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Outline

QCD Studies
Eleciroweak Measurements
... here only a selection
Top Physics is presented ...
Higgs Searches

New Phenomena Searches

B-Physics
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The TEVATRON at Fermilab (1)
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Main Injector' 3
& Recycler

Vs =1.96 TeV
At = 396 ns

Run 11987 (92)-95 L_~ 125 pb’
Run 11 2001-09(?)

> 40-times larger dataset
at increased energy
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The TEVATRON Performmance (1)

Collider Run Il Peak Luminosity
1.20E+32 1. 20E+32

10010 cm2sec 1 1oEea2 Peak luminosity:
» |- 10 P, twice the SPPS number !

* in spring 2002 passed Run | record
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The TEVATRON Performance (2)

Run Il Integrated Luminosity 19 April 2002 - 23 August 2004| - TEVATRON q.l. upper ||m|1' Of
W— : optimistic scenario

y
/

+ FY04
= FYO03
A FY02
FY04 Design
——— FYO04 Design with Pbar Tax
FY04 Base
——— FY04 Base with Pbar Tax

e
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Luminosity (fb™”)

/r

— Delivered

Integrated Luminosity (pb ')

commiissioning

— Recorded
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—
—

0.00 | | 15 180 210
19-Apr-2002  19-Aug-2002  19-Dec-2002  19-Apr-2003  19-Aug-2003  19-Dec-2003  19-Apr-2004  19-Aug-2004 Days Since October 1

. Monthly Data Taking Efficiency [_19 April 2002 - 8 August 2004

% ,w 89%88% 89% 90%

o 86%86% % % 85%
% 82%

1998872
%

-~ CDF and D@ ~500 pb:' recorded each .
= typical data taking efficiency ~90%
= commissioning is over

Apr02 Jun02 Aug-02 Octd2 Dec-02 Feb-03 Apr03 Jun-03 Aug-03 Oct-03 Dec03 Feb-04 Apr04 Jun-04 Aug-0d
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The TEVATRON until 2009

luminosity projection (fb™)

year baseline design

Phase 6
(No upgrade-related studies)

Phase 5
we are Phase 4 (Tevatron upgrades
here (Stacktail upgrade) complete) Design Projection

Phase 3 ;'/w
(Recycler & ;

Electron Cooling)

Phase 2 L o
(Slip Stacking) Base Projection

Phase 1
(FY04)

Integrated Lumingsff

0 -
9/29/03 9/29/04 9/30/05 10/1/06 10/2/07 10/2/08 10/3/09

. o Start of Fiscal Year
Design Projection

/ [ Base Projection

Integrated Luminosity (fb'l)

9/29/03 9/29/04 9/30/05 10/1/06 10/2/07 10/2/08 10/3/09
Start of Fiscal Year
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Muon Scintillators

Muon Chambers

Calorimeter

Toroid

new bigger silicon,

new drift chamber, TOF new silicon and fibre tracker
Upgraded calorimeter and new ~2 T solenoid

muon system upgraded muon system
Upgraded DAQ/trigger: upgraded (frack) trigger/DAQ
Displaced track trigger 19 countries, 83 insfitutes,

~7950 physicists 664 physicists
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Preshower

Solenoid

- Fiber Tracker j

- Central Fiber Tracker:
— 77k fibers in eight barrels, 800 um diameter fibers
- 3° stereo layers in each barrel
-~ VLPC readout, ~7 photo-electrons/track at n =0

UNIVERSITY OF
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Upgrade more ... LOO

total Si status since 2002

(%)

]

Fraction of HDIs

4 n" LI
OLI -.A_A_i_' . ‘ ?_LL_
135 140 145 150 155 160 165 170 175 180

RunNum/1000
Powered

good (<1% errors)

Precision position measurement before scattering
single-sided layer mounted on beam pipe
- 24 um pitch; every other strip read out
- 0.6 % X, (no cooling) -

1.0% X, (cooling, 15% of phi) /4 |
- actively cooled 3 5
- electronics at either end, large radii ANt / N

Sensors

- rad hard silicon; capable of 500V bias gyt
(will outlast SVXII inner layer) cooling channel Be beampipe

lightweight signal &
bias cables (Kapton) SVX Il inner
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QCD Studies
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QCD Overview

* Rapidity Gaps/Diffractive/Elastic Physics
* PDF’ sdouble parfon interactions, W charge asymmetry
« non-perturbative QCD: jet shapes, W/Z boson p, spectra

* perturbative QCD, particle cross section, W/Z bosons,
prompt photons, jets, top, b/c quarks

* Perturbative QCD with W/Z bosons

« Perturbative QCD with jets: o, jet fopologies

. L

* Inclusive jet cross section ... here only a small selection ...
* Dijet mass spectra

* uncorrected dijet Ao

* jet multiplicities in W+jet events
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Inclusive Jet Cross Section (1)

High E_jets probe large x PDF's, especially gluon

- D@ Inclusive Jets || < 3, present measurement
CDF/D® Inclusive Jets | < 0.7

PDF: Run Il has extended reach in jet E. - Sl
' HL95 SVTX + HL96 ISR
| ZEUS 9697 & HI1 9497

CTEQ3M smsansy N Without Tevatron | E665

[ -enne=- Norm=1.0 Jet-Fit % RS : | CCFR
P s with Tevatr

[ e ”“‘:‘;"G:: sgt=fi jetdata ] BCDMS
i (

Phys. Rev. Latt 77,444 (1. Huston et &)

ff]] ~mc
N SLAC

IIII|IIII|IIII|IIIIIIIII|IIII|IIII|I.
107 107 107 107
Gluon X

important infois in the cross section versus rapidity.

Run Il prelimli
D@ Runll preliminary DO P nary

D data , Cone R=0.7
= |y|<05
1.5 = |\'_r| = 20
2.0=|y|=24
NLD (JETRAD) CTECNS.1
Roep=1.3, Up =l = 0.5 E/

e tice Cone R=0.7

] P;anrl:l.:ﬂ‘- Lln-143pb4

NLO (JETRAD) CTEQSM
Roep™1.3, pp=p=08P7

=y
=]

(doldp;) [pb/(GeVic)]
. 3

iy
c'u

|

J5=1.96TeV

Ly = 143 pb”

-y
(=]
fa

s
(=]
da

1 I ] L L L I L L 1 1 | L L L L I L 1 1 L I L L L L I L 1
100 200 300 400 500 600
pr [GeVic]
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Dijet Cross Section

D@ Run Il preliminary D& Run |l prallmlna?mmm"m""

- NLO (JETRAD) CTEQSM
- R =13 u =u =05p0"

10

1
T
i
E
:

—— D@ Data, L = 143 pi’

data / theory

NLO (JETRAD) CTEQEM =L oo systematic Hﬂﬂ&ﬂalﬂw
Roep = 13, g =up = 0.5 pr™ pdf uncertainty -

da/dM, =, pb/GeV
o

-
L

—_—
Du

cone R=0.7, |y |<05

jet |

1':' IIIIIIIIIIIIIIIIIIIIIIIIIIIIII
200 400 BO0 800 1000 1200 1400

|:| 1
200 400 600 a00 1000

1200 1400
M, GeWic’

M,, Gevic?

