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2= Outline

e Part 1 Today: Experience from Run 1
> Run 1 Tevatron performance
> Run 1 CDF and DO detectors

> QOverview of Run 1 Tevatron Physics and techniques
e Physics range of Tevatron
e QCD physics
e Electroweak
e B-physics
e Putting it all together: top physics
e Putting it together again: searches for new phenomena
e Part 2 Tomorrow: Physics at the Tevatron in Run 11
> Improvements to Fermilab Accelerator Complex
> CDF and DO Detector Upgrades
> Current accelerator and detector status

> Projections for Run Il physics
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2 | The Fermilab Tevatron Collider |
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DO Collaboration

Totals

18 countries
79 institutions

>500 physicists
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2% CDF Collaboration

North America Europe Asia

E 3 Natl. Labs 1ResearchLab ~u ETE
25 Universities 6 Universities o niversities

E 1 University 1 Research Lab
:ﬂ 2 Universities .
1 University

fa%* | 3 Univasties
1-.-

Totals

11 countries ﬁ 1 University

55 institutions

525 physicists
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Tevatron Timeline

1985
1988-89
1992-96

1996-2001

First proton-antiproton collisions
First physics run, CDF only
Run 1: 120 pb-1, 1.8TeV, CDF and DO

6 bunches, 3.5 ns between collisions;
L ~ 103 cm=2 s7! (10nmb-t s71), L, ~ 2 X103t , <N, >~2.5

Major detector upgrades

peak

2001-04 Run 2a: 2 fb-1, 1.96 TeV
6 bunches, 396 ns between collisions;

2004

2004-07

20077

L ~2710% cm=—2 s1 (0.2nb1 s71)
Short shutdown to install new silicon
detectors (+ . . .)

Run 2b: ~ 15 fb-1 (total)

99 bunches, 132 ns between collisions;
L ~5710% cm2 s1

LHC operation starts at CERN

e Top quark production cross section ~ 5 pb
e Higgs, supersymmetry, . . . ~ few "~ 100 fb
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g | Tevatron Luminosity History |

Tevatron Collider Luminosity
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| The Particle Menu at the Tevatron |

pp collisions Tevatron
provides a broad spectrum of
physics: QCD, B's, W, Z,
tt, new particle searches
Cross sections for particle
production vary by a factor
of ~ 1010 (diffraction to
Higgs)
Enormous b rates ~ 102 -
10%4/s
> challenge: triggers, flavor
tagging
Large W boson samples
> challenge: lepton, MET
precision
Modest t t samples
> challenge: B'sin jets, jet Et
Searches for Higgs, SUSY..

> challenge: backgrounds,
statistics

Physics at Tevatron: Run 1 Experience - 9
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Detector Needs

he

e QCD - Jet, Photon, J/y .. cross-sections angular
distributions...

> Jet and photon reconstruction - good calorimeters
e B’s - lifetimes, cross-sections (really QCD), B,

mixing, CP violation...

> Lepton ID (e and m)

> Displaced vertex measurements

> Flavor tagging (leptons, particle 1D)
e Electroweak - M, , Gy »W Asymmetry...

> Lepton ID (e and m)
e tt and new particle searches

> Use all of the above
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2 | Run 1 Detector Schematic |

Muon detectors

Key Hadron calorimeter
CDE and DO Electromagnetic
Salorimeter
CDF It A
K*, P*,p,...
e’ K°® p*p, ...etc

Solenoid
1.4T

Silicon Tracking Chambers

Detector
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| Run 1 CDF Detector
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CDF
Detector

Forward
(Not-To-Scale)

. =£— Silicon Vertex Detector

INTERACTION POINT
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Run 1 DO Detector

Physics at Tevatron: Run 1 Experience -

TRACHKIN G

Slvertex)=6 nim

otrdy = 60 tm (VIX)
= 180 pm {CD C)
= 200 pm {FDC}

M OO

nl=3.3

%P: 0.2 001p

CALORIMETRY

mi=4
ﬂﬂxﬁb =01x01

GEM)= 15%/./E
GHAD} = 50%/ /E
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2 Run 1 Triggering

Run 1 Triggering limited to (CDF example):

> Leptons (Electron or Muon)
~20 GeV for EW work
~8 GeV with some prescale for b->XlIn
Dimuon 2 GeV

> Jets - 20 GeV w/large prescale to 100 GeV un-prescaled
> Photons - 23 GeV un-prescaled
> Missing Et

