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B physics
*B. and A, properties
=B, mixing
Electroweak physics
"W width
*/ FB asymmetry
Top physics
*Top production
="Top mass
QCD
*"Inclusive jet production
Searches for new physics
"Extra dimensions
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" eptoquarks
*Rare decays
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CDF and DO status: Run Il > Run I

\ ]
Ju\$ep Jan Mgr May Jul Sep Nov dom Mar EMQy i
300 1 QOOZ } | | | QOO& | |

CDF since June 2001
Delivered ~ 300 pb-t
Recorded ~ 230 pb-?

1 Summer 2003 prelim.
; 4/ results ~ 140 pb-!

250

200 [

150 H

Run Il Integrated Luminosity [ 19 April 2002 - 26 July 2003

100

Integrated luminosity (pb-?)

75% Average Efficiency
86% Current Efficiency

50 250

244

750 1000 1250 1500 1750 2000 2251 200 /

/
S/

=y
wn
(=]

Luminosity (pb™")

/
DO since April 2002 <#“" /—// ) /
Delivered ~ 240 pb-1 —
Recorded ~ 180 pb ///

50 I/
Summer 2003 prelim.  —~__ Ve —
results ~ 130 pb-t — _ rayaien

0 | |

19-Apr-02 18-Jun-02 17-Aug-02 16-Oct-02 15-Dec-02 13-Feb-03 14-Apr-03 13-Jun-03 12-Aug-03

Evelyn J. Thomson, The Ohio State University SLAC Summer Institute August 7 2003 p.



“Physics at a hadron collider...

o o . , High p; lepton
; ! T
...is like drinking from a fire-hose! High E. jet, photon

- ) o
...1s like panning for gold! High Missing E, (MET)

. H "
.S aner_ \ Displaced hadrons from

bottom and charm decay

Examine each pp collision (1.7 MHz)
Select few interesting events (<70 Hz) ———
Store for further offline analysis

Keep 1 out of 25,000

Process Cross-section | Event Rate
Inelastic pp 60 mb | 6 MHz
pp—bb (b pr>6 GeV, |n|<1) 10 pb | 1 kHz
PP—WX—EvX 5nb|0.4 Hz
PPp—ZX—LEX 0.5nb | 0.04 Hz
pp—tt—>WWhbb—evbbX 2 pb | 0.0002 Hz
pPp—WH—Evbb (f M,=120Gev) 15 fb | 0.0000015 Hz

Assume L =100x10°° cms, €=electron or muon p = O.5|n[ P~ pzj = —Intang
P~=h,
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Three level trigger - CDF

1.7 MHz bunch Detector | Hardware tracking for p; 21.5 GeV
crossing rate _
= l Muon-track matching
46 L1 T < ectrontrack match
buffers rgger ectron-track matching
\ Missing E;, sum-E-
30 kHz L1 accept %7
l | Silicon tracking
412
EEEN - -
buffers L2 trigger | { Jet finding
\ fo— Refi | h indi
300 Hz L2 accept k efined electron/photon finding
A 4
300 CPU's| L3 trigger { Full event reconstruction

70 Hz L3 accept l

>100Hz with data | tape
compression
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CDF Level 1 Trac

Heart of CDF Run Il trigger

L1 tracks p>1.5GeV every 132ns
Efficiency=96% o(®)=5mr
o(p)=(1.74 p1)% LTk

=y R
o

......

L1 high p; lepton triggers for W/Z
L1 low p;lepton/track triggers for B

b
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. . o CDF Run Il Preliminary, L=70pb '
Low p;di-muon trigger: . J

candidates

2 L1 muons p>1.5 GeV
Collect J/W’s for calibration
and B physics

Candidates per 5 MeV/c’
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Jy Candidate Mass, GeVv/c®
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CDF Level 2 Silicon Vertex Trigger

Proton-antiproton
collision point

-
—
—
—
—

B decay vertex

d,=Impact parameter

tracks per 10um

Lepton (e, y) + displaced track trigger
Lepton:p>4 GeV

Track: p>2 GeV, d;>120 ym
Semi-leptonic B decays (B—2vX)

Displaced two track trigger
Tracks: p>2 GeV, d;>120 gm
2p>5.5 GeV
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Exploit long b, ¢ lifetimes in Trigger!
Transverse view | L1 track + Si hits = Impact parameter @L2
A first at a hadron collider!

2D decay length CDEF is a charm/ B Factory!

35um [ 33 um
resol [0 beam
= 0 =48 um

-250 0 250 500
SVT impact parameter (um)

Fully hadronic B decays (B—hh’, B,.—»D.m, D—KTr ...)
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CDF Momentum Scale Calibration

Essential for
Mass differences
Mass measurements

Use 500k J/W— Ut

M easur e detector material
to remove p; dependence
»Energy loss corrections
Compareto PDG J/W mass
»B field calibration

—
N

o 1868}
Py r -e-calibrated and fit bias removed
PDG + 10

-=-before calibration
é 1866 +
c 1862}

o i +
0O 1860

—{
—{

1858}

1856 ——————— —
5 10 | 15
D™ p,[GeVic]

ol ~ CDF Run 2 Preliminary slope

" [MeV/c*)/[GeV/c]
3100 Add B scale correction

[ eregtiee—e . 0.009 + 0.065
3095  Tune missing material

R : 0.022 + 0.065
30901 e, epmee— 0.301 + 0.065

- Correct for material in
3085 GEANT >

B g 1.388 + 0.074
3080

- Raw tracks
3075 . . . . | |

0 5 10

pt of J/w [MeV/c]

Using calibration from J/W, test with

Low momentum (TT):

Ky =1 1

High statistics (K, 1): D°—K* 1T

High momentum (p):

SLAC Summer Institute August 7 2003
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D Meson Mass Difference

Test lattice QCD and Heavy Quark Expansion

m(B%) - m(BY) =m(D;) - m(D*)

Displaced two track trigger

Common final decay state
Almost identical kinematics
Many systematics cancel

LN( , 400;_ CDF Run I, 11.6 pb™

=D", D, - @I, - KK
() 0 - Unbinned likelihood fit projected
= 300} i

First Tevatron Run Il publicatio

(PRD accepted June 2003)
m(D;)-m(D") =

99.41 + 0.38 ;5 £ 0.21,5,c) MeV/

(sys)

Agrees with old world average
99.5 + 0.50 MeV/c?

Recent BaBar PRD 65(2002)091104

98.4 £ 0.1 5159t 0.35,) MeV/c?

