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The CDF Group at LBNL

Angela Galtieri

LBNL DOE Review, March 16-17, 2005
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Tevatron Luminosity
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> New Phenomena per year SO lner year £ 0O
® Summary and Conclusions ~03 | 022 030 | 020 o028
® Prospects for the Future FYo4 | 038 068 | 031 059

FYO5 | 0.67 1.36 0.39 0.98
FYO6 | 0.89 2.24 0.50 1.48
FYO7 | 1.53 3.78 0.63 211
FYOo8 | 2.37 6.15 1.14 3.25
FY09 | 242 8.57 1.16 4.41
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category
GSRA/student

career staff
term/pd
GSRHA/student
GSRA/student
GSRA/student
career senior staft
GSHA/student
career senior staff
GSRA/student
GSRA/student
term/pd

faculty

career staff

CDF Personnel

name
Bachacou Henri

Beringer Juerg
Cerri,Alessandro
Deisher,Amanda J
Fang,Hung-Chung
Freeman,John Christian
Galtieri Angela B
Gibson,Adam

Haber,Carl H

Lujan,Paul
Muelmenstaedt, Johannes
Nielsen, Jason
Shapiro,Marjorie D
Yao,Wei-Ming
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level_of_effort
47
25
100
48
47
47
100
47
20
47
48
100
17
25

Distribution of FTE
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23%  §95%
Emmelmnbrs’lﬂﬂ
46 10% [l coreor st
[ tmcutty
[ GSRA/student
B =rrpd
Sum of level_of effort
category Total
career senior staff 120
career staff 50
faculty 17
GSRA/student 331
term/pd 200
Grand Total 718
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* Members of the LBNL Group reeee]

'

Physicists-Staff (3.2 FTE) Fellows (1 FTE) Undergrad. Students (1FTE)
A. Galltieri M. Weber (nowRutherford) ~ E-Feng (to ATLAS)
J, Beringer*‘k (joined '04) P. M. Fernandez (JUIy '03) L. Tompklns (FU”brlght,Orsay)
M. Garcia-Sciveres* M. McFarlane +
33- L'"abef* Grad. Students(6.5FTE)
Lys* A. Connolly++ (now UCLA -
R. Miquel™ (now SNAP) G. Verameyndi+fr (now IIIino)is) Visitors (gone)
M. Shapiro* (UC Berkeley) £ Brubaker ++ F. Zetti (Pisa) (to ATLAS)
J. Siegrist* (UC Berkeley) (now Chicago) M. Tavi ('to Finland)
W. Yao™ H. Bachacou++
Physicists-Term (2 FTE) (soon CERN) Engineers, Designers*#
A. Cern H. C. Fang B. Krieger
A. Dominguez A. Gibson H. von-der-Lippe
. (nOW NebraSka) J' Freeman J.P. Walder
J. Nielsen A. Deisher E. Mandell
B. Orejudos (now industry) J. Muelmenstaed B. Holmes
L. Vacavant* (now Marseille)  p_|ujan
|. Volobouev (now SLAC)
*ATLAS, **PDG * Start on CDF on '05 # Silicon Upgrade Project
FTE refer to FY05 ++ Thesis completed SVX4 chip completed.
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DFII Detector

@ CDF recent upgrades

* Improved photon detection

* EM calorimeter: timing
readout added

e Central preshower: wire
chambers replaced with
scintillation tiles

* DAQ upgrade
* To match the trigger:
20MB/sec -> 60 MB/sec

Forward * Trigger Upgrade

_ ) : 30KHz(L1), 1KHz(L2)
MUoi) calorimeter [j S'/'con and drift 100Hz(L3)
chamber trackers

LBNL Contributions : Silicon detectors, COT, TOF

Commissioning, Operation, Software

Lina Galtieri CDF Program, LBNL DOE Review, 3/17/05



Silicon Detectors: LBNL ,\l A
contributions

Silicon detectors transformed physics capabilities of CDF since early '90.
LBNL is a major player in Vertex Detector technology. Long standing
tradition, now applied to LHC.

