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The Collaborations

12 countries, 59 institutions
767 physicist

19 countries

80 institutions, 670 physicists More than 50% non-US
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DE> Outline ‘

* Physics capability at the Tevatron
* Overview of experiment
* Detectors

* Recent results plus prospects
— Higgs search
— Top and electroweak (W/Z)
— QCD
- B
— Search for new phenomena
* Conclusions

v' All results shown in this talk are preliminary (though I
don’t label “preliminary” on all the plots)
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I3 Physics Potential at the Tevatron ‘
 The world’s highest energy (Vs=1.96TeV)

p-pbar collider
— [Various kinds of particle] factory, 1.e. the following
events have been produced at each detector in run 2
(delivered integrated luminosity ~ 280 pb™!)

>n Gravitons from Extra Dimension
> m Charginos, Neutralinos, gluinos...
»> 48 (or 0) Hq,\(120GeV)+W events
> 2300 t-tbar events
> 2.5 %106 Z+X events
> 8.4 x 10° W+X events
> 42 x 10° b-bbar events
> 17 x 1012 q-gbar (inelastic scattering) events
=» Provide unique opportunity to cover wide range of
physics
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w Phys. Potential - Higgs Sensitivity ’

* A CDF + D@ joint study has updated the famous
Higgs reach plot
— Concentrated on low mass region

— Higgs reach at the Tevatron appears to be at least as
good as was

projected four
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D& Experimental Challenges ’

« Capability to produce tons of various particles
€ high physics potential, however, many
experimental difficulties

— In most case, (people’s interests) X (cross section) is a

constant =» most events are background
» Background rejection by O(10'°)
— Very high rate e.g. IHz W(=21v)+X @L=2x103?
» Detector operation in high occupancy condition
» High radiation

» Trigger and DAQ
» Data size huge
=>» Many new technologies

« High luminosity is crucial

* Detector maintenance/calibration also crucial. ..
but many people loves only physics analysis
—> detector operation is also a challenge!!

Oct 21 2003 KEK seminar - Kazu Hanagaki




D5 Accelerator Complex ‘

FERMILAB'S ACCELERATOR CHAIN

* 980 GeV p and p-bar
— MAIN INJECTOR
4‘" . 150 GeV
.-’Q:WLN
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« 396ns bunch crossing e G
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w Data Collection Status

* Both CDF and DO experiments are operating
well and recording physics quality data with ~85%
efficiency

* Data are being reconstructed within a few days
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D Detector

e

D@ Detector:

Forward Mini-dritt Central Scintillator | | ForWard Scintilfator Quarter r-z View: 0l 1co
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Si, SciFi,Preshowers

+ New Electronics, Trig, DAQ

| o beam (Beryllium Pipe)

« 2T magnetic field for momentum measurement

Oct 21 2003

KEK seminar - Kazu Hanagaki 10




DES D@ Trigger

10 g a L15GeV Trigger, Prescale = 18000

i 4 o 25 GeV Trigger, Prescale = 150

10 4 ‘
E A = 45 GeV Trigger, Prescale = 4.7

o 65 GeV Trigger, Prescale = 1.3

4+ 95 GeV Trigger, No Prescale

partially corrected N/L A M [nb/GeV]

—
o

6-

DG‘ Run Il prellmlnary T | |}
boaaaloaely Ui hi
0 100 200 300 400 500 800 700 800

« Level-1 My (GeV
— Mainly single-detector-based
— Opeating rate ~ 1.5 kHz

e Level-2

— Extensive correlations

— Physics objects out (e,l,T,jet..

— Operating rate ~ 800 Hz
* Level-3

— Software reconstruction
— Operating rate ~ 50 Hz

)

Detector7 " Level 1 - Level 2 .
CAL > L1cCal —A> L2Cal [
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SMT -- S| L2STT [-
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MU > . 3 L2Mu [
FPD » L1FPD )
A 4 Global

Framework [©€] L2
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50 Hz

Level 3
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DES CDF Detector

EETT | I
Central Calorimeter (E /H)

Central Muon

Wall Calorimeter (H) \/
I

Forward Calorimeter (E)

Luminosity Monitor

Time of Flight

entral Quter Tracker
Silicon Vertex Detector
Intermediate Silicon
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DE> CDF Trigger ’

[ L I
1.7 MHz bunch Detector (l Hardware tracking for p; 21.5 GeV |
crossing rate .
= Muon-track matching
L1 L1 tri | Electron-track matchi
buffers rngger ectron-track matching
. Missing E;, sum-E;
30 kHz L1 accept %7
present: 25 KHz i f | Silicon tracking
412 Y : —
buffers L2 trigger | < Jet finding
300 Hz L2 accept Zi t Refined electron/photon finding

present: 250 Hz v
300 CPU’s| L3 trigger { Full event reconstruction

70 Hz L3 accept l
present: 50 Hz tape
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DS Detector Performance ‘

* Emphasis different in CDF and DO
— CDF

» Larger tracking volume
» Higher rate capability of trigger
— DO
» Larger acceptance for muon
» Calorimeter with better energy resolution

v « S« IP resolution
A AJtrack £ -
: 50 [
..' * DO data (preliminary)
..'. }X 40 4 DO MC single muons
{ * Impact | N
{  parameter | s N
10 - RS
0 : —
1 10 10
pr,CeV
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B-jet tagging ‘

displaced

Important tool in top analysis and

Secondary Higgs search

vertex

vertex dO
e or LLin jet
." y

Jﬁ( L

prompt tracks z

o b— flvc (BR ~ 20%)
e b—c—flrs (BR ~ 20%)

Secondary Vertex
(Impact parameter) Tag
* Signature of a b decay is a
displaced vertex:

— Long lifetime of b hadrons
(cT ~ 450 pm)+ boost

— B hadrons travel L, ~3mm
before decay with large
charged track multiplicity

Soft Lepton Tag
- Exploits the b quarks semi-leptonic
decays
[ These leptons have a softer p
spectrum than W/Z leptons
[ They are less 1solated
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XD Higgs Hunting at the Tevatron ’

* The Higgs boson
— Last piece of the SM
— Key to understanding beyond-the-SM physics like

supersymmetry: a light Higgs is a basic prediction of
SUSY 102
C a{pp—> H + X) [pb]

10 ;_ Vs =2 Tev

* Mass below ~140 GeV o

- (qq - HW,HZ) +(H - bb) _t--.