Evelyn J. Thomson, The Ohio State University
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Prompt Charm Meson Cross-section

First measurement at a hadron collider
Above theory as for B mesons
Test NLO QCD

oD% p, >5.5GeV)=13.3+0.2+1.5 /b
og(D™*,p, >6.0GeV)=5.2+0.1£0.8 1b
og(D*,p, >6.0GeV)=4.3+0.1+0.7 /b
o(D,p. >8.0GeV)=0.75+0.05+0.22 /b

Evelyn J. Thomson, The Ohio State University
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B Physics

Why should you care?
B, meson and A, baryon unique to Tevatron now
(Not produced at BaBar or Belle) Vi

b W

B. meson properties:
»Mass

»Lifetime

»Am  frequency

> Al

»CP violation

»CKM angley

A, baryon properties: |
»Mass (0,0)
»Lifetime

»CP violation

»Test of HQE

B,—»mm | | BoJwK, |10
B. KK

CKM matrix triangle

Evelyn J. Thomson, The Ohio State University SLAC Summer Institute August 7 2003 p. 11



B._Meson Mass and Lifetime

B.J/y ® with Jiy—pp- and O—K*K- ct=L Ms

B*— J/WK*, B -J/WK™ check technique, systematics Y pS

Pr

B, mass — PDG 5369.6 + 2.4 MeV/c? B, lifetime - PDG 1.461 + 0.057 ps
CDF 5365.5 + 1.3, + 0.9.5,5) MeV/c? | CDF 1.33 51%.14(Stat) + 0.02(,6) PS
DO 5360 + 5 MeV/c? D0 1.19 + 575 (stary £ 0-14 5y PS

. B P -1
DO Runll Preliminary, Luminosity=114 pb ) ?DF Run Il Preliminary L =138 pb-l 3 CDE Run Ii PreIiminary L ~138 pb-l
F B, - Wy o 12043sig. |ECE B, - Jwo
§ 80 candidates | —~ F ° ~-data
2 Fit prob: 27% | B [ et (sig)
2 eof g 10 —ct (Bkgy)
5 C 0
3 sob 2 Wct (Bkg)
%] r
S of + 2 1 Fit prob: 19.7%
© r c =
2 ®
5 30# M_# o
C -
c . .F C
: LA SR S ‘ ‘
0: 1 1 1 I 1 1 1 1 I 1 1 1 1 B I

é 5.‘2 5ﬂ4 5ie 5l8 53 54 55

Mass Jw ® (GeV)  Mass Jiy ® (GeV
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Check technique
systematics

First lifetime from fully
reconstructed A, decay!

~.
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~..

mass and lifetime

A,—J/WA

with J/w—p*y- and A —-pTr

A, mass — PDG 5624 + 9 MeV/c?

CDF 5620.4 * 1.6, 1.2

DO in progress

(sys) MeV/c?

0.21

A, lifetime — PDG 1.229 + 0.080 ps

DO 1.05 + ;75 (stat) Z_LUO.12(_S.ys) ps

40 - - . 10°
2 D@ Run Il Preliminary ?DIF Rur?IIIPrlellmlqar)I/, L.:Gsf)b. |
= I #Sig.=56+14 ool QWA' | | I
Eso; M=5600+24 MeV 3 4681 9 signal candidates :
o " ‘ ‘0=85¢20 MeV L
CIC.) k- : 10
> :
20 : ‘ ‘ ‘ g 3 10°F
L 2 o
g Al
Sl ISR
I “T"lT' [ ||'|| i
i | | T| | | 10§—
2 \\\\\\\\I\\\\E\ ‘ L1 1 ‘ I O | | | I I I | | ) 1;_ 1
S S 5.5 6 - 6'5,‘ .7 5.40 5.50 5.60 5.70 5.8( -1000

= Unbinned Likelihood Fit To A, Lifetime 3
I c1=374+78(stat)£29(syst)um

— signal region fit

— background fit

iy |1,

" A, mass sideband

Mass J/PYA (GeV) e august 7 2003




2

In Future: Particle Identification!
CDF Run Il Preliminary (Luminosity 65 pb '12 I

T IEE 96+ 13 A, - A, tcandidates Ap—A T with A.—pKmr
S 120} Four-prong B reflections Plagued with reflections!
) - N
0] 100 2 Other B meson decays
S N | Other A, decays CDF Run Il Preliminary (Luminosity 65 pb )
- 80+ \ fo o N L 83+11 A, — A didat
— 3 el | . _ ! L > T p — /\c TLcandidates
— i ||||. I Combinatorial background &) [ (Wlth dEdx cut)
0 60 ] S 50|
E i } 'i‘ |‘hl Four-prong B reflections
5] i (¢b) %ol ®
Li 40 - El\i { " (D I .Ill Other B meson decays
T Ty (q\| e R [ Other A, decays
20P S 1] S 4} | N A
L "‘*‘~-~3\; -’ :w,'. 5% s } o (@) - b = e
0 n T Toah W OPRISENTITHINY B Qi+ gl Combinatorial background
5 55 6 65 7 > 301~ 1, 1|an
mass (A (GeVic)) & [ l i'l
— O 200 ‘ l:li
Add dE/dx particle id LL
Reduce reflection by ~3 10 )
Only lose ~15% signal

5.0 5.5 6.0 6.5 7.0
mass (A, m) (GeV/c
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B lifetime ratios

Why do we care about B lifetimes, especially A,?
Important Test of Heavy Quark Expansion

(Bt (BY H 1.073+0.014
1.03 - 1.07
1(B)/(B%) H 0.949+0.038
0.99 - 1.01
T(A)/(BY) }_,_{ 0.798+0.052
0.9-1.0
(b baryon) H 0.784+0.034
/T(BO) AN B R R N R 09 B 10
0.7 0.8 0.9 1 1.1 1.2
B Lifetime
Working Group lifetimeratio
July 2002

Evelyn J. Thomson, The Ohio State University SLAC Summer Institute August 7 2003



events (20 MeV/bin)

B.—D.1r Relative Yield

. . Golden mode for B, mixing
First observation! | )
»Fully reconstructed hadronic final state "l PTOGress.
- K tri - Flavour tagging (eD?)
WO track trigger essentia Exquisite ct resolution

»Production rate understood
Ratio of branching ratios cancels most systematics

L BRB, = D7) -0 414011, +0.114, +0.07
f, BR(B - D ")

(sys)

65+ 4pb™ April 3rd 2003 CDF Run 2 PRELIMINARY| 65+ 4 pb™ April 3rd 2003 CDF Run 2 PRELIMINARY|
- ® D, Yield: 44 £ 11 events =3 300__— .
40 BS - DS n Uncorr. Mean: 5361 + 5 MeV g Bd - D-( ) T[Jr
i Ds- ¢ Sigma: 20 + 4 MeV 2 . DoK'
35 250 il
{ ¢ - KK S .} and c.c
s0fEh ] - } I T
- $ 200— g
25— o - iy 1
= N C ‘{‘ ] [
ne h =00 =
= ) [ - { Pl
15— . - -
; .
10— \ D Yield: 505+ 44 events ot 17 ]
SE_ D, . Fe T sol—  Uncorr. Mean: 5.267 + 0.002 GeV 1
= | | L .} {. i - Sigma: 23+ 2 MeV
O_| 1 1 | 1 1 1 | 1 1 | 1 1 1 | 1 1 1 | 1 1 1 T I | | | I | | | I | | | I | | | I
4.6 4.8 5 5.2 5.4 5.6 5.8 %% 28 5 5.2 5.4 56

Candidate Mass (GeV) Candidate Mass (GeV)
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Towards B§ mixing

B, mixing World Average Flavour tagging

@95% C.L. Am_214.4 ps? Need everything for éD?~10%
€ = tag efficiency

»At least 30 times faster D =tag correct (dilution)

than B, mixing

Am,=0.502 + 0.006 ps™ Yield — need ~1000 events

CDF yield ~50 events in 65 pb-!
Below expectations...
...but careful with your abacus!
ct =L % Silicon coverage much improved
o pTB Trigger with majority logic
SMinimi Add more decay modes
inimise error on p+

with fully reconstructed Bs — DTt D Tt

decays B.—D, Ds —» ¢11, K*K, Ut

For 2 fb-1, 50 sensitivity up to
Xs=63 (S/B =2/1) x,=Am.(B,)
Xs =53 (S/B = 1/2)

Evelyn J. Thomson, The Ohio State University SLAC Summer Institute August 7 2003

»Will need exquisite
proper time resolution!

