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Qutline

= Status of the D@ experiment
» Data taking

» Detector Status and RunIIb
Upgrades
+ Tracking detectors
- Trigger system

> Computing & Analysis
= Physics highlights from
Tevatron (CDF & DG, part I):
» Searches for New Phenomena
> QCD
> CP Violation studies in B(s)
system

> Electroweak Production of
Top Quarks

» SUSY Higgs Searches

In Florencia's talk (next):

Physics highlights from
Tevatron (CDF & DG, part IT):

> Top
* Mass
* Production and decay
properties
> Electroweak
* W mass and width
 Diboson production: WZ, ZZ
» SM Higgs Searches
« ZH, WH, H->WW

Conclusions
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Collaboration
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» 574 scientific authors, 82 institutions in 18 countries
= FNAL: 54 authors (33 FTE) + support from PPD/CD divisions
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Operations and Performance

= D collected data for 2.33 fb! out of the total
delivered luminosity of 2.76 fb!
> 85% data taking efficiency since April 2002

= Detector aging within expectations
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= Quick commissioning of upgrades designed to cope
with high delivered and instantaneous luminosities

= Expect to maintain current level of performance in
hext years
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Upgrades of Tracking Detectors

= SMT Layer O: additional
layer of rad hard silicon
detectors installed inside

the Run ITa SMT

pdl resolution comparison

Do

BS — Jiy ¢

"AV-Mexico group

AR

0015

0.025
o, (cm)

Pedes‘rals

AFE ITt: new analog front
end for fiber tracker and
preshower detectors
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# Trigger upgrades w

= L1 Central Track Trigger
> Replace FPGAs used for track finding (use full CTT granularity)
L1 Calorimeter Trigger
» Complete replacement of 10 racks of Run I electronics
> Electron, tau and jet clustering at L1
L1 Calorimeter Track Match upgrade
» Match calorimeter and track objects at L1
» Improved rejection / linearity for electrons and taus
Use Layer O in L2 Silicon Track Trigger
CPU Upgrade at L3 and mcr'ease in bandwidth to tape

L1/L2/L3 trigger rates (Hz) for store 5245 L1/L2 FE busy and L3 disables for store 5245
Entl & g:m:— S
@ + Levell s 2 [ |- Levelt L. ( ) = 32 ‘2 ‘1
B00 Level2 // 225- - Level2 P Lml‘l‘ D@ 29 ].O cm=es
* Level3 / e < [ |- Leves 1 " T .
S| BT 7.4 pb! recorded
8001 g ‘_.f'/_j/ ; s
E . S ) ) 15[ o . .
oo vy - _ 89% efficiency
400 105 ' P ' L
-..."{ : oy o S Mij*ffl
X 50 100 150 20’0 250 " 50 100 150 200 250
Luminosity (10*%cm2s- ] Luminosity (10%%cm?s)
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# Computing D&

= Using dedicated facilities at Fermilab

> Reconstruction and analysis farm, interactive analysis cluster
And shared facilities around the world

» Mostly non DG dedicated CPUs

» Access through LCG/0SG grids

» All MC production done remotely

= Fast turnaround from data collection to analysis (1 week) to
public results

N

- D@ Run lIb Preliminary
~ Sideband 1 Signal region Sideband 2

First 2 fb! result from Tevatron:
BR(B,—~uu)<7.1 108 (90%CL)

Data up to 1/6/07

Presented at Moriond 3/12/07

S

46 48 5 52 54 56 58 6 6.2 6.4
Invariant mass (u* W) [GeV/c?]

Events/5 (MeV/c?)

