Seminar at Departamento de Fisica Teorica, UAM

February 12, 2004

Protons in the praire:
Status of the DO detector at Fermilab

« The Runll detector. Operations. Upgrade
« Top physics

- New analysis of M, with Run | data

- B-lifetimes and B, mixing

 Higgs searches and sensitivity study

« New phenomena searches
« Expected results for the 2004 Winter Conferences
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Tevatron at Fermilab

Batavia, lllinois

Run 1 1992-95
Top quark discovered!
Run 11 2001-09(?)

.....

Vs =1.96 TeV
At = 396 ns A
36x36 bunches Main Injector

Peak Lum 5x103% cm2s N & Recycler
Delivered ~260 pb-
(~ x2 previously collected)

Unprecedented window into
the nature of matter...
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12 F-disks sndisks Sl con detector

3m? of silicon

Active Channels: 91% of 800k
S/N: > 10 all devices

Cluster Efficiency: > 97%
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Central Fiber Tracker

First use of scintillating/VLPC in accelerator
8 layers scintillating fiber doublets

4 axial & 4 stereo

Active Channels: 99% of 77k
Excellent light yield
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V- e'e tomography
Reconstruct conversion vertices
2.6 M vertices database

Understand material distribution
Source of well measured electrons—- EMID
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V- e'e tomography

Fine structure of detector Is seen and can be studied

Z,cm
i : _
9
8__ R SMT HDI (High Density Interconnect)
P A T T T N T N A T N A M AR PY Fe Readout eleCtrOmCS

-1.5 -1 -0.5 0 0.5 1 1.5 .
viem | o | aminated to Be plate

« Heavy metal content
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Tracking performance
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LAr Caorimeter with U absorber

Same detector, new €electronics

99% channels alive of 50k

Improved grounding and isolation ..o ok S
during shutdown S e O '

e D@ Run Il Highest Mass DiJet Event
KIS E 432, 396 GeV (within |n [<0.5)

Dijet Mass: 838 GeV (x ~ 0.4

~ |_ARooPlot of "candidate mass” |
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| Muon system

New forward detector and shielding

Coverageto|n| <2

3 layers of triggering scintillator planes:
99.9% active

3 layers of precise tracking drift tubes:
99.5% active

Global Tracking System

- ol i ﬁ m = 3065 + 20 MeV
gm ) & = —Haa 122 MeV *
R | all regions | g o e G
..“E"AOD _ o = 730 MeV EEOG =
5 i E _ .
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Trigger and DAQ system

Spec: 5 kHz 1000 Hz 50 Hz
Bunch crossing: Il L 12 10 I 1M channels
- > Leve I:I > Level 3 I:I > tape K et
Operating: 1.4 kHz 800 Hz 50 Hz

Runs comfortably up to 5x103% cm2s* and will keep pace with luminosity
growth as tracking triggers completed, CPUs added.
L1: >100 independent trigger bits
Operating with Cal & Muon
CTT & PS integration is testing
L2:
Operating with Cal, Muon, Global
CTT, STT is commissioning (taking data, not for physics)
Input rate expansion w/ processor replacements
L3: Extensive suite of filters available
DAQ:
Working to reduce Front End Busy rate (~4%, mostly tracking)

All commodities solution easily meets 1 kHz L2 accept specification
Can monitor from a cell phone!
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Offline event reconstrugtion and analysis

D@ Reconstruction Farm o e .
240 1.8 GHz dual CPU machines 35 1 .- .
: > 30 - g
20M event/week capacity 2 e | AR
. . . g .f.' - - - =
events processed within days of collection £ 20 1 . 2 .r' L e
_ D15 - sTe L mnfte e T
400M events processed in Run Il so far < 4 | L .
- -
'] 1 1 T

0 10 20 30 40
Instantaneous Luminosity (x E30)

Globally Distributed Resources
6 remote Monte Carlo Farms
0.6M event/week capacity

Running full GEANT, DY
reconstruction and trigger

: simulation
. ot < F=n ;
o "":_'_ " Worldwide Data Grid Surnmer 2002 ‘ ; y 15 SAM Sta'[lonS fOI‘ remOte
#7% 5 remote Monte Carlo generation sites + 1 [ 1ol g ) .
analysis

et
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Integrated Luminosity

Status of the D@ detector at Fermilab

~260 pb* on tape: an
pverall 77% efficiency

Inefficiency due to:

~ 5% FEB

~ 5% losses in store
& run transitions

~ 5% “incidentals’

DAQ steadily
mproved during the
un and routinely run
it 85% efficiency
pefore the shutdown

Average 8 pb? per
eek after shutdown

13




Tevatron progress

We just had a major shutdown:
Realignment L1 new beam position detectors installed
Recycler O much better pbars now!