»CDF ~ 60 fs (45 fs with L0O)
DO ~ 75 fs

p. 17



Two-Body Charmless B decays

3= [ CDFIl simulation

fi‘“” —Sum ]

B—h*h- observed at CDF Em_ By KT -

»About 280 candidates (S:N=2:1) w | Bs~KK ]

»Peak is a mix of B%,B, — 1rm, wK, KK ol ]

»Statistical separation with dE/dx and kinematics ' Bk _5
L=65+4pb~’

RaW flt reSUItS 04_- 48 K 51 52 53 854 58 56 57 58

IS

n

(=3
|

B
o
L]

I—'ﬁ— T

Events per 30 MeV/c?
(]
n

N L
n o
o =
I ' ]
_._.
—— .
——

T [ rrryrrrprrr T e T T T

++ CDF Run 2 Preliminary

A B — h*™h” il
I 301427 signal evenis
veon 524140004 cev/er] N(Bg—KTT)= 3 +11

Width 0.0414+0.004 GeV,/c™

] " Mass (mm) Gev/et
1 N(B°—>K1r)=148 + 17
] N(B%—>Trm)= 39+ 14
1 N(B,—KK)= 90 + 17 First observation!

=

0
wl | BR(Ba =~ 70 _ 556 +011+0055
oL H 1 BR(B; - Km)
it +++++ { agrees with PDG 0.29 015 +20

50 | + ++ ) _§d0—>K_7T _Bg—>K7T

; ..¢..* ACP_§d° - K +B) - K

4.2 4.4 4.6 4.8 o 5.2 0.4

e ©V/<) 20,024 0.15 4, +0.017

Evelyn J. Thomson, The Ohio State University

5.6 &.8 6

(sys)
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Disentangling Charmless B decays

CDF Runll Preliminary

3500

Use Mrutvs (1-p,/p,)d,

Mee (GeV/c?)

m(GeV/c?)

M,
o o
& ¥ &

n B . -
0] ‘D' D% & separation=1.16 ¢
= =
N 0
B80T 5 s 3000 D — Kn
4 > 45 - |
d ~ m[-sg 12 - (Pt>2 GeVic)
- Pl 18 2500
L H};‘M' riri“‘md..#m»NmN‘;'“..‘.dl'lp - . ] E :
P T 525 | : e 525 | —% r
2 | 1= 1< 2000
By—> nm f
,,,,,,,,, 5 1500
— — DE1 E4p10/.£~;325]g‘ -1 -08 -0.6 -0.4 =02 0 OE’I iflp‘?ﬁpzs);‘ :
""""" Q S me ‘Tl+ ' 1000
5_Bos - KK 3 :,.:Bos -K ] -
= y =
- 500
5.2 D B ! i £ 7 i " 4 S | . ] |
» 5 10 15 20 25
dE/dx [ns]

o 0.2 0.6 08
(1=p1/p2)as (1=p1/ P2 (1=p1/ P2

Use K/mtseparation
dE/dx 1.160
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Electroweak Physics

Why should you care?
Standard Candles!
WI/Z cross-sections

Ratio -> W width
W mass
W charge Asymmetry
Z FB Asymmetry
WW, WZ, ZZ, Wy, Zy

anfiproton

Evelyn J. Thomson, The Ohio State University

Trigger on leptonic decays
Clean low bkg event signatures
W: 1 high p; lepton + large MET

Z: 2 high p; leptons

BR~11% per mode for W — €&v
BR~3% per mode for Z— &+¢

SLAC Summer Institute August 7 2003 p. 20



o (W) X BR(W—> @y) M =V2EE(Lcosa,)

E,>25GeV, MET>25 GeV
CDF |n|<1.0, DO |n|<1.1

CDF Run Il Preliminary, Tf'2pl:.'|'1

p>20GeV, MET>20 GeV
CDF |n|<0.6, DO |n|<1.6

D@ Runll Preliminary

z:‘- W = e V+:#;; E-ntréea:TA38628 §7OOW = ﬂv +dﬁ.’[|3|c
2250& ;r D U\:“:ev MC 8600_ Es\/ L v
2000 u 3 v O Wosevme | 0 5001 %iviur%
} 4 e 4001 D bk subsiract
1500] f" | % i QCD bkg substracted
f f i $300r P > 20 GeV
1000/ i 1 I-IJZOO_
500/ f a-'-‘ 100_
| [ i ! wesntaned NN
o= = ~ T RRECT T 0 20 40 60 80 100 120 140,
M, , GeV/c M. (GeVic")
CDF CDF (all: 72pb-1) DO DO (e: 42pb-t; p: 17pb-1)
£ | Events | o(W) x BR(W— 2v) (nb) Events | o(W)x BR(W— 2v) (nb)
e 38625 |2.64 £0.01 £0.09 £0.16 2737012.84+£0.02+0.13+£0.28
M 21599 |2.64 £0.02 +£0.12 £0.16 7352 (3.23+0.13+0.10 £ 0.32
T 2346 | 2.62 £ 0.07 £ 0.21 £ 0.16 - result £ stat £ sys + lum

Theory prediction 2.731 £ 0.002 nb NNLO Stirling et al., Phys Lett B531 (2002)

Evelyn J. Thomson, The Ohio State University
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o(Z) X BR(Z— £*8)

E.>25GeV CDF p>20GeV, DO p>15GeV
CDF |n|<1.0, DO |n|<1.1 CDF |n|<0.6, DO |n|<1.8
Ty 250 = — - 1au_—z S o
E Z - €€ Opposite Sign (1830)] & m; - U /f|1 DO Run Il Preliminary
- o 1L
w200 *» Z > ee DATA PR
'; - ﬂ 120_—
w - r 0Z—ee MC § T -
150 — > 100 —MC
B CDF Run Il Preliminary = il
100 | I Ldt=72.0pb"" sof
- o
: -
T ,10° 160 180 200 % T -
M., (GeVic") M., (GeY)
CDF CDF (all: 72pb-1) DO DO (e: 42pb-t; py: 32pb-1)
£ | Events | 0(Z) x BR(Z— ££) (nb) Events | 0(Z) x BR(Z— £#8) (nb)

e 1830 | 0.267 £ 0.006 + 0.015 £ 0.016 1139 0.275 £ 0.009 = 0.009 + 0.028
M 1631 | 0.246 £ 0.006 £ 0.012 £ 0.015 1585 | 0.264 + 0.007 £ 0.017 £ 0.026
Theory prediction 0.252 £ 0.009 nb NNLO Stirling et al., Phys. Lett. B531 (2002)

Evelyn J. ThomsSon, The Ohio State University SLAC Summer Institute August 7 2003 p. 22