Most heavy flavor physics done from lepton samples

Level | Bandwidth | Trigger On

300kHz Beam Crossing
L1 |1kHz Cal Tower (EM or HAD), mstub, SEt, BA

L2 25Hz Add Tracking, Cal clusters, processors

L3 S5Hz Offline type reconstruction in farm

Physics at Tevatron: Run 1 Experience - 14 P.J. Wilson, 8 Jan 2002



2% | Properties of the W and Z |

e Before LEPII the Tevatron was the center of
measurements of properties of the W- Boson. This will
again be true in Run 2

e Cross section for W+X on order of 20 nb
e Studies done almost exclusively with leptonic decays to
eand m A few studies done with Z->nn (eg Zgfrom DO)

e Properties measured in Run 1

> \W Mass

> \W Width - both directly and indirectly

> W/Z production asymmetries

> Di-doson production (WW, WZ, ZZ, Wg, Z()

> \W+n jets production

>W/Z P,

> Drell-Yan production

Physics at Tevatron: Run 1 Experience - 15 P.J. Wilson, 8 Jan 2002



g2 | Precision Measurement of M, |

LEP 2 (e*e")

W'\
e’ >0< e-

N\

W+

W+ > etn, W- > ud
P.(W*) + P(W-) = 0, i=1,2,3
E(W*) + E(W") = E(e") + E(e")

MW J 2PeP“(1—cosq3D)

Physics at Tevatron: Run 1 Exper
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Tevatron (pp)
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W+

P

W+t 2 e'n

P.(W*) = 0, i=1,2

Q|

L-..

Py :J P2 Py
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g2 | Precision Measurement of M, |

e Clean low bias W samples: DO Z® ete- fits
> m+ track in COT S s
> EM shower w/minimal Had Y sl Jr £ ssp
energy and narrow transverse |z | _ ;'i e ouretarts “:IE’ sk My=(%1.152£0,125)Cav
shape + COT track i TR e B
> F->~20 GeV } J[
> Exclude events with jets ok - 15F
e Dominant systematics are ; .
data dependent -> decrease | "} [ %,
with higher statistics N e e =S SN < o FH
> energy and momentum scales | e et
> PDFs (from W asymmetry) S sof ﬂ g
= g ?0;_ “ | E,E m:_ Me=(31.244£0.226)GeV
Energy scale: " op J( i :
o gy - 503_ ec—er : % ¥ /DoF=13/17 8:—
> Testbeam data | wof o A
> from Z® ee (cross-check with ok P .
E/P at CDF) b ‘F
e Momentum Scale (CDF): _‘_,_gﬁ’{ Ty, °F
> Z®mmJ/y ® nm i ® mm ot e Bt s ob bl
M{ee} (Gal) fitted M; (Gev)

Physics at Tevatron: Run 1 Experience - 17 P.J. Wilson, 8 Jan 2002



he

Energy and Momentum Scale

CDF | and J/y ® mm

= 225
CDF(1B) Preliminary ] 0T
250 2
Z —ee fdi=1.3 2 r
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50 . L
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250
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Energy Scale Check

Energy Scale Check
> E/PINW® en

v" Check against material seen in conversions
> Get shift relative to Z ® ee, not explained by material.

Apply as systematic. (Worked in 1A)

Material from Conversions

F000 [~

Events / O.1cm
T

2000

2300 [~

2000 —

Iig0 =

oo

jog

VTX outer wall
SVX cables

SVX

Beam Pipe VTX
inner wall

Dalitz \L

CTC inner wall

|

W i

CTC

an 3

R{cm)}
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h =]

number of events
(] 133 I ]

2

0_:

2 8 8 8 8

=

| W mass: Fits to M+ |

50 55 60 65 70 75 %0 85 90 95 100

m.. (GeV)
m,,, = 80.483 £ 0.084 GeV

MW(ALEPH+DELPHI+L3+OPAL)
= 80.450 +- 0.039 GeV

Physics at Tevatron: Run 1 Experience - 20

# BEwvents

CDF

EW%en

2000

1500}
1000f

500}

T
Transverse Mass (GeV)