» LBNL designed SVX, SVX. Rad hard chips for Silicon Detectors

> Joint designs with FNAL since.
> SVX3 used in CDFII
RUN 2b R&D and prototyping
» SVX4: developed for Run 2b
Project canceled due to budget cut.
Chip used by DO, Phenix at BNL
> Conversion to .25 micron CMOS
technology proposed by LBNL.
Later used by ATLAS pixel chip
> Hybrids and “stave” (new detector

concept : integrated electrical, SVT, displaced vertex trigger
mechanical and cooling unit) Extended B physics
being evaluated by ATLAS capability

Lina Galtieri CDF Program, LBNL DOE Review, 3/17/05



LBNL Contributions to CDF Il

I[I. Commissioning

|. Construction
® Silicon detectors
» SV X3 chip (co-design with
FNAL), test, probe
> hybrids for LOO, SVXII, ISL
> associated electronics

® Drift Chamber (COT)
> inner cylinder, field sheets
> Conceptual design of
alignment

> Time calibration system
® TOF

> Study laser calibration system
> Install fibers, online monitoring

Lina Galtieri CDF Program, LBNL DOE Review, 3/17/05
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» COT Associate Project Manager
> COT Commissioning
> Silicon commissioning

l1l. Operation

» CDF Il Operation Manager

» SVT operation

» Silicon Operation (ongoing,
see later)

V. Computing and software

» Project manager

» Codegen for relational data bases

» Data handling software for early
tests

> Silicon Code librarians



LBNL Contributions to CDFI! '

Detector Operation (MOU)

® Silicon calibration ( Nielsen)
® Silicon good run list (P. Lujan)
® SVT online monitoring checks,
SVT hardware support,
upgrade code consultant (A.
Cerri)
® DAQ shifts (3 months service)
(FY04-05: 3 students, one
fellow)
® SCI-Co or CO shifts (everybody
moved to other groups
® Online silicon monitoring
(to John's Hopkins)
® Online data monitoring (YMON)
(to Rochester))
® COT calibration (to FNAL)
® SVT data taking: pager (to Pisa)

Lina Galtieri CDF Program, LBNL DOE Review, 3/17/05

Software Responsibilities (MOU)

> MC: EVTGEN, B decays generator
(Juerg Bensinger)

> GFLASH tuning (P. Fernandez)

> SVT simulation (A. Cerri)

moved to other groups
> MC generators : ISAJET(Galtieri),
>HERWIG, Wbbgen (Lys), ZGRAD
(Gibson)
Silicon geometry (A. Dominguez)
Passive material (L. Vacavant)
Silicon Tracking (W. Yao)
Secondary vertices code (W. Yao,
A. Dominguez)

>
>
>
>
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Leadership Roles (last 3 years) _

e Marjorie Shapiro e Alex Cerri

> Co-coordinator: CDF simulation Co-convener: Semilep. B group (to 1/04)
group ( 10/ 2001-10/ 2003). CDF representative at HFAC (B semi)
Co-convener: B physics group

A\

v

(2002-2004) * Aaron Dominguez (left '04)
e VY _Kee Kim (left Jan.03 - Co-convener : b-tagging (to 9/03)
Aggggiatee (Ia_le;rg E)]? CD?:n ) > Co-convener: silicon studies (to 5/03)

Operations Department (to Co-convener: Higgs group (to 8/04)
January 2002)  JasonNielsen

: : Silicon calibration
* Bill Orejudos (left '04) _ .
Co-coordinator of the COT group Co-convener: W+jets Top group

CDFII Operation Manager (to e Greg Veramendi (graduated '04)

June 02) Co-convener: High Pt Electrons (to
* Lina Galtieri 2/03)
> Co-convener: Jet corrections « Weiming Yao

(to 5/03) Co-convener : Higgs group (to 9/03)

Lina Galtieri CDF Program, LBNL DOE Review, 3/17/05 9



Recent Contributions to Analysis Tools

Exploit group expertise to optimize data taking and detector
performance.

Develop reliable tools to perform physics analysis.
Essential for precision measurements.

® EVTGEN (improve B decays simulation)

® Realistic Monte Carlo (improve data-MC agreement)

® Trigger efficiency for electrons (all High Pt physics groups)
® |mproved offline code, Genb, and data validation for top group
A analysis

A Trigger studies for B physics (improve Bg mixing measurement)
A Silicon b tagging high Pt (efficiency and scale factor)
A Improved impact parameter resolution (better B mixing sensitivity)

Jet corrections and systematics (smaller systematics on top mass)

Lina Galtieri CDF Program, LBNL DOE Review, 3/17/05 10



Deisher, Muelmenstaed, Beringer, Cerri, Shapiro

Trigger Upgrade: 30KHz(L1), 1KHz(L2) 100Hz(L3)
* B cross section is very large

‘ L1_TWO_TRK25 OPPQ_DPHI135 SUMPTES_PS2_v1 Crass Section vs. Inst. Lum ‘

Trigger studies for B physics

° {7 . ” mgjo‘
Th_e trlgg_er Cross se(Z:tlon mcreaseS\ Em— L1 two track trigger
with luminosity as L= fu P7>2.5GeVic
* Need new trigger strategies to keep oo ) //
collecting hadron B decays (essential for 1,»«*
Bs mixing) at high luminosity mj\www””“
* Reduce event rate without rejecting “—F llllll
taggable candidates CEE " e Liminosty € 30em2 %)
Solution: MTT trigger test

* Require b tag at trigger level, i.e, require
a muon trigger with the 2 tracks at L1.
* Keep the SVT cut of 120 u for the impact
parameter at L2

Entries per 20 MeV/c’

* This will give us b events enriched inhtags, ..