W and Z cross-sections vs E.,

B " *é
= o, B(W -1v)
= :
—1 —
7)) B o
s F  1s
g [/ ¢
.k
N L
: A
B -
N o, B(Z -l
bg 1 2 1B ) O UAL(p) * CDF Il (e + p)
10 — ® UA2(e) Y CDF Il (1)
- PL: ACDFI(e) 0O DOIl(p)
i % | | | . 0 D0Ie) | A Do)
0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2

E., (TeV)

Theory: R Hamberg, WL van Neerven and T Matsuura,
Nucl. Phys. B359 (1991) 343 CTEQ4M PDF
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Indirect Measurement of W Width

W, Z cross-sections systematics limited TeVEWWG
Most_of systematics cancel in rgtlo R PE TR T
»Indirect measurement of W width _e— World Average (RPP 2002)
{includes Run I results)
r(W) — PDG 2.118 £ 0.042 GeV T, Tevatron
FEMTITLUTY. .._,...,_4.. 3
Run Il 2.181 + 0.074 GeV Run | + Il combined
(from R)
Theory —— Run [l combined
4-— 7 preliminary: ® DO ”(E)
— @ CDF Il
r =[PP -~ W)/ T(Z) \LW - fv) = L
olpp - Z)yN(<Z - Ly T(W) (from R)
—&— Run | combined
LEPA —e— DO la+b(e)
—&— CDF la(e)
R
CDF e 9.88+0.24+0.44 ® UA2(e)
CDF u 10.69 + 0.28 + 0.31 o e
DO e 1034i035i049 Lo by b vt e el boaa o boaa sl
] 18 1.9 2 21 22 23 24 25 26 27 2.8
Combined |10.36 £ 0.16 £ 0.27 (W) (GeV)

Evelyn J. Thomson, The Ohio State University SLAC Summer Institute August 7 2003 p. 24



Forward-Backward Asymmetr

_do(cos@ >0)—-do(cosd <0)

Aes = do(cos§>0)+da(cos 8 < 0) _

Electron |n|<3

_ _ Forward
High mass rgach unique to Tevatron I
»Probe Z-y* interference e
»>Complements direct Z’ search '
Result agrees with SM
_ _ <E 1 CDF Run Il Preliminary
Zoom into high stats 0.aF =
Z pole region “E IL'72p
0.6
N 0.4 ‘
<0.4F CDFRun Il Preliminary -
0ok J'l_:72p|o'l | 02:_
. ﬁ oF ZIy* ~ e'e MC
o ~ band includes
r —_+ several theoretical
0.2f _@_ z,ygzg?-nd -0.2: calculations
0L Statst':::t 0.4 1 Statistical
-0.6;H‘\HH\HH\HH\‘H\To‘ta‘lwww -0_6:— ! ! Lo Toltal ! !
70 75 80 Meis(Ge%?) 95 100 105 40 60 100 200 300 600
Mee (GeV)
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Top Physics

Top discovered by CDF and DO in 1995

Similar mass to

Very heavy! Top mass =174.3 5.1 GeV Tungsten
Only ~30 events per experiment N times
II'Want more top events to study properties!!! han b moark

Run Il o 30% higher at Vs=1.96 TeV

W Helicity e Production Cross Section
 Production Kinematics

g, 1%
\ + b . . .
/ _Vl  Top Spin Polarization

> < _

P T P /q, I

« Branching Ratios l_ _ q, v
 Rare Decays
* Non-SM decay (t—H*b)
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TO uark Production & Deca

Top quarks produced in pairs via Top quark heavy => decays very fast!
strong interaction: 85% qq, 15% gg M(t—bW)~1.5 GeV, T,,~4x10%s

b . c.f. Agcp~100 MeV, N1~1023s
~N 0 e < Too fast for hadronisation!
o » No top mesons or baryons
g G _
W .- » Decay products know top spin
_ t - .
g 0=58-7.4pb Ry
hep-ph/0303085 b

3 characteristic event signatures from WW decay

. He-e(1/81)
Dilepton: BR small but pure B mu-mu (1/81)
C tau-tau (1/81)

2 high p; leptons, high MET, 22 jets

Oe -mu (2/81)
Lepton+Jets: BR larger but less pure
1 high p; lepton, high MET, 24 jets (1 b-tag)

All-hadronic: BR largest but huge QCD bkg

He -tau(2/81)
H mu-tau (2/81)

[ e+jets (12/81)

B mu+jets(12/81)
B tau+jets(12/81)

2 6 jets (2 b-tags) O jets (36/81)
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Top Pair Production cross-section

Why is it interesting? Run 1 cross section results ~100 pb-?
»Re-discover top in Run Il '

. Develop selections and - 2B | =
background estimates for other {ﬁnDFf%%%U?g —— 65+1147 pb
top analyses (Bgolggjcgltf - 4.1+2.1 pb
All measurements so far CBVFX%TE%S -+ 5.1£1.5pb
are counting experiments (S%TI%)LFepIt_OFjTetag) o 0.2+4.3 pb
—~ Nobs — ka (SofPPep't'oJﬁJ%g) n 8.3£3.6 pb

) (tt ) — : CDF Hadronic 0 7.623;3 pb
A _[ L dt DOHadronic | 22— 71432 pb

CDF Dilepton I%Cg - ... — 8.4_*;:pb

1 35 7 9 11 13 15
0; (pb)
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T

Op cross-section: Dilepton
2 high p; leptons, high MET, 22 jets

CDF: 72 pb-1 ee MM eM Total €2 Scé)li ge]_
Background 0.10+0.06 |[0.09+0.05 |[0.10+0.04 |0.30+0.12 o
Very purel
tt—evevbb 0.47 +0.05 |0.59+0.07 [1.44+0.16 |2.50+0.30
SM expectation | 0.57+0.08 |0.68+0.09 |1.54+0.17 |2.80+0.32 /
Data 1 1 3 5
— + ~+ ~+

New! Lepton + isolated track (126 pbt) CDF O'(tt_) =7.3% 3.4(Stat) + 1.7(Sy3) pb

DO ee: 107 pbt | yu: 90 pbt | ey: 97 pb1  [Total €€ DO 00
Background 058+051 |[0.70+0.44 |0.60+0.42 |1.88+0.79 SB =39
tt—@vevbb 0.63+0.10 |0.46+0.10 |1.73+0.26 |2.81 +0.30 ' '

SM expectation | 1.21 £ 0.52 1.16 £ 045 [2.33+£0.49 |[4.69+0.64

Data 2 0 3 5

DO o(tt) =8.7 + +>!  +0.9, . pb
—4 7(stat) —2.0(sys) — (lum)
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Top cross-section: Lepton + Jets

1 high p; lepton, high MET, 23 jets, 1 b-tag CDF Il preliminary

»SVX: secondary vertex ook B
CDFL,, >30(L,,) DOL,, >50(L,,) mw
»CSIP: count tracks with significantd, £ W wwzzn
22 tracks with d,> 30(d,) § e e
23 tracks with d,> 20(d,) . b B
45-55% efficiency for 1 b-tag in tt MC £ ¢ g
20/~ e

Use 1, 2 jet events to check bkg model
Look for excess in 23 jet region o . ;

|

\Y
I

Number of jets in W+jets

‘2 1 e Data 45pb-} *2 e Data 45pb!
& 40- I QCD o QCD

> ] W+light D W-+light

o) o We W We

S yo!