Central region ijefl < 0.5, data sample ~ 143 pb™'
Run Il midpoint algorithm
sensitive to hadronically decaying resonances

Good agreement between data and theory (NLO)
Large uncertainties due to jet energy scale
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highimass event:

AD Decorrelation

DO

pmax - 180 GeV (x8000)

130 < pm=* < 180 GeV (x400)

100 < p= < 130 GeV (x20)
75 < pT= < 100 GeV

DO

pmax 5 180 GeV (x8000)

130 < p™a* < 180 GeV (x400)
100 < p7 < 130 GeV (x20)
75 < T < 100 GeV o27

— NLO

- 10 .~ — HERWIG 6 505

=== PYTHIA 6.225

NLOUET++ (CTEQE.1M) E [ ] PYTHIA

increasad 13R
I[GTECGL] |

”r =]"lf =05 p
| . Loy | L
3n/d b 3n/4 e

AP ey (rad) AP ey (rad)

Mt
T

test of multi-parton radiation
pQCD & phenomenology
sensitive to radiation/jets
without' measuring them ...

observe increased decorrelation

towards smaller p_

NLO pQCD describes data except for large Ao
(pQCD not predictive)

UUUUUUUUUU
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W+Jet Events

¢ Crucial to be able to calculate/understand this process

for top & Higgs physics
¢ ALPGEN LO matrix element interfaced to HERWIG for parton shower
® nol more than one parton associated with a reconstructed jet

-
=)

CDF Run Il Preliminary
W—sev +=njets, 127 pb”’
% CDFData

w! sysl. +o ol Jal Energy Scale.
JetClu R=0.4 (E =15 GeV,| 1y |<2.4)

4 LOQCD ppe=M§ Alpgen
4 LOQCD upp=<p> Alpgen

T T T T | T T T T | T T T T | T T T T
CDF Run Il Preliminary
W — ey +2njets, 127 pb”
& CDF Data

w/ sysi. £ coldel Energy Scale.
JetClu B=0.4 (E =15 GaV,|ng |<24)

-
o

|
Events/5GeV

—
=
=%
S
=
Q
5
3
Q
wn
N
7
Q
-
(&)

— LOQCD pqe=M§
-~ LOQCD pppr=<P°

P

-
= ]

|Systematic uncertainty (10% i
£40% in o,) limits the measuremen

[sensitivity

+3)

2| é | | \H 1 | | | | “i‘t | | | 1 | | | | | -:‘
s : 50 100 150 200 250
Jet Multiplicity (= n jets) Jet Transverse Energy (GeV)
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Eleciroweak Physics
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Electroweak Overview

* W/Z Production atf the Tevairon
= inclusive W/Z production cross section

+ Z Production Characteristics
- Drell-Yan, Asymmetry, ... ... here only a small selection ...

* W Production Characteristics
- MW, charge asymmetry, ...

* Associated Production of Vector Bosons
- WW, WZ, Wy, Zy, ...
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W and Z Production

SHV
— BR=~10%
q

\Y

well understood event signatures
- leptonic decay modes avoid high jets background
- Increase understanding of detector by studying W/Z production
- cross section relatively well known and high
o, “Br(W ->1n) ~2.7 nb G, *Br(Z/y~> II) ~0.25 nb
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Z Production

Z production ;.. ;-
M =91.1876 + 0.0021 (LEP/PDG)

select 2 opposite charged high-p. leptons
backgrounds: Z =17 and qq/bb production for ee/uju sffface ~ 16 = 29% 1l
systematics: lepton-ID, PDF, acceptance, background
correct from Z*/y* to Z using MC

DJ Run Il Preliminary

_» ee DATA (4242)

O w
NN

e Data
CDF Run Il Preliminary

I Ldt=720pb" — Monte Carlo

Entries /2 GeV

— Background

|7 =148 pb™'
14 352 events

QQ

0 50 60 70 80 90,100 110 126_130
. (GeVlc
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W production

7

Hadronic Recoil

—e— Data
— PMCS+QC Y
== QCD bkg

DO Run Il Preliminary

.z =177 pb™'
175 572 events

PR B A
80 9[) 1[)0 110 12[)
Transverse mass(GeV)

W Production

lv

Electron

)

cannof measure p, of v

=\/2(E17~E’}1i38(1_COSA(pl’miss))

M =80.425 £ 0.038 (LEP/TeV/PDG)

“2>~.._Neutrino

select 1 high-p_ charged
lepton and large missing E.

.. can use this analysis
as luminosity
measurement;
goal Ac = *1% ...

.. with 2 fb™' expect:
om, 40 MeV
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events 0.5 GeV
o
=]

W= v

Mﬁ

Cl

DFIl Preliminary
200 pb
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Tevatron W mass and width

ALEPH [1998-2000] e

L3 (1096-2000] —==
OPAL [1996-1999]  +#—

LEP Preliminary -=-

D@ (Run-1] —

Tevatron [Run-1] +

i "
e T
1

- from fitsito M. spectrum Overal| average

expect Am = 40 MeV
per. experiment, 25 MeV combinec

LEP-2 W mass and width

- from reconstructing W' s
ee > WW - qgqqg or qglv

80.379:0.058

80.376+0.077
80.490+0.065

80,41210.042

80.48310.084
80.452+0.059

idof= 02/1

80.42510.034
81.0

difference between two final states: Amw =22 +- 43 MeV

= Bon# 16./17.11.2004 DESY Seminar - Arnulf Quadt — Recent Results from the Tevatron

y“/dof= 20.6 /37

—— 2.13:0.14

——— 224:0.19

—— 2.04:0.18

—s—  2.150+0.001

(idof = 19.7 /24

——— 2231017

—e—  2.102:0.106
: yidot=0.7/1

LT 21500

20 25
r,[GeV]
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Summary of W/Z Cross Section

CDF and DO Runll Preliminary CDF and DO Runll Preliminary

PP— W+X =lva+X

pPp— Z+X =1l +X

% * D0(e) ® Da(u)

ACDF(e) M CDF(u)
¥ CDF(<)

*Do(e) = @ Do(u)
WDa(1) ® CDF(u)
ACDFe) m CDF(7)
Runl  *rDa(e) © Da(u) wDo(e)  © Da(u)
ACDF(e) [JCDF(u) ACDHe) [J CDF(u)

1IIlIIIlIIlIIIlIIlIIIlIIIIIIlIIII 1IlllllllllllllllllllllllIIIlIIII

175 18 18 19 195 2 2.05 _ 175 18 18 19 195 2 2.05
Center of Mass Energy (TeV) Center of Mass Energy (TeV)

Runl

o

here CDF and D@ use different normalization
common normalization agreed recently for Run-Ii
... combination of results easier ...

UUUUUUUUUU
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nmeasurement

Indirect Measurement of r,

t: | on :
measuremen inferpretation o, Br(W-lv)

Br(W I R= g
r=2w r _>+ ‘i) o, Br(Z-I1"1")
o, Br(Z—-1"1")

luminosity error cancels

ofther systematics partially cancel:

- PDEs

- experi.: high pT, isolated leptons R
summer'03 TeV  10.60+0.26%

§ ‘my combination'

Tevatron measurements of
R = oxBr(W—lv)/oxBr(Z—ll) 1120+ 022

Run | + Il combined® .- 10.55+0.16
1111 +0.41%

Run Il

Tevatron combined®
10.59 £ 0.17

D@ (e)
10.48 +0.27%

et ) YW T

Run |
Tevatron combined

Tevatron combined : [}/ — lv) =2.155 = 0,053 G2V
LEP & Tevatron direct: T(W = Iv) = 2,139 £ 0.069 GeV

i ‘my combination’ 10.59 tRo-zo Run <I+I
10.61 £ 0.30 Runll
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W-Boson Width (Direct)

', precisely predicted in SM (masses and couplings)
normalize m. templafes fo 72285 W > ey candidates (50 < M. < 100 GeV)
fit predicted shape o 625 candidates in tail region (100 < M. < 200 GeV)

normalize fit

Standard Model
L o Fw=2.6GeV
- . D,=2.1GeV
[,=1.6 GeV

Hithet . ose Preliminary Result
: PETTTLIE e I
TRV RLET N

H[ Ll II_%||I|

L T T L | |
100 120 140

I1lii'vliII I I‘IEDIIII I IZU'EI DD RU” I
GeV
My (GeW CDF Run | (e+11)

DO Run Il Preliminary Hadron Collider Avg
« Data

MC+Background
Background

g
]

Events / 2 GeV

g

Preliminary LEP2 Avg
Preliminary World Avg

|[FEEEEREE EREE AN EERE AN AN AR NN N |
Ca A N N \ %5 9E 27 oA

(GeV)

o)
result: T = 2.011  0.093 (stat) % 0.107 (syst) GeV

consistent with SM and indirect measurement
syst. error dominated by EM & HAD resolution and underlying event
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Forward-Backward Asymm. in Z Production

d * *
lo-—(s)*zé(l-FCOSz@ )+ A (s)cosO
o dcos®” 8

D A _Op—0yp
FB—
O-F+O-B

¢ af: Tevatron can measure at'Z pole, and above and below
» directly probes V-A, exiract sin2€)W and u/d couplings to Z

sin29W = 0.2238 % 0.0046(stat.) £ 0.0020(syst.)

