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2= Outline

e Part 1 Yesterday: 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 Today: 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% Run 1 ® Run 2

e [The Tevatron is a broad-band quark and gluon

collider
Huge statistics Yesterday’s discoveries
Number 4 for precision physics become tomorrow’s
of at low mass scales backgrounds
Events

Formerly rare processes
become high statistics
processes

Increased reach
for discovery physics
at highest masses

Run 1

>

: : Subprocess Gs
Extend the third orthogonal axis:

the breadth of our capabilities
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2% | Accelerator Improvements |

e Main Injector (150 GeV p storage ring)

: _ v _ g MAIN INJECTOR
replaces Main Ring (original Fermilab = \\
~ RECYCLER
accelerator). Factor of ~5. TEVATRON k %

e Completely revamped stochastic cooling i \
system for p-bars. 1 =
e New permanent magnet Recycler storage
ring for p-bars (Factor of ~2)
e 2x 1011 antiprotons/hour
e 3x 1012 antiprotons

 Re-cool antiprotons from the 12 iy, P
Tevatron —/ _. —-:/*
e Increased number of p and p-bar bunches ;‘? i
to keep multiple interaction managable: "“G“’“H{?ﬁ?&
6 (3.5 ns) > 36 (396 ns) > >100 (132 ns) S
: . ) HEUTHINWEEJ < MESON
e Higher energy collisions : - .,:;/ PR
Epeam 900 = 980 GeV —

S Increases by ~ 40%
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2= Tevatron | mprovement |

L 39 f0|N N.F F{b",9,.d,.€,,€,,S Z)
% i (1ve,e,)
!

|
Run 10(93-95) Ila Ila 11b
(6x6) (36x36) |(140x103) | (140x103)
N, 2.3 x 10" | 27 x10% | 2.7 x 101! | 2.7 x 10
N5 55x 1019 | 3.0x 10 | 40x 10| 1.0 x 101
Ng N3 3.3x 10" | 11x10*? |4.2x10% | 1.1x10%
p prod. rate 6.0x 100 | 1.0x10% | 21x 10" | 5.2 x 10" | hrt
L eak 0.16 x 103! | 0.86 x 1032 | 2.1 x 10%? | 5.2 x 10%? | cm-?sec™
Int. Lum 3.2 17.3 42 105 pb-1/wk
Bunch spacing ~3500 396 132 132 nsec
N,,/crossing 2.5 2.3 1.9 4.8
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Run 1l Luminosity Profile

Peak Luminosity
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Run 11 2001-2002

e« Commissioning started in March

2001 for MI+Tevatron, CDF and
DO

he

projected accumulated luminosity

300 4\I\l|/

VVIN\

e Current performance
- 0.8-1.0x103! cm-2 s-1 250 ! g
— integrated 17 pb-1 200 W
e Goal for early 2002 2 s, fOr recycler
- 2-4x1031 cm-2s-1 = work | /

- ~100pb-1 by summer 100 i )f
e later 2002 50

- 8x1031 cm-2s-1 0 faﬂ_ij/{i

— commission Recycler
— 400pb-1 during 2002

Jul-01
Jul-02 |

Sep-01
Nov-01
Jan-02
Mar-02
May-02
Sep-02 |

Projection from Oct 2001
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The Run Il Detectors
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Overall Strategy

gg® H dominates but swamped by dijets

gq¢® HV factor 5-10 lower but backgrounds
are more rare (tt,Wbb,Zbb,WZ)

10V

Higgs mass (GeV)

Physics at Tevatron: Run 2 Prospects - 9

150 200 250 300 350 400

Lepton id, b tagging and E- are
vital to Tevatron Physics:

e SM HIGGS: VH Associated Prod.
> my < 130: H® bb dominant:
P W(In,qq)bb, Z(nn,ll,qg)bb final states
> my > 140: H® WW dominant:
b WW WWW* WW Z:
I"I'nn, I"1€nnjj, I'I"1¢ final states

e MSSM Higgs:

> same channels as SM and possible
enhanced association to bb at large
tanb

e W mass,Top
e SUSY searches

e B physics - also requires excellent
charged particle tracking and
particle 1D

P.J. Wilson, 9 Jan 2002



2 | Run 2 Detector Schematic |

Muon detectors

Key Hadron calorimeter
CDE and DO Electromagnetic
Salorimeter
CDF It A
K*, P*,p,...

Solenoid
14T

Tracking Chamber:
Drift Chamber (COT)

Silicon
Detector
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Online & Offline Software

Physics at Tevatron: Run 2 Prospects - 11 P.J. Wilson, 9 Jan 2002



Central Calor.

Fwd Calor.
Ih| to 5.5

Plug Calor.