- (qq - H)+(H - bb)
overwhelmed by large Ol

QCD background s

(see page 4) o

° MaSS abOVC ~ 140 GeV 0 a0 o0 '1|20;' T '1;0' (Guls\tj/ %oo
- (gg -~ H)+(H - WW) = e

H- WW

Dominant decay mode
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« H(>bb)W(=2>ev)

Higgs Search

— Look for dijets

in W+X events

i D3 Run Il Preliminary
— 3 L, =118 pb™
= 10F
=
T o5 HB
T 105 B
£ [ BS
s BE D@ (H>WW)
m 20 .
é 10| M N ;
| 4™ Generation Model
1 7 | Topcolor
al N
10 ¢ Standard Model
10-2 II 1 | \“\ I L1 1 I Ll | | 1 1 | | | | |
100 120 140 160 180 200
Higgs mass (GeV)
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I
> | _
[ D@ Run Il Preliminary
o |
o L,=117pb" Single b-tag events
=
= i » Data
"g' 20 [JW + jets
9 EQcD
w [[] Other bkgd
10~
‘SEL%JFL.LL
i It
0 100 200 300
MII (GeV)
« HOWW

400

Events / 20 GeV

g L,=117pb”

D@ Run Il Preliminary
Double b-tag events

* Data

LW +jets
gQqcD

Wit

Wbb

I Other bkgd

300

— Two high P 1solated leptons
— Large missing E
— Angle between two leptons
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Higgs Search - cont'd

. H++/--9Hiui
— Left-right

symmetric model

D Run 1 preliminary

L=106.6 pb*

— I H™

-- no candidates

— Higgs triplet
€T\ CDF Run Il preliminary |
2 fLdt=97.1pb"
B 150 ~ 95%CL Limit 1
s — LO(PYTHAY x 1.3 ] -4 (S
S 10
BR{H,—> mu mu)=100%
g0 w0 1o 1éFO|L*+/ ] Lé_(_) Mas "ﬂ(JGeV /1 ég)
* bb(h/H/A) enhanced at
large tan [3:
o b

q b
/:504_%
\A

q p B
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— thE™ 4

-- no candidates

100 150
Mass (GeV)

— Similar results in e channel (CDF)

CDF Run I (4 jets, 3 b tags)

—— Maoximal Stop Mixing
Minimal Stop Mixing

Preliminary E

200

N

120

140

160 180 200 220

240

m, (Gev/c?)
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D& What if we see nothing? ‘

* Exclusion of Higgs itself

m,, probability

WOU.ld be Very 1mp ortant 0‘203‘ density, J. Erler —
Exclude: : (hep-ph/0010153) |
— LEP’s hint in the SM : |
framework (~2fb!) = oiof Exclude Hgy, with:

— Most probable mass range

| dre—> > §
0.05 - 10 5 fb1? .

— Almost all the allowed range 0 s e e s
(Nl Ofb-l) Higgs boson mass [GeV]
° Special importance for mlc;tgs trlggcﬂojp%c; tZOt yet take account of the

minimal SUSY Higgs

— can be excluded almost all
parameter space with

5-10fb-!
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D& Top quark ‘

I
W helicity H
(

Top Mass

 Why does the top

quark strongly Top Width pr——
couple to the —— Couplings
. ° :
Higgs field? .
— Special role in Top Charge e
Resonance
EW Symmetry production p
breaking? >
— Window to the | Production
.. kinematics
origin of
fermion mass.? Top Spin B
o The TCVatrOn 1S Polarization P
the only source
Of tOp quarks in Rare/non SM Decays
the world

Branching Ratios

Vsl
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DES Top Production and Decay ’

> at Tevatron energies, top quarks » Br(t—=Wb)~100%
are primarly produced in pairs Both W’s decay via W - 1v (I=e or ; 5%)
» 85% qq and 15% gg dilepton € clean

»0=58-74pb
[hep- ph/0303085]

Pl
g}wi i“::J><;

One W decays via W - Iv (I=e or U; 30%)
lepton+jets € less clean
t  Both W’s decay via W - qq (44%)

all hadronic € not clean
T He-e(1/81)

B mu-mu (1/81)
[ tau-tau (1/81)
Oe -mu (2/81)

He -tau(2/81)

e Lepton ID B mu-tau (2/81)
] et. ID and its energy scale Besjets
* Missing Et (12/81)

. B mu+jets(12/81
* b tagging )
=>» all detector elements W tau+ jets(12/8
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DES Event Display

Run 162820 Event 7050764 Sun May 11 16:53:57 2003 l

L AR L  RNRERI LApA iy s
C CDF Il Preliminary / 3

25F Secondary Vertex —
2F =
1.5F Jersa2cev & Jet189.7 GeV

F L,=13mm L, =16mm ]

E 1, -
E () 259 GeV e\ 1P e
805} :
> oF ., nTCL348GeV
-05F 3
1F -
-15F E
WL PRI TS PTTRE PUTTY PRTTE FRTTE PPTTE PUTE IY:

-2-15-1-050 05 1 15 2 .

X (cm)

dilepton

i AT
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I¥D  Cross Section - lepton + jet ’

1 high p; lepton(e,u)
_ — H+: scalar sum of all the measured
“objects” E;'s (leptons,jets)

DO Run Il preliminary

g ] e Data CDFI Prelimlinary ("|26 pb"1) |
> : W+light - Niet2 4 fw |
We | 0.2}
T i G ol |
o) / Y Whbb o | top .00
S /// . ieroronBgr | § - [ W+jets 4
° > | I EWK
: ©  EaQcD
O - 5}
~ 10- /L { |
] bosianicacanad ol . )
0 1 2 3 a4 0 100 200 300 400 500 600

Hr (GeV)

jet multiplicity
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w Cross Section - dilepton ’

2 high p; leptons (e,u,t,iso track)

CDF Run Il Preliminary

- WW+WZ+Z7Z 1
S i 126 pb
DO Run Il preliminary 3 6 B - Drell-Yan 97.7 pb-
L B LR L IR LS IS R Rl e B . + fakes
O Instrumental Bg 7 $ -
[ Physics Bg = + 1
10 Bt e 3 &
— All Contributions 3 4-
[l eudata .
1 3
5 2- o
10 =
....I....I....I...-I----: 0_
° 1 2 } * ® Nu;hern?fiets,?'-‘TﬂEgGevm 100 00 300 400 HTF(ggV]
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Top Cross Section - Summary ’