3 Wcc 8, Wcc

o Wbb o Wbb

m r== >2

- "t error on Bgr S "t error on Bgr
L L

o o

o o

c c

| e

/////////

///////////////

'3 a4 LRAE RARAE MARAE MAARD B

jet multiplicity jet multiplicity
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DO Run Il Electron + Jets Candidate

Event is b-tagged by both SVX and CSIP
(run 169923 event 16396718)
4 jets
Electron p; =27 GeV
Jet p; =51, 36, 30, 53 GeV
Missing E; = 58 GeV
H, =207 GeV
Aplanarity = 0.11

Primary vertex
N =17

track —
z=-46Ccm
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Top cross-section: Lepton + Jets
106 o CDF o(tt) =3.941.3 ) £0.7 ) £0.2,, Pb

45 pbt DO CSIP o(tt) =7.4 + _36(Stat) * oo £ 0.7 umy PD

(sys

1.8(sys) —
-1 2.1
45 pb DO SVX of(tt) =10.8 = _40(Stat) izo(sys) +1.1,m,Pb
-1 1.7
90 pb DO SLT +KIN o(tf) =8.0 2% +¥7 _ +0.8,,,pb
DO Il preliminary 45 pb-t CDF I prellmlnary 108 pbt
(7))
£ ]DOSVX * Dam 100[- O s~
g 40 _- |:| error on Bgr u Eactgroung+tt i
(¢)] . n = (measured cross section)
S ] |:| error on Bgr+Signal % 80_— Bkgnd + f errors -
% 30 . E B e Data (107.9 pb?) i
g AR -
S 207 + 5 [ ]
. - o 40— —
= . ] s i
10 4 . { . } z L i
- 20— - 1 +
] - —— y
O3 1 0 ——1 2 3 >3

Number of jets in W+jets
jet multiplicity
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Top Quark Mass and the Standard Model

Why is it interesting?
Over-constrains SM
Confronts indirect predictions
with direct measurements
»See good agreement

»Both prefer lighter Higgs

m, =917 GeV
m, <211GeV @ 95%C.L.

6
] G —
Ay g =
— 0.02761+0.00036
I P 0.02747+0.00012
4 - \ — Without NuTeV —
N ]
~<
<
2 ] ]
0 Excluded Preliminary

20 100 400
Higgs mass (GeV)

Evelyn J. Thomson, The Ohio State University

80.6

1 —LEPl, SLD Data
| - LEP2, pp Data

68% CL

00)

o

0)
|

o Se,

W mass (GeV)
00)
@)
AN

00]

o

w
|

80 2 1 114 7300Q Preliminary |
130 150 170 190 210
Top mass (GeV)

Top strongly correlated with Higgs

5 GeV shift in m,, => 37% shift in m,
(M. Gruenewald DESY-Zeuthen '03)

Top mass measurement crucial
to indirect prediction from SM fit!
Run Il goal: m,, error <3 GeV

SLAC Summer Institute August 7 2003 p. 33



CDF Run |l Top Mass: Lepton + Jets

1 high p; lepton, high MET, 23 jets, 1 b-tag
4th jet E;>8 GeV (usually 15 GeV)
22 events, expect 6.5 = 2.0 from bkg
CDF Run Il preliminary 108 pb-!

Uses one quantity per event m,, =177.5% é_zj(stat) +7.1,GeVv /c?

- All events carry same weight «~ ¢ —~
- Fit to shapes from MC g [ oo 2o T
o ?‘_ 1.4
g g Signa|+EIkgd ﬁj 2.:
Source Systematic | ¥ 8F :
(GeV/cZ) 'g 5: %Bkgd anly 14
9 ] 1
Jets 6.2 if hE -
ISR/FSR 26 - STRTRICRIR T {'azu"':'ua'é'w"é'n
- Top Mass (GeV/c')
PDF 2.0 - /
Other MC modeling 1.0 23_
Generators 0.6 15_ i é
Bkgd shape 0.5 - A s e ‘
9 P E 1 Lt et L
b-tag 0.1 80 100 120 140 160 180 200 220 240 260 280
Tota r.1cev Reconstructed Top Mass, Tagged Events (GeV/c 2)
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Reconstructed event-by-event top mass

—_—

b-jet
Use constrained fit technique with 2 dof
M,,=My, M;=M,,, M;;=M,, p; balance

4 jets = 12 possible jet-parton combinations
X 2 solutions for neutrino p,
I11Use b-tagging to reduce permutations!!!

Choose combination with lowest 2
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Improved DO Run | Top Mass

Uses event probabilities

- Full set of event observables

- Better measured events
carry more weight

Reduces background

91 original candidates

77 after exactly 4 jets

- |log( Pbkg)

- | D=P-I(P-+ P
22 after Pbkg<-11 i [Py kg ) +
M;0p=180.1 + 3.6 £ 4.0 GeV
_/\
Old stat error was 5.6 GeV!
| Like 2.4 increase in statistics! o )
| ;:a f_-.--'-\‘\ .. - ! -
546 [ . /- 0.8 [
544 |- =, s o6 | -.
542 | N -
:40 = - ,__.«” 0.4 | / *
: %5 - L\‘k\ < - # /
55 = " et 0.2 = o

Evelyn J. Thomson, The Ohio State University
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Top Mass — Expected Statistical Errors

= errp
B 21126
1000_— 0.3184
- 8.596
800 nderflow 95
: verflow 85
600 Data
B +ve
400—
200
0_—1-— 1 1 1 1 |v| 1 1 1 | 1 L L J_I 1 1 Il 1 1 1 1 I 1 I;‘-H-hﬁ-lfi—k—
=20 =15 =10 -5 0 5 10 15 20

Expected stat.

DO Run | (125 pb)
Preliminary
Expected 5.4 GeV
Observed 3.6 GeV

error (GeV)

CDF Run 1l (108 pb-1)
Preliminary
Expected 8.8 GeV
Observed +12.7, -9.4 GeV

Observed errors
consistent with expectations

- Data

Evelyn J. Thomson, The Ohio State University

SLAC Summer Institute August 7 2003

5. 33
Z2.102=2

h=am

[ =

A e T, | L ot
= 1 1= 1=+ 1 A= pin]

Expected stat. error (GeV)
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QCD - Inclusive Jet Production

Why should you care? Mother of all backgrounds!
Jet cross-section — sensitive to gluon distribution in proton

Better predictions of many new physics processes at high energies
CDF Run Il Preliminary

> o = 2 =
3 CDF Run Il Preliminary s E
g0 : Integrated L = 85 pb™ g};;‘; ' ,ﬂ-—r‘f"" E
— 13 ] =
£ 1_1 0.1 < )| < 0.7 %u.g;—__.-a—'ﬁ'x'J . 3
40 JetClu Cone R= 0.7 06E /‘ I E
2 AE 5
910 "0k [/ =
L 10° g A 4
o " EE— ®  CDF Run ll Preliminary, JetClu Cone R=07, Y5 = 1.9 TeV —E
1 0_5 g 5 E_ 5% Energy Scale I.In|::r:rtalnh‘I —;
10 « Runll Data ié :5— e CTEQ B.1 Uncertainty —5
10" - —NLOpQCD (CTEQ6.1) 3 o E
107 & [_]+/-5% Energy Scale Uncertainty % 1= E
3 n NE f =
10 PR TN TN NN S NN Y M (NSRS TN TN MO SN SN MY N MY ST TN A N TN S | E . e A B
0 100 200 300 400 500 600 0 100 200 300 400 Imluslvsecﬂet e (Geggu
. . Inclusive Jet E ; (GeV)
| T . .
gllgr;est ETfJetS e\{er.d ' Theoretical error dominated
orders of magnitude: by PDF’s (gluon at high-x)
Systematics dominated by o -
Jet Energy Scale...to be reduced Agreement within uncertainties
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QCD — Dijet cross-section