A, corrected assuming SM
and using A ; couplings fits

—

[
|

o]

oo
o

o
'S

o O

[l
Iy
<L
=
e
©
-
L
.
i
—
W
=T

o
N

© OO
o AN
cllllllllllI_II|III|III|III|III|III|I

-9

o

DI -

2l — e'e MC1
band includes _]
several theoretical
calculations

w‘
B RO R O o 0 —

Statistical
. Total
100 200 300

M., (GeVic))

|
L0 S
— (4] o

UUUUUUUUUU
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W Charge Asymrneiry (1)

W. produc’rion IS qsymmetric u-quark in proton carries more momentum
P( ) |3(6> then d-quark (dbar-quark in antiproton)
U P i > more W in direction of P
—> \W* is boosted > more W' in direction of Pbar
V-A decay: opposite asymmetry Y aimast Wlly polatized
lepton decay angular distribution
W* « (1 -cos 6*)?
+ _ > more e’ in direction of Pbar
e v > more e in direction of P

~doldn(e’)—doldn(e”)
doldn(e’)+doldn(e”)

=
'S

—— W Charge Asymmetry (LO)
— — W Decay Lepton Charge Asymmetry (LO)

Lepton Cutls
ES > 25 GeV

By > 25 GeV

Charge Asymmetry

... probes u(x)/d(x) ratio ...

0 2
< antiproton Rapidity proton -
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W Charge Asymrneiry (2)

o
o
o
(X

- CDF-Il Preliminary, 170 pb ™
— 25 < E_T_ < 35 GeV

~CDF-Il Preliminary, 170 pb ™
fr < 45 GeV

I
w
2]
A

o

(]

o
(X

o
-k
TTTT | T TTT |

Corrected Asymmetry
=)

Corrected Asymmetry
(=]
-k

&

L\

=]

RESBOS CTEQ6.1M
(F. Landry, R. Brock, P.M. Nadolsky, C.P. Yuan,

Phys.Rev.D67:073016,2003)
40 extreme pdfsets

RESBOS CTEQ6.1M

Phys.Rev.D67:073016,2003)
40 extreme pdisets

(F. Landry, R. Brock, P.M. Nadolsky, C.P. Yuan,

=]

... levaftron measurement provides
main constraint of high-x PDF* satf large scales ...
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Top Quark Physics

UNIVERSITY OF
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Top Quark in the Standardrnodel

ELEMENTARY
PARTICLES

5
b

Three Generations of Matter
Discovery of the Top Quark
in 1995 by the CDF and D@
Collaborations.

Why is the Top Quark so interesting ?
x completes the quark sector

x large mass m,_ ~180GeV/ c?
x short lifetime T~5-10%s < A"QCD
x sensitive to physics beyond the Standard Model

LEPTONS

Electron Neutring Muocn Neulring Tou Neutring
Mass ~0 ~0 ~0

o | @

Eleciron Muon Tou
B11 106.7 1777

. | @ | -

Up Charm Top
Mcss: 5 1500

o o

Down

Higgs-Boson coupling to fermions: g ~m,

m, ~ v/V 2, Yukawa coupling ) ~1

=85 16./17.11.2004 DESY Seminar - Arnulf Quadt — Recent Results from the Tevatron ROCHESTER Page 29




Top Quark in the Standardrnodel

corrections to W and Z boson mass
from top quark and Higgs boson loops
allow prediction of the top quark and
the Higgs boson mass

comparison of precision EW measurement <> corrections

[0 prediction of top quark mass

fo”
w
- Y200
] e
- 59 18¢
7 166G *
7 14¢
1 L indirekte top-Aasse ans EW -Fit
E 126 {mit exp. und theoret. Unsicherheit)
- ' ] 100 - o direkts top-Massen Messung
i g I ¢mit exp. Unsicherheit)
B T e CDF und I} am TEVATRON
10~ % 587 ¢ ! | ! ! ! | | | | ! |
1 | 1 1 1 1 I 1 1 1 1 | 1 1 L 1 b N
100 150 200 250 W 1992 1993 1994 1995 1906 1997 1998 1999 2000 2001 2002
M ¢ (GeV)

UNIVERSITY OF
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Top Quark in the Standardrnodel

corrections to W and Z boson mass

from top quark and Higgs boson loops
allow prediction of the top quark and AL Vs s e e s e e s o
the Higgs boson mass VogzPh Bl asls

| - LEP2, pp Data
80.51 68%CL

top

corrections: ~In(m_ ) 80.31

{og 1ae i
goal for Tevatron in Run II: 80.2 1 o zrlminary
am_ = 2-3GeV 130 150 170 190 210
Am, = 20 MeV m, [GeV]
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Top Quark in the Standardrnodel

proton - (ant1 )proton cross sections

Feynman diagrams
in leading order

- o (E,”'> 100 GeV)

o E

‘oiies

!

— . st
Lasnenecal o o (B > Vs/4)

(M, = 150 GeV)

-5 g—cHiggs
= Caraniecal i
E Chinos
raal

(M, = 500 GeV)

i Secrion (ph
—
2

Runl Runll  LHC establish top signal

ACRIUNER]  measure cross section as
ttbar 20 800 8*10°

QCD test
(m; sample .
o o o 1 b-tag) cross section and fopology
Top Quark Mo (GeVic™ singletop 4 100 close to Higgs physics

UNIVERSITY OF
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W-Decay Determines Topology

Top quarks decay predominantly Hisy 4% fop decay o,
(=100%) to.a W-Boson and a b-quark O u+jets

] et+jefs
Top-Antitop Signatures: : etre )
S ; et 14.8 %

dilepton channel O+ 1.4% 1.4% 14.8 %
5%: 2 jets, 2 charged leptons, 2 v B hadronic  28%
... measure fop production

‘epionFjets channell cross section (strong and

30%: 4 jets, 1 charged lepton, 11 v signdl signature weak) and properties ...

" dijets channel
40%: 6 jets

always 2 jets are b-jets
also look for lifetime- or u-tag
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b-tagging in CDF and D@

CSIP = SVT/SVX
counting sighed impact parameter tag

|
r |
;| decay length

|

PR [

s [ "epv
' dca

count the number of frack with large explicitely reconstruct 3d vertices
positive DCA significance o out of track jets

jet is tagged If cuf on decay length significance
N, (c>2)>3 or

N, (c>3)>2

D> can also tag muon in jet from soft-lepton decay
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b-tagging Efficiency and Fake Rate

SecVix B-lagqing Efficiency ( #t Events)
0.6

- CDF Run Il Preliminary

—— 1, x* =126/ 12
—— MG, 3? =150/ 13

=
i

=
(2]
T 1T T 1] T T T

P g -‘ﬂ"l-ﬁ++

““mmlm

-t

b-jet tagging efficiency
=

=
[
L I i

Mgl < 1.0

s leva b s
GO F0O a0 90

ET jet, GeV

[ SecVix Mistag Rate |

rate
bt
[=1
fur
£

9

CDF Run Il Preliminary

mista

per-jet

h]jetl <24

| 1 P 1
100 120 140 160 180

Jet Ey (GeV

measured in inclusive sample, converted fo light-tag rate using MC
D® CSIP/SVT slightly higher/lower fake rate = CDF/D® similar performance
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An Example pp-Event

CDF Il Preliminary

Secondary Vertex

Jet 85.6 GeV i

/] | '.':l'munn 24.2 GeV

MW

UUUUUUUUUU
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A Typicadl p+Jets Candidate Event