I
. \. | DD Dileptons 90-107 pp” 87743 (stat) 3 (syst) £ 0.9(lum)
o CDF Dileptons 126 pb’ 7.6738 (stat) ™15 (syst)
CDF L+Track 126 pb” 7.3 + 3.4(stat) £ 1.7(syst)

7.47% (stat) 3¢ (syst) £ 0.7(lum)
10.8"5, (stat) % (syst) = 1.1(lum)

DD L+jets/CSIP 45 pb”!
DD L+jets/SVT 45 pb™
DD Ltjetsttopo 92 pb’! 4.6 (stat)7 | (syst) £ 0.5(lum)
D LA jets/soft muon 92 pb' 11.473; (stat) T (syst) = 1.1(lum)
DO L+jets combined 92 pb' 8.0 (stat)' 1] (syst) + 0.8(lum)
CDF Ljets/SVX 57pb”  5.3%1.9(stat) £ 0.9(syst)

CDF Ljets/HT 126 pb”  5141.8(stat) £ 2:1(sys)

CDF and D Run Il Preliminary

DO Combined 90-107 pb' 8.1 (stat)"¢ (syst) + 0.8(lum)

15
G (pb)
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w Single Top Production ‘

With ~1fb-! should be able to see signals for both s

and t-channel production
CDF Run Il Prellmlnary

5
% :I TTTTT I | TT T T TT | TTTT | TTTT | | | Entrles 19
(0] = - ]
© a5 107pb =
N ] =
£ 4= A e -~ single top —
> 350 -~ g
o 3.5 3
= —— SUM E
2.5 —eo— Data —
- - W
2 —
1.5 = b
1 E— - —E
= = b
0.5 E (b) (c)
%;J A PRI e e e et bk ._I_I_I_IE
0 100 150 200 250 300 350 400 450 500 550

H(GeV)
o,(t-channel)<15.4pb @95% C.L. Ao(s) AlVl(s) Ao(t) AlVy|(s)
: o 21%  12%  12%  10%

o(combined)<17.5pb @95% C.L. |5/ 3% 8% 8% 9%,
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DE> Electroweak ’

 Top and W mass measurements help to constrain
Higgs mass 3Mw oc {MEf In(My)}

6 o 6 ] M. Grinewald et al., hep-ph/0111217 |
1 & g | : Assumes current central values
1 —M#-ﬂ.m i ] : BACEY 4 M) = 1047
' L 0027ATH-0.00012 ) - 5 iy, = 20 Mev 4
4- - - \Withowt NuTeV _| 4 ‘_‘ 5 am, = 1 Gey'_|
2] 2 . _
_ - 3 iosusy I
W : ] i M, max |
] _ ] Lo i~ 130 GeV |
g Excluded ™. . Preliminary o Exchuded - & |
20 100 400 20 100 400
m,, (GeY) m,, {GeY)
dm,/dm, ~ 50 GeV/4 GeV
u/dm, / [hep-ph/0111217 (2001)
dm,/dm,, ~ 50 GeV/25 MeV hep-ph/0202001 (2002)]
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De> Top Mass in DG Run I ’

Likelihood method using most available information

resolutions,
Measured to be estimated reconstruction effects

P(x;0) = Acg (x)x — [ d” Q(y:0)da, da; F(g,)f () Wx,y)
Acceptance Matrix Element PDF S

Likelihood definition:
estimate signal and background fractions and m,

})()(x;cl7c29a‘)zcl ttbar(’x OL)+C2 W+jets(x)

LO ME used, 4 jets required exclusively, additional cut on background
probability (to improve purity) — 22 events
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w Top Mass in DG Run I cont'd ‘

__
— D552
Su— J -
IC 550 — :\ ’
48 | T -
* ‘ r
546 [ A 0.8 |-
544 |- \_\ ;“ oe [ ‘
542 | . m,...
. top/ 0.4 A\
540 \ » i
. Y s - I
538 “u, /" 0.2 *\
256 - L | L L :.\.T-'/ L L O 7+7-"T//\. / L \‘I\\“$——L
140 180 180 200 170 180 190
Top mass (GeV) lop mass (GeV)

(5.6 GeV from PRD
=179.9+ 3.6 (stat) GeV/c’ 58 052001,1998)

large 1mpr0vement on the statistical uncertainty (~2.4x stats)

Jet Energy Scale 5.6 GeV Zj: . .
Signal model 1.5GeV ... - .'.. 7
Background model 1.0GeV 0 - \\ Mw o/
Multiple interactions | 1.3 GeV Zzi 5

W rmass (GeV)

The application of this technique to many other measurements would
be possible
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Top Mass in CDF Run IT

CDF Runll preliminary, 108 pb™1

CDF Runll preliminary, 126 pb™

d

Reconstructed Top Mass, Tagged Events (GeVIc )

Mass in lepton+jets channel
with a b-tagged jet

Oct 21 2003

"f 8 I T 4sE :_ 53
S EI:IData 22 evts T + £
3 7 = 35t = 1.6 34
_ V . q k] E m : ¥ 3
[Ty) - i F
: C % Signal + Bkgd . (0] j_4_— ‘
i OH e | '
t Bkgd only (65 evis) 15 ~ 1.2 §
0 5 1 B 4E n L 0T T 60 18 0 220
> C E - L Mass / GeV
L C 0.5 c J+
41 ok Q N CDF Run Il preliminary
C 130 140 150 160 170 180 190 200 210 21 a -
C Top Mass {GeWcz) “— 0.8
 Ju 0 L @ M (M, = 175Gev)
C o 0.6 ¢ DATA
2 0 C
- E 040 6 events
1:— ey o E f
C ..0303030303024242*303030333‘3‘33.4;4... 020
g: Wthrsonsen: “r
0 100 120 140 160 180 200 220 240 260 280 0= : o
100 150 200 250 300
Mass / GeV

Mass in dilepton channel
177.57,% (stat) £ 7.1(syst) GeV/c* 175.0°
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(stat) = 7.9(syst) GeV/c’
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w Prospects of Mass Measurements ’