Scint based

ol = 1.0<|h|<2.0
to 3.6 3

Time-of-Flight

Drift Chamber

Front End Electronics Silicon Microstrip

Tracker

Triggers / DAQ (pipeline)
Online & Offline Software
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CDF

and DO Very Similar

Run 1 Run 2
CDF DA CDF DA
Silicon 2D Si NO 3D |h|<2 3D |h|<1.7
Dp./p; <0.1%p, No Field <0.1%p, 0.14%p,
Tracking A 1.5%
Dd (nm) 19 A 33/p, NO 6 A 22/p, 13 A 50/p,
Coverage |lhl< 4.2 |lhi< 4 |lhl< 3.6 |lhi< 4
EM Res 16%/CE 14%/CE 16%/CE 14%/CE
_ A 1% A < 1% A 1% A < 1%
Calorimetry - - - »
HAD Res 80%/CE 50%/CE 80%/CE 50%/CE
A 5% A 4% A 5% A 4%
Muon Coverage |lh|j< 1.0 |lh|j< 1.7 |lh|j< 1.5 |lh|< 2.0
“Silicon” L3 NO SVX-111 SVX-I1
L1 Rate 1 kHz 150 Hz 50kHz 10kHz
Ul L2 Rate 10 - 100 Hz >0.3kHz 1kHz
L3 Rate 3-5 Hz 3.5 Hz 30-50 Hz 20-50 Hz

Physics at Tevatron: Run 2 Prospects - 13
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Tracking Systems

Preshower

|

0.5 m ==
=
iy i r 1.5
Y111 —
] 1 1 111
- i 1.0
. =
=
== 5
Solenoid
- > 0
1.4 m
Silicon
4 Barrel Layers
16 Disks
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Wire Drift Chamber

_ TOF

(96/Hits)

END WALL]
HADRON

CAL.

PTd
-
Y

_____

——————

END PLUG HADRON CALORIME

1.

Inner silicon
6 layers

15 2.0 2.5

IIIII\‘III\I\IIIIIIIII\

3.0

m

Intermediate silicon

1 or 2 layers
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D@ Silicon Detector

he

6 barrels (2 SS, 4 DS w/stereo) w/4 layers each
12 Disks: tracking out to |h]|=2.5

793K channels of electronics (SVX-11 chip)
Expected tagging efficiency at p; = 50 GeV/c

> ~ 50% for b-quark jets, ~ 10 % for c-quark jets
> ~ 0.5% fake tag rate for u,d,s quark jets

e >95% of channels now working
e Blown PS fuses on ~40% of detector: fixed by mid-January

Physics at Tevatron: Run 2 Prospects - 15 P.J. Wilson, 9 Jan 2002



& [DFsS

licon Being Assembled |

[ 4 —

Two barrel/disk assemblies in place

Insert forward disks
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DO silicon performance

-
;ertex:r.l 2
x
—1 . oA
] - Neni= 491 §
M i Mean =0.3044 b
E i I RMS =0.3657 &
25— H H H e
E i W Chiz fndl = 2222 £ 108 @
W Constan = 238 E
15[ Mean = 0.274 =
S || Sgma = 0.09567
. 44 42 ¢ 42 T4 35 OB 1 1.2 1.4
cm
Primary vertex
e T T =t |+| .
—— =
S Rt 4!4..*-_,-_ e :
= N7
e i B . - i S !
— i bk ke 4 i o
AN |
:E" R |I=1+§,_ ik .
= B S i S - it |
(R | ! ISR 2
—-"fI:'T" -||]Ei:|l+ -H-h# +-F -+ :
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il e =FsE
== '=i- I' + + I; - - : {

First reconstructed tracks

April 2001
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23

20

- [ ¥ /ndf 6129 ¢ 25

— tradil p.gt 20GeNic

- DATA e p&tDSGeVic Data Jipd:

- run 129194 vertex chilt 4 Const = 10.18 +3.31

: wirthin L GEID Mean = 323+0.06

- + RMS = 01930049

= global-L1CalMuon-14

C and single or dimuon triggey

: 1 11 | 11 11 | I+-I 1 1 I 1 1 I-*-I I_I ] 1_L

0 1 2 3 4 5 6 7 8
M (Gevy

J/y signal from silicon tracking

| mass Ks Ks chisq<10 |

Chi2 / ndf =77.15 / 66
Bkgl =4.148 £0.6422

Opposite sign

Same sign

B Bkg2 =1132+32.87
40 Bkg3 =-5.101+0.7993
F Constant = 26.38 + 4.293
35 Mean = 0.4865+ 0.003522
c Sigma__= 0.02282 + 0.003962
30 I
251
20—
15
10 J
= i
E |”[
U E L1 1 | | 1 | | | B 1 - 1 | 1 1 1 1
0 02 04 06 08 1 12 14

KO signal from silicon tracking
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& | DY Scmtlllatlng Flber Tracker |

Ribbon manufacture

Tracker geometry

VLPC chip and simulation of
e Operate at 9K 1 pe ~ 7 fC ~ 15 ADC counts particle tracks
*QE — 80%

«Gain 17-65K / g Excellent signal/noise

«~8 gMIP in CFT performance

Physics at Tevatron: Run 2 Prospects - 18 P.J. Wilson, 9 Jan 2002
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SMT-CFT alignment

Using partially instrumented
CFT with prototype electronics

Tracks were found separately in
the SMT and the Central Fiber

Tracker (CFT)

SMT tracks were extrapolated
to the CFT at which point the
track offsets were measured

Magnet off data

Now instrumented: Axial 100%

Physics at Tevatron: Run 2 Prospects
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Stereo 50%

“ v/ndf 7561 / 87
i PI 20.54 % 2.005
i P2 -2.907 % 36.43
- P3 -499.4 & 43.24
- P4 1.794 + 0.1701
m —
: B=0
" Clean sample
20 —
Drf =-3+£36
oL Excellent
- alignment
et I
IJII| |I|IIIIJ|III|III|III|III|III||I||-|IIII