\ Muon + Jets candidate event

,'SV/( ,

mip signal

in cqlorlmeter .- NY /S ;;',;/’
MTC \ N

Jet 1

Jet 2

e e
g 7
; p 4
: Z7
7 Y
y -
A y >

&
-

7
’
7
7
7
/
7
/
y
2
7
7
%
7
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Run |l Top Cross Section - Sumnmary

errors between different channels are correlated
DY Run Il Preliminary

Top Pair Production Cross Section N

CDF Run 2 Preliminary dileptons 146 pb'1 14 3+5.1+2.6
H—&—H 4319

ek .
Dilepton: Coembined
7.0+3%4+17 (= 200007

” l+|ets (topo) 143 pb-1 7 21-2.61-1.6

Lepgn +.Jets: Kinematic 2417

4_?+}:g+}:g (L= TQpr_T)
l+|ets (soft 1 +4.1+2.0

-1
Lepton + Je!s: Kinematic NN H—® H 23 pb 3518

6.7+11418 - 19307

el (SVT) 58 -1 +5.8+1.4
Lepton + !ets: Vertex Tag + Kinematic & i 1 pb 1.1 45314
8 . ’
8

6.0x15=08 (=762

Lepton +dJets: Vertex Tag T l+]ets (CSIF) 164 pb-1 7.2+1 A3+19
5612419  =162007) 1214

Leptor!l- Jets: Double Vertex Tag l+]ets (SVT) 164 pb-1 8 21.1 3+19

54424400 (=162 TT13-18

. P
Lepton +dets: Soft Muon Tag

-1
42423414 =193 162 pb

+3.4+47
7.7 33-38

All Hadronic: Vegex Tag
2547 = -1
LA LA B L B B |7|8|i|25i|23| T (L |16|5p;b) Ll I L L L | 1 | L L | Ll Ll |

"4 6 8 10 12 14 0 5 10 15 20
o(pp — 1) (pb)
o (pb)

e Measurements demonstrate success of various fop detection techniques
e Results within errors consistent with NNLO SM prediction for 1.96 TeV of ~7 pb’

UUUUUUUUUU
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Measurement of the Top Mass in L+jets

< quantity o signal events backgr. event

N events with reconstructed objects
(leptons, jets, ...) and kinematics X

~ %

m,signal
* best estimate by maximizing the

- P_(o,x): probability fo measure an event with kinematics x

P (a;x;)=c P (a,xi)+c2Pm’bkg(xi)

m,tt

“ include
* minimize -log-Likelihood to measured a and fix the signal/bkg.-fractions !

“ the challenge: !
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Measurement of the Top Mass in L+jets

“ Obtain probabilities by folding differential X-section with object resolutions:

| S — 7/

" A /

P, o, x)=Ace(x) x| GG do, do, f (g;) £ () W)

Acceptance LO-Matrix PDF’s Transfer Functions
(selection, element x phase (Probability to measure x
trigger....) space when y was produced)

t  Signal Background (VECBOS-ME)
(No ISR or W+ 4 Jets
FSR) (also found adequate for QCD bkg.)

— need to constrain to exactly 4 Jets

‘ fake permutations (jet-parton-assignment) and reconstruction
ambiguities info account by summing over different possibilities

« Transfer functions are setf to s-functions for well-measured quantities
(Jet-angles, electron momentum)

« for jet-energies: Wiets(qu",Ejet) relating parton- and jet-energies, obtained

as parametrization for b- and non-b-Jets from MC
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Application to Run-| Data

M=180.1+3.6 , +4.0 GeV

Nature 429, 638-642 (10 June 2004)

* improvement corresponds
to 2.4-times statistics !

s resulircompatinierwitn
previous measurement in
the lepton+jets channel at
about the 1.7 sigma level !

170 175 180 185 190 195

Top quark mass (GeV/c?)

ttbar model 1.5 GeV
W+jets model Xe\YA Error estimated by rescaling jet energies

nd.mulliple.i.c Ge by the JES uncertainty and taking the
ergy scale (JES) 3. maximum difference.

PDF's 0.2 GeV
Acceptance correction 0.5 GeV
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World Average m.. and Higgs Mass

hep-ph/0404010
Mass of the Top Quark |Og MH = 9 071020

Measurement I\/lm,p [GeV/CZ]

-0.21]
e +67
167.4%11.4 = W 92

ot 1nE < 251 GeV (95% CL

+ . world-average an

180.1+ 5.3 » += All datz, with new
F world-average M,

186.0+11.5
¥Z/dof = 2.6/4
178.0% 4.3

Hegion
excluded

new world average | by drect

searches

(TeV EW/TOP working group, 1.April'04). R R ..|' N

178.0 + 4.3 GeV/¢? 20 100 400

Higgs Boson Mass [GeV/c?]
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Run |l Top Mass Measurement in CDF

Run | style "‘template’ method
Distribution of raw data events CDF Run " Preliminary (1 62 pb-1) - .C.D.F Run Il preliminary, 162 |Z.’!l‘..'!-1

LI B B S S B B B B B S B e |
—e— data b

[ =180 Gevicy ]
WhBWWWZ
non-W QCD

p— Likelihood vs top mass

M~k

™

T
-y
o

CDF Run Il preliminary

~
IIA\I
™

[=}]
LI L L L Y L L L L L LI

@ mc M, = 175GeV)
¢ DATA

\\

single top

m
- mistags

~
b
T

8
6
" a
2

D Bkod only

—~
T

Events/(15 GeV/c?)

_LMW-P-UIO\“QW

20 750 180 210 240
M, (GeVic)

Events (15 GeV/c? bins)

I\\IOO\\
IS

S 9 D
=)

N
T

number of events / 10 GeV
[~

]
[ [3*]
T

rl'l'l'l'l'\|||||||||||||||||||||||

[~ — [—

/

NI SN I BN RPN B N e e e —= L
200 75 00 80 100 120 140 160 180 200 220 240 260 100 150 200 250 300 3
Mass / GeV Reconstructed Mass (GeV/c") M (GeVic

Di-leptons I+jets, b-tagged I+jets, b-tag+jet E.

87

0
)

Dynamical Likelihood Method is similar fo D@ “matrix element method'

Maximum Likelihood Mass 22 events joint likelihood
CDF Run Il Preliminary (162 pb’) _M_rc Prediction , CDF Run: II Prellmlnary (1 62 pb )
Signal MC : M,_, = 175GeV/c? — Signal tthar(MC) 1= :

-

¥ Data 22 events T After Background Cons|derat|-0n(4-.2-e:ventst

m,=177.8 % _5 . (stat )+6.2GeV/c’

“2In(L/L,,.,)

|¢|||h’lllﬁ"\llq\lwl$llw

Events/(10Gev/c?)
¢IIII’TIIIIlT)\III%III*IIII?‘II\I?\III‘T‘III

........ 1765iggGeWc2 ._q-

130 140 150 160 170 180 190 200, 210 220 166 168 1‘10 1“12 1‘14 1‘16 178 1#0 132 1#4
aximum Likelihood M, (GeV/c") M, (GeV/c)
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Top Mass Sumnary

new combined Run | result » m, = 178.0 £ 4.3 GeV
(was m, = 174.3 £ 5.1 GeV)

Average 178.014.3

y/DoF: 26/ 4

CDF Run 2 Preliminary D@ Run 11 Template (preliminacy)

I Diepton sttt ma | oSy He—8=——= | ppq 17174107

D@ Run 11 Ideogram {preliminacy)
177.545.847.1 GeV b—t—a—i— | LEP1/SLD/m,T,, —p— 179.2+10.1

] Lepton + Jets: Multivariate 179.6 +23 + 88 1= 16207

B R P P
D@ Run 1 125 150 175 200
179.043.513.3 GeV m1 [GeV]

JLepton + Jets: Template 174.9+71+83% (- 152007

CDF Runl
176.114.245.1 GeV

ILepton + Jets: DLM 177.8+3 3482 (1= 160m7)

Run I world average

178.042.743.3 GeV [ |

1 —_——

1 World Average: CDF+D0 178.0+ 4.3 {Run { only) | | | |

|||||||||||||||||||||||||||||||||||||||||||||

155160165170175180185190195 140 150 160 170 130 G \}90
Muass GeV/cz mt ( C )

UUUUUUUUUU
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Search for Single Top Production

EW production of fop quark

similar stfrength as strong production; !l s-channel

- direct probe of |V | t-channel

- search for new physics 7 ; K U

- topology similar to ttbar in I+jets, c,=0.88 2 0.07 pb c,=1.96+0.21 pb

) ae)

t

D@ Run Il Preliminary

e+, SVT+SLT

100 2m 200 a00 B t—channel ( X 10)
H, [Ge V]

- CDF Il data I s-channel (x10)
— single top .

