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The New CDF Detector

J

Fully digital DAQ (132ns)

i Pipelined trigger (drift
7-8 silicon layers WIS __ = & chamber tracks @ L1,
722k channels S o %% silicon tracks @ L2)
rQ, rz views | <15 '

Zomax:45’ nmax:2
1.3<R<30cm

= =

Iﬁl TOF (100ps@150cm)
L coverage

extended to O s - ! !}

96 layer drift chamber
30k channels

o(1/pg) ~ 0.1%/GeV
a(hit) ~ 150pum

Tile/fiber endcap
J calorimeter
(faster, no gap)
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Exciting
possibilities

Third
generation,

high mass...

=>» Special
role in EW
symmetry
breaking?
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Top Physics

~

6roduction Cr 0SS section
Production kinematics
Resonant production

\_ Spin correlations )
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Decay modes
Branching ratios
Vil
Rare/non-SM decays




Kinematics of Top Events
. J

« It is important to compare various distributions of the reconstructed top quark and
especially of the tt system, with SM predictions. Discrepancies could indicate new
physics.

A list of some of the distinctive features that were seen in the Runl dataset (no
significant effects observed yet):

@ increase of measured M, w/ jet multiplicity?

@ slight excess of W+2jet events where 1 jet is tagged by 2"d-vertex AND soft-
lepton-tag (Phys.Rev.D65 (2002) 052007)

@ 2/9 di-lepton evts have unexpectedly large E.+E(l;)+E.(l,) (compare Hall and
Barnett, hep-ph/9609313)

@ measured M(tt) seems to deviate a little from expected distribution

@ measured P,(tt) seems a bit harder than expected (but difficult measurement)

& measured rapidity of tt system has different shape than expected

Searches with Top - P.Merkel,
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O Measure P, of hadronically decaying top in

|+jets tt channel

4 Constrain My,,=175 GeV, perform kinematic fit
O In 106 pb-1: 61 evts found
O BG estimate: 31.9+-4.6 evts

0 Use unsmearing procedure and unbinned
likelihood fit to extract true P (top)

True p; Bin

Parameter

Measurement

CDF Run |

SM Expectation

0<p; £75GeV

Ry

0.21°5% (stat) "o on (syst)

0.41

75<p, <150GeV

0.45'92 (stat)*9% (syst)

0.43

150 < p; < 225GeV

0.3475 5 (stat) oo (syst)

0.13

225< p, <300GeV

0.00073 5 (stat) "o o (Syst)

0.025

0<p, <150GeV
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0.66'217 (stat)‘Sor (syst)

0.84
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TS < Trum po < 180 (Gav/2] |

It

[ | 75-150 Gey

L
IS0 Truse py % 225 (Gave)

| 150-22¢
Y

N |
225 < True o < 300 (Geviie)

225300 [
GeV 3

o

luli]
Meaosured py (GeM /)

Upper limit:

200 o

100
Meosured py {GeV /)

R,(225<P,<425GeV/c)
<0.16 @ 95% C.L.




Search for Higgs In
W+2jets Events )

» Most of the signal expected in W+2jets bin; use other bins
Search for pp>W+X->Iv+bb in 109pb-1 | to check BG calculation

e 1 or 2 b-tags required: 2"d-vertex and soft-lepton-tags

\§

e W+3jets bin in reasonably good agreement; small excess in
W+2jets bin

' Runl W+jets

& dama
top e increase sensitivity of search, look for resonant mass peak
di-Brsona. |n M
- rimgle top JJ
> * No resonance seen in CDFI data

S, S e Use binned max-likelihood fit, constraining QCD and tt

& -+ nt
o contributions, to extract N,

T — » Use SM Higgs production (pp—=>WH?) as a model to extract
upper limit

Momber of tagged svers

a(pp - WX)xB(X - bb)=[14,19]pb
for M, =[70,120]GeV

e statistically compatible w/ no signal (SM Higgs)