ﬂ | 1
-5000 <4000 -3000 -2000 -1000 O

1000

2000 3000 4000 5000

CFT—SMT difference in rgg {um)

Expect to instrumentation

by mid Feb 2002

P.J. Wilson, 9 Jan 2002



¢ [ CDF I Silicon

@® Layer 00 (LOO)

> Improve d(dp) to - B tag efficiency
> Extend CDF lifetime
® SVXII (SVX)

> Longer and smaller gaps in z and f
> 3D vertexing

> |_evel 2 trigger on 2d displaced
tracks (w/L0O)

@® ISL

> Extend b-tagging to |h| = 2

> Help link tracks in COT to SVX
® Performance:

L 7 _ A2 > _ o
— L/ . sa=0@+b/Py? (a=7mm, b=20-30mm)

Port Cards

s B tagging for tt: Runl Run I
SUXl { i =t single tag ~ 25%  52%
— double tag 8%  28%
(Layer 00)
90 cm

Physics at Tevatron: Run 2 Prospects - 20 P.J. Wilson, 9 Jan 2002
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CDF Silicon Tracker Upgrade |

LOO into SVXI11

;.'?_ ‘\ !
Final Assembly Installation

Physics at Tevatron: Run 2 Prospects - 21 P.J. Wilson, 9 Jan 2002



g [ CDF Silicon Tracking Status |

* Silicon detectors are timed in and integrated with

DAQ w0Ff
e Current status: 0 [
» LOO (on beam pipe) off due to power supply :
problems (Vbias) and readout problems e
> 68(70?)/72 SVXI1 wedges operational for tracking 103_
» ~ 60% of ISL ladders operational (Central barrel : /' Hl
has blocked cooling lines -> being fixed on accesses) s 0”0232{ L L AL
Expect to fix by Summer 2002, need for high LLV _ _
Unbiased residual (cm)
* Measured hit resolution s ~ 19 mm before final E
alignment corrections am
 Construction alignment tolerances for level 2 impact * B

parameter trigger have been met . Signal Peak 22.8

Strip Noise Width 1.7

* Signal/noise as expected >

o ]
Pulseheight (ADC Counts)

Physics at Tevatron: Run 2 Prospects - 22 P.J. Wilson, 9 Jan 2002



e 96 wire planes
> (8 superlayers)
> 50% are 3° stereo
> Uniform drift (0.88 cm cell)
> 30,240 sense wires

ense wjres
e otﬁnga wires
_ athode
Physics at Tevatron: Run 2 Prospects - 23 Ison, 9 Jan 2002
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30000

20000

r of Events

BTDDUU

2£0000

50000

40000

30000

20000

10000

COT Performance

Hent=739930

Mean = 0.0001553
RMS = 0.02136

Only a handful of bad wires out of 32K

(Zer binsupressed)

P

I L
015 04

Hit Resolution
~200 mMmn

Goal : 180 nm

Physics at Tevatron: Run 2 Prospects - 24
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3% |_CDF Tracking Performance

- West barrel
- Central barrel
- East barrel

06

T T

0.4

0.2

-0.2

-0.4

-0.6

T[T T T [T T T[T 117

0 6
| T T 1 ]
Run=1191711

-1.0 -0.5 0.0 0.5 1.0
D0 (cm)

Events /(200 um)

T T | T T T T
F (b) Two track dZ/sqrt(2)

——Si+COT 0}
— COT

‘ )
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g [ CDF Particle ID Upgrade |

TOF scintillator bars

e 216 x 2 PMT channels i e
- - - Cal.
¢ 100ps timing resolution S _J
COT WireS Central i % End FI
] uter ] G e
e 96 pulse height measurements Fratiar || 8| e
¢ dE/dx measured from pulse width |
via new ASD + TDC electronics C— b

g
|III|II

LR

COT Pulse width ns
g

ST
=
4]
L
=
Ln

P GeV/c

Physics at Tevatron: Run 2 Prospects - 26 P.J. Wilson, 9 Jan 2002



CDFE Time-Of-Flight

Fine mesh PMTs

- 27

Physics at Tevatron: Run 2 Prospects

100 ps resolution = 2s separation for:

- K/p, K/p, p/p for p<1.6, 2.7, 3.2 GeV

Expected improvement in flavor tagging for
measurement of mixing in B2 = D np
CDFI CDFIl1 CDFII+TOF
eD? ~3% ~5% ~10%
(e efficiency for tag, D dilution)

Calibration in progress
P.J. Wilson, 9 Jan 2002



2 | D@ Muon Detector Installation |

Shielding mounted Mini drift tube Trigger scintillator
on support truss plane complete Plane complete
(10m~ 10m)

Physics at Tevatron: Run 2 Prospects - 28 P.J. Wilson, 9 Jan 2002
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-

“CDF

e
1S
Q
s
QL
0

P.J. Wilson, 9 Jan 2002

Physics at Tevatron: Run 2 Prospects - 29




Physics at Tevatron: Run 2 Prospects - 30 P.J. Wilson, 9 Jan 2002



he

Early Run 1l Results:
Calibration ® Physics

Physics at Tevatron: Run 2 Prospects - 31 P.J. Wilson, 9 Jan 2002



Idates

Cand

24
22
20

/ ® ete

L~0.7pb

N

S

uncalibrated
energy scale

2 EM objects,
E; > 20 GeV

’

isolation and

shower shape cuts

18

120 140

00

30 1

&0

%)

invariant mass (GeV/c

5

1927

Runm 130671 Event

Bins: 557

ldaan: 0.258

Bma

=
ih

&A1

Mire D.DOEZAS

Max: 40,8

(i) &0 100 _ 120 140 160
Mee (GeVic')

