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Tevatron performance Runll DEJ

Collider Run Il Peak Luminosity

400E+1 9. 00E+31
N ;mw Very good performance of Tevatron
TO0E+31 n “h i 7.00E+31
» SmEa . j . & already more than 400 pb-! on tape
g 5 00E+31 T Y h‘ 5 00E+31 z::
é 400E+31 40031 E
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200E+31 2. 00E+31
1 00E+31 1 O0E+31
0.00E-+10 —= 0.00E-+10

& Peak Luminosity + Peak Lum 20X Average

analyses presented here use 140 — 190 pb-1
collected mainly until November 2003
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8i, SciFi Preshowers a s 10

Both detectors
Silicon microvertex tracker
Axial solenoid
Central tracking

High rate trigger/DAQ

GDF and DO Detectors )

DF

L2 trigger on displaced vertexes
Particle ID (TOF and dE/dx)
Excellent tracking resolution

DO

Excellent muon ID and acceptance

Excellent tracking acceptance n| < 2-3
L3 trigger on impact parameter/L2 impact

pargmeter.
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Js  lag o tt] gg=tt| o)
1.8 TeV |90 % 10 % 5.1 pb
1.96 TeV |85 % 15% 6.7 pb
14 TeV |15% 85% 825 pb
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Pair production
Main mode for
top physics at
Run Il

— 06=6.7 pb

- ~30% increase
wrt Run |




two main production modes
0.88 pb

- s-channel: 0.88 pb

- t-channel: 1.98 pb

single top production not yet observed

if - -

Lid - » predicted cross section less than half
b that of pair production

- - . . .
_ e« final state has less jets in detector
» background contribution larger

Existing Run | upper limits (@ 95% CL): Run Il limits (@ 95% CL):

CDF: o,<18pb, 5,< 13 pb, 6, < 14 pb 6,< 8.5 pb, 6,,,< 13.7 pb

D@: o,<17 pb, 6,<22 pb 0., < 15.8 pb (expected

limit)
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Dee  (1/81)

B mu-mu (1/81)
M tau-tau (1/81)
Oe-mu (2/81)
He-tau (2/81)
B mu-tau (2/81)

Hetjets (12/81)

B mu-+tjets(12/81)

B tautjets(12/81)

Djets  (36/81)

branching ratios:

all jets: ~44%
e, M +jets: ~30%
dilepton (ee, eM, uu) : ~ 5%
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+tt (measured o)

CDF I+trk | CDF di-l DO di-l
(197 pb?) | (193 pb™") | (140 pb")
Expected
top+BG 184+25|109+14 | 10.8+0.8
Observed 19 13 17
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DO:  o(tr) =14.3"1(stad) S (sysd +0.9(lum) pb
o(tt) =701 (stat)'; (syst) £ 0.4(Ilum) pb
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W + jets
background

lepton plus Jets Channel = DEJ

| topological likelihood in the CC |

no of events
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b tagging D&

b quark ID separates top signal from W+jets background

- lifetime tag methods
-- displaced secondary vertex of jet ~_ CDF Run Il Preliminary (~161.6 pb™ )

-- tracks with large impact parameters % 1o [[WSormorejels | _ )
- soft lepton tag 2 | sample — tt + BKG
-- soft muons from semileptonic B decays = -7 H({HERWIG)
™~ 8r S BKG
3 I (from data)
displaced E 6 i
tracks % I
Secondary S I
vertex < 4 L
=L
X Lxg,/’l,- =
. g 2
Primary .- o - ;
vertex dﬂ = i ) —
0 I AT T T e rlf\aﬁ"" .
20 40 60 80 100 120 140 160 180 200
y - »
Leading jet ET (GeV)
X
prompt tracks z
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Summary Top Quark Cross Sections IDED

CDF and DE‘.‘J Run Il Preliminary
140 ph 143 +331 =58 pb
202 pb” 69 421 93 pb

- COFdilepion 193 Ph_1 a7 +33 H= Ph

S SUN WEEETERT | g4 pb? 7.2 425 95 pb

COF hjets (kine) -1 +
56/ Oy <10% e, e
tt tt B COF k4 j=ts (kineH H) 195 Ph'1 6.7 419 49§ Ph

N Y

COF Mk

RunlIl (2fb!)

| =] 92pb” 114 +43 %8 pb
dominated by COF hjets {saft 1) 126 pb” 4.1 143 93 pb

systematics S T 15 [

a— 2 bifE VD 40 pb? 108 43 %3 pb

40pb” 74 g 53 pb

COFkise gl | 162 pb” 56 415 49 pb
COF hjst= vix mgekingl | 469 ph™ 6.0 413 98 pb
S i GalfEs] 962 pb” 7.7 434 wZ pb
COF all jeis 165 pb" 78 +23 41 pb

0 5 10 1% 20
July 19th, 2004 10
G (pb)




Inn Palr Production Cross Sectmn DS

o
© . . Kldcnakls NNLO-NNNLL (hep-ph/0303186)

20
- ‘\\x Cacciari et al. (hep- pthSDSDBS)

+ D Run Vil kjetsitopo (prel.)