Tevatron recovered slowly but effectively from shutdown

Record peak luminosities amost every day since!
Latest record: 5.6x10% cmr?st

Stores last around 20h
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Electroweak OngOI ng anal yses

« W/Z cross sections, dibosons and anomalous couplings, charge and
rapidity asymmetry, ...

Top Quark
« Top quark pair production cross section measurements, top quark mass
and decay properties, search for single top quark production, ...

New phenomena searches
« Higgs bosons, supersymmetry, leptoquarks, large extra dimensions, Z' ...

Heavy flavor
« Resonance reconstructions, masses, lifetimes, branching fractions, rare
decays, B, mixing, ...

QCD

e Inclusive jet cross section, dijet mass and angular distributions, diffraction,

2/12/04 Status of the D@ detector at Fermilab 15



Top quark physicsin Run |1

CP violation I Top mass, width, W helicity

The Tevatron is the spin, charge

world’s only source of Production
: !
top quarks! cross section

Top quark has a special
place in the SM: M ~v/v2 Resonance

Run I production

Production

Identified ~100 top events _
kinematics

Run II:

with high precision
we hope to answer
guestions such as:

Top spin Anomalous couplings,
polarization g rare/non SM decays, BR, |V,|

Why is top so heavy?
Is it or the third generation special?
Is top involved with EWSB?

Is it connected to new physics?
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Top quark Production

Pair production through strong interaction
o(tt) ~ 7.5 pb at 1.96TeV (NNLO CTEQ5M, Kidonakiset al.)

Main production mode at Tevatron

30% higher o(tt) thanin Run |

Run | result with ~100 tops/experiment:
CDF D@

o(tt) =6.57; pb
M, = 174.3+5.1 GeV

~90% of o(tt)

g i Srosooy——t
}%u< 1t ~10% of a(tt)
T grotoos—»—7f

Single top production via EW interaction
a(t) ~2.86 pb at 1.96TeV (NLO, Sullivanet al.)

Flagship measurement at Run I|

Discovery is possible with ~ 0.5 bt

Dominant bkgs: Wjj, tt, QCD

Measure s- and t-channel cross
sections separately (diff. topologies)

First direct probe of |V,

(measure to 15% with 2fb?)

>Ww<
7 B
t q
W
" -t ~70% of o)

g ’ﬂm'\m\*ﬁ

~30% of o(t)
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Top decays

In the SM: BR(t — Wb)~100%, classify topologies according to W decays from ttbar:

dilepton: 2 high p; leptons, 2 b-jets, large E s
Small BR, but cleaner signal and small systematics. No b-tagging
Physics bkgs: WW/WZ (determined from MC); DY (from data)
Instrumental: fake leptonsin W+jets and QCD and fake E™'s (from data)
lepton+jets: 1 high p; lepton, 4 jets (2 b's), large E™s

Larger yield, larger bkgll Use event topology, b-tagging (and SLT)
Backgrounds. W+jets and fake leptonsin QCD

all jets

_ _ 44.4%
all jets. 6jets(2b's)
Swamped by bkg, very challenging, but impossible at LHC! Use NN

%]et 33003,

D@ Run 2 preliminary

Ny s
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Lifetime b-tagging
Threedifferent algorithms:
Two based on trackswith large I Ps

JLIP performance in p14 real Data

One based on secondary vertices —os;

5 Highrp; _, muon sample §

10 =5 | ;,5_’0-7__
. - D@ Run 11 5 |

= . . (2] r

3l preliminary P

10 |

— 0.5

0.4:

10 = -
= 0.3

0.2f

0.1

-15 -10 -5 0

Significange = dcalc

- Run I preliminary!
0 — I0.0|05I - I().|()1I - I0.0|15I - I().1)2I = I().025
light-jet efficiency