-- 1t

-~ non-top

=
@
&)
u
-
L]
=]
=
2
L

| } |
35 4 45 5 55
jet multiplicity

0 ===
100 150 200 250 300 350 4DD 450

H, [GeV] 95% CL limits

o(s-channel)

for observation o(t-channel)
o(s+t channels)

6./17.11.2004 DESY Seminar - Arnulf Quadt — Recent Results from the Tevatron ROCHES] IER Page 45



Top Quark Outlook

(L p A Sy
further top properties measurements Yy o

in preparation:
* W-helicity in top decays
* top coupling

Oy
s
§ ¥

| - LEF2, pp Data
80.51 8% CL

- anomalous kinematics %

* rate of iop decays to tvb a 80.4
(charged Higgs) =

* branching ratios =

* top charge

CDF + D@ combined expected precision with2fb™! g o | UGNy  Preliminary
ATLAS/CMS separate with 10-30 fb* 130 150 170 190 210
(mass precision from total lumi) m, [GeV]
CDF+D9@ ATLAS/CMS CDF+DO@ ATLAS/CMS
W helicity Fo, F. 0.09, 0.03 single top 20.00% 0.71%
Rob/16 4.50% ~0.2% I's from single top 25.00%
| Vi | from R | Vi, | from single top 12.00% 0.36%
B - yq) 2*10° 1.0*10* B - Zq) 0.02 1.1*10*
AMiop 2 GeV 1-2 GeV Higgs discovery ?  discovery !
Amy 20 MeV 20 MeV Yukawa Coupl. y; --- 12-16%
216./17.11.2004 DESY Seminar - Arnulf Quadt — Recent Results from the Tevatron ROCHESTER Page 46

. %ni
25 DOl




Summary and Conclusion

Tevatron has a very rich physics program
today highlights from

- QCD

- Electroweak Physics

- Top Quark Physics

CDF and D@ doing pretty well
Large number of competitive results already now
More luminosity and Run-llb upgrade coming soon

It's fun fo be there ...
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Backup Slides

UNIVERSITY OF
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Inclusive Jet Cross Section (2)

Run | reach extended by 150 GeV

Dataagree with NLO prediction within errors (Run | JETCLU used)
Need to be corrected for hadronization/underlying event
Watch the high p;-tail...

- Integrated L = 177 pb™!
[ 0.1<npd <0.7
JotClu Cone R= 0.7
NLO pQCD Uncertainty (CTEQ 6.1)
n  o(\sm1.96 TeV) o(\s = 1.8 TeV)

|| 3% Energy Scsle Uncertainty

CDF Run ll Preliminary
Integrated L =177 pb'1
0.1 < [Npel < 0.7

JetClu ConeR=0.7

—

S
0
I
Lo
=
o
l—
W
o
—_—
ND
o

* RunllData 50 100 150 200 250 300 350 400 450
[ ]+/- Systematic Uncertainty Inclusive Jot E ; (GeV)

—NLO pQCD Uncertainty (CTEQ 6.1)

100 200 300 400 500 600
Inclusive Jet E ; (GeV)

Rapidity-dependent measurement in the works

UUUUUUUUUU
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Higgs Searches

UNIVERSITY OF
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-
[ ]

— All datza, with old

world-average M,

s== All data, with new

]
-
-
L}
]
-
-
L
L]
-
-
-
-
-
-
]

world-average MEF

Search for the Standard Model Higgs Boson

\ I I
-
-
-
-
-

I \
95% upperlimit on Higgs-Mass from EW fit

inflirect Hiégs-Masséfrom EW-Fit
| (exp. uncer:tainty) i i

Hiégs masséexclusiomél (95% dL)
from direct Higgs searches at LEP

excluded
1 by drect
searches

20

100

1995 1996
Higgs Boson Mass [GeV/c?]

1994 1997
Last missing particle in SM (EW symmetry breaking — mass)
Light SM Higgs preferred

1 | | | | |
1998 1999 2000 2001 2002 2003 2004

Key to understand beyond-SM-physics
(in MSSM m_ < 135 GeV)

and decay channel ...

Search strategy a function of production
b-tagging a crucial tool

The final word from LEP:

2 mass limits:
obs. m > 114.4 GeV
XP- m > 1153 GeV
6./17.11.2004 DESY Seminar - Arnulf Quadt — Recent Results from the Tevatron
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Search for the Standard Model Higgs Boson

use HZ and HW a(pp —H + X) [pb]

L Standard Model

with H= bb and g vs=2TeV NISEIGGSEI . . . |
Z= /vy, W= lv © _ with H > WW

S

140 LA 200

T A | hA IGaV1
180 20

M, [GeV]

N W | { R TN | TR |
120 140

160

combined CDF /DO threshokds SHW'99

=3

130 fp™

» © fb™!
Dominant decay modes

2 b
— 95% CL Imit
— 30 evidence
e K TR
80 100 120 M40 1O BO
Higgs mass {GeV/c?)
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SM Higgs Search: WH - lvbb m,_<140Gev)

D¢ uses Sdmple Of W(eV>+2b fCIgged lei_s Wb Search Dijet Mass Distribution (> 1 b-tag)

— require exactly 2 jets to suppress top background COF R Preimnary 1628
6 events expected and 4.4 * 1.2 events observed

-
N

W +2jets (=1 b-tag)
[ ] Data

Events / 10 GeV/c?

CDF uses e & u channels D e
. 0 [ W*Hx 10 (my = 115 GeVic)
= requue qt qust ] let | Mean = 104.1+ 0.2 GeV/¢?

Width = 17.3+ 0.2 GeV/c®

form, = 115 GeV: to be b-tagged

o(WH) * BR(H>bb) < 9 pb at 95% CL

DO W + 2 b-tagged jets

L=174pb” e Data
W + jets
[]QcD
Wit
CIWbb

CDF Run Il Preliminary 162 pb'

— Expected Limit+ 1c
-8~ Data

 extended b-tagging T ML St Hore o 2 WH > WK
acceptance, efficiency.

¢ additional kinematic
variables

¢ better m_ resolution

0 100 150 200 250 300 ¢ add vvbb channel
Dijet Mass (GeV)

2
110 115 120 125 130 135 140 145 150
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SM Higgs Search: H > WW = llv »_> 140 Gev)

search strategy:
> 2 high p, leptons *+ missing E.

> WW comes from spin 0 Higgs: charged
CDF Run Il Preliminary, L, , = 184 pb" leptons prefer to point in the same direction

— data £ % zz::"" I
= ”
— &\?@H—)WW My = 180 GeV q B % m.,.,. DJ Run Il
m fakes || Wwet>x  IPreliminary
DY ee E | H WZ- e
DY nu i E mwm
\?VYZW : e DATA
77

tt

w

-
_Lb'II\D

2.5

o
3]

o
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Current Lirmits on SM Higgs Search

both CDF and D@ set 95% CL Excluded cross section times
limits on SM Higgs production Branching Ratio at 95% C.L.

: s . e
PO RBun EPrelimi Nary

3 , “\X
HE S WA \\\XX\
N

CDF Run |

| Preliminary
||||||||||||||||||||||||||

e

—
L]

oxBR(H—WW) (pb)

th

WH— lvbb H—> WY =y 4" Generation Model

— =1
Ly=162 pb™ Lu=184 pb

SM Higgs

Excluded at LEP

\ i ' | !
Expected Limit 3 - /\ Br(H WW)
— Observed Limit ] Standard Model

_SMPrE‘diCtiOH Lo b b b o

IIII|IIII|IIII|IIII|IIII IIII|IIII|IIII|IIII
° 100 110 120 130 140 150 180 170 180 190 et AUatlilon Wi b

My (GeV) Higgs mass (GeV)

o D@ light (115 GeV) Higgs search limit
... limits already o(WH) * BR(H » bb) < 12.4 pb-1 at 95% CL

exceeding Run | results ...