MMumber of jets

e ~2 orders of magnitude away from sensitivity to SM Higgs
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Heavy Flavor Content

9 Phys.Rev.D65, 052007 (2002) ],

[ tt signal region: 3,4 jet bins Runl superjets
L We also looked for additional heavy

flavor

O “Superjets”: 2nd-vertex-tag AND soft-
lepton-tag

[ statistics limited: 14 evts observed,
4.4%0.6 expected in W+2,3 jets bin (while
good agreement when integrating over all
Njet bins)

O many checks performed in order to
understand this slight excess

O either statistical fluctuation OR mis-
undertsanding of detector OR new > 0.4% probability of consistency w/ SM in the 4
physics... jet bins

(1 Need more data from Runll to re- > “a posteriori” probability of consistency in 2jet bin
evaluate this analysis is P=103

" Number of tagged evenls

Number of jets
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Search for tt Resonances

\_ Phys.Rev.Lett. 85, 2062 (2000)|

CIDVF Prelimimary

O Model independent search g
for narrow vector particle '
X=2>1tt in |+jets sample

Eventa /125 Oc¥ic”

 CDFI found no evidence .
for a tt resonance ; » COF Data 163 events)

5(0+B)~90 fb

it and VWi jets Simmlatiors (55 evemisi

O Establish upper limits on
o0«B for narrow resonances

| W jets Simulation (311 evenis)

Expected sensitivity for Runll:

O Use limits to constrain a [0 P aRaadhaNURREENRENIE
model of topcolor assisted Revomstructed M, | GeV ie)

technicolor (Z'>1t) Exclude a narrow, leptophobic
X boson with my, < 560 GeV/c?
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Search for V+A

\_ Phys.Rev.Lett. 84, 216 (2000) |

Use invariant mass of lepton and b quark

Verify that this is the (frame independent):
top quark of the SM... M2, = "2 (M? - M2,)(1 + cosW’))

Fit for fraction of e “fh“f-mfjw_-mm-mi

SM V-A predicts W helicity: right-handed (V+A) E <.
component: f, , ,

F, = 70% longitudinal
F_ = 30% left-handed

dN/dM’, (arb
SRR RRE

=
|

[V+A: 70% long., 30% r.-h.] Use Pt of lepton:

Fit for Fy, then fit for F, ,_| |
while fixing F, e

Runll measurement already
more sensitive than in Runl!

Runl & Runll
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V+A Results

Using P,(l)

Fit far Fraction of Postive Heliaty W (F )
(CLF P robimimary )

| Lopion + Jet Channel

Results of SVX single b-tagged samplel Combined Result: -0.21 el |
5
é l 5.

2 T ]

]
4.5F 5 ¥ |
F ¥ ! Comibined IIl
: : J H—
.51 X o [ ! -I

le
Mini
T

s

2 1. 0_1 2
fraction of V+A

—  [Heal Fil

-~ Ny =1

Fvani="10 Gaio

5000 10000 15000 20000 25000 30000 ja - Dhibosphon Chemnms

2

MI_'_b [GeV‘:?]
Caymbined Fiasidl

F =01120154 006

[ ¢ El‘l:li]'l? iful |J-I.D|HII' s rrEr R e

f, = O component fined ta 0.75)

SB(t>W,)=5.5% ; SB(t>W,)=2.7%

Expected sensitivity for Runll:

Ewant=20 Ca'yic

CDFI Result (109pb1):

(Using tt dilepton, and lepton+jets
events with 1 and 2 SVX b-tagged jets)

fu.. =—0.2179% +0.21

CDFI Result (106pb):

Fo =0.91+0.37+0.13
F.<0.28 @ 95% C.L.