(per experiment)

Am,, Am, [+ jets dilepton
2 bl £27 MeV + 2.7GeV =£ 2.8 GeV
51bl =£22 MeV +22GeV £ 22GeV
80.6 ——————————
W-Boson Mass [GeV] | —LEP1, SLD Data
pp-colliders —+o— 80.454 £ 0.059 80.5 1 68% CL
% CDF/DO
A 0 80426+0.034 O | —
VErage +/DoF: 0.3/ 1 — 80'4__ 2 fb'1gOa|/
NuTeV — —a— 80.136 + 0.084 Eg
LEP1/SLD —a— 80.373 + 0.033 80 3
LEP1/SLD/m, & 80.378 + 0.023 :
T T T T T T T T T T T T T mH [Ge
80 80.2 80.4 80.6 80 2 1 114730 Prellmlnary
My [GeV] 130 150 170 190 210
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DES W/Z Physics

Not only the mass measurement. ..
— Indirect probe to new physics by measuring the SM

parameters
> V*/Z interference tiE COF fn 2 Prfminay 3
» Triple gauge coupling v "'53' - ozde o
— Constrain proton PDF g Bf O o fakes
6 3
— Probe effects of NLO QCD iF kst
corrections °F _
. 0 20 40 &0 &0 100 120 140 160 180 200
- Better. understanding of the et 1)
expenments D@ Run Il Preliminary

- ®  [ata (bond substracted)
10_

Entries

— Improve luminosity measurement
e Reconstructions from T

— Lepton universality TLJ_LD
— Important as a baseline for many  °
exotic searches including T B R R

inv. 1T mass [GaV]

mL

=]
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W/Z Cross Section

N
D | W5 —2% sev,,uv,, O TV,
_ - - 68.5% . —,
- W(Z) >4q
P v (1) 7' % sete,utu,or T
 High P isolated lepton(e,l) ZLUAEENY v
+ missing ET €W 69.9%

« Two hlgh P isolated leptons € Z >qq
DO qnd CDF Run? P(‘eliminqiy

> 450 EEEEERIE3C i
8 & 104ph : Transverse Mass
g c 1 2 CoF Run I _
% - : DO Run Il prellminary - & [reimnary . pata pp = WHX — v+X |
> F ERR ' M 38628 W _ e v Candidates
1] - —~ L 3
Wk § 4 2 | —signal MC + Bkgs 10° ¢ Run II -
E mz =89I6 _0.2 Gev E 52000__ i = Slgnal MC ]
B0 6,=83102GeV 1 o r = QCD Bkg (from Data)
ZUUE— — 1500 1 % " 2y e e MC pp— Z+X > 11+ X
o ] L i1
150 D¢ = C qd 5 CDF 10°F » D@(e) Run2 g
- Z IJ'IJ' . 1000 % Y « DO(W) Run? ]
100~ - - + 4 CDF(e) Run2
- 3 W - eV * CDF(1) Run2
500 ] . 5005 & D@fe} [} D@fu)
S 5 s CDF(e) © CDF(W) -
| S . i L % UAI v UA2
Tt w e W w1 h}au(@ac)m 05> = - = e sl e } , )
M; (GeV) Center of Mass Energy (TeV)
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X3 Forward-backward Asymmetry ’

* Forward-backward asymmetry Az in Z — ee
— High mass reach unique in Tevatron

_ do(cosO >0)—do(cosO <0)
" do(cosd > 0)+dos(cosd <0)

& 1 CDFRunll Preliminary o ,a,
0.8— IL=72pb'1 060 £
0 6: . 0. ;
r 00 F
0'4; — e % PR L ey
0.2F - 020 £ E=20 TeV, 108
o Ziy - e'e MC w-n g o
£ band includes LU U =+ OGO e O5TC
-0.2F el 0.0 £ —— Mo s or smicaning
=0.4F Statistical Ei _
065 . . ... Total i B
40 60 100 200 300 600 @ W 1w s cw A s sn dsn s
Mee (GeV) @ 27 Imwvanaer Mass (G2
CDF — Paper in preparation Projection for 10 fb-!

« Measure effective sin’Q, to 0.0004 (5 fb!) and test y*/Z
interference at Vs much greater than LEP
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w Wy and Zy Couplings ’

[ L I
« Tests triple gauge couplings which are precisely
predicted by SM
« Sensitive to anomalous couplings
ek Run 2 Prefiminary 12870 CDF Run 2 Preliminary 128/pb
Ngsn:— # 133 Candidates o zzi""'""""""""""4;'""_'Il'_:'t;"”"'E
_ ] o . candidates E
@ - e - = 20 -
@ o + %2;;:_ o > 18F ..jzf—»u MC +BG 3
Sl S B 5
E aof i Oz = g :i: :IJet—a BG E
s T I e E
W 3oF 7 § -
: | T 3
2 T : °F :
: : 6f 3
na _I_I—_+_ — aF : =
Z == ] 22— | o+ L =
0-%0 60 80 100 720 140 160 %0 0520406080 100 120,140 160 180 200 220 240
Mx(lv,v)(GeV / c”) My (L) (GeVic?)
Events S/B SM a(pb) meas. O
Wy-Sviv 133 2.4  18.64.3 17.241.842.2+1.0
ZySyil 47 15 5.3+0.4 5.8+1.0 £0.40.4

* Anomalous couplings limits coming soon
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QCD

s —
e Important to understand the & COF Run | Preliminary
baSiC rocess £ 10 JetClu Cone R = 0.7
p jml Uncorrected otab |07
— most of events at the Tevatron %, T Iy D
° H S
are created by the strong % 497 S IR
Interaction o, el
— indirect probe to new physics 10° PR T r
10_? ¥ b
-8 PR S AT N T T [N S T T S AT N N ST [N ST S AT S T N
10 4 100 200 300 400 500 600

Inclusive Jet Measured E (GeV)