~~
0
a
~—
|-
M
*
L
0
5
o
D
)
|
v
V]
QO
!._
-

UUUUUUUUUU
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Tevatron SM Higgs Hunting Outlook

Combined DO/CDF Result g [T T v

Jrre—

inosity (f

Tevatvon Higgps Sensitivity Groap June 2003 Update

I

Int. Luminosity per Exp. (f6)

3143 iHiggs Wot

L Lreliminary 7 55 discovery
3o evidence
! g5%% S L axelu@:ion
120 140 160 180 200
my (GeV)

integrated lu
-

&
& T — T

-
=]

HiTs

5 discovery

g:ﬁ E leggxgrey 3o evidence
99

e e R T .
ST 1Y Lok a4 95%, CL

100 105 110 115 120 125 130 135 140 exclusion
Higgs Mass my (Gel)

luminosity projection (fb™)
year baseline design
2003 0.28 0.3
= combined I, vv, Iv channels 2004 0.59 0.68
* no systematics included yet 2005 0.98 136

~noH WW* channel; impacts m_ > 125 GeV 2006 = 224
g 2007 2.11 3.78

= assumes upgraded detector 2008 3.25
* reaching interesting sensitivity with 2 fb*' 2009

UNIVERSITY OF
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Search for MSSM Higgs at the Tevatron

Two Higgs Doublets H,, H, and 5 physical states
2 CP-even neutral Higgses
1 CP-odd neutral Higgs

2 charged Higgses

Free parameters: = (VEV ratio)

mp < myg

(mixing angle of h, H)
Higgs mass parameter
common trilinear

Higgs-sfermion coupling

tree level: mp < Imz < Iy

rad.corrected: mypy <

© 130 GeV Br(</>—>bl_9)~90%
. b
b
_>umn<,;€_<
q
5 )

g b
multi-jet sample (23 b-tagged jets)

E. cuts on jefs optimized for Higgs masses

D@ Run Il Preliminary

Data

Bkgd.
m, = 120 GeV

Events/ 10 GeV

500
M, (GeV)

D@ Run Il Preliminary

MSSM Higgs bosons
bbo(— bb), o =h, H, A

significant improvements expected from reprocessing
... bbtT coming next year ...

re-interpretation of LEP data
due to new m,

Excluded
by LEP

Inaccessible
0 20 40 60 80 100 120 2140
m,. (GeV/c™)
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Search for MSSM Higgs at the Tevatron

CDF searches for pp » h/A + X

e With A decaying Info tz pair

e ~8% branching ratio at high tan

° [ower backgrounds then bb pairs

®* NO access seen over backgrounds

Higgs — t t Search, Mass of Lepton,, I;[r

2

CDF Run Il Preliminary 195 pb”’

-8 Data

[(1Z—1x

[JJet—>r
B tt,Dibosons,Z—ee uu

—h
(=]

Events / 5 GeV/c?

_ 0 HE‘I

150 200 '350
m,;. (GeV/c")

ThTe ThTu Combined

4 — 7T 132.3 £ 17.1 1041 4+ 13.3 236.4 £+ 20.5
Z — 1l 1.8 0.2 49 + 04 BT 08
tt, VV 0.7 0.1 0.8 +£0.1 Lh==0.1
jet — T 120 £ 3.6 Tald-k2it. 18080

Total predicted 146.8 £+ 17.5 116.8 &+ 13.5 263.6 &+ 30.1

Data. 133 103 236

Higgs — t© t Search, 95% CL Upper Limit

CDF Run Il Preliminary 195 pb™

— Observed

=== Expected

L | L L L | L L L | L L L | L
120 140 160 180 0
m, (GeV/c")

UUUUUUUUUU
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The D@ Silicon Tracker

+ Silicon Microstrip Tracker (SMT): e 3 —
6 barrels, 14 disks T ! :
Tracking ouftto~n =3

- axial, double-sided
small-angle stereo an
double-sided 90°
detectors

- 800k channels,

SV X2 readout

Main features:

Coverage of the luminous regions

Extended acceptance at large pseudorapidity
3D Tracking capability

Excellent impact parameter resolution
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Baseline Upgrade: SVX I I

5 double-sided layers

- § axial, 3 x 90°, 2 x 1.2°
Tight alignment folerances
- for displaced track trigger
Highly symmetric

- 12-fold in ¢

- 6-fold in z

/-8 silicon layers
7122, 432 channels
ro, Iz Views

zZ"* =45 cm, n"* =3
1.3<r<30cm

Run Il physics goals
properties of top quark
precision Eleciroweak
CKM; B, mixing

search for new phenomena
tests of QCD

heavy flavour fagging

B reconstruction efficiency.
iIncreased forward acceptance
improved o (=20 um)
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Soft Underlying Event

The “underlying
event” consists of
hard initial & final-
state radiation
plus the “beam-
beam remnants”
and possible
multiple parfon
interactions.

Non-Perturbative,

but universal pdfs
P 2

Incoming
Parton

Hard
Hadron
Interaction Shower

Learn through studies of min bias events, Jet events. Look at
distributions/correlations of charged particles with n<1, p,>500 MeV

Also, studies of mini-jets in min bias events
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CDF Top Cross Sections in Di-Leptons

197 pb! data sample for all channels
combine ee, uu and ey channels for
best precision

fi Mar= Cara

COF Il aadats {197 pa' )
COF lpp dats { 197 g
COF Il ot dala {197 ph

ik

¥

a0
&0

-

[
*

E
5
8
F
:
uf
&

5
:

I.II
[ |
.-.'.-.#-..:.-." e B S e e

u
*

F - : J 1 ; 1 I.I 1 1 i 1 1 I'I | I | I I 1 L1 I 1
20 (314 ] a2 100 120 140

Migeing Tranevares Enerqy [GaY)

e}

s

o = 7.053 4 (stat. ) (syst.) £ 0.4(lum.)
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Event count per jet bin

o
o

CDFIl-197pb ™

L WW+WZ+77
+— + Drell-Yan

B + fakes
Total bkgnd + 16

~J
(=]

entries/jet bin
g 8

P
o

[ %)
o

(]
=

-
o
T

plon: combined

|

S5

eplon-+ jets: vertex tag

|:| Cacciari et al. (hep-ph/0303083), m=175 GeV

" 1800 1850 1900 1950 2000

s (GeV)
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Event Topology in Lepton+Jet

o 1 lepton with high P,

* 1 v (reconstructed as
transverse energy (met))
°*24jets
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multijet background (QCD).
+ misreconstructed met * -
+ fake isolated uor e

. [
0.. ’0.
.‘ L
Jﬁ) s * Gl _IU
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‘!I
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Likelihood Fits in |+jets Channel

fit inear combination of QCD (inverted tight selection in data), W+4jet and ttbar to data

no of events

|

02 04

Li+jets: 144 pb™

» data

B fitted ttbar
[] fitted W+jets
B fitted QCD

no of events

%

06 08 1

Likelihood Discriminant

- etjets: 141 pb”

e data

I fitted ttbar

| ] fitted W+jets
B fitted QCD

)8
0 01 02 03 04 05 06 07 08 09
ical likelihood

muons

electrons

Nev

100

136

fitted NV

74.7 + 12.7-12.0

94.6 + 15.8-15.0

fitted No°P

741 + 049 - 049

1441 + 142 = 142

fitted N*!

1748 gk 949 - 84?
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Helicity of the W in tibar Events

Top Standard Modeliweak decay -
V-A coupling asiit is for all'the other fermions

ﬁ Suppressed by
the V-A coupling

b
: W Left-Handed W, Longitudinal w, Right-Handed
05708 0402 0 02 04 0k 03t fraction F. fraction F, fraction F,

w(cos ¢1b)=F_'§(1 —CoS 4)lb)2+F0-§(1 —cos’ c/>lb)+F+%(1 +cos cl),E)z

In SM (with m=0, M, = 175 GeV and m, =80.4 GeV),

Helicity of W manifests
itself in decay product
kinematics

UNIVERSITY OF
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Helicity of the W in itbar Events (Run I)

Uncertainty on the top mass translates into a systematic

D® Run | analysis using
error, on the measurement of E;

| Matrix Element’
fechnique
Infegrate over M, from 165 to 190 GeV

Most probable value and 68.27% interval using M., =175 GeV

top

22 events pass our cuts => from fit, 12 signal + 10 background events

Statistics+ M, uncertainty

top

Jet Energy Scale

Parton Distribution Function

'I.L
From data

Acceptance-Linearity Corr.