Cross-section well reproduced by NLO

theory over 6 orders of magnitude

Systematics dominated by
Jet Energy Scale

[y

ﬁ* cone R=0.7,|n._| <0.5

=
O 1

jet

— Runll, L=34 pb™*

...... NLO CTEQS, R ,,=1.3
We = Mg = 0.5 ET™

'
N

|
o
T IIIIIII| T IIIIIII| T IIIIIII| T IIIIIII| T IIIIIII| T IIIIIII| T IIIIIII| TTT

w

Wo/dM ,O[nb/GeV]
S o

-4
i
10 %%_
10
-7
10
D@ Run Il preliminary
10-8II|III|III|III|III|III|III|

200 400 600 800 1000 1200 1400
M,, [GeV]

- theory)/theory

2?

=
a1
T T

[N
T rTrT

Ryep = 1.3, Mg = Hg = 0.5 ET™
NLO QCD
(JETRAD)
CTEQ6
I
|
DQ Run I prellmlnary
\ L L ! \ \

15

(data - theory)/theory

-0.5}

200 400 600 800 1000 1200 1400
M,, [GeV]

= (JETRAD)
2 MRST2001

0.5}

1-
- DG Runll prellmlnary

Roep = 1.3, U = g = 0.5 E7™
NLO QCD

200 400 600 800 1000 1200 1400
M;,; [GeV]
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Searches for New Physics

Why? Standard Model is incomplete!

Why Mgy, << Mp,?
How to achieve grand unification?
How to include gravity?
What explains proliferation of quarks and leptons?
What determines their mixings?

More general theories make predictions that can be tested at the Tevatron

IT COMES

WITH AN I LIKE
UNSIGMED 'EM
CERTIFI- CLEAN.

SOME OF MY SATISFIED
CUSTOMERS IMCLUDE
ARTHUR C. QUARK,
AMD GEORGE MESOMN.

FOR FIVE HUNMDRED
DOLLARS, T'LL MAME
A SUBATOMIC
PARTICLE AFTER

Haslo2 & 2003 united Feature Syndicate, Inc,

www. dilbert.com  sconadama®scleom

£ 2003 Linied Feature Syndicabe, ine.
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Searches for New Physics

Tevatron is the world’s highest energy accelerator and is the most
likely place to directly discover a new particle or force

Search for Extra Dimensions, Z’ What is dark matter?
»Study of high E; tails SUSY LSP?

Search for SUSY Extra dimensions?
»Jets + MET Tevatron can put limits on
»Photons + MET models
»Trileptons

Search for Leptoquarks
»First generation eegjj
»Second generation ppjj
»All generations vvjj

Search for Rare Decays

»DO—p+p- Q,,h? =0.13570%
» B —p+y- Q,h? =0.0224+ 0.0009

WMAP, astro-ph/0302207
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Extra Dimensions Overview

SM particles confined to 4 dimensions
Gravity propagates in extra dimensions
Solves the hierarchy problem!

Can explain dark matter!

ADD Model (arkani-Hamed, Dimopoulos, Dvaliy EXperimental signatures
n “large” extra dimensions of size Virtual graviton exchange modifies
~i(MPI /MY fermion/boson pair production

[ 2
n=1 R~108% km — excluded!
n=2 R~1 mm ~ tabletop realm
Nn23 R<S3 nm - collider realm

Randall-Sundrum Model

One “small” extra dimension Direct graviton emission
warped by factor e K" Jets + MET G
Spin-2 resonance Photon + MET

»Graviton mass

>Coupling k/M., / = /
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Extra Dimensions — ADD Model

Virtual graviton exchange
Look for excess at
high dilepton or diphoton mass

ee and yy: 2 EM objects p>25 GeV

SM Prediction

% 10°
$10°
>
010
1
L 0.8
10 002166
-2 .
029
O 200 400 ggg O O
diEM Mass, Gey
ED Signal
10’
& 10°
>
010
1
L 0.8
10 RS
10° 028
0 200 0 ©
400 00

diEM Mass, Gey

DO Run Il Preliminary | Data
. ~120 pb-?
010
5 10°
>
w10 .
L ox:
e 4

10 20
200 400 @00
diEM Mass, Gey

QCD Background

9 10°
10
>
w10
14 0.8
1 :
0.6
10-2 |22 7 04%
10 t, 7 0. &
0 200 400 6o0 O ©

diEM Mass, Gev

Evelyn J. Thomson, The Ohio State University

pup pr>15 GeV, m > 40 GeV

12

1 500

Events/0

400

0 01 02 03 04 05 0.6 0.7 08 0*.9

|cosO*|

D@ Run Il Preliminary|

—
ou

Events/24.0 GeV
i
o

N
S)

-2
10
0 100 200 300 400 500 600 700 800

M, (GeV)

Consistent with no signal
DO now has world’s best limit!
Probe up to 2 TeV with 2 fb-?

95% C.L. |GRW |HLZ Hewett
Mg (TeV) n=2,3,7 A=+1
DOdIEM |1.28 |1.42,152,1.01 |1.14
DO ppu 0.88 |1.05,0.88,0.70 |0.79
CDF diEM | - - 0.85
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Extra Dimensions -

Randall-Sundrum Model

CDF Run II Preliminary

= Data
[ ] Drell- Yan
] oD Background i
[[] e, WW, WZ, tt 5

—
o
("]
T

)

'—l
o

det=72pb_l '

Events /5 (GeV/e 2)
o

200
Dielectron Mass (GeV/c 2)

CDF Run Il Preliminary

DY Z->pp, DY Z-»tt, WW, WZ, 11
DY Z->TT, WW, WZ, 11

[

T 1717
W)
o
[V
L1 11 | ——]

Events /5 GeV/c
2

-y
Q

ILdt =72pb

e RERIT]

AL

200 250 300 350
Dimuon Mass (GeV/c )
Evelyn J. Thomson, The Ohio State University

100

150

400

Spin-2 graviton
Look for resonances in
dilepton mass
Consistent with no signal

CDF Run 11 Preliminary

6-Br(G—1l) limit(95% C.L.)

6-Br(G—ll) PYTHIAX1.3
Randall-Sundrum Model

= [235Gevic’ i
\9:10 370 GeV/c ™ . i
= | 550 GeV/c~
T
Q .
0 1
o
3
10
1
J. Ldt=72pb
5
10 —
200 400 600 800
Graviton mass (GeV/c 2)
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DO m(Z")> 719 GeV @ 95% C.L ~100pb-L

10°

2
10

10

Evelyn J. Thomson, The Ohio State University

Extra Gauge Bosons

Predicted by many models
Look for resonance in dilepton mass
Consistent with no signal

World’'s best limit

D@ Run II Preliminary
~50pb-1

Z' (600 GeV) x10

100

200

300 400 — 500 I 600 700
Di-electron Invariant Mass

800

CDF m(Z")> 665 GeV @ 95% C.L
Close to Run | 690 GeV

6.BR(Z' — II) (pb)

=%

10"

-t
Q
~N
—

-l
Q

CDF Run Il Preliminary

; J.Ldt —72pb \

10-2I||||I||||I||||I||

—=— G.BR(Z' — Il) limit (95% C.L) |

6.BR(Z' — II) (LO % 1.3)

(SM couplings assumed)

665 GeV/c*

1

200

300

'666"'760'"%60
Z' Mass (GeV/c )

400 500

Probe up to 1 TeV with 2 fb-?