1g v 12F
;?g 10"E\ NLO QCD (JETRAD) - CTEQ6 § [ Rup=13Me=pa=05E"
210°F cone R=0.7, R, = 1.3 =F NLO QCD
310°L 8 4
% 1045r e =po =05 E_’I‘_‘a" g 1F (JETRAD)
= 10 1 C
o E b=
©10°F & 05F MRST2001
10°F = I f I
0.;:%_ O; %....I‘.I_:§¥
12K Mgl < 0.5 : E
10 F ? N
E ‘0.5__
10°F - at\s = 1.8TeV : _;R“l——‘
10°F — at\s = 1.96TeV E
10-“5.1.,.1...|..,|,.,1...|...1 D@Runllprellmlnary
| | |
200 ‘400 600 500 1000 E“U G“‘\?O 500400 600 800 1000 1200 1400
w [GeV] M,, [GeV]
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w B-Hadron inclusive cross section ’

. Long standing puzzle — discrepancy between the
data and theory (shape in high P OK)

_ D@ Run 2 Preliminary

—e— Data

N ERANY
5,10 AN
T AN
®r —— Pylhia, CTEQ#M, 5R<0.3

do_ (nb/GeV)

CDF Run Il Preliminary

1
1D:I T T T I T T T T I T T T II

@ Data with stafistical uncertainties

10° b

Systematic uncertainties
{Includes correlated uncertainties)

10° =

I N I B BN B i N U I
20 30 40 50 60 70 80 90 100
EM (GeV)

e CDF recently measured
the total cross section

o(pp2bX,lyl<l) =
29.4+0.6(stat)=6.2(sys) Ub

e Total cross section MAY
not be so inconsistent

107"

do/dp(H,) . Br{H,—JAy X) . Br{J/y—pp) nb/(GeV/c)
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DS B Physics ’

* Hadron collider — variety of B hadrons!
DO Runll Preliminary, Luminosity=114 pb'1 “U 309DF Run Il Preliminary 80 'Db-l
% F Bs—’ J/L|J(p N(Bs)=71.8+8.2
B, — Jly ¢ @ C
a0 L N= 133+17 :‘;:, 20:—

= =
o Ul
RN

4]
TTT

|

i il Pl L An m s

oLak
5.10 515 520 525 530 535 540 545 550 555 5.60
B, candidate mass [GeV/c ']

CDF Run Il Preliminary 70 pb™

M(JAy o) GeVrc? Ng 16; /\B_> J/q) A N(/\b): 38+ 7
é 145
CDF result: ~ M(B)=5365.50+1.60 MeV |¢ .
World average: M(B;)=5369.6 +2.4 MeV |5 s
CDF result: ~ M(\,)=5620.4 +2.0 MeV  |Y of l
World average: M(N,)=5624 +9 MeV | 4 H LT T 40
(TS T8l T olele T&1T'] H H\ T
Ready for further step — Amg, CP violation... 83 = ;j ﬁ;; "6 T; 55 59

Nb candidate mass [GeV/c ]
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—
* Measurements of Amg help to improve
our knowledge of CKM triangle
» Current limit: Amg>14.4ps™! @95%CL
* B, oscillation much faster than By because of
coupling to top quark:
Re(V)=0.040 > Re(V4)=0.007
— What you need after event reconstruction:
» Proper decay time
» Flavor tagging

D@ (115pb]);
T(Bs)=1.19-016 (stat.)=0. I4(sysg.) ps
B/1(89) ~0.79:0.1 4o
1(B;)=1.33+0.14(stat.) +0.02(syst.) ps

CDF Results:

D@ Results: Same-Side (B+)

Jet charge  eD?=(3.3t1.1)%
Muon tagging €D?=(1.6+0.6)% Muon tagging

Oct 21 2003 KEK seminar - Kazu Hanagaki

w Towards B¢ mixing

m./Am
DO Run Il Preliminary
€ F
Lé_l.oz; BS - J/LIJ ®
f}

L ol 1_gll ]
-0.05 0 0.05 0.1 0.15 0.2 0.25
candidate ct, cm

EDZ:(2.110.7)0/0

(B*/BY/B, correlations different)

eD?=(0.7£0.1)%
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¥ CDFB. Sensitivity Estimate ‘

hadronic mode only

e Current performance:
— S§=1600 events/fb! (i.e. O, for producettrigger+recon)

— S/B=2/1
— &D?=4%
— 0,= 67fs

20 sensitivity for Am =15ps! with ~0.5fb"! of data
» surpass the current world average
e With “modest” improvements
— S=2000/fb! (improve trigger, reconstruct more modes)
— S/B=2/1 (unchanged)
— &D? = 5% (kaon tagging)
— 0;=50fs (event-by-event vertex + L00)
|_50 sensitivity for Am,=18psT with ~I.7ibT of data
50 sensitivity for Am, =24ps-! with ~3.2fb"! of data
v Am=24ps! “covers” the expected region based upon indirect fits.

* DG has the similar (but a little bit worse) sensitivity

Oct 21 2003 KEK seminar - Kazu Hanagaki 40



w B, > pu'u Search ’

[ N

e SM prediction

PR Br~3.5x%x107

e (Can probe SUSY —
enhancement by 1-3

30000

25000

Events/10 MeV

N}
(=}
s}
S
S
TTTT]TITTT]UTaT IIII|IIII|IIII|IIII

o SM signal (x 10°) ¥(15.25,39) OI'dGI' Of magnltUde
ki/w' / /o (light Higgs and large
0 SR T T tanP) € g2
4 DO Runll Preliminary -1 No. Candidates: 3 % ° CDF Runll F'reliminary 13 pb--l
32 1 00pb Exbected bkg: é.4 g Bg{d)_}]-t+!.L_
. < = =
S S 2%
3 l g 2 Bl
&
- I .
s s'supM s [GeV] //5///’
CDF: Br(B SUTH) <9.5 <107 @95% CL
D@: Br(B.>pH) < 1.6 x10° @90% CL ,

28 B 52 Is_'ai 56 58
PDG: Br(B.> 1) < 2.0 X106 @90% CL
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DES New Phenomena ’

* We know the Standard Model 1s 1mcomplete

 What 1s dark matter? matter: 27 +4%
baryonic matter: 4.4+0.4%
— SUSY LSP?

— Extra dimensions?