(the muon). Found l:,_4'8 4I9 I5| I 5|1 5;; 5|3 +5*4 ?:T:q-ijﬁ+ 5+7+
eD2=(5.2 +2.6)%

D° 1 Mass [GeVic’]
Lina Galtieri CDF Program, LBNL DOE Review, 3/17/05
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@ Displaced vertex b-tagging oy
(SECVTX)

H. Bachacou, P. Lujan, J. Nielsen, W-M Yao

asaces  DISPlaced vertex algorithm allows detection of b
s.mdar,'/[ "“"sj quarks, important for B physics, top, and Higgs
| by > Use e+jets (b enriched ) .t - e
7

Tagaing Eficlency

Primary -~ aal —+—

——

CE —

> Reconstruct secondary

y _ o
vertex with > 2 tracks — wwwigisa

prowpt tracks > Require L, /o, >3 e B i
S i iy (§ e | GXYN 1501 _ —— == m—
7 | COF Run il Preiminary —— Performance, alignment
% ' of Si detector crucial ™™™ T T
S anmm ® tt event efficiency =(55+5)%, now (60+3)%
. ® Efficiency for a second tag in top events
b7 EPEE X (24.0+1.7)% , now (25+2)%
bt oo = | ® Efficiency ratio between data and MC
e (86 + 7)%, now (91* 6)%

Lina Galtieri CDF Program, LBNL DOE Review, 3/17/05 12



-,
."'."
i

ct Resolution improvement m

BERKELEY LaR

Beringer, Cerri, Deisher, Muelmenstaedt, Shapiro

Use LOO of the silicon system and perform event by event primary
vertex reconstruction to improve the ct resolution in Bg mixing studies

0, in B - Dt - [Kmmmt sample

Wit e (6 —D"x -

” , & B . .. |NeD= ~
[ \ | e Signif = e —_—
Uses the e 2 S+B
Beamline | _318:05um £ 1801
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add ;fﬁ Tl T T % 140 E‘ Pl I\ { ' ;;gf'ffggﬁe,fﬂmm
waia E 120 i_ , *+1 HHH u x;‘.ﬂ,?lf;ﬁnrgb y-Event PrimeVtq
B ning i LI>J 100 o . Qq }% o LDo, _E;gnéﬁy—Event PrimeVix
wof : :',"_" g :— | r T ] <o>=15.6u'm
uses the "t | [ - 80 i ﬁH? No L00, No EbE VTX
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" 5=23.810.3um 40+ i"f };{ <0>: 22.2-215.6 um
event PV . J \ 20— f i ot
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Y v T T T T T P TH 0O o0 A

pe 0 10 20 30 40 50 60 70
d/ O4 ¢T resolution o (1 m)
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Jet Corrections and systematics

L. Galtieri, A. Gibson, P. Lujan, J. Lys. C. Currat (left end '03)

> Longstanding expertise on jets in LBNL group (since 1986).

» Our suggestion, changing the energy deposition (EDEP) form in the
MC simulation, implemented . Helped reduce systematics in E- scale.

> Run2 systematimproved AM, from jets by factor [2 1

Frac FEDP of dopositod E_|
o P Testing corrections Run2 Run1
= intt - WbWob b
il . L
iV W mass reconstruction :
ozw’ ’ 4 :f:?":f,:; - |Fle:::onstrl.medw mass with L7 corrections, Gausslan fit | :_: ”l
025 == St ) g ;_ —»— PYTHIA {15094 events) g
a1 rareat 200a p inciant Bevi) ; o a
Magenta Curve | IoF et §
for EDEP i3 Systematlcs on jet Pt
improved data- i N, & FOUOVONVRTOUTIUV OO DO DO O |
MC agreement =2 -1.5 -1 0.5 [+] 0.5 1 Eve1r.|fqnf\h'2 ' nrr-.r"l‘-ﬂlﬂl'pl sk

Lina Galtieri CDF Program, LBNL DOE Review, 3/17/05 14
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Achievements 2004-2005 sy