m,, = 80.433 + 0.079 GeV Run 1 e andm

Wowon oW w

Mw(CDF+DO0)
= 80.454 +- 0.060 GeV
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%1000 [ CDF(1B) Preliminary 252
- - ¥ [T, =178+ 0240 GeV =1
G(W) measured directly from tail of M+ = ok
distribution. Not sensitive to theory or s00 £
other measurements. 250 f I
E T,
e - 050 — 100 150 200
EJ 10 DO Preliminary M (V) (GeV)
i B “ il
} 3_ Blue — Monte Carlo 5 10 "k 196 ev. in fit region
-%'l:-‘J 10 3 Bl sugas S , (100 €M < 200)
La ; Creen — ifiGi:quOu.'"uT: #* 10 " 21791 ew. 1125n00r<mh‘12111;53t1200nu)reg10n
02k L 10
EolT | ]
L J 1 Backgrounds
10 F G
E 10 50 100 150 200
15— :—'I T L L R R e e e e e e ey
E 11 | | 0T | L ik | 11 1 I_;-_l—‘i | 1 | - | 111 1 | 11 1 E EEDE(;BI?TEriIBHilggré V 3::
40 80 20 100 120 140 180 180 200 ~zoo0 ¥ *(s'taﬁsy;) -
M.l_ MT{E,V]GEV 'E L 345
j %IUUU = —
Experiment G(W) (GeV) Stat Sys ]
~2loglyws I
CDF en (1A) 2.11 0.28 0.16 R T slu 100 120 140 160 180 20
MT(e,V) {(GeV)
CDF en (1B) 2.17 0.125 0.105 B L TA9844 ovents shown | ]
CRNTEN (1490 £170 bkg) N
) 438 with 100<M <200 GeV 3
CDF mm (lB) 1.78 0.195 0.135 a a0 211 with 110<M <200 GeV ]
= £ 7 with M, >200 GeV ]
CDF Comb 2.055 0.100 0.075 B oo L
0.145
DO en (1B) 2.231 t0.138 0-092 Logll PN TP SRR 1 O O PO 1
40 60 20 100 120 140 160 180 20
M_(e,V) (GeV
SM Pred 2.0937 0.0025 Ladilb
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& [ OCD - Jets and Photons |

e Jet and Photon cross d%s g
sections are used to probe 9 @pogtenes
the structure of the

proton at very small scales ' Ey
> Test perterbative QCD Central h region
> Tests of the parton distribution
functions

> At large Et or Jet-Jet mass, sensitive to
new physics such as quark substructure

e QCD measurements

> Jet and Photon x-sec

> Di-jet, di-photon x-sec

> Multi-jet x-sec

> gmxsec (c and b in proton)

> J/y, Upsilon, B cross-sections

> Diffractive production of jest J/y ...

Physics at Tevatron: Run 1 Experience - 22 P.J. Wilson, 8 Jan 2002



Tevatron Jet Events |

Jets are reconstructed in combination of Centroid of cal cells
Hadronic and Electromagnetic
calorimeters

> Showers are wide due to fragmentation

> Reconstruct using fixed cone algorithm
« Jet Cross sections: R=0.7
e Top analysis: R=0.4 to reduce merging
R... used to separate jets

sep

> Starting to use K;algorithm

» Cluster based on K; relative to seed tower or
parton (MC)

e Avoid infared divergence

TOWER LEGO CATE 3-SEP-1997 10:33\ Run 687288 Event 22409@5—DEC—1994 02:20

CATEGO ETMIN 1.00 GeV-TOTAL Towsrs CDF 5 \Jet Event

he

or partons (MC)

h = -In[tan(g/2)]

DO Di-Jet Event e

[JHADET

Physics at Tevatron: Run 1 Experience - 23 P.J. Wilson, 8 Jan 2002



& [ Jet Energy Calibrations

e Need to account for:
> Detector response - Data
> Different fragmentation (e.g. charge fraction) -Data + MC
> Losses from cone to get back to original parton - MC
> Underlying event — minimum-bias Data

e DO uses Jet-Photon to calibrate energy response and map region
to region

-
X

= ————rr
® Collison data

e CDF uses

> single charged particle response and
MC to determine response of central
region:
e Test beam data (single e/pi)
e Single pion in colliding beam data
e Use resolution in MC vs to tune MC

-

-
I
]

O Testbeam data

* Detecter Simulation

-
I
|

Calorimeter energy/Momenium

> CDF uses Jet-Jet balancing t0 CroSS-| ws | —— uncertainty on test beam calibratior
Callbrate reglons g E_ -------- Uncertainty on in-situ calibration _

» Jet-Z(->Il) and Jet-Photon balance as : | o ]
cross check ST 10°(G eV)

Momentum of the incident particle
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Phys. Rev. Lett. 86, 1707 (2001)
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121.56
92.46
59.38

113.78

155.52
85.09

ORROREPR

500

.35
.03
.66
.26
.73
.95
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2% CDF Inclusive Jet Spectra

