Zc
< Top Spin correlations
o Search for t'>Wq
< Top charge measurements
< and more...

< Exciting times :
< Analyses are very mature
2 Much more data on tape

< Uncertainties are beginning to shrink

<More and more we are putting the SM to the test!
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