* Papers submitted for publication
4\ ttbar Production Cross Section with Secondary Vertex b-tagging (accepted)
4\ Moments of Hadronic Inv. Mass Distribution in Semileptonic Decays
(accepted
F-B Charge Asymmetry in e+e- pairs (Veramendi PHD Thesis)
Combined limit for Higgs Production (Run I)
B./B° Ratio of Branching Fractions

b-bbar correlations (A. Affolder PHD thesis, Run )

Partial Widths and Search for Direct CPV in DO Decays to K*K- and Tut
* Papers with Drafts Circulating in Collaboration

Inclusive cross sections of pp --> W and Z
MSSM Higgs, H/A into tau-tau (A. Connolly PHD thesis, Run )
* Papers being reviewed by godparents committee
Top Mass Iin Lepton+Jet Channel using a Template Method
(Brubaker PHD thesis)
Search for Particles Decaying into bb with associated W Production
Top Mass in Lepton+Jet Channel Using a Multivarient Method
Will highlight only a few of these analyses here

Lina Galtieri CDF Program, LBNL DOE Review, 3/17/05
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Conference Papers in Proceedings ('04) [_

J. Nielsen:  “ CDF Top cross section and mass”, Lake Luise 2/04

|. Volobouev : “ Top cross section and mass at CDF”. HCP 6/04

R. Miquel : “ Hadronic mass moments in B semileptonic decays”,
BEACH 7/04

P. Fernandez : “ Top mass measurements at CDF”, BEACH 7/04

W-M. Yao: “Higgs searches at the Tevatron” , ICHEP 8/04

A. Cerri : “ Charm production at CDF”, ICHEP 8/04

J. Freeman: “ Top Mass measurement with Mutivariate Templates “,
DPF 8/04

H-C Fang : “ Moments of B hadronic mass distributions”, DPF 8/04

H. Bachacou: “ CDF top cross section measurements with B-tagging”,
DPF 8/04

P. Lujan : “ Run 2B silicon detector performance in prototype”,
DPF 8/04

M. Weber: “Run 2B Silicon detector: electrical performance”,

IEEE 9/04
J. Nielsen:  “ Performance of the Run Il silicon detector”,

Vertex 04 Como, 9/04

Lina Galtieri CDF Program, LBNL DOE Review, 3/17/05
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Technical Papers Published in ...

“The CDF Central Open Tracker (COT)”, NIM A526, 249 (2004)
“Silicon Vertex Tracker (SVT)”, NIM A518,532 (2004)

“Shielding and Electrical Performance of Silicon Detector
Supermodules”, submitted to IEEE Trans. Nucl. Science (10/04)

“CDF Run 2B Silicon Detector: Stave Design and Testing”,
IEEE Trans. Nucl. Science, 51, 2209 (2004)

“SVX4: A new Deep Submicron Readout IC for the Tevatron Collider”,
IEEE Trans. Nucl. Science, 51, 1968 (2004)

“The CDF Run 2B Silicon Detector”, NIM A518, 270 (2004)

Lina Galtieri CDF Program, LBNL DOE Review, 3/17/05
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B Physics: where are we? Ll

CP violation in the B system constrains the unitary triangle.
SM requires a+p+y=1t

Sin2[3 measured with high precision at the B factories.
e B, physics can only be done

Vg, at the Tevatron
. AN ® SVT (Silicon Vertex trigger)
W - ome - amasamg B mixing allows study of the
B, ~ KIS BT }\ hadronic decays

B hh and B,s Dsn

® [t opens whole new chapter

o L that can lead to new
4 CP violation in B, — J/Y@ is new physics' .
v physics

o B mixing requires fully reconstructed decays to reach high values of

o

Xs and eventually will lead to measurements of the angle y

e [nitially B semileptonic decays , high statistics, can be used
o LBNL Group working on two sides of the triangle: B mixing and Vcp

Lina Galtieri CDF Program, LBNL DOE Review, 3/17/05 18
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B Physics: Moments Analysis

A. Cerri, H-C Fang, R. Miquel, M. Shapiro, L. Vacavant

¢+ Measurement of V., from inclusive semileptonic rate:
OPE provides expansion in terms of a,, A /m

QCD b

+ Need comparison of theory and experiments for many quantities to test

the model.
+ Theory does not provide detailed knowledge of hadronic states, but

makes prediction for inclusive quantities, e.g. Spectroscopy of D mesons
<Mhadronic ’ <|\/Izhadronic>""' :LZE'_J.==;.=G - o 1+L=1 o o
these are the "hadronic recoil mass -
B - Xc |V| T \}\& N o
¢ Xcis D, D*, D** . Measurements for D and D%} LW §§ =
already known. Here we measure the D** [ . |.. //} >
contribution ; N
+ D** Is any charm state, resonant or not with =T /75 < Sowave
Mp** > Mp* 1500: D " orDrwove
¢ Use known info for BR(B IvD,D*) and M for D and D*
_+ Measurement completed: accepted for publication