40

= a2 =4 = a8 = =
FASD ¥/ SopIm

2002
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&= W® en Candidates

EM cluster _
) 30
s m.(e,n)
zué— L~0.7pb1
155— uncalibrated
102— energy scale
51
ol o A e
0 =20 40 60 80 100 120 140 160
Transverse Mass (GeV/c 2)

| W->e v candidates |
- Nent = 1219

g

32 £ 3

E
=

Entrles /2 GeVid

E g

-
(=]

Missing E, N
= 38 GeV e

W Transverse Mass | GeV/f)

=

120 140
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x| Large E; Jet Events |

Using R=0.7 Cone Algorithm

—

Hun 132588 Event 444821 Wad Now 14 OR:57 30 2001 | ==
Bins: 847 E_t QO0ATS
Mean: 0.754 phi_t: 172dag
Ams 603
Min: 000283

Max: 138

140

ET Galy

3-jet event
* EJ°1~310GeV
« E#2~240GeV
« E#8~110GeV
« E.~8GeV

Physics at Tevatron: Run 2 Prospects - 34 P.J. Wilson, 9 Jan 2002
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Z ® nmtnr Candidates |

Reconstructed Muons
with hits in drift tubes and ’/>;

SNES
scintillator detectors
& P
e R R
'=’H.P' ! H.-__-_'?
== ”.Faﬂuﬁr?:&
_,-o-_'#;ﬂél. = -E:q: I:;
= =
Jue < .;\3?

Hits in CMU and CMP
Muon systems

1 = |
Physics at Tevatron: Run 2 Prospects - 35
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|  Reconstructed

J/y ® mnr

mm in the forward region

Congtant= 1935 2013

—ig !-”/1}

CDF early Runll dimuon data

7 e

pp Invariant Mass (p=b, |y|<2.1})
& C
&= -
@ 140
a0 r
5120_—
o L
‘E‘Im_—
& F
B0
601
a0l
e
0
1] & 10 15

0S, p5, |h]<2.1

Congtant* x=-138: 02102
Congtant*® x*2 = 0.026408 0.
G Nom = 1254 7533
G Mean = 357+ 004854
G Bigma = -0950M 00539

I 1059 E\rea

20 25
Mass tGBW?]

Fitted mass = 3.57 + 0.05 GeV/c?

CDF rates for central (Jh | <0.7):

J/y ® mmr as expected with new
trigger (P-(m 2 -> 1.5 GeV/c?).

For 0.7<|h|<0.9 trigger working,
under study

For 1.0<|h|<2.0 trigger being
commissioned

Physics at Tevatron: Run 2 Prospects
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200 —
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2L | CDF Preparing for B Physics |

Oppositely charged track pairs with large
impact parameter and small z separation.
Ko = p*pr L=>pp
>1600F } > T
GJ B q) -
21400F > 120
o . N i
: Mass: 496.8 £ 0.1 MeV
12000 -~ 100[- f .
-~ I Resolution: 52 t01MeV| . [ Mass: 1116.0 £0.1 MeV
ﬂ1000— 9 gof Resolution: 24 +0.2MeV
c C r
0 800 9 601
4 oo o
§ 400 c AP
i Z r
200 ¢
- I AT I 0'

04 042 0.4 045 048 05 0.52 054 05 056 05 08 108 11 142 114 146 118 12
Invariant Mass [GeVi Invariant Mass [GeV

Physics at Tevatron: Run 2 Prospects - 37

Number of entries / 20 MeV

Bt > J/y K¢

®

[ Nev(peak) = 34
" Mean = 5.266+0.004
[ Sigma= 0.013+ 0.003

I-=.I HIIIEIIIIEII g

% 505 51 515 52 5.25 53 5.35 54 545 55
R* mass [GeV]

3 track vertex fit with
mmconstrained to y
mass

P.J. Wilson, 9 Jan 2002
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Triggering Iin Run 2

|
S50

5-10 kH

1 kHz

20-50 H

[

Dataflow of CDF "Deadtimeless ']

Trigger and DAQ

L1 Storage
Pipeline:

Deep
Z

L2 Buffers:
4 Events

DAQ Buffers

1z

Physics at Tevatron:

42 Clock Cycles

7.6 MHz Crossing rate

132 ns clock cycle

-

Central Tracker (Pt,f)
EM + HAD/EM + Track
EM+HAD (Jet)

Muon + Track
Missing E; S E;

2 Levell:
: 7.6 MHz Synch. pipeline
Trigger 5544ns latency
L1 Accept 45 kHz

Level 2: -

Asynch. 2 stage pipeline
~20 us latency

Si Secondary vertex
EM shower max, ISO
Jet Clustering

Multi object triggers

L2 Accept 300-500 Hz

L1+L2 rejection: 20,000:1

50 Hz h

~20MB/s

Farm of ~200 PC’s
running fast versions
of Offline Code =
more sophisticated
selections

P.J. Wilson, 9 Jan 2002
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CDF L1 and L2 Trackers |

COT (XFT) defines
track momentum
cut at level 1
Min. P;=1.5 GeV/c

SVX measures

impact parameter

cut at level 2
(SVT)

-l COT track ( 2 parameters)
{4

5 SVX coordinates

1
it

impact parameter
(transverse projection)
T-0T1T1Ne) 1 dPh

iHist

Hent = 16992

Df = 6 mrad.

