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What 1S Femnlab‘?

A “user” facility

Tevatron:

4 mile ring with
superconducting
magnets.

* Collides protons
with antiprotons.

* Energies up to 2
TRILLION eV
achieved.




The Tevatron at Fermilab
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e Many stages of boosting.

» Note p-bar production.

e A “user” facility.

» Fixed-target or collider.



The Cockroft-Walton and Linac

(where protons start out)

e w L e




=
QO
b
S
>
O
—
O
=
—




The Tevatron in Numbers

Run Ila Run IIb
Energy/beam 1000 GeV | 1000 GeV
Peak Luminosity 2.0x10° | 5.0x10°
Number of bunches 36/108 ~108
Bunch spacing 396/132 nsec | 132 nsec
Interactions/crossing 5.8/1.9 4.9
2001-03 2004-07
2 b 13 b’

Note integral luminosity given in inverse barns. (1028 m2)

Some important numbers:

*pp total cross-section (2TeV) ~ 70mb.

pp-> W, (Z) boson production (2TeV) ~ 2.5 nb , (250 pb ) lepronic decay.
*pp-> t t cross section (2TeV) ~ 5 pb.

*pp-> Higgs +X cross section (2TeV) ~ftew tb (?) depends on M.




The CDF Collider Detector
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Particle Identification ° Electron

. track, contained
(bas1c) cluster, E/P~1
v, no track

* Hadron (p,n.K)
track, extended
(had) cluster

n, no track

neutrino

quark/glug penetrating
jet s = track

e Short lived (b)

Displaced (mm)
vertex.

e.m. calorimeter ¢ Weak, no Charge

Jion
F had. calorimeter MUOn ( V,LSP D
Missing momentum

muon chambers



The CDF detector
quarter view
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Silicon Vertex Tracking

The silicon strip detector is a stand-alone 3D tracking system
Impact parameter resolution o4 = vV a2 +(b/P,)? (a =7um, b =20-30um)
Increase in B tagging fortt: RunI RunII

single tag 25%  52%

double tag 8% 28 //_—_\\
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CDF Silicon Vertex Detector
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Z. decay to electrons

Event : 552676 Run: 118547 EventType : DATA | Unpresc: 0,1,2,3,4,7,9,11,13,15,17,21,53,23 Presc: 4,13 Myron mode: 0

* All energy contained in
EM calorimeter.

e 2 hard tracks. Lots of soft ones.

* Electron ID?
*EM energy: 36.97, 39.71 GeV
*Had energy: 0.73, 0.0 GeV
*P: 34.65, 61.57 GeV/c

n maode:
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CDF Run 2

Preliminary, 13 pb ', 04 Apr 2002
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| J/¥: Events: 134035, Width: 21 + 0.1 MeV/c“ |

[ w(2s): Events: 4571, Width: 23+ 2 MeV/c~ |

9500
9000 -
8500

8000—

7500

3.5 3.55 3.6 3.65 3.7 3.75 3.8

32 33 34 35 36 3.7
Mass (1" 1), GeV/c

-8



QINSD (L)
90 890 950 vS0 2GS0 S0 8v0 9Y0 Y0 2P0 w.m
LI _ L _ T T _ L _ LI _ L _ LI _ [ _ L _ L

[ WS N TP e P o .
r_._ | ot gy :_...__.__.__._.._._

00}

002

o O O O
o O o o
o 1NN =TT o

o
o
M~
PIA3IN 12d sajepipue)

papnjaul Jou uo1}291109 ABiaug
/N3N 1L°0 +2°961 = SSe|N

o
o
oo

I||l|I|IIJI|IIII|II|||II|||IIII|||II|IIIIJ

006

SSBJ\ L

SSBIN MOUSY]



¢l

IN8Y :(xd)n
8Ll L'l 14 ¢l

e 5 —f—r

i |

Fdd r_LJLr_:r___u_E_u_ ™ el

papnoul Jou uoi}daliod Abiaug

e e o ]C_|_|_|_1 i = r_|_LrJ._

/AN L0 +E'GLLL = SSeIN

|l|||II|IIII|IIII|I|JI|IIII|IIII|III||I|I||IIII

SSBIA BpqQUIR ]

ssepy x d

o
o
P~
O/A\SIN 1od sejepipued

o
o
o

006



B Meson Lifetime
B -> Jpsi

pseudo-ct sideband subtracted
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Figure 14: Sideband-subtracted J/v pseudo-cr distribution.



Top Quark Event 1n Run 1

" What happened?
Jet 2 Jet3 1
Jet1 b W>ev
i
i Ay
- ke =i Keep in mind:
. \ Iz = 2.2 mm W > e (+ V) 0,
"+ il Jet 4 B meson ¢t ~ 500 um
e !
v

Fit _ 2 24 September, 1992
Mtop =170+ 10 GeV/c run #X758, event #44414



Basic Idea of Hadron

Collider/Detector
Collide hadrons at highest energy possible.

— Cross-sections increase with energy.
Highest collision rates possible.

General purpose detector that detects and
1dentifies:

— Electrons, muons, photons, pions, (missing P).
— Displaced vertices from B mesons.

Look for final states with specific signatures.
— Like Higgs. (SM or SUSY).

Quick 1dentification (in trigger) better than later
(in analysis).



CDF Deadtimeless Trigger.