E Inclusive Jet Cross Section (CDF Preliminary)
S o CDF Inclusive Jets o0 [
e F CTEQ4M |
T ® 199495 e * f
O E ® ela +
1992 .93 e P cheehe g @
1 = Statistical Errors jonly
NLO QCD prEdiCtiDn [EKS] 5o _I50I ! I‘10'0I — I'150I — IZDDI — I250I — I3DDI — I35DI — I!lDDI
100
10 cteqdm pP=EJ/2 R_ =13 B CTEG4HJ
1 - - » + +
E o - . ek B & A e m o T
§ 1;2 5 100 150 200 250 250 400
- [ - MRST + ®
" E 50 - +
E E = -m....“. - ® * #
s [ [ gofee
10 E Statistical Errors Only 9
10 - _I PRI TN W AN T S T T [N T N TN T N T T Y S AN TN NN TN N TN T T T [N S T N T N SO N w0 L o ELTY EEE) Zon Erry Zon  sso oo
a0 100 150 200 250 son 350 400 GeV
Transverse Energy (GeWvj) 8 _IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII_
E’i L JETRAD 2, CTEQ4M, NLO, 1 = O.5E™, Rypy=1.3R
< g L Inl<2 _
I leos® < 2,43
= ® CDF preliminary
- = —— CTEQ4HJ
Amazing agreement over 7 orders of 08 [ . kST -
- [ s MRST(g1)
magnItUde L — —MRST(glJ . i
0.4 L ® -
Best agreement with CTEQ4 pdf
. 0.2 [ .
Also good agreement for Di-Jets >
o
_0‘2 = —
systematic errors are correlated |
AR e Al T e U T M e el s W e el
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CDF and DO Jets Compared |

NO\2 (- a\/2\

" CTBQUH] =0 5B R, =13 01 <hy <07
éﬂ 051 CDF(0495) Den
2 & D (9495) Ditn .;. }
:
ﬁ 0 ﬂﬂﬁgﬁiﬂiﬂiﬁﬂﬂfiﬁffﬁﬁﬂfﬁl $ . *.} ++ ;
8
[
: *
» CTF(495)

@ 0t
T
¢
5y}

U|||||| |||||||| | P R

E, &)
CDF and DO Agree
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107

10#

T IIIIIIII T IIIII|T| T IIIIII‘ T IIIII|T| T IIIIIIII T IIIII|T| T T TTTI|

- D@ Inclusive Jets || < 3, present ineasureinent

[ CDE/DE@ Inclusive lets || < 0.7

ZEUS 95 BPCABPT4SVTX &
H1 95 SVTX + H1 96 ISR

ZEUS 96-97 & H1 94-97
/] EBGS
] ccer
[ | BcDMS
NMC
SLAC

Kinematic Reach of
Tevatron Jet
Measurements
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Photon Production

Sensitive to gluon content of the

proton gqg->qg Two Separate
Clusters i
Photons selected based on EM energy i usters in
I i S Max Det
a small region of calorimeter g \/ g >howerMaxDe
> minimal deposition in hadron )
compartment P

> absence of charge particle track match
pointing at cluster

> Narrow transverse shower shape
> lsolated in calorimeter to reject against \
background from parton fragmented to
single p® or h° \
Energy calibration based on Electron
calibration - see Ws

Direct g separated from p® decay
through statistical measures based on
transverse shower profile and
conversion probability before cal
(CDF)

gdirection

AR

AR’= AQ°+ AT
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e Good agreement with overall
normalization but the shape does

| Prompt Photon Cross-sections |

17

not quite work:

> Ratio between 630 GeV and 1800 GeV
vs X ;implies not a PDF problem. New

NLO models coming with K

pb/{GeV/c)

de/dPdn

10

L1
B & CDF 1800 GeV Preliminary Data
4— & CDF 630 Gev Praliminary Data
E £ DO 1800 Gev Data
= © UAZ B30 Gev Dota
3 — NLO QCD (Yogelsang et al.), CTEQSH, u=F;
2 E
1 &
-2 i 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 | 1
Q 20 40 Iy B 100 120
Photon Py {(GeVv/c)
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2= | B Cross Sections not so good

Inclusive B production properties |y| < 1.0

DO CDF

pp —> bX, vs =1.8 TeV

E T T ) ! 1':’5 E T T T T T T T T |
= ] i — NLO QCD; =475 Gav, A,=215 MeV
e | MRSDA, ptem gy 24 )
g - . e g PO RS D, 4.5 5.0 Gay
o o : e F L"‘,“L‘__ * (] a0 3
fal . : 'E B ““ "".. * ¥ o¥X .
E—" e kS "‘ # ot
l:' ] “‘\ T ""..1 1‘“ vowa
: ~ s - L0 '.._‘ '-.H‘
N 2 100k N =
= Dimuons E
o Inclusive Muons &2
102l - LT - =
-~ — NLO QCD, MRSR2 E : ]
-~ Theoretical Uncertainty ‘ \ - - CDF Preliminary N
‘.__l- T k Some medasurament errorg are correlated - 2 "‘.-_‘lr
. . L s 1 s Sy 2 1D| 1 1 1 1 1 1 1 1 1 1 ) 1=y i
5 & 7 B § 10 20 30 0 10 20 30 40
Pomin (GEV/C) Prmin (GeV/c)