Goal : 8 mrad

RMS =0.009011

el

Pt

XFT Track Reconstructio

—

T

|
reco track | \

2.72 et I ° e i
TN KT found \:'\‘M
[N

2500

2000

005902 +4.: 1500

1000

500

ey

=

Ll

uedge 4

2 Ge¥ bit Fired®

-H".

L1: XFT
B DC = 0.016 GeV-!

Goal ;: 0.02 GeV!

200
i e —— | i h
-0.06 0.04 -0.02 0 0.02 0.04
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o =
! 0.2 -0.15 041 -0.
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2= [ CDF L2 Silicon Trigger Performance

SVT impact parameter

800 ;— S= 48 mm
L ’ including beam|
s00 ;— Spot Spread

soo |
400 |-

206 |

zon |

o6 F

Is) L " . La VR LT Tl JE =) L L
-0 i25 -0 f -0.075 -0.05 -0.025 4 0025 0.05 0075 0.5 O.iZ25

do (cm)

SVT Two track trigger test runs:
L1: 2 tracks with P, > 2.0 GeV/c (XFT)
L2: 2 tracks with impact parameter (SVT)

First evidence for heavy flavor selection
using L1-L2 displaced vertex trigger

All done with less than % of Silicon turned on
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SVT Measures Beam Position

d, (cm)

—0.3
—0.4 —
f o (radian)
SVT impact parameter
Cut at 50 mm
_> i)
FETd
i
I-fl"ll'-'* ﬂﬂdﬂlﬂfﬁlﬁ}' I'-'Ir'll II'-' I it 2 63 Akl A0S
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= >
ny:R-PT/PT

beam spo\f

l,, before and after L2 Trigger Cuts

Nent = 149330
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CDF Silicon Trigger Results |

econdary vertex

150um =d =1mm 2°< Ap <90°

10°

10

A

i Irr': -0.05: 210

Hent = 1406

|, 0.05: 450

240+ 25

04 02

1)

0.2 LyC{_élm}
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K and DY in SVT Datal

Data from Silicon Trigger test
runs: L2 Silicon Tracks matched

w/offline COT Tracks

ut

Tovariant mass of trigger rac kp s,nolP Tot
T

Mass before and after-d

ZEE T | E I
¥ f A ax?/ W‘H T

Events per 25 MeVie™
Events per 25 MeV/c™

o -

L L
+ 08 ws

Mass (T F) (GeWich

0 o0s 1 12
Mass (T (GeWic®)

J:is —r M s1ignal Irom trigger tracks

S0 T T T T : T T T T T .
L CDFII, 14 nb’ ]
a0 [ data:nyz 500 pun
r histogram: Llyﬁ—jDD um b
" K l,~500mm 7
1 C S m
= 50 | —
- L ]
ﬁ L 1
0 | -
= - ]
EH C m
= 40 .
v C m
= r ]
2.0 F -
2 c ]
a0 [ 5

o [.-<-500mm
C Xy n
a L 1 1 1 1 1 ]
0.35 0.4 045 0.5 055 0.6 0.6 4

Mass (T I GeV e
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Events per 25 MeVic’

an

To

D" = Krx signal from trigger tracks

CDFIL 14 nb’’

72 DOevents
L,,>100mm j

1.4 1.7 1.8 1.9 2 2.1 22

Mass (KT (GeWic )

=3~ Events per 10 MeV/c®

DO wit
Offling
Silicor
tracks

U

—

CDF early Runll Data

D" > Kn

Euenls (Sigiab =77 £16
mear -18s3t0002Gevan”

Sigma -8 +2 Mew

KhMass (GeV/ic®)
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What Run 1l May Bring....
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2L | Physics Potential for Tevatron Run 11 |

The details depend on specific physics channels, but it
IS easy to understand the big picture.

Physics Potential for Run 11 =
[Run I Physics Results] x AXxDXEXx 1 > 400 ~ 900
Where

A :1 Accelerator improvements ~ 200 - 300 (assume 15
fb™)
D = Detector upgrades ~ 2 - 3 (top, Higgs, B physics)
> p-tagging
> [epton coverage
> Particle ID’s
E = Experience working with the data > 1
> e.g. attained ~2 in Run 1 top studies
| =new ldeas > 1
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2 | The Fermilab Particle Menu |

e High b rates
>B 2> J/y Kg 2> mMmKg

e 104 (l |a) - 105 (l |b) E F Total inelastic L 1ot
e 400 events in Run | £
> challenge : triggers, flavor tagging 3.} o
e Large W boson sample : £ o
2 4000
106 (11a) - 107 (11b) events CE - i
e Largest/only tt sample : af” 1
104 (11a) - 10° (11b) events L S
] - h s : SUsYy
> challenge : b tagging, jet energy i Higgs (ZH + W N
o I CE (N N N S N