15 | |.J|]+ DT Run Ul kjetsiu (LPO3, prel)
125 £#+ DS Run Ul Itopo

) e
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Top Quark Mass D>
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New DO Run | Analysis

differential cross section as measure for production probability

Py (x,m,) = (— Jdo(y.m,)dgdq, f(q,)f (@)W (y.x)

\—’ o \—’ —r N——t
Probability, differential PDF transfer function:
depends on input cross section probability for observable
four vectors (x) and (LO matrix element X given parton y
on top mass (m;) + phase space) (Ex: quark E; — jet E;)

Probability is calculated for each possible combination, i.e. 24 times
total probability is sum of all 24 probabilities

similar calculation for probability of event to be background (W+4 jets) PW+4jetS (x)

only W+jets background (85%) considered, using LO ME from VECBOS
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Top Mass Result

cut on background probability Py, < 10-"" increases signal purity
-> 22 events selected

probability of event:  Fl,q(x,m,) = ¢, P, (x,m,) + ¢, Py, 45 (X)

construct likelihood, minimize to extract miand ¢, (c, +c¢,=1)

Nature (429, pp. 638-642)
- 12 signal, 10 background £ f 2%
- 0.8

events ~ :
- Improvement in statistical =1 0.6}

uncertainty equivalent to o.af

2.4 times more data T
- Dominant systematic 0.2}

error from JES ot «AEE @ E.

(3.3 GeV/c?) 16 170 175 180 185 190 195

Top quark mass (GeV/c?)

M, = 180.1 £ 3.6 (stat) £ 3.9 (syst) GeV/c?= 180.1 + 5.3 GeV/c?
July 19th, 2004 Ivor Fleck 14




New combined Run | Resuit

Mass of the Top Quark

Measurement Mmp [GeV/c?]
CDF di-| ] 167.4+11.4
DY di |- 168.4 + 12.8
CDF I4] C 1761+ 7.3
DD |4] o 180.1 + 5.3
CDF all-j 2 PN 186.0 + 11.5

x?/ dot = 2.6/4
TEVATRON Run-l |-~ 178.0 + 4.3

#
M. [GeV/c?]

top
July 19th, 2004 Ivor Fleck
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New combined Tevatron top mass
leads to larger value of Higgs
boson mass

most probable Higgs mass not
excluded from direct searches

most probable value of Higgs
mass is 127 GeV ??7? (for DO top
mass)

upper limit at 95% CL is 277 GeV
?7?7? (for DO top mass)

shift of top mass by 1 o changes
Higgs mass by +30 GeV

July 19th, 2004

6 — All data, with old H
world-average M, :
5 - % ess All data, with new
world-average I\/Itop
4 -
3
2 -
1 _| Region
excluded
4 by direct
searches . .
0 T T T 11T Toent T T
20 100 400
Higgs Boson Mass [GeV/c?]
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CDF Run Il Top Mass Measurements D&

template methods:
— reconstruct one top mass per event

— compare resulting mass distribution with parameterized templates
from simulated top of varying mass, form likelihood vs. m,

— minimize likelihood to extract top mass

b-tagged |+jets:

Dileptons:
. . -1
Distribution of raw data events CDF Hun " Pre"mlnary (1 62 pb )
1.8 o 8 — Likelihood vs top mass
- = F| [Data(28evts) 31
S 1.6:— CDF Run Il preliminary g TE— {_ ﬁE 8
& 14- 0 B— | |sigral + Bkgd \ T
= 12:_ Y Mc (M, = 175GeV) 7 F— 4
P ¢ DATA £ S5p[ |5kt eny 2
s It o aF {56 150 180 210 240
S = 4__ m(aerc;)
S8t =
(o] r 3__
o 0.6 - \
g 2F
0.4 C
0.2_ :I 1 L I ! L L L L 1 L1 I L Ll | 1 L L | L L T- L Hrllh
= %] 80 100 120 140 160 180 200 220 240 260

1 | L 1 1 | 1 L 1 1
100 130 200 ﬁ,ljaoss /G eéOO Reconstructed Mass (Ge\r‘fcz)

m, =175.07\]%(stat) £ 8.4(syst) GeV/c’ m, =174.97" (stat) + 6.5(syst) GeV/c’
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Dynamical Likelihood Method DES

Maximum Likelihood Mass

CDF Run Il Preliminary (162 pb™) |~ M Prediciion ‘
SignalMC : M, = 175GeV/c? — Signal tthar(MC)

 new method from CDF,
similar to new DO method

— Form event-by-event Lhood
vs. m, based on LO matrix
element for tt—1+4j,

— transfer functions for
quark E; — jet E;

— Minimize -In L (joint likelihood
of event sample)

)

¥ Data 22 events

[y

Events/(10Gevic

130 140 150 160 170 180 190 200, 210 220
Maximum leellhOOdNLJ. (GeV/ cz)

(2m)*

Li(Mfﬂp) = mzn;h[ -:1,/({1 B = mﬁmﬁ | M |2 fajﬁ(zl)fbfﬂ(zi)fT(pT)w(may)dm

Event selection:

* 1 lepton (electon or muon) 22 events selected
* 4 jets > 4.2 0.8 background expected

1D tagged Jet (Secondary VerteX) integrated |UminOSity: 162 pb-1
July 19th, 2004 Ivor Fleck 18




Dynamical Likelihood Method Result BE>

CDF Run ". Preliminary (1 62_pb'1)

180,

2

No background matrix element used
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Top Mass Summary DS

CDFRunzPrelin’:in-ary ° NeW Combined Run |

| Dilepton 175.0 +11-4 484 {L=-12;3‘pb'fj mass
; — m=178.0 + 4.3 GeV/c?
- —_— & —_—  was: 174.3 + 5.1 GeV/c?