Currently reprocessing Jun-Dec 06 data, full dataset (2.3
fb-1) available for analysis early May 07
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# Personpower DO

= MOUs
» Institutional commitments, updated Winter 07
= Tevatron Collider Experiments Task Force
> Assess needs for data collection, processing and analysis

Collider Task Force
Resource Needs
2007 2009
Operations™ 165 124
Physics Analysis? 86 to 165 66 to 124
Collaboration Total FTE 251 to 330 190 to 248
Fraction Physics Analysis 0.34 to 0.50 0.35 to 0.50
MoV FTE Projection 357 184

*  Operations includes detector, offline, algorithms and management

¥ Physics analysis needs: lower estimate from “core physics only”
upper estimate from need to keep “service fraction" at 50%
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vdh Physics Analysis D&
= 2006 Best year for D@ .. D9 Paper Submissions
» BOs oscillations R -
+ PRL 97, 021802 (2006) zzz%::’
First 1fb -! paper from Tevatron A —

* Most cited HEP results of 2006 125

> Single top evidence

* Accepted by PRL

= Many additional results with 1 fb-! Year

= 120 more PhD theses in progress

Publications by Physics group

7 B-physics
B Electroweak
[ 1Higgs
[]1Searches

it . QCD
[HTop
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# New phenomena searches with 1 fb-!

= Charginos + neutralinos: trileptons + missing E+
> Combine various channels: ee/en/pu+(e/pn/track) + like-
sign ee/up pairs
> Minimal requirements on 3¢ lepton
» High efficiency for small AM, © decays

it

30.5| L PR BOE e B ] BLAR N R SR

{ i e B “ D@ Run Il Preliminary, 0.9-1.1 fb' -

—:,_ — IE 4 '.‘. . - a5

v 2 04p B MEFME-2ME); MO-ME)

- I a L ";’;o tanB=3, u>0, no slepton mixing -

~F"< s 03 93:;. =

| IS ) U N — Observed Limit ]

X i 7 N - Expected Limit -

X1 = 0.2~ N N ]

Both CDF and D@ have ——> 0.1 R, "N

expeCTed Cr‘oss SeCTion 0:';1_'_' FIO iy IR I O S i it i i 1_j.._r | |:
100 110 120 130 140 150 160

limits of 100 fb Chargino Mass (GeV)
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= Events with jet(s) and missing E+
» SUSY interpretation: squarks/gluinos production

New phenomena searches with 1 fb-!

» Extra Dimensions interpretation: graviton production

D@ Preliminary, 0.96 fb™

— 600 I LI | LI | L | L L /]
% - tanp=3, Aozﬂ, u<0 -
S 500 5 1.6
m (&
© S
1.4
E 400 E
E g g § E no mSUGRA [\ E 1.2
g_ 300 S solution § a
7 \ 5 4
DO IB N E
200 N\ T os
=
100 QNN \ SRR 0.6

Y er R

% 100 200 300 400 500 600
Gluino Mass (GeV)

= Limits on extra dimension models also from

dilepton/diphoton events

CDF Il Preliminary

B corin(11 i
209 DO (Runl)
:-.::: LEP Combined

3 4 5
Number of Extra Dimensions

» Explore mass range up to 800 GeV
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# New phenomena searches with 1 fb-!

= Searches in alternative Prompt yy+missing E;
SUSY breaking scenarios: -

o [fb]
> (quasi-) stable particles
> GMSB (displaced vertices) ”

CDF Run Il Preliminary

D@ Run Il Preliminary
760 pb’

L L L 1 i L L L 1 L I L L 1 L L 1 L 1
10 — Stop Production cross section (NLO) 100 110 120 130
= m , [GeV
o f A Cross section limit from central p 10 = L i T f'[ ) ]
o [ E 180 200 220
s L JL dat=1.03fb" : m,. [GeV]
5 E o il s sgulesesdans i bovaalowess ials
3 C 70 75 80 85 90 95
2 | CDF Run Il, 570 pb” A [TgV]
010-1; \'_’_\ o 35:v—| L (L S L L T I—ll
6 r " N N . N = y+5‘_| +1jet analysis with EMTiming
E A _E 300 I Predicted exclusion region Cover' sma”
o Observed exclusion region Lf Tme re .on
ol b e b e L L L = ITeTi |
10" "1pp 120 140 160 180 200 220 240 260 o, r25p U ALEPH exclusion limit 9
2, 3
Stop Mass (GeV/c") : 0 ]
GMSBx1—)TG