Background
Signal M odel

:Illlllllll-‘_LLI

MultipleInteractions

From Monte
Carlo

ttbar Spin Correlations

F,+ 0F (Stat+ M,,)) = 0.558 +0.306

UNIVERSITY OF
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Helicity of the W in ttbar Events (Run Ii)

[Decayangle | D& Run Il Preliminary
. 1 , : _ F -@-Data
D@ (I+jets, 160 pb™) =4 E: S

W rest i - - -tthar (V+A)
* b-tag or topol. selection A ) [ Wets

» kinematic ttbar fit > boost into W. rest frame —

* decay angle distribution F. < 0.24 @ 90% CL

" CDF Il Preliminary F 9 | |
F ] 1 o:l:.'.'....l1...1...'.. | A
: / Ldt = 200 pb™* i -1 -08-0.6-04 -02 -0 0.2 04 0.6 0.8

] coso

-log(L) + constant

& @ @ o =

401

* CDF (I+jets and dilepton, 200 pb™')
» charged lepfon p_in lab. frame

: — +0.35
best fit FO 02 7 -0.24
left-handed component |

longitudinal component |

entries/20 GeV
[9%]

N

background component |

S | | - . ho deviations from SM predictions
50 100 150 200 250 300 . -
charged-lepton p; (GeV) eventually simultaneous fit for F, and F,
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Unexpectied Top Decay Modes ?

/(ssuming three generation CKM unitarity, 1V, 1=0.999 b=BR({ > Wb)
=R =IBR(7 > W)/ BR(1 > Wa)r>10.998
Can measure ratio by checking/the b-quark: contentiofithe top sample decay.

if efficiency fo tag a b-quark is ¢ (~0.45 at CDF), then o
£ =0z ) “doubleftagged? £

e=2be (1-be) =singlerfagged? :

=l -0z ) “inrfagged”

BR(t » Wb) / BR(t » Wq) > 0.62 @ 95% CL

Doesitoprdecay into something else than Wi 2
like X, where X > gqg| (100%) or Yb, where Y. =~ v (100%) 2
estimate using ratio of fop cross section c / G ets

BR(t Xb) <0.46 @ 95% CL
BRt Yq)<0.47 @95% CL

“ B 16./17.11.2004 DESY Seminar - Arnulf Quadt — Recent Results from the Tevatron ROCHESTER Page 68




Resonances in tt System ?

No resonance production in tf system is expected in SM (cc, bb, ...)
some models predict particles which decay: into ftbar

example: topcolour-assisted technicolour

= predicts leptophobic Z' with strong 3'°-generation coupling

experiment: search for bumps/peaks in ttbar effective mass spectrum

D@ Run I analysis

* Leptophobic topcolor X
with [, = 0.012M,

® D 95% C.L. upper limit

M, > 560 GeV/s

. 0 s e e 10 -
450 500 550 600 400 450 500 550 600 650 700 750 800 850

M(tt) (GeV/c?) My (CeV/c?)
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Preliminary: New Phenomenq Sequhes

Search for LED in'the Dimuon Channel
Seérch for LEP in the Dielectron and Diphoton Channels
Search for LED in Jets+MET Topology
Search for Randall-Sundrum Gravitons in the Dielectron and Diphoton Final States
Search for Large and TeV-1 ED in the Dielectron Channel
= Search for Chargino/Neutralino in the eel Final State
= Search for Chargino/Neutralino in the uul Einal State
= Search for Chargino/Neutralino in the eul Final State
= Search for Chargino/Neutralino in the Like-sign Muon Channel
= Search for Chargino/Neutralino in the Trilepton (combined) Einal State
Search for R-parity Violating Resonant Slepton Production
Search for Supersymmetry with R-parity Violation in the eel Final State
Search for Supersymmetry with R-parity Violation: in the uul Final State
Search for Quark-electron Compositeness in ee Production
Search for Technicolor Particles in the Dielectron Channel
Search for Heavy Z' Bosons in the Dimuon Channel
Search for Heavy Z' Bosons in the Dielectron Channel
Search for Scalar Leptoquarks in the Acoplanar Jet Topology
Search for First Generation Leptoquarks
Search for Technirho Production in the Mode 15~ WpT

= Search for Anomalous Heavy-Flavor Production in Association with W Bosons
Search for Squarks and Luinos in the Jets+MET Topology

Submitted:

= Search for Supersymmetry with Gauge-Mediated Breaking in Diphoton Events at D@
__FERMILAB-PUB-04/198-E, hep-ex/0408146, submitted to PRL

%ni
2 b
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SUSY - Trilepton Final States

Associate production of Chargino and Neutralino

- s -
PP — X1 X3 — 3wxixy

Signature = 3¢+ Ep

Searches in leptonic channels with
-e + e + | (frack)

-e + u+ | (frack)

-u* u + li(frack)

- like sign u + p

=
N N

DA Run Il Preliminary

Search for x5 — 31+X: Limit on ¢ x BR(3I)
M(x3) =~ M(x3) = 2xM(x); M(slepton) ~ M(3)

w

-k

- 147 — 249 pb’’

19)< BR(3) [pb]
b

o(x

vast improvement over Run-I| limits
in MSUGRA exclude m(y.“) < 97 GeV

with 25% more data expect to
reach LEP exclusion

1
oo =
0 G

o
N

mSUGHA Prediction

heay
: XSquary D@ Run |l
e —— (- - - Expected limit)

—_—

=

in models without sfermion mass

universality: m(x *) > 111 GeV L 100
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130
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Diphotons Events in GMSB

Gauge-mediated SUSY - SUSY breaking at scale A, mediated by messengers
Gravitino is LSP, NLSP'is a neutralino or a slepton
Assume here NLSP is neutralino:

Search for two photons with large missing E.

DO

Yy data

Background with no
genuine missing E ;
Total background
SUSY signal x10

Events /5 GeV

55 60 65 70 75 80 85

1h3?ssing E A (TeV)
... most stringent limits for models m(y.°) > 108 GeV @ 95% CL
where neutralino is NLSP ... m(y ") > 195 GeV @ 95% CL
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Anonmalous Wbb Production

Heavy flavor content of W+jets events sensitive test of Standmodel

DG Run Il Preliminary

—MC+QCD

- Data

B nmutiijets

40 50 60 70 80 90 10011020

Transverse M,, (GeV)

Number of Jets with pT>25 GeV and at least one SVX Tagged Jet

D@ Run Il Preliminary

—— ft, gtb MC
WiZbb MC
W/Zb MC
WiZet MC

B We MC

Il W2 +jets MC

Il Multijets

+«— Data

DG Run Il Preliminary

— MC+QCD

-4 Data

B muntijets

L L alog o 1y

40 50 60 70 80 90 10011710120

Transverse M, (GeV)

no significant departure from predicted rate

source
Data obs.
SM predict.