Searches with Top - P.Merkel,

7/18/2003 Fermilab - CDF




Search for H*;

\ Phys.Rev.D62, 012004 (2000) |/
e 2-Higgs-doublet model, MSSM: » Predict excess of top events with tau leptons!

e t>H*b competes with SM t>Wb, if  « Direct search for signature of T lepton in t decays >
mH<(mt0p-mb) upper limit on B(t>H*b)

= tt production/decay provides source  ° S'gnature:

of Higgs (strong interaction) :  In 106pb? 4 candidates found
WEH boHYH bb - Expect: 4.0+-0.6 from SM (BG-+top)

=9%

: : : : For B(H*>1wv)=100%
=»Direct Higgs pair production (weak T
' ' - ol SLdt= 106 p&™
interaction) : | /L=tonp |

wsof CDF Excluded '
~ | (85%C.L)

» In MSSM (for large tan(3 SRS oy ]
dominant decay mode g )

-

Expected sensitivity for Runll:
O(B(t>Wb)/B(t->Xb))

it I
on 1
o3

-

g1oor

Very
interesting
channel

5 0.4 O 08 04 05 08 0.7 08 bg 1 for Run”
BR(t —> Hb)
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Branching Ratig

LEP Excluded {95% C.L.)
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Search for FCNC Decays

\_ Phys.Rev.Lett. 80, 2525 (1998)|

Unusual decays of the top quark might provide insight into the mechanism of EW symmetry breaking

Rare decays:-t=>qy, t>qZ CDF Runl

O Look for tt events w/ t=>qy and the other t>Wb(->Ivb or ->qgb)
e <1 evt expected from SM BG sources /

e 1 evt found in 110pb~: P,(n)=72GeV, E,(y)=88GeV, E;=24GeV, 3 jets

» Also kinematically consistent w/ t>W*b & t->W-by, but E,(y) exceptionally
large!

= B(t>c+y) + B(t=>u+y) < 3.2% @ 95% C.L.
O Look for tt events w/ t=>gZ(—>qgee or 2>gup) and the other t=>Wb(->qqgb)
e Less sensitive because B(Z->leptons) small
e 1.2 evts expected from SM BG sources
e 1 evt found in 110pb™t: Z>up + 4 jets
e Kinematics fit better the Z+multijet hypothesis than FCNC decay
= B(t>c+2) + B(t2u+2Z) < 33% @ 95% C.L.
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\§

(| p-p CO”iSiOnS at \/52196 sep far  May o Jul Zep Now ::'

003

TeV

0 Stable data-taking since
June ‘02 shutdown ~ 200 pb-?
on tape

O ~ 5-8 pbl/wk @ > 90%
efficiency

Delivered

Integrated luminosity [pb-]

0 Record instantaneous
luminosity after January

shutdown ~4.7-1031cm2s1

Most of the Runll results so far used 72 pb-t (March ‘02 — January ‘03)
New results from ~120 pb-! expected soon!

Searches with Top - P.Merkel,
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First cross section and M

measurements using 72

New results from ~125pb-!
expected soon

preliminary

e Data

MRST PDF

CTEQE PDF

Theery results from M. Camian et al.
M, =175 GeVic’ M, 12 cp <M,

—
~J oo
T

top

pb*

o

(PP —tt) (pb)

o

L

CDFSECVTXG
G tn 4= kMoo oEn oo in

Tevatron anergy (TeV)

T
Background

w7 Background etrors

Background + tf
RN Blgnd +ilerors
* Data(575pp")

RN

CDF Il Preliminary (72 pb '1)
M o, =171.2 = 13.4 £ 9.9 GeV/c®

[ osia 32 avents) af
Eackground E
Bokg+Signal \

D Evanls wih fag (33

—h
o

Il 1 1 Il 1 Il
160 165 170 175 1230 185 120
Top Mass (Gev/c')

Events/(15 GeV/c?)
- N W s o~ 0 O

Expected sensitivity for Runll:

=)

100 150 200 250 300 350

2
Number of Jets In W+|ets
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Reconstructed Mass (GeVIcz)
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. I PRI IR AR R AT
18 19 2 21 22 23 24 285