20¢ M=2A, tan(B)=15 -

= GMSB results from CDF L et

using timing information in 10- -
COT, TOF and calorimeter 5|
UT"_BBTT’ 0 oo < 110 120

i? mass (GeV)
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QCD Results

—10"°
Q 13 Data corrected to the hadron level
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= Dijet invariant mass spectrum

measured up to 1.3 TeV

= Measurements of double/triple
differential cross sections for

jets/y+jets
= All in agreement with QCD
predictions
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e B Mixing and impact on CKM Matrix
U e S GRS | , CDF Run Il Preliminary L=1.0fb"
I Y oiﬂ E _%1 55 — datat1c 4 95%CLlimit  17.2ps’
T 9 =19 16456 O sensitivity 1.3ps”
sin 2p : ‘G {2 = ey
b i 1 € E ata+ 1.645 o | i
| s\\H Amsufdmd 1|<C 0.; é. Zatt:il.gjgc(stat. only) AAL /‘\VAWMV'A
- - e T TN Qe
) 0.5 H’H |
o d 585 205 015 20 s 30 35
W.CEM ¥ Amg = 17.77 = 0.10(stat) = 0.07(sys) Am, [ps™)
45 [ .E.Ps?s*.Di e | | L e |th|
-1 05 0 0.5 f 1.5 — = 0.2060 + 0.0007(exp) o000 (theor)
P Vil
= B, mixing results consistent with CKM picture of
CP violation
> Look for new physics in other parameters of B, mixing
and rare processes
14
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2= CP Violation in B, Mixing

= All parameters of B, mixing measured at Tevatron:
» Measurements of Al
+ BR(B,.—»D. D M)+B, lifetime, polarization+lifetime in J/y¢
» Measurements of @,

* Polarization+lifetime for J/y¢, charge asymmetry in dimuon
events and B, ->D uX

= First direct gz:z*cmﬂrained DO, 1.1 fb”
measurement of ®,, s "=V
ea s e 00.2E ."-._.‘ SM semilecit:?i;
sensu.’nw’ry To new =% -
physics o "
ca e e -0-1;
= Sensitivity to new PRI o
physics also in 0.3F
branching ratios of “Me War=ARfxjeosl)
d B Rl B e
rare decays (B.—uu) o, (radians
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= CDF displaced vertex trigger

Rare Decays and CP Violation in By—h*h-

» collect large sample of two body decays of b-hadrons
> (first) measurements of branching ratios

= CP violation studies for B;—Kn
» competitive with BaBar and Belle

= Unique possibility
» CP violation studies in B,.— K
+ Ap(B,—~Kn)=0.39+0.15+0.08
-+ 2.5 o different from O

Ao B*5K')

Cleo (HFAGOE) 1 e 4 -0.040 + 0.160 + 0.020
BaBar (HFAGO6) —— -0.108 + 0.024 + 0.008
Belle (HFAGOB) —— -0.093 £ 0,018 £ 0,008
CDF 1 fb™ —— -0.086 + 0.023 + 0.009
e'e” Average . -0.098 £ 0.015
e*e + CDFIl Average - -0.095+0.013

0.2 0.1 0 0.1

Candidates per 20 MeV/c?

400}

200

CDF Run Il Preliminary Llnt:1 fb™

14002
12002
10005
anuf

S
- BG — K

L e® sk
ey o
- B — Kﬁt‘*+§2 — K'w
B K o
L Ag—>pK'+7\2—)T:\K+
l:| Combinatorial backg.
- Three-body B decays

51 52 53 54 55 56 57 6.8
Invariant tr-mass[GeV/c?]
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# Electroweak Production of Top Quarks at D@

q t q' q D@ Run I
w+ 3 10° 0.9t =
W > tb+tqb I
1= ttm
h t 2 10 W+jets
q b w Multijets I
g B on background
1
s-channel (tb) t-channel (tgb)
= (Consistent results obtained with 3 10" |
. . 0.6 0.7 0.8 0.9 1
TeChnlqueS' tb+tqb Decision Tree Output
o« . ' -1
> Boosted Decision Trees DO Run Il - - proliminary 0.9 fb
> Neur'al N@TWOf‘kS Decision trees : 4.9 +1: pb
» Matrix Elements | , e
. Matrix elements : 46 15 pb
= Combined result ~
> G:(48_+_13)pb Bayesian NNs 5.0 +_1:9 pb
350 Significance Combination* == 4.8 jg pb
Fir‘ST ZVidence - N.Kidm}qakis, PRD W, 114012 (2006), m, = 175 GeV
= First determination of V,,: — s§ O
. E
> 0.68«< | VTb|<1 at 95%CL o(pp — tb+tgb) [pb]
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# Electroweak Production of Top Quarks at CDF