Data/NLO QCD ~ 2.5
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| B Physics

he

e Cross section for bb O(100nb)

e Run 1 Trigger limited to
> B->J/y X,Jd/y > mm
> B->XIn(eorn)

e Key features of CDF for B’s:
> SVX - lifetimes
e 51 cmlong, 2D, r-f readout
e s4=[13 A 40/p,(GeV/ c)]nm
> CTC - mass resolution and dE/dx
* (dp+/py)? = (0.0009- py)?

e Key measurements
> Inclusive and Exclusive (B*, B9, B, B, L,) lifetimes
> Mixing (Bs and Bd) -> probe of |Vtd|
> Measurement of Sin 2b
> Discovery of B,

> Mass measurements of Bd, B+, Bs...
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¥ CDF B Physics: Masses

Discovery of B,
e B hadron masses (MeV/c?) S g

L1

> B.: 5369.9+23+13
> Lg:5621+4+3

L
> B 6400 390 * 130 3
ey BT
é |
5
a L
ok R S A B ”E Ay 10 20 30 a0
[ B.—>J/ 37 & § event 2
16 ° ve 53&9.9:25;1.3Mm'¢' - ;?E N8,
= [ I T Jnyte and JigHy
-2 — Data (B_ Candidates)
E el - Fitted Signal
o L 7 - Fitted Background
=
% 5 | ? 4 5 § 8 % 10 i
o B = M {JHlepton) {Ge\"ftz}
=
1 B.P JylIn (20events)
Nﬂ' H“ B.b Jy f
P IR WP NN | P H e (:322 Eﬁ/EﬂTtEﬂ
S000 5250 5500 5750 G000

Mass (MeV/ e
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2 | CDF B Physics:

Lifetimes

e B hadron lifetimes CDF B Lifetime
> Extract |Vcb]| using 1/G ek SRR |
. : s/ |1.51 +0.05 ps
> Lifetimes are the same at Ot oy |
T +
order for all B hadrons u "J‘ lwﬁ =005 ps
> t(B*)/ t(B%) = 1.09 £ 0.05 = ~ [ta6z0l0ps
_ +0.06 WA,) — [1.32+0.17
> t(B,) =1.36 £ 0.09 ;. PS - i
> DG/G, < 0.83 at 95 % CL UB.) e 0.46+0.17 ps
D.b fp |
s f[ e }“F*Hl jooo YB")u(B") J 1.09 + 0.05
%Ili f]ﬂ-. . + |
L ) P T
sl ] e R Wt (600 events) . .
AT R .
: = 10
18 1+ 3 31 12 | 1f 1s_ 2 2l 22 w - (a) O Background
Mass (4 [GeVic'] Mase (65} [Gev '] S
O amrm| [ T B Ko s L :
Mﬁh b ] i
5“ % 4 l isa- g
1 “HHW o {3 51 % .
e g R o1 0 0z s
Mass (KD [GeVied] Mass k) [Cevie'] Pseudo-Proper Decay Length [cm]
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CDFE B Physics: Mixing

e BO/B0 Flavor Oscillations

> Semileptonic B0/BO decays

> Tag flavor at production
e Soft Lepton Tagging
» Jet Charge Tagging (S Q P+/SP; )
e Same Side Tagging
> A(t) = Dcos(Dmgt), D° (1-2w)
e Dmy = 0.495 £+ 0.026 £ 0.025 ps-?

Same side tagger

R
dy _+
"

u

C__
C__

K0

st
"
( ; |—>K+n-
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SSTinB°p I*D*-X

CDF Am, Results

0.125
proper decay length, ct (cm)

D*lep/SST| 4 |0.471' [0 £0.034 ps”
lep/ Q*Jep| || |0.500+ 0,052+ 0.043 ps’
e/l Led |0.450 +0.045 + 0.051 ps’
W/l | e 0.503+0.064 +0.071ps
| + 0.029 =1
Dlep/lep| |« 10.516+0.009 " ", ps
] ] * 0. -
D'/lep| .+ ]0.562+0.068 " 2% ps”
Average .| 0.495+ 0,026 +0.025 ps’
- 0.4 0.6
.ﬂl.m‘ [p:"j
0.60 T |
1}.1#0-— lepton + D° __ B+
- + l L .
o 0,20 k= __,_-_-_+:””__..._.....---T\v-- T o] 2928
5 . * . 1 events
£ 000 ————+——F—1—+—+—+—+—
E . lepton + 07 3 BO
o0 :'+"‘=- _ -
R ++t R
S o0k R | 4 1997
§ —0.51:15} e S R e e R r: | 1 events
a» [ - :
I epton + 07 4 BO
-0.10F —t ] 4219
AT avents
~0.30 e —
0.00 a.25
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x| CDF B Physics: sin2b |