~ 50% b-tagging eff at afake rate of 1%,
to be compared with ~60% for MC [
|mprovements to be made by tuning the
Evidence for agorithms
displaced

vertex

Status o é D@ detector at Fermilab 19



b-tagging performance

o 2 Indf=24 129

rk Mean =09 £22
- > 10 GeV
| P Sigma=36.311.8

Bkgd =1.1£0.3

CSIP tagged el top candidate
R }&k\m o Cyegi) 5 h654 Moﬁ Jul 1 EM\\/ / ,,_4?‘1{_
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Global track DCA (um)

Width =36.3+ 1.8 um
Beam ~ 30 pm -

O [P resolution ~ 10um <
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: l 10 n:s .
. | l 0.4 : ;
1 1 L y S w—a— b 50 100 150 200 250 300 DIZDE"""'H";:::{T
Nigo H.(e) (GeV)
Channel | Lum Expected Expected | Obs.
(pb) Background Signal
ee 49 1.00+/-0.48 0.25+/-0.02 4
upl 43 0.60+/-0.30 | 0.30+/-0.04 | 2
eu 33 0.07+/-0.01 0.50+/-0.01 1

Top cross section- dilepton channel

Selection criteria:

2 isolated high-p; leptons, MET ., , H,=2_E; and more than 2 jets

el channel after MET cutsand all cuts
D@ Run |l Preliminary | |

2

1.8

1.6

14

1.2
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TOp Cross section- |+J ets channa RUeERes

DO Runll Preliminary

Method: -g Lifetime-tag ¢ Data
Preselect a sample enriched in W events g 40 o0
Evaluate QCD multi-jet (as afunction of Njets) 3 W W ?
Estimate W+4jets assuming Berendsscaling & 30 //A’ ’/// 4 Wee

; : Wbb
Apply topological selection g / 2 orror on Bar
Require: 5 20
1 EM object or muon, MET, soft muon veto o
+Topologica analysis. n >4 jets 10 @—'—

::::::::::::

jet multiplicity

+Tag b-jets with b-lifetimetag (ST or |P)-
>3jets, >1 b-tag Channel Lum Expected Expected Obs.
(pb?) Background Signal
etjet 50 2.7+/-0.6 1.8 4
p+jet 40 2.7+/-1.1 2.4 4
e+jet/p 50 0.2+/-0.1 0.5 2
p+jet/u 40 0.6+/-0.3 0.4 0
|+jet/CSIP 90 2.5+/-0.7 4.0 6
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Double-tagged Li+]ets candidate event

IP=0.53 cm
IP/ o(IP)=14.9

p;(K) = 47.9 GeV
.= 55.1 GeV

6 jets

H, =482 GeV
A=0.16




il
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TOp cross section o=,
Summer conferences results:
dilepton channels only:

lepton+jets channels only:

10

all combined:

CDF and DO Run II Preliminary

- EI szonahs NNLO NNNLL+ (hep- phff}j’f}j’ISé)
i Caccmn et al. (}?ep ph10303085 )

P
- aTiseieteretereter
d \\\§\\\\ SR REHRRRELRS
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3 \\‘}Q\_\ s : N s A
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New M, analysis with Run | data

Likelihood method using individual event probability and better combinatorial accounting
Construct signal and background probability:

X: reconstructed objectsinthe a. parameter to folding object y. parton

event (leptons, jets) estimate(=M,) resolutions variables
SN, T N
P(xa) = Acc(X) XIan'(y;O') dg, dq, f(q,) f(q)W(Xy)
| o) — - — RN -~ _
Acceptance Matrix element PDF’'s I;rljr?cr;]tisf)enrs

Uses D@ Run | statistics (125 pb?t) and selection — 91 events
+ require 4 jetsexclusvely (LO ME) - 71 events
+ cut on bkg prob to improve purity - 22 events

-InL(M,) =- éN{ IN[CR (M) +CRyq (X))

=1

+N OQA(X) [ C,P; (X M,) + C,Py ()] dx

Minimize likelihood and estimate signal and bkg fractions (c, and ¢,) and M,
2/12/04 Status of the D@ detector at Fermilab 25



New M, analysiswith Run | data: results

\_CF/ 9] e - \-i
| | ‘e 0 1
548 | '\\ B
546 |- \ 0.8 =
544 [ , -
\.\ ,, 0.6 .