95% CL limit (evts)

W+ljets W+2jets W+3jets W+24jets
5 1 1 0
4.8%1.1 1.9+0.4 0.9+0.2 0.3%+0.05

6.78 3.88 4.17 3

Number of Jets with pT=25 GeV and at least one SLT Tagged Jet

Number of Jels with pT>25 GeV and at least one Doubly-Tagged Jet

D@ Run Il Preliminary

— t, qlb MC
WiZbb MC
WiZb MC
WiZez MC

B We MC

B W Z+jets MC

B Multijets

—a— Data

: D@ Run Il Preliminary

|
|
|
|
&

— i, gtb MC
W/Zbb MC
W/Zb MC
W/ZcE MC

Bl W MG

B W7 +jats MC

I Multijets

«— Data

=4
Excluzsiue Number of Jets]

>1 SVT & SLT b-tagged jet
... highest purity ...
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b-Quark Physics

Preliminary:
Reconstruction of Ky in Semi-Leptonic Decays

Reconstruction of B ~ ub sX Decays

Reconstruction of B-Hadron Signals at: D@
- Observation of B_ Mesons and a Study of its Properties

Observation of Semileptonic B decays to Narrow D** Mesons
= Study of excited B-mesons (B**)
Flavor Oscillations in B, Mesons with 3-combined Taggers

Flavor Oscillations in'B, Mesons with SS Tagging
Flavor Oscillations in B, Mesons with OS Muon Tagging
Measurement of Upsilon (1S) Production Cross Section

Submitted:
Measurement of the A _lifetime inithe decay A~ J/wA® first submifted/published
FERMILAB-PUB-04/286-E, hep-ex/0410054, submitted to PRL

= Measurement of the ratio of B and B® meson lifetimes
FERMILAB-PUB-04/284-E, hep-ex/0410052, submitted fo PRL

- A Search for the flavor-changing neutral current decay B_- up
FERMILAB-PUB-04/215-E, hep-ex/0410039, submitted to PRL
Measurement of the BS lifetime in the exclusive decay channel BS > J/wo
FERMILAB-PUB-04/225-E, hep-ex/0409043, submitted to PRL

Ab exclusive lifetime

most precise submitted/published
single measurement of the B_lifetime

Published:

Observation and Properties of the X(3872) Decaying to J/wn'n
FERMILAB-PUB-04/061-E, hep-ex/045004, Phys.Rev.Letters 93, 162002 (2004)

UNIVERSITY OF

2 B - 16./17.11.2004  DESY Seminar - Arnulf Quadt — Recent Results from the Tevatron Page 74




Standard Model prediction: BR(B, -~ u'u) =(3.4+0.5) * 107
Excellent place to look for SUSY and other new physics
|~ 240 pb™

v Y (15, 2§, 35)

A \
| %ignal region
‘ : : llu_‘.‘fg- S % \ i A h .'-'." = [T :
T ] iq i

2
s
ST N T

- 1.16 ST fl 4
E tod SM = - oinvariant (1L 1) Mass [GeV]
Xpec signa

events/20 Me

Background prediction (from sidebands)
=3.7 £ 1.1 events

4 events in signal region

D& Runll

Signal region BR(BS > u+“') <50* ]0-7 @ 95% CL

Side Band 1 Side Band 2

# of events / 5 MeV/c?

... new best limit ...
... Will keep improving with time ...

R M IR N | .
5.8 ] 6.2

imvariant (u 1) Mass [GeVie']
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Bc Observation & B** Studies

So far only B*, B °, B ° (J’=0") and
B* (J’=1") established separately
D@ Runll Preliminary

B_last ground state tfo be clearly observed

Here: BC > (J/w > up) w +X

T i = et T T LETLENE ST D L T o S T T [ e S e B R B A R e =
+ data :
B heavy flavor background

B prompt background
[ signal

| <~ 210 pb”

55 6 6.5 7 TS5 8
Wi invariant mass (GeV)

T T

T T

I

DO Preliminary

time (ps)

fit-

; 0.7

combined lifetime and mass

0.6

5
\\ M(Bn) - M(B) (GeV/c?

BB B g

N(BC) =095+ 1211
m(B_) =5.95+0.14 + 0.34 GeV/c?

©(B) =0.45%0.12+0.12 ps First observation of separated narrow staies !

m(B,) = 5724 * 4(stat) = 7(syst) MeV/c?

models expect: m(B ) ~ 6.5 GeV/c",
©(B_) ~ 0.3-0.5 ps m(B,*) - m(B ) = 23.6 * 7.7(stat) * 3.9(syst) MeV/c?
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©(8") / ©(B°)

Good test of theory: c=0100.15]cm #, D Sample D° Sample
Operator production expansion (OPE) g S ] | o
Heavy quark effective theory (HQET) LR J 250 pb"’
lattice gauge predictions MM

200 / X 250 pb-l

Y S PO e = .
1.6 18 2 2z 1.6 1.8

2
(B )/x(B") ) ] B° dominated WKy} GaVic® B* dominated M(Kr) GeVie

Dx)

©(B)/t(B")

*

N(uD X)/N(uD

_+_

T T T N T R R A T Y R N RN SO R R
Novel technique using large : 0.1 0.2 0.3 0.4

Visible Proper Decay Length (cm)

t(B*) / ©(B°) = 1.080 % 0.016(stat) £ 0.014(syst)
1.086 £ 0.017 world average

semileptonic B samples
taking ratio of D mass
peaks in 8 pseudo fime bins

many systematic errors cancel .. worlds most precise
submitted/published measurements ...

UUUUUUUUUU
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1.) Demonstrate Bd mixing

D@ Run I Preliminary

3.) upgrade L3 trigger bandwidth and Si layer 0

non-osc

| Asymmetry=(N""" V(N 4N%) l

J 250 pbr
C ﬁﬁ—-\l

following the PACs earlier encouragement, D@ has
been acfively investigating offsite facilities for primary
[ reconstruction that would permif us fo significantly
increase the number of b-physics frigger thaf we
record (and greatly enhance our B, mixing reach)

0OS muon tagging

Ll
} 0.25
VPDL, cm

Am_ = 0.506 % 0.055 * 0.049 ps’’ two D@ universities (Indiana and Oklahoma) have
now pledged very significanf funds on a one-fo-one
maitching basis

2.) B. sample: B, > (D> o) uv

D@ Runll Preliminary, Luminosity = 250 pb'1

”‘5 gxig; i we are working an a specific
bowoer proposal to DOE (perhaps NSF)
e for the support of such a
facility at the universities

> Collaboration review in Dec.

MC studies: D@ proper lifetime
resolution with layer 0: 63-87 fs

Integrated Lumi for Observation at 3¢ [pb|

21 [ I — Delta Ms (ps-1)
[ —————

.22
M(¢p ™) GeV/c From global fits

UNIVERSITY OF
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Bs Status and Plans

Limit / Measurement of B, Oscillation

World limit: Am_ > 14.4 ps-'

SM pred.: 15 < Am, < 27 ps™'
(99% prob.)

CDF Run Il Preliminary

A m, sensitivity in 250 po
Combined Data

4

“en

£ 30¢

=4
S 25

20
15

GDF Fiun II F’rellmlnary

fm mbservatmn $en$|t|v|ty
Combined Data ]

Strelchead

Baseline

10=2.5fb"

L | & L1
B D 1 5 20 25
Scale to current yield

Baseline = NOW

Stretched = ' 953 CL limit sensiivity —
NOW + EbE —

+ K tag (1%)

—— ——

@
3]
c
]
9
=
c
A=l
w

AV

5
5
4
3.5
3
5
2

95% CL L|rn|t

tn

Stretched | | | :‘_\*'”_];ld Stretched
i 1 117111

Baseline II | i Baseline

o
L G o

PR I T TN B [ i
2 3 4 5
Scale to current yield

1 = 250 pb-!
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B_ semileptonic and

o
o
=
g
w
-
.
@

o
o
2
[}
=
-
c
o
o

Candidates per 18 MeV/c =

-~
=]

B, — J/yo

- Events = 259+14

53 5.4

B, litetime

In b-sector lifetime differencgs (B, B, ...) expected to be small
Lifetime difference of BS and Bs postulated

Bs > J/wolhave different;composition of Bs and Es

Candidates per 50 pm
] S

55 5.6

Invariant Mass (GeV/c 2}

B, = Jiy K’
Events = 1028 + 36

2.2 2.3 5.4

Candidates per 50 pm
s

-

-1
10

5.5 6
Invariant Mass (Ge\rtci}

-
a
@

b -
al‘l‘l bh

=
[=]
"

s Data
—F ol from simultaneous fit fo mass and

- proper decay lengths:
r(Bs") = 1.444 **%®  (stat) £0.020(syst) ps

-0.090

> T(B%) = 1.473 *0%2

01 005 0 005 01 015 02 025 03
Proper Decay Length (cm)

(stat) £0.023(syst) ps

-0.050

= Wy K o 1(B)) /(B =

o Data

— 0.980 *°%  (stat) +0.003(syst) ps

— Total -0.070

M
01 005 0 005 01 015 02 025 03
Proper Decay Length (cm)

... most precise submitted/published single measurement of the Bs° lifetime ...
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