WMAP, astro-ph/0302207

Dl Wik AT
- - |

. . q
— Possible decay chains o —
. q J
always end in the LSP ‘ b
» Jets + missing E; %
» Photons + missing E-. .9 q
» Trileptons &g E *%/ |
q
. . igzq q_; g
« Extra dimensions G — g ’“E
— Vp’tual graylton exphgnge T
— Direct graviton emission
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De> SUSY Searches

D& Run Il Preliminary

° . dc . f 45_
No 1ndications so far... E Sameh for yhd o 31X
= Limit on o= BR{3I)
~r~ 7 7 ~0 ~0 3.5F
g8 = (bbl)(bbl) — (beI )(beI ) = _F o Wiz}~ Mizg)~ 2% Mixy)
3 or more JetS + m|SS|ng ET ‘% 3:_ = degensrate slepton masses
o 20 R Py ] 2 25F
% 290 | BRE> bE)=100% I L dt = 38.4pb’” o E Excluded at 95% CL
M Im@=500Gevic® a0 i N by e+e+] analysis
= m(;)=60GeV/c’ “\oc“‘ . w2 F iuded ot
& 200 "B 95% C.L. excluded region = 1.5k Lt lattad o
o o 7% & Fos, CL by D@ Run
& L 1E _—
= 180—/ = CExcluded : ka5t GL E?:': IIL_IFl'th.:'t Eljf% '*I_' II:':r
g - ) UE-—U} LEF":-|'I-'III.:||I'IIZI comiination o .l:-"‘-.-"'
= (single tag) b Erg and e+p analysis
Q 160 O- [p ] : ] ] ] I 1 1 1 I L L 1 I L L L I 1 L L I L L L
%) (double tag) %
10 0 &0 100 i‘IEI:I 140 160 180
140 - 77760 M{y}) [GeV]
R D@ Run Il preliminary
120 CDF Run 95% C.L. excluded - -
1 T T
o0l E T TSR

180 190 200 210 220 230 240 250 260

Gluino maSS(GGy
YY + missing E; n

T \\HH‘
.
o y
.
- l‘
.
L s
.
.
B
.

P E. PR I S T
60 70 m © [GeV]
1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1

— Gauge mediated SUSY breaking 3° 40 45 >0 >3 60
A [TeV]
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w Extra Dimensions - ADD Model ’

L .
9 2

* Virtual graviton 4

exchange modifies the

SM dilepton or

diphOtOl’l pI'OdllCtiOn ‘SM Prediction I D@ Run Il Pre|iminary
D@ results: 2 2
e dimuon 100 pb™! o P &

— My(GRW)>0.88 TeV @95% CL i o

0 200 400
. 600
diEM Mass, Gev

« diEM/yy 128 pb!
— MS(GRW) > 1.28 TeV @95% CL [_EDSignal |
— More stringent than Run I

— Combined with RunT >1.37 TeV 2%,

& 10°

e Probe up to 2 TeV with 2 fb-!  “v i
10} 00,
10 28

0 200 400
diEM Mass, G6e0\9
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0 200 400
: 600
diEM Mass, Gev

|QCD Background |

0 200 400 ¢

diEM Mass, Ge(\)/0
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w ED Randall-Sundrum Model

L
CDF Run 11 Preliminary

103 3 |i| E::?l - ¥Yan _ R . .
2 MW ocomasoma | | o first graviton KK excitation
10 [] =t. WW, WZ, 1t ;

=» spin-2 resonance in
dilepton mass

IL di=72 pb

Events /5 (GeVic 2)
-~ o

5 CDF Run 11 Preliminary
-L ].0 T T T T T T T T
10 il
| —— o-Br(G—1l) limit(95% C.L.) |
100 200 300 400 500 3 o-Br(G—11) PYTHIAX1.3
Dielectron Mass (GeV/c 2) 10| Randall-Sundrum Model ]
CDF Run II Prellmlnary = 7235 GeV/c 2 ]
~ = - : 2
o F e Data S 370 GeV/ic . |
E - [  DbYz->pp, DY Z->11, WW, WZ, t1 = 550 GeV/c~
o 107 B DvzZooww W2t T
_— = i [
e r ] Qo
— ]
5 . e
W40 - (o}
JLdt =72pb " 7
8 3
7 10
1 3 1
. Ldt=72pb
[l N : ' w
10-1 L | 1 | 11 1 L | L 1 1 L | L 10 ‘ : : : ‘ ‘

50 100 150 200 250 300 350 400 200 400 600 800
Dimuon Mass (GeV/c %) . 2
Graviton mass (GeV/c )
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DES Other Searches

[ N
« 7’—2ee, Ul — predicted by many models such as left-right

symmetric model
~ M. > 719 GeV (D@), > 665 GeV (CDF) @95% CL
— probe up to 1 TeV with 2 fb!

z CDF Run Il Preliminary
D@ Run II Preliminary L e TSR
i —=—— G.BR(Z' — Il) limit (85% C.L.)

G.BR(Z — ) (LO % 1.3)

(SM couplings assumed)

103: + ~5Opb'1
|'L Drell Yan

2
10

o [0 Z' (600 :
i G&V) x10 _1\/¥
10

- : det:?Zpb : \
[aof |

120 | P R R | 2
100 200 300 400 500 600 700 800 10 200 300 400 500 600 700 800

Dielectron mass " Z Mass (GeV/c )
* Leptoquark
— M(LQ,) > 253 GeV (DO), > 230 GeV (CDF) @95% CL
— M(LQ,) > 186 GeV (DO) @95% CL
« Signature based searches — el channel (DO)
— Model independent limit on production of new physics

 Many more...

665 GeV/c?

o.BR(Z' — II) (pb)
2
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w Projected Integrated Luminosity ’

10~
9 1 —
design

o

base

Integrated Luminosity (5]

3 4 5 G 7 B 9 R

Start of Feeal Year
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D> Conclusions ‘

* The physics results started to come out

— More data than Run I with higher CM energy and
better detectors

* So many variety of new results
— What’s shown here 1s only a fraction of all CDF/D@
results; much less than all new results

— Top and EW measurements
» Top is rediscoverd!

— World’s best limits on new phenomena
» Large extra dimensions, B, 2 J*U~, Mass limiton Z’...