100 120 140 1en 130 o
J 1
Hizggs mass [ GeW/ic )

e Searches for Higgs, SUSY, ...
> challenge : backgrounds, statistics
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Run 1l Physics Goals

he

O Understanding Electroweak Symmetry Breaking
» EW Measurements (My, My,)

» Higgs Boson Search
» the Standard Model
» SUSY

0 Study CP Violation and the CKM Matrix
» X, Measurement
» Sin2b Measurement

d Searches for New Phenomena

4 Long list of other topics
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Run 2 Top Quark Measurement

Projections

Top quark Preasion
Property Run 1 measurement Bun 1| Bun 2a | Run 2b LHC
Mass (CDF + D) |[1743+3.3+3.9GeV/c?| 290% | 1.2% 1.0% 1%
Oy 6.5 pb /A | 10% 5% 5%
W helicity, Fy 0.91 +£0.37+0.13 0.4 0.09 0.04 0.01
W helicity, F 0.11 +0.15 + 0.06 0.15 | 0.03 0.01 0.003
R = g, 0941031 30% | 45% | 08% | 0.2%

> 0.61 at 90% C.L.
| Vsl 0967415 (3-gen.)

>0.0501 at % CL |>005| »>025 | =050 | =090
o(single top) < 18.6pb = 20% 8% B
T'(t =+ Wh) = ~ 5% 10% 10%
| Vis| - - 12% 5% H%
BR.(t —+ vq) 95% CL 0.03 0.03 [2x1077|2x10~* [2x 107"
BR(t —+ Zq) 95% CL 0.30 0.30 | 0.02 |[2x107(2x10*

Physics at Tevatron: Run 2 Prospects

- 47
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2% Mion Syste fnatic_g_

FRELIMINARY

Improving My, 2

Statistics: more L, higher €htag

Better jet energy scales:

Events per 10 GeV

1. New corrections w/tracks...
2. Calibrate b-jetw/ Z-> bb

3. Reconstruct W->JJ in top

= xcess over boc kg round +
------ Expected MO shape (PY THLA )

—EDT—HW—-—&TA*WW 0

Also helps Higgs search!

1. FPhoton + Jet Py Balancing in CDF Datd Dijet Invariant Mass (GeV)

E B Typical CDF Jet Resolution using 3
u-la Calarimetry onip )
o | e B
o i A dew CDF Jer dlporithm Using Fracking § L i 300
.5‘ r Calorimetry and Shower Max Detectors 3 3 ] % 250
a 16 = i =)
@ i =, = 200f
EM L c/Py =83 %/vP; 2 = 150

1]

= - L
E : uz 2_— I 100 I|. ]
o I b S50Fm ..-
L el 12 = o 1 y . 1 1 1
_"""_, r E L5r | 0556100 150 200 250 300
w - C 1 4 M, (GeVic™y
o

gL o/P; = B4 %/VP,
[ CDF Preliminary
I PRI ST EETS T SRR SR BN R e
20 25 30 35 43 45 50 55 6( BT 200 250 300
Photon PT (GEV‘J Dijet Invariant Mass (GeVic™)
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Precision measurements of
top and W masses will
severely constrain the mass
of the Standard Model Higgs

51 1137300°1000” "Tellmlnﬂr!f N“:'E- 80.6 Tevatron Zﬂfl ‘
130 150 170 190 210 10 b
&
m, [GeV] A [ Qo ‘
= 80.5 [ N I
Run 2: = i . 1,59 !
e M, CDF A DE 80.4 &
> Improvement from : o
increased statistics 80.3 |
> dM ~ 35 MeV (2 fbl) :
> dM ~ 20 MeV (10 fb1) 80.2 c,ﬁ“b
- \
: @,95""’
e My, CDF A DA 80.1 | ﬁ,&@
> dM -~ 2 Gev (2 fb 1) : MW-M mntuurs ﬁﬂ% CL
-1 !
> dM ~ 1.7 GeV (10 fb™) 130 140 150 160 170 180 190 200

M,,, (GeV/c®)
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2L | Higgs Searches: LEP 2 &> Tevatron |

"Heg beys, s gour huw awiis]
& girls

EW Meas : M

<196 GeV @95%CL
LEP Il Higgs Searches

Higg

Miigq >114 GeV @95%CL
LEP Il Hint @ My;,,= 116 GeV
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2= | Higgs Hunting at the Tevatron |
s(Higgs + X) vs MHiggs

102 ¢
e Higgs cross sections: pb - o(pp— H + X) [pb]
> Inclusive ~ 1 pb o vs = 2TeV

> W/Z + H~ 0.2 pb

> tt + H ~ few fb \Qi:i:th”

e Dominant decay channels:

Myjiggs < ~135 GeV: H->bb
Search in W/Z+H for
reduced backgrounds

Higgs > ~135 GeV: H>WW*

Search in WW* f |
e Alternate mode: tt + H /W;o' oo Tzo 40 160 T80 200

Small signal (Few events) but also My (GeV/c%)
small background (tt+jets)

M

----- i H® bb

H® WW

Dominant decay mode
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2= |[Approach to the Higgs search... |

The Higgs search will evolve out of

studies of SM processes

e €.0. pp~>XYwhere X, Y are color
singlets: Wg, Zg WW, WZ, Z Z

e Use these to:

> Understand IS, FS radiation—
> Tune di-jet mass resolution with:

DO Simulation:
120 GeV Higgs
for 30 fb'!