5(M,)=2-3 GeV

ed sensitivity for RunlI:
3(0,)=7%

Some
searches are
already on
the way, like
single top
and V+A




bbb

Indirect M
QCD couplings
Non-SM decays

couplings
exotics

2-3 GeV/c?
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B(t>wb)/B(t>wx)
B(t>wb)/B(t>Xb)

oxB(z'>tt)

S,
S,

'
®
ke,
=
O
=
-
©
=
=
-
V)

ICS INn
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tt events already

e Many interesting
and promising tests
started

for new phys

e Cross-section of
CDF Runl results

e Standard top
measurements
established in Runll

presented
e Some searches In

the top sector
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BACKUP SLIDES:
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Tevatron Top Quark Mass Measurements

168.4 + 12.8 GeV,/ c?

173.3 £ 7.8 GeV,/c?

172.1 £ 7.1 GevV/Ac*

167.4 = 11.4 GeV,/c?

176.1 + 7.4 GeV/c*

186.0 + 11.5 GeVv/c?

— — 176.1 £ 6.6 GeV,/c?

Tevcltf::m
combined

—a»— 174.3 £ 5.1 Gev/c*

7/18/2003

160 170 180 190 Z200
Micp (GEV;’;C?)

Fermilab - CDF

Dilepton
Lepton+jets

Combined

Dilepton
Lepton+jets
All—Hadronic

Combined
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Events/(5 GeV/c)

Pt(ttbar)

(CDF PRELIMINARY)(100 pb l )
e transverse mo 11E¥:le oftt system::;h spec

events, which gremhe basis ofthe ICDH top
little harder than that expected from MC calg
measure becagyg@f possible fitter biasgs.

Top+Background

Background

. ) B0 90 100
P of ttbar (GeV/c)
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® gy ~30MeV (2fb1)
® oy~ 20 MeV (10 fb-1)
| | M; : CDF or DI
0 160 170 1;;} (1(5:2‘%;:}0 e O.M < 4 Gev (2 fb-])
S e g, < 2GeV (10 fb-1)
With only 2 fb-! we may find a contradiction with
the Standard Model Higgs direct search limit
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‘Anomalies in the Top Quarl?

Sample?

\. J

e found in dilepton
sample

e electron in crack

called

jet

»180 GeV E; electron!

*110 GeV missing E; !

7/18/2003

missing ET
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Search for Single top

Probe the electroweak Wtbh vertex Phys.Rev.D65, 091102 (2002

: t-channel s-channel (/%) associated
O Search for anomalous couplings - (We-Fusion)

production
u (d) d(@) u

large production rates or anomalous = t t
angular distributions bEt e e
O Background to Higgs X )

1.98 £0.13 pb 0.88 £ 0.05 pb <0.1 pb

Steltzer, et al. ‘98 Smith/Willenbrock ‘96 Tait ‘99
H, for Events in W+1,2,3 Jet Bins (CDF Run 1 Data)

— 65 *CDF | has performed searches for s and t
i | channels separately in Runl
Monte Carlo predictions .
R — CDF | has also searched for combined

ttbar background

____ single top signal process G(t) < 14 pb a.t 95% CL

® |If SM is correct, observation in Runlla
e Expect about 100-150 events in 2 fbt
e Measure |V,,| with 10-15% precision

-
=

Events/(20 GeV/c”)
Y}

jry
o

L | il IR B e
0 50 100 150 200 250 300 350 400 450 500

H H, (GeV/c?)
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Kinematics in Dilepton Events

tt or decay
of SUSY
quarks
100 =200 200 T - ) —iso with masses
ME+E(1)+E(l,) [GeV] | around
300 GeV?

i

i

Tl

-
-
-
-
-
-
- I
(T | L 1 L1

10D 150 200 Z250 3400
sqrt(Mr*Mp,) [GeV] max(Myy,My,) [GeV]

a

\.

:
=
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