Lina Galtieri CDF Program, LBNL DOE Review, 3/17/05 19



Moments Analysis Results
Cerri, Fang, Miquel, Shapiro, Vacavant

* Correct M** distribution to fixed
lepton p*
published soon

CDF Run Il Preliminary L =180 pb "

Correctedm”
D= K
D% K
D' Ko
D'— Kt

Events' 20 MeV
(-]
[=]
L

(=]
o
T I T 1

F
[=]
1 | T 1

e Combine with D and D*

e Extract QCD parameters A, Aq

* Theory predicts evolution with p*

Lina Galtieri CDF Program, LBNL DOE Review, 3/17/05
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unitary triangle

Lina Galtieri CDF Program, LBNL DOE Review, 3/17/05
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Bs Physics at CDF '

E’O ® To measure CPV in the Bg system we

need to measure Am_ from Bg-Bg

b oscillations. Amix ~ Dos QAm b

Am,_ expected to be large due to

B’ coupling to top quark
5 e Bgfully mixes in < 0.15 lifetimes !!

| -~ [Am

1 LOUS = ¢ accurate at ~ 5%

SM Fit: Am = 18.3 + 1.6 ps*
e B_. mixing World Average @95% C.L.
Am, 14.5 pst

Uses data from LEP and SLD

21



B. Mixing Strategy

Beringer, Cerri, Deisher, Muelmenstaedt, Shapiro

(x 0'
e Optimize yield of Bg : S/(S+B) -

Signif =
o Use many modes S+B

o Cuts to give best signal significance (done)
o Improvements in trigger (1 done, e in progress)
e Optimize vertex resolution (o )
o Primary Vertex determined event-by-event (done)
o Best possible silicon tracking
e Optimize Tagging (efficiency(g), and Dilution(D) )
o Combine many tags

L BNL activities in areas marked in red completed

Lina Galtieri CDF Program, LBNL DOE Review, 3/17/05 29



B. mixing signals in 355 pb:
¥ Bg—=>Dgm Dg 311
o Dg - @, KK, 311
® Highest ct resolution

E ~ 900 fully reconstructed
events

Preliminary limit
Amg> 0.4 ps' @95% C.L.

CDFII Preliminary, 355 pb'1, B.— D, D,— 7w

Bt

B.: fully hadronic channels

CDFI Preliminary, 355 pb ',

BTt

DEK

§ —— Data
g e s —— Fit Function
i BD
. DTt
by -;\h—»\(m /
% 40 e B3 DX
% i wesdmn 8y - com binatorial D HU'U'[
% - background
8 F
30 N ¥/ /NDF = 91 777
= prob: 12.07%
200 | | S
10{— L’H 1 * * {
[} | .|H.|‘ HH.M K H
E| SF
N o OF
% SR
kA 5.0 55 6.0 8.5

TR, Mass [GeV/cE]
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~7.5K events
Basic: Bgg— v Dg

¥ Dg— @, KKK, 31t
£D2=(1.43 +.09)%

CDF Run Il Preliminary L ~ 355 pb™

T sop| PapPex
= N(DD) = 4342 + 94
N
P
2 400
=
i
©
8 200]
£
-
Z ol

ol , . _

1.85 1.9 1.95 2

M(¢ m) [GeV/c]

Combined results:
E 7.9 pst @95% CL
limit
F Sensitivity: 8.4 pst
L1 [
» Effect on World

Average:
F Limit: 14.5 ->14.5
pst 1 [

E Sensitivity:
18.2 -> 18.6 ps?

Amg> 7.7 pst@95% C.L.
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Bs Mixing Results

semileptonic_hadronic

ey
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Semileptonic: Lower ¢ resolution than hadronic.... but very large statistics:

e dalatic & 95%CLIimit 7.9 ps™
1.6450 sensitivity 8.4 ps"

datat 1.645¢c
data + 1.645 ¢ (stat. only) l

—_—

|
‘.||
s

p‘*ﬁ# 1l ! Ll | ‘ | ;
=g ) O
0 5 10 15 20
Am, [ps]
world_cdf
e datat 1c A 95% CLIlimit 14.5 ps’
1.645¢c ) sensitivity 18.6 ps’
data+ 16450
data + 1.645 ¢ (stat. only) I“ ! “'MU‘ H
| 4t
Al T+. } (
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Prospects for High P+ physics at CDF _

Electroweak Precision M easurements

Measure top quark properties __ R
Mass to 3 GeV, Top cross section to 10% e 7
Verify SM decay properties
Any non SM processes hide in top events?