542 . J \
20 - / - /

- s i
= Ee [ . / . \.
538 F SR 0.2 J % \
b ‘j b __ 1 1 | 1 1 1 _T- 1 1 f_} - "-T/ 1 / 1 IK‘\*——_L

140 160 180 200 170 180 190
Top mass (GeV) lop mass (GeV)
B

M, =180.1+ 3.6(stat) + 3.9(sys) GeV/c?
Large improvement in the statistical uncertainty: ~2.4x stats

:

Combining with previous dilepton D@ measurement:
— 2 i
M, =179.0+ 5.2 GeV/C (¢r. ppG: 174.3 5.1 Gev) 2

S
=

Shifts by 30% the expected m,, ‘

Excluded ‘_.-'F:‘.relimin arg,r-
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B-physics. average B lifetime
Tevatron can contribute to B, B_ and other lifetimes
with L=114 pb?

T =1.562+0.013(stat) £0.045(sys) ps 1 =1.65+0.08(stat)+0.12(sys) ps

1.564+0.014 ps (PDG) 1.671+0.018 ps (PDG)
2/12/04 Status of the D@ detector at Fermilab 27




B- physms B. mixing /\w

1 B, mixing Am _=0.5 ps

> ]

© 0.05

E ] — T —

‘_-E,... W _ 5 > L. b

2 U-: RO ) W- W+ ( RO

o TS Nl b y 5

%-n.ﬂza{ L '

Vi~1  Re(Vyg)~0.007 . | St 0 05 Vol Re(Vi)~0.04
0 25 5 75 10
proper decay time, t [ps]

B, fully mixesin about 4.1 lifetimes B, fully mixesin <0.15 lifetimes!!
Am, = 0.502+0.006 ps? (world comb.) Am_> 14.4 ps* 95%CL (world comb.)
Measured with great precision by Belle & BaBar Only at hadron colliders

To measure B, mixing, need:

Tag initial state flavour (what was produced, a B or a Bbar?)
Tag final state flavour (what decayed was a B or a Bbar?)

Yield: as much decays as possible (flavour tagging is imperfect)
Proper decay length: L, and By=p,/m; (mix prob vs decay time)

‘ Difficult measurement' It’s doable, but will take time!
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Towards B, mixing

Excellent B, yield, ideal control
sample for B, mixing studies

Tagging power estimated from B* - JPK* data:
Opposite side jet charge: eD?=3.3+1.8%
Opposite side soft muon: eD?=1.6+£0.6%

Same side track: eD?=5+2% the analysis
2/12/04 Status of the D@ detector at Fermilab 29

We have observed B, signal
and are working to optimize




Our heavy flavor physics program has shown great potential. However, its
potential is currently limited by computing resources available.

We administratively limit the rate to tape at 50 Hz = low pT single muon
triggers heavily prescaled and effectively turned off at luminosities above

40E30. Dimuon triggers are prescaled too. .
1 pT (b—p)
Luminosity Trigger Rate pT>3 GeV 15%
(cm-1 s-1) (prescale factor) pT>5 GeV 3%
pT > 5 GeV pT > 3 GeV

20E30 8 Hz (2) 27 Hz

40E30 15 Hz (61) 52 Hz

60E30 23 Hz (off) 80 Hz TR R R T v

To fully explore the potential, we need to increase our rate to tape:
Not a problem with the trigger system (prescale at Level 3).
Planned Run IIb upgrade will enable our DAQ to run at 100 Hz.
The problem: storage, drive, reconstruction and analysis CPUs.
The solution: increase our capacity at Fermilab, expand offsite
processing resources, speed up reconstruction program.

Fermilab PAC, December 13, 2003 Jianming Qian, University of Michigan



Reach in Bs Mixing

The upgrade will increase Bs yield by a factor of 3 at low luminosities to
more than 5 at high luminosities. Thus it will extend the reach well into
“interesting region” from the global fits.