SLAC Summer Institute August 7 2003
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Dijet Resonances

New Particles That D to Dijet - . .
o Taticles That ey To AR Sensitive to a variety of new physics
Model Particle Production/Decay J (co]or

> < Probes highest energies

17(8)

o5 Axigluon mass > 1.1 TeV@95%C.L.

q q .
Extended Coloron _C__ 17(8) 4
Technicolor C a q 05M 10 L L L L L L L L L I

Chical Color
SUIL % SUNIR

CROSS SECTION (pb/GeV)

T |-
Fa) 3
i CDF Run 2 Preliminary (75 pb™) -
Composite Excited \2 q* 9 1721(3) n:! . |
Fermions Quark s ~ 02 M b B “"..
T - 8 CRE e T Axigluon or Coloron -
5, 200<M <1130 Gev Excluded 3
- U(U (U) 3 H .,
Supt?rstrmg D]quarlccs o’ (3) ‘_.;,‘ oA Y ]
g’;ﬁ’\l;eg | D, D a i R e ' Excited Quark
odels -, .
kO 200<M< 7ol Ce¥ Excluded
Prob 06569 | 104 =
5 p0 1.31e+16 +3.502e+15 o Color Octet Technirhe 3
- || Pl -0.2793 +£0.1105 3 260<M<E40 Gov Excluded
,E do pom'%;%MH— p2 4815 +0.4319 i : e i
10" = p3 5.659 +0.05742 % L
E 10wE 27— -
10 & 7 ]
= LW ]
1 :? - J00< M 410 Gay Excl. g 3
- - 1 5 =]
10 = E, Diquark 3
2 o 280<M<420 GeV Excluded ]
10 = L o
10_3 e CODF RUN 2 PRELIMINARY - B . Q5% L Upper IJmH: .
E- Bl |
= s DATA(Spb) 19 F Ingl<2.0, lcostl<2/3
10-4 E_ PARMETR'C FIT — C 11 1 1 I | | I 11 1 1 I 111 1 I 111 1 I 11 1 I 1 II“-'I‘ 1 I | Sl .Hh I L1 1 11
§| N T 204 S 400 SO0 600 700 800 900 1000 1100
200 400 600 800 1000 1200 1400 New Particle Mass (GeV ,.-"cz)

DIJET MASS (GeV)
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Scalar Leptoquarks

Directly couple quarks to leptons
Predicted by Grand Unified Theories

First generation LQ, LQ,—egjj Second generation LQ, LQ,—HHjj

g | % DO Run Il Preliminary
o Fee ]
i SN O DORuN2, M, >231GeV O 3- Data
c DO Run2 and DO Runi, M  ,>253GeV 8 |:| SM Background
° \‘\\ \‘\\ v DO Run2 and DO+CDF Runl, M , >262GeV - —
S N 22z NLO Theory - ; i [l M(LQ,) =200 GeV
n -
o 1 ) ~100pb-t
il )—_\e\ E 2__ ?
(@) B c -
— - \\\ N 1— [ ]
e :r\\ s = 4
||||||||||||||M||||||||||||||l|||||||| O ||||r|||||||||||||—|—||
200 210 220 230 240 250 260 270 280 0 160 260 360 460 560 600

Scalar Leptoquark Mass [GeV]
S;=2,,,(Ey) [GeV]

DO M(LQ,)>253 GeV @ 95% C.L. DO M(LQ,)>186 GeV @ 95% C.L.
CDF M(LQ,)>230GeV @ 95% C.L. CDF in progress

All three generations LQ LQ—VVjj
Jets + MET
CDF M(LQ)>107 GeV @95%C.L.
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SUSY — Search for Long-lived Stop

Long-lived massive charged particles? 10’ pr— 7 ——r——————

1 '1
o CDF Run 2 Prelimi =
»Move slowly @ e = Observed| 1
»Measure time-of-flight! B 107 , [Predicted| -
»>ATOF=TOF candidate —- TOFatc ¢ ' :
= 4 i
10 } + 1
CDF Run 2 Preliminary - 1 .
@ —— Production cross section (NLO) 1 J. S 3
c :
.% ---¥--- Cross section limit (Stop isolated) 0 '075' — % — '175' = 2' = '275' — 3'
5 Minimum Ao (ns)
()]
s Selection
© Tracks with p;>40 GeV
ATOF>2.5 ns
Observe 7 events in 53pb-*
Expect 2.9 £ 0.7 g5 £ 3.1 6ys
: Consistent with no signal
0 0
70 80 90 100 110 120 130 140 150 m(stop)> 107 GeV @95% C.L.
2 LEP limit is 95 GeV
Stop Mass (GeVic')
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SUSY — Sbottoms from Gluino Decays

Gluino pair production cross-section large
Very distinctive signature of 4 b jets + MET

gg — (bb,)(bby) - (bb¥?)(bbi?)

N
N
e

“CDF Run I Preiminary _

1 BR(@G> b 5,)=100%
220f m() = 500 GeV/c’

C\I’-\
O
—
>
&
~ m()=60GeV/c’ 0
% 2007 .08((‘ R \ 95% C.L. excluded region
. A
1 9
£ 180
S ]
- ] (single tag)
2 160
N ] (double tag)
140
120 CDF Run [ 95% C.L. excluded
100+

180 190 200 210 220 230 240 250 260

Gluino mass (GeV/cZ)

Evelyn J. Thomson, The Ohio State University

Prospino CTEQSM, Q=m(§)
== Prospino CTEQ5M, Q=0.5m(g),2m(g)

A
o
N

-
o

Cross Section (pb)

.............................................................................................................

Selection
3 or more jets
MET> 50 GeV
Lepton veto

Mass of the Gluino (GeV/c?)

Assume

m_, = 60GeV
mJ'= 220GeV

Mg,

=160 GeV

~

b-tag Data | Expected Expected
Background | Signal
Single 5614 10.6 £ 1.7
Double| 1 05+0.1 4.4 +£0.9
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SUSY Trileptons

“Golden” channel with low backgrounds but

»Leptons are soft (p;<20 GeV)
»tanB>8 most leptons are taus!
Need >300pb-tto improve on LEP

D@ Run Il Preliminary %

Understanding soft electrons!
Two electrons p;>10 GeV
At least one electron p;<20 GeV

q

-1
CDF Run II Preliminary, [I =72 b
7

70
- + data B
sob- B Z-ee 1200~
- [ Z->tautau B
ol 0 Y->ee 1000
- B Wincl.
- I QCD
aof 800 —

30 - 600 —

20 400

10f 200

% 20 40 60 80 100 120 0
invariant (e,e) mass

Evelyn J. Thomson, The Ohio State University

1400 | W — tv:number of tracks, associated with the © candidate

Fy

.