[GeV]

+ 180+

m

m, (Tevatron)

Higgs production
SM Higgs: it is a big challenge, but try .0 I
SUSY: tanp=50 50 discovery possible I

of H/A with M=175 GeV (5 fb™)

Excluded

SUSY: Hoale P AN
Some of the parameter space for Ejar:.e'l)”s‘?ty /
squarks and gluinos can be explored.
Long lived stable particles , trileptons, /
etc.  Many ways to search
Many other searches: W'. Z', leptoquarks , 20 Increased
technicolor, extra dimensions etc. . luminosity
T oW

Lina Galtieri CDF Program, LBNL DOE Review, 3/17/05 o5



Top Quark Property Measurements

Bachacou, Fernandez, Freeman, Galtieri, Gibson, Lujan, Lvs,
McFarlane, Nielsen, Yao

* The Standard Model predicts the Higgs mass, once the W and
Top mass are measured with high precision.
 Loop corrections to Myy proportional to M¢? and My

Run I: M(top) = 178.0+ 4.3 GeV CDF+DO0O comb. _
Feb. 2005 best Fit

— 6 :
1 —LEP1, SLD data | Y
80.5 | - LEP2 (prel.), pp data . Ly e B Mp= 126 113 _418GeV
68% CL 1 - 0.02749+0.00012 :
;‘ 4 & % wes incl, low OF data —
3 _ i1 My< 280 GeV
=~ 80.4 e q. .
N 3 at 95% CL
E g
2_ —
80.4 ] 1 Direct limit:
_ w. N My > 114 GeV
1 ——— 0 Excluded &, A Preliminary
150 175 200 0 o T 00 at 95% CL

_ m, [GeV] -

Lina Galtieri CDF Program, LBNL DOE Review, 3/17/ M [GBV]
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Top Physics Studies

t t Production at the TeV: Top quark is heavy: decays very fast!
[(t->Wb) ~ 1.5 GeV, t=4x10*sec
P N <t Agep = 100 Mev, A% = 10 sec
- 7 t No hadronization: no top mesons or
P baryons
tt wh bW b LBNL group present plan:

€ * Understand the top candidate
sample: b-tagging, backgrounds,
agreement between data and

Monte Carlo etc.

* Optimize tools for above
measurements

6jets * Look for deviation from SM In

top sample

2l + 2jets
Top events preferentially W+= 3 jets

Lina Galtieri CDF Program, LBNL DOE Review, 3/17/05
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Top Cross Section Measurement

Bachacou, Lujan, McFarlane, Nielsen, Yao+ others

* Understanding top candidates sample, to
be used for all other top studies
* LBNL: use lepton+jets channel, b-tagging
to reduce background.

e Sample selection:
e Isolated lepton, P1> 20 GeV

e MET > 20 GeV (nheutrino)
* N (jets) = 3 jets
e 1 b-tag by the SVX algorithm Rl

Summer ‘04, 162 pb-1

[ Jet2 65.6 GeV
0.4

Y (cm)

0.2—

CDF Il preliminary
| =

* Background : use N(jet) = 1,2 to
check background calculations

Is
O w
] We
i B non-W
1 & = Wc
> : B WWWZ7
M|Stag ; [ Single top_’TT
Tot bkgd + 1o
> non'W QCD — Data (162 pb™)

ANERERRR SURERRRR
EASOSASASASASASA SN

> Physics background: Wbb, Wcc
> Single top, WW, WZ etc.

Number of tagg

20— I _f
ok | | _——
Lina Galtieri CDF Program, LBNL DOE Review, 3/17/05 1 2 3 =4

Number of jets in Wtjets
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Top Cross Section (cont.)

Require, Ht (total transverse energy ) > 200 GeV

Nobs — {Vbkg
€1 X L

Ot

02 (syst.) pb

Summer '04,162 pb-1 Published

| CDF Il Preliminary

og = 5.6 T1%(stat.

—Data

Il Wbb
Wee
We

Il QcD
Mistags

Il Top (6.7pb)

600 700
_ HT (GeV)
Lina Galuert CuF Program, LBNL DUE Review, 3/1//U5

0 100 200 300 400 500

-,

."'."
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N(jets) W + 3 Jets | W +2>4 jets
Pretag 179 91
366 189
Background 135 £ 1.8
34.4 = 3.9
b-tagged 21 27
66 80