_ NeD?> ame) [ s Current knowledge:
Slg(ﬂhms) = Z EKP{'( mEG:} } S+ B Ams > 14.9 ps-l

T 4ooo T, 4000
= E-
& 3500 & 3500 Use more
" " than one &
B = and Ox mode
% 3000f—======d=cf o % 3000p—====~-~ bl O EEEEELEEEELERE
£ 2s00 50 Hz § 2500 50 Hz
- Upgrade 5 Upgrade
£ =
E 2000f=— == === N L L L T T E 2000
3 3
E 1500 % 1500
g 10— === === e e e m e — e ———————— = 1000 == = = e e o o == ———— -
Bs—>Ds*uv
SO0 300
o= 150 fs
[} - a
i0 12 14 18 48 20 22 24 26 28 30 10 12 1 16 18 20 22 24 26 2B 230
Deita Ms (pa-1) N Delta Ms (ps-1)

From giobal s ) From glooal Tits

Fermilab PAC, December 13, 2003 Jianming Qian, University of Michigan



Observation of Belle's X(3872)

ecays.
X - JY(— pp)mrm

Status of the D@ detector at Fermi

ut:
m(1ut)>520MeV
AR(X, m)<0.4

ignal:
300£61 X (4.4 significance)
AM=0.7684+0.0035+0.0039 GeV

operties:
Isit CC or more exotic?




Higgs searches

With current dataset we don’t expect to see a SM Higgs signal

L ooking for non-standard variants and developing tools:
Background understanding is critical
Need high b-tag efficiency and low mistag rate
Excellent dijet mass resolutions to disentangle H — bb from multijet

Results on W( - ev)+jets with b-tagging,
H-WW" and H** >

Status of the D@ detector at Fermilab




New Higgs sensitivity stud

We now have tuned, hit-level We may get 4 fbt
simulations of our detectors

Use current analysis techniques

Event selections can now be based
on actual top & EW analyses

Concentrate on 115<m,,<140 GeV

Combine CDF: WH - Ivbb
and DJ: ZH - vvbhb

Note: no systematics+ S upgrade in!
Sadly, we now know we won’t have
Runllb new silicon detectors

Findings:
Despite some optimistic assumptions of the old study, its conclusions are supported
Thereisroom for more optimized analysis, better b-tagging (to large n)

Fitting the mass distribution amounts to a gain of 20% in luminosity compared to
counting in a mass window

2/12/04 Status of the D@ detector at Fermilab 34



New Phenomena Searches Summer 2003 I

Seven analyses presented at the winter conferences.

Approaching Run | sensitivity. o [pb]

10 D& Run il Preliminary

Data samples: ~30-50 pb-

T IWIIII]|

SUSY
GMSB SUSY LSP Search: «— ' B ke
2y + ME,

M, > 66 GeV @ 95% CL oL R seene
MSUGRA Chargino/Neutralino o0 Arsl'(:a\f]
ee+lepton+ME; (trilepton mode) s 1105

oxBR < 3.5 (2.2) pb @ 95% CL | ,

Standard SUGRA ()% LSP) I TSk
2jets + ME, T g

sets model independent | é\

cross-section limit vs ME; ] :

k
2/12/04 Sdighe steE detevrernat €180 GeV) I

35




Non-SUSY

2"d Generation LQ
2U + 2jets
m, > 157 GeV @ 95% CL

Search for deviations from SM in e
pu+X channel

sets model independent
section limit vs ME;

Cross-

Search for large extra-dimgnsions
in ee,yy channel

Search for large extra-dimensions
in uu channel (New!)

Lower limits on A (TeV)

GRW [HLZ for n: Hewett
2 7 A=41
OLEM [1.12 1.16 0.89 1.00
2/12] GAMY 0.79 0.68 Oﬁ%taus(? Oﬁhe D@ detecl

New Phenomena Searches Summer 2003 I

2'5: DO Run 1l Preliminary
2L B = BF(LQ,—uj) = 1
L % O\% NLO cross section
B "‘,_‘ ":__ s Error Band
i RN T N A LO cross section
1 _5_— Y " ---------- 95% C.L. upper limit
: e ." . -
1 — s ‘,““ ......... -
0.5:—
i 1 | 1 1 1 I 1 1 1 I 1 1 '-'.l.;';':.-“:l 1
140 160 180 200
M, o, [GeV]

|SM Prediction | D& Run

-

©10
§102
w g
1
10"

10° 0.

