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Contributions from...

L epton-Photon Speakers:

° PatriziaAzzi (Padova), Terry Wyatt (Manchester)
° Michael Schmitt (NorthWestern), Robert Hirosky (Virginia)
° Koichiro Nishikawa (Kyoto)

Fermilab JET Seminar Speakers:
® Aaron Dominguez (LBNL), Robert Kehoe (MSU).

Many Fermilab Colleagues including

° Peter Cooper, Stephen Kent, John Beacom, Adam Para,
°* Hadi Schellman, Rgendran Rgja, ......

Stephen Parke, Fermilab
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Outline:

Vernon Hughes:.
°* EO061 and E665

Tevatron Collider:
®* Machine, Detectors and Physics

Hadronic Fixed Target:
Theory:

Astrophysics:.
Neutrinos:

Summary:

Stephen Parke, Fermilab
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Vernon Hughes at Fermilab

E61 Proposed March 1977

VoLuME 39, NUMBER 6 PHYSICAL REVIEW LETTERS 8 AucosT 1977

Measurement of the 7*p and 7~ p Polarization Parameters at 100 GeV/c

1. P. Auer, D, Hill, B, Sandler,"” and A, Yokosawa
Avgonne National Laboraiory, Argonne, Hlineis 60439

and

W, Briickner, . Chamberlain, H, Steiner, and G. Shapiro
Lawrence Berkeley Laboralovy, Bevkeley, Califormia 94720

°® Proposal to Measure
Polarization in P P, PI- P and
Pl+ P Elastic Scattering at 50, B e T

and

100 and 150 GeV/c at FNAL. s e

and

and
A, Jonckheere and P, F, M. Koehler

Fewmi National Accelevaiov Labovatovy, Batavia, Ilinois 50510

J. Snyder and M. E, Zeller
¥ale Universily, New Haven, Comnectiout 06520
{Recelved 24 May 1977)

We report measurements of the polarizatlon parameters in m*p and #°p elastic scatter-
ing at an incident momentum of 100 GeV/c. The results cover the range 0.18= ! =1.4
GeV? and are in with eurrent R del pradicti

First pub May 1977

A

Completed Oct 1977

3 papers. 2in PRL, 1 PRD

In the first experiment of its kind at Fermilab
we have measured the polarization parameter
P(f) in the elastic scattering of mesons and pro-
tons from polarized protons, We present here
the results for 77p and @ "p scatiering which were
obtained at a beam momentum of 100 GeV/c over
the range of the square of the four-momentum
transfer 0.18 € -; =14 GeV®,

While recent measurements of elastic differen-
tial cross sections in this kinematic region'® have
confirmed phenomenological predictions of the s
and ¢ dependence of the dominant Pomeron ampli-
tude,* polarization measurements provide more
stringent teats of present models because they
are sensitive to interference between amplitudes,
For example, a model in which Pomeron- and p-
exchange contributions dominate predicts that
P{#) in 7p scattering should be proportional to s*
with ¥ = o (1) —ap(f), where s is the square of the
total energy of the system, and o (i) and a (8
are the effective trajectories for the p- and Pom-
eron-exchange contributions, respectively. This
s dependence 18 approximately s ¥ at small [¢|,

Stephen Parke, Fermilab

This model also predicts that the mirror sym-
metry Py+,=~P.-, persists at high energies.”
In the region 0,6 =-¢ =1.5 GeV” the dominant
amplitudes are strongly affected by shrinkage
and absorption, resulting in small polarization
values at high energies,”

The experiment was performed in the 3,5-mrad
beam (M1) in the Meson Laboratory which had a
size of 2x2 em?® and a divergence of +0.2 mrad
at the target while transporting a momentum bite
of +1%, The small divergence was necessary for
kinematic separation of elastic from quasielastic
events. In order to determine polarizations of
%0,05 with high preclsion, we placed no compo-
nents in the beam, enabling the apparatus to han-
dle incident fluxes as large as 10%/sec.

The layout of the apparatus is shown schemat-
ically in Fig. 1. It consisted of a double-arm
spectrometer capable of detecting both final-
state particles with uniform acceptance over the
range 0,25 % -£%1,5 GeV%, The final-state tra-
jectories were measured with eight planes of
multiwire proportional chambers (PWC’s) in

313
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Vernon Hughes (conti)

E665
® Proposed Oct 1980,
° Began 1987

VH asoon CERN'sEMC

Muon Scattering with Hadron
Detection at the Tevatron.