Bold refer to 320 pb-1

Top Quark Pair Production Cross Sections

Tton
jets: vertex tag
D; eroAhll-jels

c -
CDF | \pto +j

I:' Cacciari et al. (hep-ph/0303085), m=175

1 ‘ | 1 1 1 ‘ 1 | 1 | ‘ | 1 |
1800 1850 1900

1 ‘ 1 1 1
1950

éobo'
s (GeV)
29



ey

@ Top mass: Summer '04 method

VVolobouev, Fernandez, Freeman (PHD thesis), Galtieri, Lys

Fits eventsto tt — W' bW.b

> Jet E-scale (JES) allowed to vary within Summer '04 result
a gaussian shape in W mass fit, to

CDF Run Il preliminary, 162 pb™

balance statistical and systematic 3 R DA
uncertainties. o [ SR
> Separate templates for correct and E o1 W e ]
Incorrect permutations. @ 9 o
> Probability of correct choice determined £ £ :
from the x?value of all permutations. i p
> Two-dimensional templates: mass and b= =rtrtr ]
E,, (sum of the 4 jets). A B evic)
> Increase discrimination between
background as well as other top M= 179.1+64 . (stat) +6.8 (syst)
masses.
Measure simultaneously mass and 33 b-tagged events
background fraction. 34% background

Lina Galtieri CDF Program, LBNL DOE Review, 3/17/05 30
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Top Mass: new LBNL method

Volobouev,Bachacou, Fernandez, Freeman (thesis), Galtieri, Lujan, Lvys,

Nielsen
* Major systematic uncertainty in top mass measurement comes from jet

energy uncertainties. We use jet transfer functions to improve resolution
and the JES parameter to transfer systematic to statistical uncertainties.
* We integrate over phase space and Matrix Element for top production
and decay, after a transformation into measured variables (similar to the
method DO has used for recent Run | result).
® See Kondo (JPhys. Soc. 57,1988), Dalitz&Goldstein(Proc. R. Soc. Lond., A445,1999).
kinematic discriminant

."'."
Freroernernr |||’

* Integration being done over four yses TF and ME integration minant
variables + jet energy scale Snet fear N preudo experments, 100 events 5
(JES). W mass constraint not ==
imposed (2C fit, 4d). o] Aymmsmeeros T

Cias at 180 GeV is D.36 CeV

nor-W QCD

1/N A N/A V(0.3,0.25) | D ¥
L= T T T I T T T I T T T I T

Klziss-Stirling ME L {7} mistags

Use multivariate method for -
background separation:
kinematic discriminant. i

New data sample will have . T e

0 0.2 0.4 0.6 0.8 %

about 60 tagged events. - ' VI03,0.25)
Lina Galtieri CDF Program, LBNL DOE Review, 3/17/05
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Other LBNL Top mass measurements

Brubaker(PHD) , Gibson+others A. Gibson(PHD thesis), and others

Analysis follows run | methodology & Another variation of the ME

> 28 Lepton+jets b_tagged events approaCh to tOp ma.SS meaS.Urement.
> 6.8+1.2 estimated background Uses transfer functions for jets.
> Kinematic constraints (x2) s Uses matrix elements for top

production and decay in likelihood.
Integrates over 3 variables. Narrow
width approximation for the W's.

> Compare reconstructed mass to
MC Top +background templates

M =174.9*71 5 -(stat)£6.5(syst) GeV
Updates result (320 pbl) to be published HERWIG, VECBOSMC -y matrix

- CDF Run Il Preliminary (162 pb'1) 001:;|_0 element for
N‘% :%:DData(ESevtsl [ ] " }1:umm“ /m’ 0.15? p_> baCkg round as
v 6§_s|gna|+akgd 2 g & “-14; We”
g Bkgd onl / ] 012
§ 5:@ gd only / ;za 0E N
w 4 - [ 150 180(52013! 240 i
E 3 M (Gevic) 008" 7 \ background
E 0.06
53 A a \ (after detector
% 86 100 120 140 1 " 220 540 260 0L AN

Reconstructed Mass (GeWc ) I TR
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Search for new signals in W bb events

Events / 10 GeV/c?

7

W-M Yao, Tsukuba student

-,
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Techniques developed in Top analyses can be used for other searches
Production of new particles in association with W

* Higgs — bb, SM cross section too small for observation in current data

* Models such as technicolor can predict larger o

Use events with a W and 2 jets (at least one tagged jet).
Observe 62 events, with a background of 66.5+9.0 events expected.
Limit for SM Higgs — bb and for technirho p; -~ Wt , Tt. - bb

M (bb)

W'bb Search Dijet Mass Distribution (> 1 b-tag)

121 =
CDF Run Il Freliminery 162 pg =
— 2
W s2jets { 21 b-tag) - ]
10 - Dats T
O wteugm
8l E wrhear ors ﬁ
O vee a 10F
B weztww . 2°2 and 2 oo >
6- O ronw <
W v, 115 Cevid) %
2 1F
Maan = 104.1+ 0.2 GeV/
- Width = 1734 0.2 Gevic: T
o
2 —
©107
LAnEl
D = IS Ea Al ==
(1] 501001502@250300350400450?00
Mass (GeV/c) 10°