Z > bb, W->cs
> Refine cuts —

e S(pp>W2Z)XBR(Z~> bb)_
~4xs(pp->WH)BR (H > bb)

CDF Simulation:
tt-bar + H
for 15 fb'!

Events

for MH = 120 GeV/c2
- Must discover the Z before the H

=
=
=

DO simulation:
Z->bbfor2fb?! |5

number of event
=
=
=

35 50 75 100 125 150 173 200
Physics at Tevatron: Run 2 Prospects m(bb) (GeV)

Major
background :
tt-bar + jets

Tests top quark Yukawa coupling

% data in 30 fb™
™ 350 A datoin

o B 120 GeV Higgs
%300 total backg

£ B Zbb, Wbb

=

=

[

Wttt
ZL, W

0
0 20 40 80 80 100 120 140 180 180 200
b—tagged jet—jet mass (GeV)

fLdt =15 fb~1
———- M= 120 GeV
M= 130 GeV

— ttbar + jets

OD 20 40 60 80 100120 140 160 180 200 220

Mpp [GeV]
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2L | Tevatron Higgs Potential |

Parameterized Simulation

130 fp

Run IIb
{10 1!
Run lla I5 -t
— 05% CL limit
- — 3¢ eviderce E

— 55 d|3cr:wery

80 00 10 #0180 180 200

LEP Il Limit —| Miiggs (GEV)
M > 114 GeV/c? @ 95% CL

Higgs

Need more than 2fb-1 to see the Higgs — beyond Run 2a reach
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2= | SUSY Higgs limits (b b decay) |

bb + h/H/A enhanced at large tan b

D bb(h/A) ® 4b
5, o o
3 5 Sl 5fb™
g 10 fb™
s ~1pb for tan b=30 & “
M, = 130 GeV
80
CDFRun 1| f
3 b tags sl tan b =35
P 95% CL
202— / Exclusion curves
ot 150' | '250' | '31:|:-o' |
M, (GeV /%)

170 GeV

0 20 40 60 80 100 102 140
m, (GeV/c”)
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2 Squeezing out SUSY

(e.g. Strumia, hep-ph/9904247)
ALLOWED REGION

3 10 20 100 200 1000

Cbaxging

Physics at Tevatron: Run 2 Prospects - 55

chatging mazz in Qe

1000

[Eh
=
=

100

= L
[ FL L =

4

naturalne ss probabilite

Typical minimal supergravity-inspired SUSY models are
already excluded at the 95% level

P.J. Wilson, 9 Jan 2002



#& [ SUSY Gauginos and stop |

g 7
T T 1T 1 T T T T T 0 T T 11 T T %140 — Stop Sensitivity
o 1 fumlL — 150-200 GeVin Run 2
g e0r E

_ 100 |

Ty
(a} tanf=>5 (b} tanf=85 | i
i ; o B0 -
L Fy AR D --d-',:jr/ ! % ,"'1"7-:, " b :: 40 )
J:-::f.."t”"'I""-I}‘I-I..[.!”I”“Ii L1 | P 1 |“\‘-\1."'\;:.;rf'{"i;‘ﬁ'.'f:i".:‘w""r'ﬂ‘:{xi"(ml"'r.'a;‘;\.'lz‘vi'\".u"' :
100 130 =00 <20 100 130 <00 eal L £
0
myz (GeV) myz (GeV) - 4 )
u:I = [, —=bWy!
Exclusion contours in MSUGRA (A,=0, n»0) ° A

using 3 I* final state for 2, 10, 30 fb-1 HRolRetie

Sbottom sensitivity
Run 2 c* mass: ~ 180 GeV (tanb = 2, nx0) ~ 200 GeV in Run 2

~ 150 GeV (large tan b)
(Current LEP 11 ~ 90 GeV)
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2 | CKM Matrix and CP Violation |
Excluded by
0.8 Bg mixing
0.6
1 Mixing in
i B.® D, p*
0.2
| \ . | ﬁ
04 02 0 0.2 0.4 \
CDF and DO tuned for B's: pj\ :
v 3d vertex trackers g from Sinzb fromo
| B, ® p*p- By® J/y K
v Mass resolution d
| B, ® K*K
v" Particle ID Rare decays:
v Trigger on all Hadronic modes Bys® i
v Improved flavor taggers By ® mi'nK O(K™)
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2 Bs Mixing

Bs>Dsp.Dsppp

T T e

=N
T

A(t) = Dcos(Dm_t)

w

CDF Bj Mixing :
TOF+L00, 1:1 S/B -
5¢ Observation = Goals for

4¢ Observation . .
3o Observation % 2002:

B.P D,np,Dg>fp

=
——

~
—

75,000 events in 2fb?

@
———

eD?=11.3 %

n
T T
|

dt = 0.045 ps A t- (dp./p;)

~4 L o Tt

. PFlecyiredcl'umigosityo(fbﬂ

A . .\\\"\:‘__:__
o, it
B B Y

t, ., o, . .