e Measurement of sin2b
> CP asymmetry in BOp J/y K,
> Ap(t) = sin2bsin(Dmgt)
> Combine taggers: eD? (%)
e SLT:22+05 108

e JCT:22+13
e SST:21+10

> Combined eD2= (6.3 £1.1)%
> Taggers calibrated on mixing

events

2

BOP Jy K,

1s0r

395+ 31
events

SN =0.7

Jor

kqa
s

——Am fixed
.......... Am floating

e Sin2b = 0.79 Tgﬁ (stat + sys)

true asymmetry
9
v (s

2]
T
1

Measure decay p* 1+ N N, ]
length Tag flavour at R/-f—’—
roduction 0 F—= D ]
i p N
P . It R G ~-1
OST: lepton or SSTop

- charge % T I
jet charge Q>0.2 0  0.05 0.1 615 0.2 025
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2 CDF B Physics: Bs

e Limit on B, mixing
>B, P nl'fX; f p KK
> Flavor tagging as in B°
> Amplitude fit method

Dm, > 5.8 ps~t at 95% CL

e CP fractionin B, b J/yf

> Angular fits in transversity basis
> Find parity-odd contribution

|A.]2 = 0.23 + 0.19 + 0.04

Physics at Tevatron: Run 1 Experience - 36

Amplitude

CDF Preliminary B, = Jwyd

= Uilokal Fit
-- nive [(Histo) Fid
Minive (Histo) Fit + 10

n 2002



2 [ Top from Search to Studies |

e Top lifetime
tiop~ 1/ M3,,~10"%4 sec
tea~ LY ~10%sec

e BR(t ® Wb) @100 %
Decay channels:

e Dilepton
> Both W's decay leptonically
> final state: In In bb

e Lepton + Jets
> One W's decays leptonically

> final state: In qq bb

<4— More Signal

e All-Hadronic
> Both W's decay hadronically
> final state: qgq qq bb

Physics at Tevatron: Run 1 Experience - 37

the top quark does not
hadronize. It decays as

a free quark!

<4— More Background

o
®)
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Finding b-Jets at CDF/DO

Charged
Particles

ELXV ~A - >
— ” k

/ 7

/,' Secondary
Primary Impact Vertex
Vertex Parameter

e b-quark lifetime
ct ~ 450mm

> b hadrons travel Lxy ~
3 mm before decay

e Secondary VerteX
Tagging

® E(SVX) ~

Physics at Tevatron: Run 1 Experience - 38

Y

=~ b vertex

e ldentify semileptonic B
decay

> p® |  b® c® |

e Soft Lepton Tagging

® €(SoftLeptonTagging) ~
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Top Events

DO Diplepton Events

CALATES B VIEW 21-SEP-1993 0%:53| Aun  SE?96 Byent 417 10-J3H- 1953 02:41
Max ET = .2 Gev e |__ —T——
MISS ETI3|= 105.9 Gepv | |
ETA(MIN:-L3-m00s L3575 Y Y '.I [T
,{_)\ L Y [
//\‘\ \\"‘ \". II'. II || " L IKb’m
i e l.‘ |I e
AN e
e e l'-,II [ / R HBSET
i i R ALY )
[y R h“\\. *\-\ = "___.-"-______ ..._.
) B i e W
e *—..,__"""‘-\-..1_ e - —
e i e PP, e
- y e ||

i

|
7
-4
o
T
: RAT IV
_ELE
TALIS
RS
CTHER
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CAL+TES EMD VIEW G-3FR-1995 15155 [ fun  B4395 Bvent  15530] T-oCT-1094 06205
Bex BT = 58,0 Gev e T
HMLSE ET(31= T4.5 c.eﬁlll o || | =
e | F : :
ETAMIN: - L 3-HR% - Fﬁ‘:’ ‘."\ X \ .II | | III. I, 'I,." N\“ [Tl
- Lo %
NN {77795 e
% &
\
X,

ol T B
HLEC
TALUE
VEES
_OTHER

CDF Lepton + 4 Jet Event

fit neutrino jet #3  jet #1

e+ 4 jet event
40758_44414
24-September, 1992
TWO jets tagged by SvX
fit top massis { TEX10 el
e*, Missing E;, jet #4 from top
jets 1,2,3 from top ( 2&3 from W )

«+— 5 centimeters —»
Tevatron

beam pipe

( note scales )

e

4 3Imeters — »

Tracking View

Primary

Vertex Secondary

Vertex

—
\ Ellipses

“+—5mm——
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| Top Dlscovery—>Cross Section |