= CDF: 3 analyses

> Likelihood, neural network and matrix element based

-1
CDF Il Preliminary 955 pb CDF Run Il Preliminary, L=955pb

pa 1
¥ 3 o 200 -
S i = normalized to fit result —e— CDF Il data 200 Fi W snglctop |
> g £ F = W bike
& 18 = tt background clike
_ z_; - 150 I c-like background | B  Mistags
g © '+' b-like background | 'O 150 W oo
' i dhj [ non-W background S
| & 2100 7}
g 2 5
18 c - =
S s i
w 50
1 PR TR T [T TR T T T (T T T

d 1 FE— L
0.1 02 03 04 05 06 07 0.8 09 1 -1 -0.5 0 0.5 1 0 02 0.4 0.6 08 1

Lichan NN output Event Probability Discriminant
Expected 2.0 o sensitivity 2.6c 2.5c
No evidence of signal No evidence of signal 2.3c evidence

Out < 2.7 pbat 95%CL  o,.< 2.6 pb at 95%CL  o©,,=(2.7*15 5)pb

= More data available for both experiments: turn
initial evidence into observation soon
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# Higgs Searches (SUSY)

et, ut channel

= SUSY Higgs at large tanp :

» Search for b(b)H 200 s
production o .|
» 3 or 4 b-tagged jets in oo st
final state (D) 2001 CDF Run I 1 fbi
» Search for A1t 10 Pretimicary ]

. 0;
eh, ph, and eu final states Ao
i 100 M Zi— |
in COF : I other EW, tt| ;
+ D@ : ph final state ~ jet fake
o 10f «——— My = 160 GeV 7
800¢ DQ Rl;n IT Preliminary
POOF——ciia 1}
- s —e— data E
600; { T —— bckg from data
500¢ R signal 0.1; : : :
400 M R bekg from data+signal 0 50 100 150 200 250 300
300¢ " myjs (GeV)
o lﬁ‘\'\ = Excess in et,ut observed by CDF
S x Iy B et RO T P v - O . i imi
"0“!20 100150 200 250 300 350 400 450 500 No e'x'ce'ss in DQ data (similar
mo1 (GeV) sensitivity) and in CDF ep data
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BACKUP SLIDES

b
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2= Tracking at High Luminosity DD
= DO Tracker built to fit intfo compact volume

» Currently working at instantaneous luminosities 4-5 times larger
than in original design

= Loss in offline tracking efficiency observed with current
algorithms

> Already addressed more severe problem at L3

100

@
o
|

'
o

Tracking Efficiency %

II'
=
=
Q
o
o
Q.
~<_
m.

] 100 200 300
Luimirasity

0

0 20 40 60 80 100 120 140 160 180 200 220 240
Instantaneous Luminosity

= Significant collaboration effort devoted to understand

limitations of current algorithms and development of
Improvements

> Expect complete preliminary studies within 2 months

L _______________________________________________________________________________________________________________________________________________|
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Silicon Layer O

= Additional layer of rad hard
silicon detector installed inside
The RUHIIG SMT pd:I resolution comparison DO

» More robust tracking and B~ Jhy o
pattern recognition

> Improves b-tagging

» Readout error free

» 0.15% bad channels

> S/Nis ~15/1

> No significant coherent noise

» Used in 2nd pass of data
reconstruction

10°F

102E

10
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AFE ITt Readout Boards for CFT w