SRR, o N

- Reach: x. £ 60
" S - oy s o ':-; T

o P ! WL o o et o=
0.2 B A R B S
e W S A i b
B A A 2 -1
B e ot 7] p y
Fs W, o e oy o= ST
0.1 i e <&
A e o R oy -- 4
o, b, ., W e e n =
b i B summer
0 P RN I L

Same side tagger

Key to mixing and
CP studies: same

;. C__ ,=
side tagging —— u?” Y L

E 0 b 0
d>Bd S>Bs

u

Physics at Tevatron: Run 2 Prospects - 58 P.J. Wilson, 9 Jan 2002



¥ |
L. 2

CP Violation Iin B Physics

sin(2b) from B° ® J/y K
> 20,000 events (J/y ® ntm)
> s( sin(2b)) ~ 0.05
> additional 10,000 J/y ® ee ?

g from B°® p*p /Bs® K" K™
> ~ 5,000/~10,000 events
>s(g)~7°
> Assuming S/B %; Xs = 40 ps-t

CP studies in B,® J/y f

0.6 1 75

F - 7o
1 85
1 B0
1 55
1 50
1 45
4 40
1 35
1 30
i 25
1 20
1 15
1 10
5 5

0.4 f

x, {(+TOF+LOD, S/B=1)

o(sin 28)
D 0 xg, Limit

0.2 E

sin 28 (Run II}

0.0 E | | |
D 500 1000 1500

-0
2000

Integrated Luminosity (pb~ 1 )

CDF existing limits and Run |l estimates

Should see rare

BDeca'gr Mode Standard Model COF Run | CDOF I
decays in Run 2 pTu— KT 2-5x10~7 5.2x 1075 7 2x 107
pTu—K*° (1-2)x 106 40%x107% | 2x 1077
Bg s uTu~ | ©06-24)x1071° | 86 x10~7 | 3x 108
Bs s uTu~ | @5-45x107° | 26 x107% | 1 x10~7

Physics at Tevatron: Run 2 Prospects - oy
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Conclusion

he

e “Engineering” physics samples collected, commissioning
almost complete

e Remaining systems will be completed in the next 1-2
months (L2 Triggers, Silicon, DO Fiber readout)

e [he Initial physics program has already started for
high Pt and will start in January for B-physics
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Prospects Summary

he

With 400 pb-, D@ and CDF will achieve

* Dsin2b ~ 0.10 < comparable to Summer 2002
values of BaBar and Belle

= SM prediction of B, mixing parameter will be
fully covered < unique to the Tevatron

* Top - large statistics studies

» Larger Top and W samples to improve Higgs
mass limit

» Extend SUSY particle and New Phenomena
searches

With 2-15 fb-L..
» Higgs search, SUSY, New Phenomena
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2 | Summary |
e he Tevatron has been upgraded

> CDF and DO detectors are working and starting to show
results

> Beginning the process of understanding the detectors and
working to get to “physics” quality data by July

> First 36x36 stores with both detectors installed occurred
just a few days ago!

e Looking forward to great physics
In the upcoming years:

Possibly a major discovery

 Higgs ?
e SUSYoO ?

Certainly some important high precision measurements:
e Top, W, B’s...
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Q

-

7

3 e 50 % of b daughter tracks in top E
= decay have p; £ 3 GeV E
= Miop =175 [
¥ .. = - 1 1 1 1 1 1 : | I i i | i i i ] I 1 1 1 1 =
0 5 10 15 20 25 30
Pt [GeV]
Displaced Tracks (d/c > 2.5) in b Jets
S
al o e Layer 00 increases
i — 1 the number of
af —— =1 observed displaced
[ — tracks and hence b
F tagging and flavor
- tagging are
.l Improved.
[ —+— With LOO
I —4— Without LOO
O o 20 30 a0
Er [GeV]
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2 | b jets from top decay |

Track Separation atr =3 cm e At small radii, tracks in
e high E; b jets frequently
overlap in rf-only view

At a radius of 3 cm ~20% of
b and cascade c daughters
are separated by less than

: ] 100 nm in rf from another

601 ] track.

zm;_ b daughters 1| This_ is significant for LOO
200 E (radius ~ 1.5 cm)

- _.

L 1 | 1 | ! ||‘ ||:IlrhT_ill_Ii“"l'__l':l-l'—'ll""—Il-'r—ll'hl--ll-—-ll- —II—'—II-‘: > Use 25 micron pitCh and
80y intermediate floating strip
60+, E « Found that this gave

40F 3 better two track

- — Cascade ¢ resolution even for
20 ey .
; ERUDR . relatively low S/N

b T [ -
Bl S i) -
PR A T TR N T B kb e ki b s Bl a8 Y St S Ll VN

o 1 2 3
A(r¢) to nearest track [mm]

80k

Integrated Percentage of Tracks

Physics at Tevatron: Run 2 Prospects - 64 P.J. Wilson, 9 Jan 2002



¥ |
L. 2

Tevatron Collider Upgrades |

e Original Tevatron Design:
> 100 cm—=2s1
e Run I (ended Feb 1996)
> Lum > 1031 cm-2s-1
> CDF integrated 110 pb-?
e Run 1l Upgrades:
> Main Injector (factor of ~5)
e Initial Goal: 1032 cm=—=2s
> Recycler (factor of ~2)
e 2x 10 antiprotons/hour

e 3x 1012 antiprotons

e Re-cool antiprotons from the
Tevatron

> Later
e Electron cooling
e Crossing angle
e Bunches
> Initially 36x36 at 396 ns
> Ultimately 141x121 at 132ns

e 5 =2 TeV (was 1.8 TeV)
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100 :
o I
aNfi i
1] ol T
<-- 132& ns between |
crgssings |
0.1
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