0.2

0 200 400 6o

diEM Mass, Gev diEM Mass, (gge.r

|QCD Background |

|_ED Signal

210°
g 10"
w1

1 0.
107 0.5,
10 0.2

200 400 600

diEM Mass, GeV



New Phenomena Searches: T Channel I

The 1-lepton often plays a relevant role in models of Beyond the SM
physics (trileptons in SUSY, 3 generation LQs, Higgs decays).
addition of this channel considerably extends the physics reach

Need a SM channel for calibration: Z 11" Z t( wt( 1,2 prong)
Two searches at D@ are seeing 0 105
. i #  Data (band substracted)
evidence for the decay Z t't: v 0
5|
Z 1( e)t( 1,3 prong) w I e
5_

Z 1( wrt( 1,3 prong)

Comparison of opposite to like-sign i +—|_ _+_
gives an excess consistent with Z 11~ = RIS

Data Z 1t (MC, 50 pb?)

||_+_'=.
Ry

Opp sign 49 5 +

Like sign 35 ST

Ditference  14+9 13+4 2040 60 80 100 20 0 160 160 200
A new capability for D@ inv. vz mass [GeV]

2/12/04 Status of the D@ detector at Fermilab 3/



D@ Results from summer 2003

I've shown just a fraction of our program

M asses, or scalelimits Lifetimes
M(B*,) =5.71 + 0.016 GeV T(incl. B) = 1.562 + 0.013 £ 0.045 ps
m(x,t) > 80 GeV 1(B*) = 1.65+ 0.083 *00% ... ps
m,,, > 150 GeV 1(By) =1.52%019, . ps
M(GRW) > 1.28 TeV (eelyy) 1(By =119, ,ps
M (GRW) >0.88 TeV (up) T,,=1.05"02 +0.12ps
M_o(HH) > 184 GeV 1(B->Dlv) =1.46 = 0.08 ps
M o(ev) > 159 GeV Cross sections, or limits
M, o(ee) > 231 GeV o(tt) =8.122,,*6 ,+ 0.8 pb
M., (e€) > 719 GeV o(Zpy) =261.8+ 5.0+ 89+ 26.2pb

o(Ztt, Te-type) = 235 £ 137 pb
o(Ztt, p-type) =222 + 71 pb
o(W+bb) < 33.4 pb
BR(B L 610 o* BR(H->WW->eg/el) < 0.45t0 2.8 pb
(B> < 1.6x o* BR(H->WW->pp) < 0.2 to 0.7pb
Ry =10.34+ 0.35+ 0.48 o
Expect more for this winter conferences!

M., (Hp) > 620 GeV

M(H#=) > 115 GeV
BRand R
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Tevatron prospects

.| JLat(fby
300 pb- iy
Improved m, measurement 5 -

High p; jets constrain proton structure | #7

B Physics: lifetimes, BRs, ...
Searches beyond Run | sensitivity L

2 fb -1 FY02 FYO03 FY04 FY05 FY06 FYO7 FY08 FY09

Measure m, (M,,) to £3 GeV (+ 15 MeV)

Explore top properties
Directly exclude m, =115 GeV
Significant SUSY and SUSY Higgs searches

B-physics: constrain the CKM matrix We have entered unexplored territory...

5 fbt who knows what we will find!

30 Higgs signal @ m,, = 115 GeV

exclude Higgs 115-125, 155-175 GeV
exclude much of SUSY Higgs parameter space
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Conclusions

Detector is operating well and the performance keeps improving
Just installed forward proton detector
Making increasing use of tracking triggers
Silicon track trigger is commissioning

Intense work on reconstruction improvements: tracking efficiency,
object identification, etc. Event reconstruction < 3 days

We have a large Run Il dataset (x2 Run ) and exploiting upgraded detector
Expect ~210 pb for the summer updates
Promising B-physics program but need new trigger capabilities

Continue to explore the top quark and its properties: have progressed a
lot! New algorithms, better understanding of the detector performance,
object ID,...

Searches for new phenomena are entering new sensitivity region

And | haven’t even mentioned all the EW and QCD results...
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