10* . CDF Results |
& Before SVX B Tag
4 SVX B Tags
— Background
- — Background+Top |
3
10 7 -
s}
5
@
0
10 2k .
........ ¥ “cooooood) & ]
A
F Y i
J T
10 F =
1 L L
1 2 3 =4
Number of Jets in Event
=
g7 0
E I histogram:
2 tap + blgnd Ct Of
r  points: )
W 4+ = 3jdata
| hatched: tagged Jets
lkgnd only

cToftagged jets
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Di combmeg
(m =172 GeV/ic")

CDF combmeq
(m =175 GeVic")

D@ Ltjets
(topologlcal)

CDFE Ltjets
(SVX b-fag)

CDF L+jets
(Soft Lepton Tag)

D@ L+jets
(Soft Lepton Tag)

CDF Hadronic
D@ Hadroenic
CDF Dilepton

Top Cross Sections

_._

1 3 5 7 9 111315
o,; (pb)

CDF s (tt) =6.57;

D@ S (tt)=5.9+1.7

5.9+1.7 pb
6‘5+l.? b
14 P
4.142.1 pb
5.141.5 pb
9.2:44.3 pb
8.343.6 pb
7-6+3.5 b
27 P
7.143.2 pb
+4.5
8.4 b
A5 P
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Likelihood Fits to MC templates (ala M)
e Use Jet, m e calibration from EW/QCD

e Additional corrections for b-jets to account

for mand n from b->cln (MC)

6 dilepton events
M, = 168.4 + 12.8 GeV/c?

s

1 1 L 1 I
4] 120 160 200 240 280

am
.~

Events/(10 GeV/c)

Ln

mn

Measurement of M|,

-Alog(L)

El"?i 150 175 Ay
- 2
Mwy (GeVie™)

Background

B Signal+Background

L e [ e [ ey ; e
[1411] 150 ik 150 i 350

B oy afrrpeetad Afaca f l‘"n‘?fﬂzl
IR S LR AT LV S T Vi F

CDF: 76 | + jet events
M;=176.1+ 7.4 GeV/c?

Comparable precision to b quark mass
M;= 174.3+ 5.1 GeV/c?
M/ Mp= 36+ 2
M, ~ scale of EWSB = (2 (2 Gp)-V2 ~ 175 GeV
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~ . i,
§ Ak - ‘\E}m MJJ In I+Jet
8 - = 250}
P4 3
2 = 200f
Sis T events
=]
5]
g SF 100f  uW_ .
E 50fm ll.
Eish O3 35 500
z 2
M, (GeV/c))
1

=
n

ﬂ( _____ ]@H

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

(=]

R e
0 50 100150 200 250 300
Dijet Invariant Mass (GeV/c?)
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he

pp-colliders
LEP2

Average

LEP1/SLDwVN/APY —A—
LEP1/SLDNVN/APY/m, -4

M

top

and M, =M

Tevatron Top Quark Mass Measurements

168.4 £ 12,8 Gev/c® Dilepton
—a— 173.3 £ 7.8 Cev/c® Lepton+jets

—a— 172.1 + 7.1 Gev/c® Combined

167.4 + 11.4 Gev/c* Dilepton
—e— 176.1 £ 7.4 Gev/c® Lepton+jets
{91 [186.0 £ 11.5 Gev/c* All—Hadronig

—— 1768.1 + 6.8 Gev/c* Combined

Tevatron
combined

o 1743 + 5.1 Gev/c?

|||||||||||I||||||||||||
150 160 170 180 190 200

My (Cev/c?)

W-Boson Mass [GeV]

80.454 £ 0.060
80.450 £ 0.039
80.451 £0.033

¥ *0oF: 0.0/ 1

80.363 £ 0.032

80.373 £ 0.023

80

L B L L B R
80.2 80.4 80.6
my, [GeV]
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Higgs
806 I I 1 | 1 T T | T T T | T
1 —LEP1, SLD, VN Data
| - LEP2, pp Data
80 .5 - 68% CL JU )

Preliminary

80.2 +— —T— —T —T—
130 150 170 190

m, [GeV]

210

EW Meas : M,

LEP Il Higgs Searches :

|leigg

LEP Il Hint @ M;;,,= 115 GeV
P Run 2 Challenge

<165 GeV @95%CL

> 113 GeV @95%CL
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New Phenomena

het

M

Composite

Topcolor

NOT YET!