] Lepton + Jets: Multivariate 179. ﬁigg 82 (L=16200")

— allowed Higgs mass range
changed significantly

_ELepton+Jet;:'l':emplate. 174.9:133:;i2;§ (L= 162pb7) — new mass measurement

] techniques being explored
_ for Run I

{Lepton + yots: LM 7 Tie 182 (e 16m — systematic error is limiting
. factor for further

] improvements

] ——

1wWorld Average: CDF+D0O 178.0+ 4.3 {Run | only)

155160165170175180185190 195
Top Mass (GEVfcz)
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Tevatron Run I Goal

Run-ll expectations, ~3 GeV
——— —

| — LEP1, SLD Data

68% CL

CDFD@

'1 1430 Preliminary |

130 150 170 190 210

m, [GeV]
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W Helicity DS

Within the SM, only two W helicity configurations allowed:
Longitudinal: Fy ~ 70%
Left-handed: F_ ~ 30%
B I'(t—>W,b) 3 1
" Tt ->Wb)+T(t > W,b) 1+2(m, /m,)’

=0.70

l+

Helicity of W manifests itself in decay product kinematics

D Run Il Preliminary

.E - -8 Lata

E 1] [ tiar (V-A)
i - —-tar (V+A)

[ Wjats
B acD

oE
1 -0% 408 -04 92 - 02 04 018 04 1

Lol Lol 1 I.I:Il_d.l 1 I.I:]I_EI 1 |_::|| 1 III_IEI 1 I:;l_ld-.l-l.lél_lél-l-lﬂ_lﬂl Ll COsB

:]"|||||||||

COSH test of right handed helicity,

helicity amplitudes .. V+A coupling
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W Helicity

lepton plus jets sample

CDF Il Preliminary
¥ / Ldt = 162 pb™!

5 M on
o
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N
o

(=] b £ o] o
B R T TR B B

—
o

entries/20 GeV

—
o

left-handed component

longitudinal component |

background component 7

charged-lepton p; (GeV)

pt spectrum of charged lepton in
laboratory frame is sensitive to

polarisation of W

[ be 3 dL
0.9 [ i

AR
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u® 05f

0.4f NN

03}
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u_,& A s

......................................
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* in Run |l collected luminosity already more than twice that of Run |
* signal of top quark pair production has been observed in Run Il by

CDF and DO
* predicted increase in cross section observed

* new top mass result from Run I: m,,, = 178.0 + 4.3 GeV/c?
« most probable Higgs mass value outside of direct excluded region
 top mass also measured in Run Il

* more sophisticated analysis methods help in better exploitation of
data

b tagging well established and great tool in discrimination from
background
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D Run Il Preliminary
o =

» i

H * Ly
dileptons

________________

U+ jets (topa)

k jets [topa)
1 jef s [sott p)]
u+jets (saft p)

hjet = {soft p)

__________________

|
DO 10 20 a0

G (pb)

July 19th, 2004

143 pb™
156 pb’’
140 pb’
140 pb’
141 pb’
144 pb’
141 pb’

92 pb’

a4 |:'III:1|'1

92 pb’

40 pb“

40 pb’
162 pb™

13.1 59 +4-9
19. %138 +3:4
117987 444
14.3+5-1+3-§
8.8 47134
6.0 +3g 18
T.2+35+]4
14.2 54 +5-4
9.5 5% +3-]
11.4 44 +5-8
7.4 4444
10.8 4§ +2-4
T.T 3443
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Top Pair Production Cross Section DES

CDF Run 2 Preliminary

Dile-p-ton: Combined
7.0+24+17 (L=20007)

) Lepgm + Jets: Kinematic

47+]8+18 =195p")

Lept-on + Jgs: Kinematic NN
6.7+1-1+18 (1=19507)

Lé-pton +Jets: Vertex Tag + Kinematic

6.0+]3+08 (L=162007)

.
Lepton +Jets: Vertex Tag

56+12+10 (L=162007)

T . a
Lepton +Jets: Double Vertex Tag

54+23+1d  (L=162007)

. M
Lepton +Jets: Soft Muon Tag

41+38+195  (L-12607)
g All :Har::lronic: Ve.rtex Tag:
7.8+22+37 (1=165p07)
T T T | T T T | T T T | LI | T T 1 | T T T | T T T |
0 2 4 6 8 10 12 14
o(pp — t1) (pb)
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