=>» We have entered new territory in discovery
potential for physics beyond the SM

— QCD measurements
— B physics ready for measuring Amg

 Please cross your finger for us to find some
exotic events!
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D& .. Backup Slides ‘
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Accelerator Parameters

[ L I
Mav 03 | Runll :
Parameter . : Ratio
Average | Design
L T S - -

Peak Luminosity 107 em™sec 3.7 29 7.8 S o —

Store hours per week 75 47 |.3

Store Dhuration hr | 5 | 5 1.0

. . -1 - - - .
Integrated Luminosity ph™wk 5.9 53 9.3
MNumber of Bunches a6 i .0
|
Protons/bunch x 10" 22 27 |.2 f——
. 1K -

Antiprotons/bunch =10 22 | 3 5.9 "‘_E
- - ]
[ M 35 a3 .0 i
. . . . . . - - u
MI extraction Longitudinal Emittance eVs 3 2.5 7 -
- . u
Bunch Length (rms) m 0.6 0.5 0.9 i
e - " " . - u
Proton Transverse Emittance (at collision) m-1mim-mrad 2 |5 0.9 -
. . . . . " u
Antiproton Transverse Emittance (at collision)|m-mm-mrad |5 |5 .0 :
. . . u
Hourglass Form Factor (.65 .63 | .1 .
g - . - . - » H
Phar Transmission Efficiency Y il i) |.3 .
u
+ T K] - H
Stack Lsed x 10 |54 583 4.4 .
. . IIJ HEEEEE EEE EEmapl

Ave. Antiproton Production Rate x 107 hr 5.3 40 4.8
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The Silicon Detector

i G Barrels | F DIsks IH Dizks | Tolals I
Layemsplaes |4 12 1

AT il 5 Cm 0

nannels b E= 3 PO W= T O i 3
Moduas 432 144 102 TER
Readodl Length |12 cm TEcm 148 cm

Innar Radus 2.7ecm 26 rcm S5 cm 26 cm
dudlar Radus S4cm 11.6Cm 26 cm 2Eom

COF Layar 00 | SV ISL Tiot=ls
YErES

Cength 0.0 m 0.0 m T8 m

Chamneks 13524 405804 03104 722422

Modules 48 55 3005 26 05 T

Readout Length J14.8ecm | 14.5cm 21 5em

Inrer Radius 1.35cm |25 cm 20em 1.35 cm

Ciuber Radus 1.65 cm 10,6 cm 22 em 28 om

Powwear ~100W |14 KW 1.0 KW 1.5 KW

e LN W]
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w CDF Impact Parameter Resolution ‘

e LOO helps to improve the impact parameter
resolution, especially in low momentum

o excluding hybrid region - average
E_- | =03 5 “,,;”_E
= 1603 ++ o 1604
1403 1404 4
1203 4, _ 202 .
1002 “, Without LOO wood + Without L0OO
a1t . With LOO - With LOO
w03, s 1"'”-: S
609 e, Tt e IE I
_I_[_]_E "“"‘""‘---l--_._.w HT 1‘: M#ﬂ -1|_|—E ‘M
203 204
”- """""""""""""" I'I: ! ! ! !
2 3 / 3 a I 2 3 K| 5
’ - ' _lp,-iljc".-"j [y LGeh)
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X3 Centradl Fiber Tracker in D@ ’

e ~8-11m long wave-guide s to Visible Light Photon Counter
(VLPC, solid state photo multiplier).

* VLPCs are operated at 9K.

e Quantum efficiency ~ 80%.

e 1 mip ~ 8 photo electrons

« High gain: 17k — 65k e per photon

450 — 0 pe LED Calibration
400 l 1 pe

350

300

250

200

150

100 -

50
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D& Silicon Trigger in CDF ‘

[ L .
g, Sopm L 33 Him - Lepton (e, ;_l) + displaced track trigger
210 0=48pm * Lepton:p>4 GeV
A * Track: p;>2 GeV, d,>120 pm
5 6000, - Semi-leptonic B decays
= 000~  Displaced two track trigger
20001 - Tracks: p>2 GeV, d,>120 ym
: * Zp;>5.5 GeV
0F - Fully hadronic B decays
2000~
ool N L= 652400 ]
Eo AN o 3 + CDF Run 2 Preliminary
7%007400730072007100 0 100 200 300 400 500 g + ]
SVT d, (um) 7
’ 8T B —> h'h” .
%‘ ‘ __ +++ 301+£27 signal events _4.
N(B*—Km)=148£17 | { M 0081 20004 Govr ]
N(B—trm)= 39t14 [ # )
NB,—~KK)= 90 =17 | % 1
First observation! b ]
N(B;—Km)= 311 | * - )
=» CDF is a charm/B factory ol 27700 !

4.2 4.4 4.6 4.8 5 5.2 5.4 5.6 2.8 6
nm Mass (CeV/c”)
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w DI Calorimeter

1 Barrel + 2 End Caps

 EM + Fine and Coarse
Hardonic

* Liquid Argon

 U(EM)/Cu-Stainless steel
(Had.)

« 5000 towers :

—~ Ap xAn=0.1x0.1
¢ ~50cm<r<~250cm "
e Coverage [n|<4.2 e
* 99.9% Active
4 EM read out layers
* 4/5 Had read out layers
— O(EM)E ~ 15% NE  gepe
— o(Had)/E ~ 45% NE  gerorres
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D& Event Selection - top ’

« CDF DO
»Two high p; isolated pore » Two high p; isolated pLore
with opposite charge > K. (Z mass) cut
C
S > Ag(ELllj)>200 > 22 jets, E;>20 GeV & |n| < 2.5
@ > Zmass veto » H,=%(E\; ,Ei¢t;) cut
5 » BE>25 GeV
» 2 2 jets, raw E;>10 GeV & |n| < 2.0 » Preselect a sample enriched
» H,=%(E.,E'; ,Elet) >200 GeV in W events (loose e,y P:>20
GeV, E;>20 GeV, veto soft )
» 2 3 jets
Lepton + jets » H:>110 GeV
» Aplanarity>0.04
> One e or | with P;>20 GeV » soft muon within jet (b—,
> Veto Z’s, cosmics, and conversions br—>c—>u)
> £,>20 GeV o
> > 3 jets with E;>15 GeV > 24 jets

> > 1 jet with secondary vertex tag (SVX) » Hy>180 GeV (e)
» Aplanarity>0.06

> H(jets,p";)>220GeV (u)
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w Toy MC - top mass measurement ‘

* Toy MC with 12 signals + 10 BG’s, M, = 175 GeV

| Megp L[
most probable | e
« value mlog b ]