Physics at Tevatron: Run 1 Experience - 43
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2= | New Adventures - Basic Tools |

e Indirect searches:
> Deviations in comparisons of precision measurements
with theory (e.g. width of W or 2)

> Excess In High E+ or high Mass production (e.g. jets)

e Direct searches
> Model driven (e.g. ET + jets for squarks and gluinos)
> Signature based - not necessarily driven by a specific
model
e All use the tools of EW, QCD, b and t physics to

classify events
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Supersymmetry |
Squark and Gluino ® ¥, + n jets
e Run 1 focused on: q q
> Typically within the MSSM 'ET*"/ Wﬂ*/
and minimal—supergra\/ityv ’ N
> squarks and gluinos S
> stop and sbottom S - G Wq
« stop® b+c* orwW igzq g
e stop® c+c° - S < Kq

« sbhottom ® 2 b jets +£;
> charginos and neutalinos

> Moved into R-Parity \ _
violating models as well Gauginos ® ¥, + 3 leptons

e Some excursions Into

; i
other territory: B / , Hes / s

i we Y Z*
> Gauge mediated touched <9+ <s‘
off by eegﬁ’T event from 2 S
3 J{'. 4 X1
CDF o < < <
-y . o ’9‘/ - ;l’ 1['},/ }
> Gravitinos, sgoldstinos... Mt 2 — R g 2
\\‘_J \9'1'
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2% Squarks and Gluinos

CDF search:

+ 2 3 jets search for gluinos and squarks
I £ 80
; T

DO searchs:

500 S
- i 4 1 | CDFPRELIMINARY
2. jets plus missing E; and no 150 i) GATED | larsa po ol Tev |
electrons/muons : 2 *;S%GRA ISAJET 7.37 + PROSPINO | 4
= - 400 [fy g tanf=3 i
% B mSU?F{Fk Diir;_meters D& Jets + &, (79.2 pb’') %! é 95
(D 1 40 B anAE _ 0 D& Dielectron (92.9 pb™ —_ 350 -" &’b —
om— B n =0 Giuirio mass comows NU \‘ & x
L8N r Squark mass cormours o= 'q"=a', ,E;E |
=120 ¢ % 300 N=-800 GeV/c
= - ) 250 MSSM
100 + o CDF 84 pb™
: 2 e i
80 [
[en 150 1
%
et
60 B JLili} D& L4pEt |
i e LAZ ==
40 50 T TR e “LEP I m—‘-m i
L D@ Preliminary \:EESEEEE&E mEP \\\\\\\\\\\\
20 [ %, 95% CL Excluded Region 0
C %, 0 100 200 300 400 500
C ®
0t - | e PRI (S m g (GIE:VJ"C )
0 100 200 300 400

Mgy (GeV) Run 1 reach
gluino — 200 GeV

squark — 250 GeV
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| Stop, Sbottom and Gauginos |

CDF: M

>
stop >115 GeV
o n
[ BRA, — 0+ )= N0 ;!
iy —— mam 140 compling A
E Tl CDF Prelsminary
r - min b2 cimapling 8% ph
(Lt
0 ;
o ;
ol _ w
2 [ - =",
T b L
= S i
= E i i
w j.-’ §
C : 2
m i
e
L 2 Da
10 | e 74 v A
i
”-'IIIIIIIIIIIIII:I IIIIIIIIIIII
0 20 4y a0 800 L0} 120 1403
M b DRV i)
. =>
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Bl (b, = b+ 1= 100 Vi
&l — i !'l-')f'-.u.l["l.llu ‘.-"" idgi
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CDF Trilepton search: not

competitive with LEP in Run 1.

Could be very interesting in Run 2
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Searches for new physics involving two

high E; photons

> CDF eeq ET event motivated searches for
I gET, g+ X ® No new physics

> General search in My inclusively and Mg, in
g+ W/Z results in limits on:

Large Extra Dimensions
CDF Preliminary

@ CC+CP data

% SM yy+Fakes

% Interference MC

Direct KK MC

LED MC for Mg =899 GeV

dN/dM,, (Events per 10 Gev/<?)

My, (CeV/c?) |
MS > 899 GeV (L epetr = -1)
MS > 797 GeV (L = +1)

Hewett —
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LA Signature Based Search: M_]

CDF preliminary (100 pb'l)
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4= Summary

e Tlevatron Run 1 was a very successful program:
> Excellent accelerator performance
> Discovery of top quark!
> Top mass, cross section...
> Precision W mass and width measurements
> B hadron lifetimes
> B meson discovered!
> Measurement of sin2b
> Many tests of perturbative QCD
> .,
e CDF and DO learned many techniques...
> b-tagging for top (and Higgs!) with soft leptons and Si
> Flavor tagging for B-physics
> Deficiencies of our experiments...
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4= Summary

e Deficiencies we wanted to correct after Run 1:
> More collisions !
> CDF wanted:
 more Si coverage - greater b tagging efficiency
e Higher bandwidth trigger — more B physics
e Greater lepton coverage - W's, b’s, J/psi's
e Better calorimetry at high eta - W's, jets
e Particle 1D for b-flavor tagging

* Magnet + tracking for P measurement - leptons and b’s
» Si for b tagging - greater b-tagging, B physics

e Improved muon systems:

e Higher bandwidth trigger

> See tomorrow what we got!
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