W'bb Search 95% C.L. Upper Limit

CDF Run Il Preliminary 162 pb"

&= Expected Limit+ 1

—=- Data

- LO Technicolor (pp — W*n§ — W*bb)

- NLO Standard Model Higgs (pp — W*H — W*bb)

" .o " oo iiia B .a " L
110 115 120 125 130 135 140 145 150
New Particle Mass (GeV/c%)

Lina Galtieri CDF Program, LBNL DOE Review,

3/17/05

M (W bhb)

Wb Search W'+2jets Mass Distribution (= 1 b-tag)

Events / 20 GeV/c?

14E CODF Run |l Preliminary 162 pb
Wi+2jets ( =1 b-tag)

13F - Data
D Whilight flavors

10[ - W*+heavy flavors
D Top

8l B w2 ww. 22 ard #or
D Non-wW*

&b - pE W) {m (p}) = 200 Gavic?)
Mean = 201.7+ 0.5 GeVig"
Width = 21.8+ 0.5 GeV/

4

al

0[) 100 200 300 400 500 600 700 800 900 1000
Mass (GeV/c)
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Summary and Conclusions

® | arge contributions to hardware and physics over the last 23 years
Contributed 12 PHD thesis, 18 postdocs.

19 of these have faculty or lab staff positions.

® Contributed to top discovery, precision top and W mass measurements,
properties of B mesons, Higgs studies etc.

® | BNL still contributing to Run Il CDF physics results:

» B, Mixing
» Top Physics
» New particle searches

® Very enthusiastic about pursuing this physics.

® Data sample expected to be ~ 30 times the Run | data by end FYO7.
® Window of opportunity for high P+ physics before the LHC!!

® Great way to prepare for the challenges of LHC physics.

Lina Galtieri CDF Program, LBNL DOE Review, 3/17/05 2



DOE LBNL Presentation 2005

Backup Slides
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Tevatron performance and expectation

Delivered luminosity surpassed 800 pb*

Year 2002 2003 2004 2005
g Vpmpd 4T 1014 T 0L 4 T i Plan for FY 2005: Integrate 470pbtin
%uo- 34 weeks ( ~14pbt/week)
.*:::100 ‘
'E .‘i. .':
E 80 ; " ::.'_
E 60y . :-_g-":".?': . vt
200 it R ST R P ' : .
‘%’:‘!t'::.':.',',‘, ..... . ] ] 20| L /18 3
0 ﬁ’?obo 1500 2000 2500 3000 3500 4000 2 D&SIQH Goals / -
Store Number £ /_/ ¢
y Today _ ; 2
40— T : - / 3
= _ | - " ' @
2o 1 3y I AR
Z 300f ] ¢ ; / 3
=] 3 1 M . 4
£ - FY04 il 0 / 3
: 2501 _ ¢ =) o /_/
- 200 - i : i
B 150l /,/ FY03 | [ Lot
5] | ] : - - -_ C——— — -
= 100 FY03 / red . 2003 2004 2005 2006 2007 2008 2009
= 50 ’F_YM Fiscal Year
ol e FYOI 1

0 50 100 1§0 200 2§0 300 3%0
Day
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B, world Average (ICHEP 04) _,'

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

- World average

L + datat1c A 95% CLlimit 14.5 ps” W\ _

[ - 16450 - sensitivity 182 ps" o

- detet 16450 \/H " 1 @ B, mixing World Average @95%
i data *+ 1.645 G (stat only) ~H 1 :

1 cL Am, 14.5 pst

™
n

Amplitude
[ ]

—
W

p—

[—]
1]
y |
{ <
\ \H_.i.

‘HA/\ i Uses data from LEP and SLD

05 F N

a5 L aill.
0 25 5 75 10 125 15 175 20 7225 25
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Standard Higgs Expectation

Standard Model Higgs needs SUSY Higgs can have alarge cross
large integrated luminosity section for large values of tanf3.

Study the A/H — tt1, bb channels

| | | | | | | | | !
SUSY/Higgs Workshop
- Higgs Sensitivity ("98-'99) .
- Study ('03)

| statistical power only

L (no systematics)

-
S
=

/ 5o discovery

3 3G evidence ]
- PRELIMINARY 95% CL exclusion]
80 100 120 140 160 180 200
my (GeV)

=
| | B B N |

integrated luminosity (fb'1lexp.)
-—t
=)

LEP mp>114.4 GeV @95% CL
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