! ‘ p oz
ul] L s e e
i L
5 [ ao - e .
o [ o B |
j' ".__ T | | el e e
- .JJ-..."lf.l. ....... LR R L ...-_.J..-I. ekl £ P BT E——
= = o F
54 6 TR
e

57
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w Helicity of W in top Decays

[ ——
1 I I Suppressed by the
V-A coupling
w Left-Handed W, Longltudmal W, nght Handed
fraction F. fraction F, fraction F,

w(cos @ ;) = F_ -3(1 — COS([)”;)z + F, -é(l — cosch”;) + F, -i(l + cosq)”;)2
8 8 8

D@ Run | (125pb-1)

§ < <...u.[ﬁfff"*fﬁﬁﬁfﬁﬁf“"---..u,,._ « New D@ measurements for
L1 T I - . .
o , Run I data.w1.th LO matrix |
= gad |||||||||||||||||||||||| . | element (similar approach with
24 I IS |||||||||||||||ii'|'|;;: ----- I-"“ """ Ul |||| t)
_— SIS |||:::|||1IIIIII il """"" mass measurcmen
sl MBI | F 0568031 (22 events)
- =", — CDFRunl:
Gey) o Gy 00 ° Fo F,=0.91+0.39 (108 leptons)
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De> B Hadrons ’

>40 DO Runll Preliminary, Luminosity =114 pb™'
§ r D@ Run Il Preliminary i
-~ #Sig.=56+14 I B KO
- M=5600+24 MeV . Nd=_)1 57w1 20
m30— 60 - ‘
= o = 85120 MeV |
5 1
= M |
w I |
L ] | |
20+ ‘ 40 - -
IR j[ 4
. |

*w ’ﬂ%ﬂw nﬁ

10-

)

1 1 1 1 | 1 1 | 1 1 1 | |||||||| . \ . \ . . 1 . . N . . . . .
9.5 5 5.5 6 6.5 7 ) %48 5 5.2 4 25 5.8
N‘IJ‘,\],A (GeV) CDF Run Il Preliminary 80 pb My K Gevre?

35— 0
‘B> Jy K N(Bd)= 178 + 10

30

20§—

15

Events/3.5 MeV/c 2

102—

I nd i

i |

h1s 5H.20 5.25 530 535 540 5H.45 §.50
B4 candidate mass [GaV/e 1
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D& Li

Events/0.01 (cm)

10

=
o
T

fetime of B Hadron ’

DY Run Il Preliminary
» T=1.05?d_21181 0.12 ps
CDF: ©(Ag) = 1.25£0.26(stat) £(0.10)(syst) ps
- D@ : 1(Ap) = 1.2520.26(stat) £(0.10)(syst) ps
o 17 L_ CT=$/4T7 8(SIaL)TL I(SysLLm —zl
= — signal region fit
3 P — background fit
10" -
Lo ol 4J Lo gl g ey E
J/g,N) groper Deca?/%ength (cm())'2 é— = { } T { M ~ \ { { _;
. rag apl v 1B+ L Ty DIISE T ] T o
c 10 Z_ZDF Run Il Preliminary L =138 pb § AB LSS sidebamltl
5 [ Bs-Jue ~« data &
3 Det (sig) 10 CDF Run I
g 10k —ct (Bkgy)
% Bct (Bkg) 10!
g 10 L Fit prob: 19.7%
: g | 1t
-1660 (/] 1060 20¢
1E H ‘ J/\PC‘C e
52 0.3
ct,cm
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w Lifetime of B - control sample

I
B* Lifetime | ,CDF Run Il Preliminary L=138pb™
£ B e DO data E 10 E + +
;03 — Total Fit 3 F B - JWK -e—data
o ? — B+ signal o B % :
'2 C --- Background o 10° - Ct (Slg)
S [ 5O E
(i1} .. - —ct (Bk
10°L D@ preliminary o T (Bkgo)
: 47 pb! % oL W ct (Bkg,)
b = Fit prob: 0.03%
10 = % i
- © 10
1 1E
= e pi gl g ool Mo Loblhiley Ll TG | - |
605 0 005 04 045 62 025 0.1

cm

DO 1.65 % 0.08(stat.) 0 12 (syst.) ps
CDF 1.63 = 0.05(stat.) = 0.04 (syst.) ps

B0 DO 1.51 +g 3 (stat.) £ 0.2 (syst.) ps

CDF 1.51 = 0.06(stat.) £ 0.02 (syst.) ps
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DE> Luminosity Prospects ’
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Trigger Upgrade in DG

Core trigger menu, simulated at L=2¢e32, At=396 ns

Trigger Example Physics L1 Rate (kHz) | L1 Rate (kHz)
Channels (no upgrade) | (with upgrade)
EM W —ev 1.3 0.7
(1 EMTT > 10 GeV) WH —> evjj
Di-EM Z —> ee 0.5 0.1
(1EMTT>7 GeV,2 EMTT > 5 GeV) ZH — eejj
Muon W — uv 6 0.4
(muon pr > 11 GeV + CFT Track) WH — uvjj
Di-Muons 7—> LLLL, J¥Y— LLLL 0.4 <0.1
(2 muons pr >3 GeV + CFT Tracks) ZH—> pyjj
Electron + Jets WH — ev-+jets 0.8 0.2
(1EMTT>7 GeV,2Had TT > 5 GeV) it —> evjets
Muon + Jet WH — uv+jets <0.1 <0.1
(muon pr>3 GeV, 1 Had TT > 5 GeV) tt — pv+jets
Jet+MET - 2.1 0.8
(2 TT > 5 GeV, Missing Ex> 10 GeV) ZH —vvbb
Muon + EM <0.1 <0.1
(muons pr >3 GeV+ CFT track + H—->WW, 77
1 EM TT > 5 GeV)
Single Isolated Track 17 1.0
(1 Isolated CFT track, pr > 10 GeV) H— 1t W— pv
Di-Track 0.6 <0.1
(1 isolated tracks pt > 10 GeV, 2 tracks H —11
pr > 5 GeV, 1 matched with EM energy)
Total rate: ~30 kHz 3.2 kHz
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De> Higgs Sensitivity ’

100¢ SUSY/Higgs Workshop -

: L ('98-'99)
Higgs Sensitivity

-
o

50 discovery

Studyy
30 evidence .
95% CL exclusion?

80 100 120 140 160 180 200
my (GeV)
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