2345 events

-+ Data
W st
W= pv
Woev
mmZ st
== QCD

T 7 8 9 10
number of tracks

SLAC Summer Institute August 7 2003

Understanding
taus!
CDF has
tau (p>5 GeV)
and di-tau
triggers




Search for Gauge Mediated SUSY

Gaugino pair production and
LSP = gravitino NLSP= neutralino
Experimental signature yy+MET
Close to Run I limits

pp — gauginos — W,Z,y + ¥°X° -
— yy+(§(§ + X

| Diphoton Mass |

Nfl-lu 102 _I T | T TT | T TT | T 1T | T TT | T TT | TTT | T TT | TTT | T II_
] - . -1 3
= E CDF Il Preliminary, 84 pb ' 7
8 C . Data, E,(y}>13 GeV o [pb]
- B Non-yy bg + Pythiayy
E R Pythia vy 7 10
T
z 10F E
< - 7
1 1 = = !
-1
L . = 10
B Ii | | 111 | 111 | | | | 111 | | | | 111 | 1 11 | 111 | 1 1 I_
0 20 40 60 80 100 120 140 160 180 200

Mass (GeVic’)

Evelyn J. Thomson, The Ohio State University

10

=

O T

DO Run 2 preliminary
~ 50 pb1

+W
L QcD

N
oL

\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\
80 100 120 140 160 180 200

40 60
MET (GeV)
DO Run Il Preliminary
%o,
Y

~.

= 50 60 70 mlxo [GeV]
_I I 1 1 I 1 1 1 I 1 1 1 1 I 1 1 I 1 1 1 1 I 1
35 40 45 50 55 60
A [TeV]
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. . ™ - 4 ~6B
expected limit BR(B,—>u'u’) x 10

Evelyn J. Thomson, The Ohio State University

[#

2.5

1.5

.5

<3.1E-7 @ 95% CL

Rare Decays

Search for FCNC B,—p*yr
CDF 1 candidate in B, and B, window DO 3 candidates in B, window
BR(B,2 UMW) <9.5E-7 @ 90% CL
<1.2E-6 @95% CL
BR(B,2UW) < 2.5E-7 @ 90% CL

Extraopolotions based on 61 pb™" ]
using In()1<0.6, P(B,)>6 GeV,/c:

- CDFII
B S

| 9572 CL Upper Limits
| 1 1

Best published limit (CDF) 7

* this result with 113 pb™" -

Preliminary =]

0

100

1
200 300 400 500

Runll Integrated Luminosity (pb™")

BR(B.> M) < 1.6E-6 @ 90% CL

World’s best limits for B,

May catch up to BaBar/Belle for B,

SM BR(B,—p*p)~ 3.8x10°

Various SUSY models predict
enhancement by 10 to 1000

Recently interesting since
same SUSY models predict
deviations of (g-2),,

Exp: PRL 89 (2002) 101804,129903
Theory: PRL 87 (2001) 251804
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Rare Decays

> 3 . -1
g CDF Run Il Preliminary 113 pb
< B sutw
S s) M F _—
& 5 B CDF
2 2 -
B 2 52 1 eventin B and
= S5 B,search window
@ o ©
3 8
N o] Expected bkg
0.54 +0.20 (for By)
0.59 +0.22 (for B)
0i— N\ 7/
48 5 52 54 56 58
) IVIWIGeV
3_55_ DO Runll Preliminary No. Candidates: 3 DO
= Expected bkg: 3.4 H
£ ° ? 3 events.ln B,
3 25E- signal search window
3 = Region
E ok | Expected bkg
? ' u 3.42 £0.79 (for B,)
0.5

U Mass [GeV]
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Search for the SM Hi

S Boson

20" century CDF/DO sensitivity study still valid
215t century CDF/DO search will need:
»Sophisticated techniques to improve sensitivity

»Excellent understanding of backgrounds and systematics

»Enough datal!

-
o
(=)

- Higgs Sensitivity

F Study ('03)

| statistical power only
- (no systematics)

SUSY/Higgs Workshop|
('98-'99) 3

L

In 50% of
experiments

integrated luminosity (fb'1/exp.)

LEP m,>114.4 GeV @95% CL

Evelyn J. Thomson, The Ohio State University

My (GeV)

SLAC Summer Institute August 7 2003

10} :

/ 50 discovery | |

1 30 evidence T3

- PRELIMINARY 95% CL exclusion
80 100 120 140 160 180 200



Conclusions

CDF and DO are back!

First physics measurements well underway
Displaced track trigger for B physics
B, meson and A, baryon
W and Z bosons
Top quark
Searches for new physics

In next few years
B, mixing
Top quark mass error < 3 GeV
World’s best limits for searches...
...or discovery of new physics!
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CDF Detector Upgrades

132 ns front end
COT tracks @L1 -

7-8 silicon layers 1.4 T magnetic field
1.6<r<28 cm, |z|<45 cm Lever arm 132 cm
In| < 2.0, cos8=0.964

o(hit) ~ 14 pm

Some resolutions:
pr~(0.700.1 p1)%
J/¥Y mass ~15 MeV
EM E ~ 16%/NE
Had E ~ 100%/E
d, ~ 6+22/p; pm
Primary vtx ~10 pm
Secondary vtx

r-® ~ 14 ym
r-z~ 50 pm

96 layer drift chamber [n|< 1.0 —
44<r<132 cm, 30k channels Tile/fiber endcap
o(hit) ~ 150 mm calorimeter
dE/dx for p, K, mid 1.1<[n|<3.5

Evelyn J. Thomson, The Ohio State University SLAC Summer Institute August 7 2003

SVX tracks @L?2
30000/300/70 Hz

Time-of-flight
100 ps@150cm
p, K, mid

L coverage to _
In|<1.5
80% in phi

p. 56



DO Detector Upgrades

4 silicon layers+disks
Suited to limited space
2.8<r<10 cm

2.0 T magnetic field
Lever arm 52 cm

Now! Sci-Fi tracks@L1
Next! Silicon tracks@L?2

5000/1000/50 Hz

|n| S 30’ 005920993 fﬁ::lir;i\dini-dﬁft T r——— Forwajd%Scintillator

SO m e reSO I utio nS: NORtTH\“:\‘le"m\‘l ‘.'-i-'.'-r-‘;\l;c-:ﬁ REE DY TECTTIRr T ‘-'.‘.:»fs;;;a:;l\;;-,;-t. .-S.OuTH
pr~(2.000.2p)% L

J/¥Y mass ~27 MeV Shielding Pre-shower
=M E - 15%E [ ||+ particle id
Had E ~ 80%/E _B Energy
Primary vtx ~15 gm - £

Secondary vtx [ ;

r-® ~ 40 ym i
r-z~ 80 pm

|NewSolenoid, Tracking System | | | T |

Si, SciFi,Preshowers 0 5

8 layer Sci-Fi tracker |n|s 1.7
10<r<52 cm, 80k channels
VLPC’s at 9K, 85% QE

o(hit) ~ 100 um

Evelyn J. Thomson, The Ohio State University

+ New Electronics, Trig, DAQ

SLAC Summer Institute August 7 2003

L coverageto
In|<2.0
90% in phi

p. 57