4P-V>\\/\ 132 ns -> 7.6 Mhz
Calorimeter energy
- L1 <:| Central Tracker (Pt,0)
Muon stubs
i 50 kHz
Cal Energy-track match
.L2 <:| E/P, EM shower max
Silicon secondary vertex
L Multi object triggers
300 Hz

Farm of PC’s running
.L3<:| fast versions of
Offline Code = more

\ sophisticated selections
!'!!!!"ﬁi: T '"ILII Al

£ i ‘III

Mass Storage
(1 Pb in 2 years) |

21




CDF Secondary
Vertex Trigger

NEW for Run 2 -- level 2 impact parameter trigger

SVT Provides access to hadronic B decays

Data from commissioning run

COT defines track —pSV X measures (no alignment or calibrations)
B 1D 505
at level | impact parameter 4 T
...... . COTtrack(2parameters)_ 200 _ FeZk}sn'df 2505,2535?/57?;
s b
1 : Sigmal C.B70SE—DZ
\ |50 F
} 125 — c ~ 87 Hm
100 —
7s |
so |
impact parameter 25 |
({transverse projection) r
1 1 |

[ 1 I 1 1 1
f)0_125 -0 -0075-0.05-0.025 0 0025 0.05 0075 04 0125
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SVT Impact Parameter distribution

G = 48 um (includes 33um beam spot)
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In Run 1, b-quark
decays were
tagged by decays
to leptons.

In Run 2, we hope
to tag hadronic
decays of B.

Approx 5x
increase in B
acceptance
possible.



Physics Analyses

Sample of main results
»QCD
- Properties of jets and photons
= Is there quark substructure?
»B
-Bc discovery (The “last meson”)
-Lifetimes, mixing
-sin(2b) (CP violation in the B system)
» Top/Electroweak.
-Top quark discovery

=Top mass, W mass

» Searches for new particles (EXOTICS).

-Several limits set
2>7’, W, SM/MSSM Higgs
2>SUSY, Technicolor, Leptoquarks



Isn't this good enough?



Go Back 100+ Years.
V-E:p/go
v.B=0
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Isn't this good enough?



Even before QED, we knew that classical electrodynamics
could not be the whole story . . .

The classical theory predicts its own demise with an
infinite electron self-energy

o

(This is a recurring and important theme)



Nonsensical predictions, and solutions

Fermi theory of the 1930°s

Y I This process yiola’res
. Unifarity at high
energies. (Simple muon
e Y e decay, for instance).

Y K
What do we do? W
Modify the diagram . Ve
to cancel the
divergence. Add the W boson

(observed at CERN in 1983)



Nonsensical predictions, and solutions cont.

e W — But now this process
Ve violates unitarity at
= — high energies! (Simple

e+e- annihilation).

What do we do? € w T
Introduce another 7
diagram that cancels € W —

the divergence the Z boson

(also observed at CERN in 1983)



Nonsensical predictions, and solutions cont 2.

I S

b But now these processes

M violate unitarity at high
= = energies! (not so simple

W+W- scattering)

w T AaAAA~A NN T

What do we do? i NNf\EWWW_

Introduce other — W W+
diagrams to cancel

the divergence The ng/g‘s boson!



Nonsense Predictions don’t stop here!

Thus far we have no direct evidence for the Higgs boson™
but so what:

If the Higgs exists, this
. process violates unitarity at

x: hlgh ener'gies (“fine-tuning" or
| “universe is size of basketball" problem)

h
[
What do we do? supersymmetry
Introduce other —* {strong dynamics
diagrams fo cancel lextra dimensions

the divergence
without fine-tuning



The Higgs Boson.

Even though we know the simple (Standard Model)
Higgs Boson is not viable, it makes a good benchmark.

6
*Weak Boson masses: Aol = _:
i — 0.02804:0.00065
Mz, Mw. - "-.,_----0.02784io.00026:;'
‘Electroweak asymmetries: 4- ; ’ 7
Sin%0 e ]
>
*Top quark mass. -
2_ —]
If higgs exists, then |
113 < m, < 170 GeV 0 - Exclydeldl . Wi | Plrellirr)ir)a}rlyl_
10 10° 10°

m, [GeV]



Higgs Discovery Potential

@
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integrated luminosity /expt. (fb™")
®)

@,
N

combined CDF /DO thresholds

— 95% CL Imit
—— 30 evidence

— 50 dlscovery

80

Higgs mass (GeV/c?)

130 b

{10 fb™!

(Run TIb)

2 fb™

00 "0 140 180 80 200 (Runlia)

Luminosity is key



But you just said Higgs has
problems...

The simple Higgs theory does have problems but it
solves the many problems quite elegantly, so we are
loath to throw it out entirely.

What do we hope/expect to find?

Whatever 1s responsible for EW symmetry breaking -
obviously not SM Higgs - should be at M~ 150 GeV
(see Steve Schnetzer’s talk). These should be
observable.



Possibilities at 1 TeV

Logically, the possible options now are:

a) A Higgs-like field does not exist
— 3 other interesting physics at ~ 1 TeV

b) A Higgs-like field does exist

i) A parameter is tuned to 1 part in 1016
— No need for new physics at =1 TeV

ii) The parameter is not tuned to 1 part in 106
— 3 other interesting physics at =~ 1 TeV

Hence the excitement!



Conclusion

* CDF 1s a good general purpose detector.

* Good tracking: electron, muon 1d.

* Good vertex finding: b-tagging.

e Smart trigger.
 We need this, since we cannot be certain of the
signature of the new physics.

« SM Higgs? SUSY? Technicolor? N-dim?
e Indirect indicators are encouraging.
*Watch this space!