= New analog front end for fiber tracker and
preshower detectors

>

>

Eliminates amplifier saturation at
highest instantaneous luminosities

Substantially improves pulse

height resolution N &2 = \ =3
Facilitates optimization of bias 1 JN NIREE | fR”"IIb
voltage and reduction of T AT W] |V
thresholds e =]
166/198 boards installed in brief = le\a = ﬂ
accesses (CFT and central S S0 Y [ | O | S|
preshower complete) Pedestals

Provides timing information which

could be used to improve pattern
recognition at highest luminosities
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Upgrade of L1 Track Trigger

= Use full granularity of CFT fto:
» Sharpen turn-on curves
» Improve rejection of fake tracks

. Replaced FPGAs used for Track fmdmg

—

Efficiency
o

=
o

=
.p

0.2

:

."u"i 1
l N .
-
- | . Original GTT  }
g ~Upgraded CTT
i S 5 :
S A ‘p;r} 10 GeV!
M 3 ey e I L

5 10 15

1 track
Original CTT

-

) e
o

s | 2 tracks
228 42 Upgraded CTT

m‘*“ by

( _‘Al'
0 20 40 60 80 100 920
Luminosity (10*® cm2 s1)

S pr> 10 GeV

Doublets
- Singlets+

—-R

‘:
& e

3 1 track

|

S Upgraded cTT
H 2 tracks

F

-

» A

I

- a
;“ a®

N 3

-.,-
Sagsite Upgraded CTT

Luminoesity (10* cm2s1)
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Upgrade of L1 Calorimeter Trigger

= Complete replacement of 10 racks of Run I
electronics

= Electron, tau and jet clustering at Level 1
» Sharper turn-on curves, reduced rates

= Used for physics quality data taking from 2nd

JT_45TT_10(CJT(2,5)) and JT45(CSWJT(1,15)) Level 1 Overlay
sTore o un
1 ; sty e g TP AT H+HH H
- ”W;lmi:iwt;:r:t:ﬂiw+mﬂ¢%ﬁ%
L Ea &,..»*
0.8—
0.6 :— s
0.4 :— T
- Run ITb
0.2 _— \
- Run ITa
% 2040 6080”100 720 140 760 180 ' 200

uncorrected pT(GeV)
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# Level 1 Calorimeter Track Match  [DED

= New capability to match calorimeter and track objects at Level 1
> Improved rejection and tau triggering capability
> Improves linearity as a function of luminosity
» Complete implementation required change in trigger timing

Triggar JP1_2_TI0L10_L15 fuses TES[22) CEWEMIZL 3.2)_nco af Loveld)

TPL

80—

Rate (gz}

evel 1 rate
efore CTM

" ‘...‘h
o -

Level 1 rate

40 using CTM
I j - Level 2 rate
W5 o ﬁﬂ‘“ before CTM
: 1 ‘p_,_ Level 2 rate
i e lusing CTM
% 150 200 250

Luminosity (10°%cm2s-1)
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# Personpower Needs/Projections

*x

Effort Report Collider Task Force
"FTE" Resource Needs

2005 2006 2007 2009
Operations™ 107 91 68 68
Computing 35 30 32 25
Algorithms 74 65 55 21
Management 14 14 10 10
Physics Analysis? 214 207 86 to 165 66 to 124
Collaboration Total FTE 443 407 | 251 to 330 | 190 to 248
Fraction Physics Analysis 0.48 0.51 0.34 to 0.35 to
0.50 0.50
MoV FTE Projection 474 437 357 184

¥ Physics analysis needs: lower estimate from “core physics only”

Operations category of Effort Report includes Run ITb Upgrade activities

upper estimate from need to keep “service fraction” at 50%
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# Personpower needs/availability De5

rre < 2008 My > < 2007 Moy >
250 J L J L
—o— Faculty +
206 Research
200 ~ —m— Postdocs
168 180
A 156 145 —A— Students
150 \A\ 146
}A 120 114
100
50
Sum of FTE, | 474 437 354 357 272 184
CY2005 CY2006 CY2007 CY2008 cCY2009
Calendar Year

Student and postdoc FTEs fall somewhat faster than faculty and research
scientist FTEs
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