First Results Pub. Aug 1991
Completed Jan 1992

26 papers. 6 in PRL

YOLUME 68, NUMBER 22

Saturation of Shadowing at Very Low Bjorken x

M. R. Adams,*® 8. Aid,™ P. L. Anthony,"” M. D. Baker,"" J. Bartlett.”’ A. A. Bhaui," " H. M
Braun," W. Busza,"" T. J. Carroll,"™ §. M. Conrad,"™ G. Coutrakon,’ R. Davisson, "> 1. Derado, "
S. K. Dhawan, ") W. Dougherty,'*’ T. Dreyer,!' K. Drignikowska, ™’ V. Eckardt, """ U. Ecker,"™" M.
Erdmann,'"" A, Eskreys.'” J. Figiel,'” H. J. Gebauer,"" D. F. Geesaman,?! R. Gilman.”” M, C.
Green,'™ J. Haas,'"! C. Halliwell," J. Hanlon,™ D. Hantke,"'" V. W. Hughes,"* H. E. Jackson, 2! D.
E. Jaffe,"“" G. Jancso,""” D. M. Jansen,"" S. Kaufman,'” R. D. Kennedy,™ T. Kirk,"’ H. G. E.
Kobrak,™ S, Krzywdzinski, ' S. Kunori,™ I. 1. Lord,"¥ H. J. Lubatti,"* D. McLeod."’ §. Magill,"*’
P. Malecki,™ A, Manz,""” H. Melanson,’ D. G. Michael,' W. Mahr,"? H, E. Montgomery," 1. G.
Morfin,®’ R. B, Nickerson,'™ S. O'Day,” K. Olkiewicz,'” L. Osborne, "™ V. Papavassiliou,''”’ B.
Pawlik,”" F. M. Pipkin,'"’ E. J. Ramberg,™ A Réser,"™ 1. 1 Ryao,"" A Salvarani'™ H.
Schellman,"? M. Schmitt.”! N. Schmitz,""" K. P. Schiiler, "” H. J. Seyerlein, """ A. Skuja,™ G. A
Snow,"”! S, Séldner-Rembold, "’ P, H. Steinberg,”” H. E. Stier."’ P. Stopa,'™ R. A. Swanson,” R
Talaga. S. Tentindo-Repond.'” H.-J. Trost,”’ H. Venkataramania,"*’ M. Vidal.”" M. Wilhelm," 1
'*) Richard Wilson, ) W. Witrek,"!'' 5. A. Wolbers,""! and T. Zhao*'"

(Fermilab E665 Collaboration)

U Albert-Ludwigs-Universitdr, D-7800 Freiburg im Breisgaw, Germany
“Vdrgonne Navional Laboratory, Argonne, [llinots 60439
Sniversity of California, San Diego. California 92091
W Eermi National Accelerator Laboratory. Batavia, Hlinois 60510
Marcard University, Cambridge, Massachuseus 02138
“miversity of Hiinois, Chicago, Hlinois 60680
astitute for Nuclear Physics, Krakow, Poland
W fnstitute for Nuclear Physics, Academy of Mining and Metalfurgy, Krakow, Poland
niversity of Maryland, College Park. Maryland 20742
Massachusetss Institute of Technalogy, Cambridge, Massachusetts 02139
0 Max-Planck-Institut fiir Physik, D-8000 Munich-40, Germany
ODNorthwestern University, Evanston, Hiinois 60208
N injversity of Washingion, Seattle, Washingion 98195
M University of Wappertal, D-5600 Wupperial, Germany
U89 yale University, New Haven, Connecticat 06511
(Received 2 March 1992)

The ratio of cross sections for inelastic muon scattering on xenon and deuterium nucl as measured
al very low Bjorken x (0.00002 < xp < 0.25). The data were taken at Fermilub experiment E665 with a
490 GeV/e muon beam incident on liguid douterium and gascous xcnon targets, Two largely indcpen-
dent analysis tech gave results. The per-nucleon
cross-section ratio is constant at approximately 0.7 for xa, below 0.003.

PACS numbers: 13.60.Hb, 25,30 Mr

PHYSICAL REVIEW LETTERS P JUNE 1992

Shadowing, a depletion of the cross section per nucleon
in heavy nuclei as compared to deuterium, has been ob-
served in collisions of real and virtual photons with nuclei
in several experiments [1-3]. These experiments showed
that the ratio of the inelastic per-nucleon cross sections of
heavy nuclei to deuterium decreases from unity as Bjork-
cn_x decreases from 0.1 to 0.002 (xp;=@>/2Mv, where
Q% is the four-momentum squared, v is the energy
transferred in the laboratory from the muon Lo the target,
and M is the proton mass) [2-5]. Within the quark-
parton model, the observation of shadowing at high @7
implies that the quark and gluon distributions of the nu-
cleus differ from those of the free proton [6]. A comple-
mentary viewpoint usually ployed in phot leus

interactions attributes shadowing to quark-antiquark fluc-
tuations of the photon in the laboratory frame [7]. The
data at the lowest measured xp; tend toward the pho-
toproduction data [1] on heavy nuclei, although no evi-
dence for saturation has been observed in previous
inelastic-scattering experiments. It was the aim of this
experiment to investigale the behavior of the ratio of the
xenon and deuterium per-nuckeon cross sections down to
xpj of 0.00002, 2 orders of magnitude lower than any
previous experiment.

Fermilab experiment 665 has been described in detail
elsewhere [8]; only relevant features will be mentioned
here. A 490-GeV/e positive muon beam impinged upon
either a liquid deuterium (15.5 g/em?, length =115 cm)

3266 © 1992 The American Physical Soviety

Stephen Parke, Fermilab
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E665 unpolarized muon scattering at 500 GeV £F

Fermilab Experiment E665
Muon-Nucleon Scattering

500 GeV Muons

Im Liquid H2 and D2 Targets mm
~150 Layers of Tracking [f}||

2 Open Dipole Magnets = m
Electromagnetic Calorimeter 8
Hadron Absorber/Muon Tagger W

Stephen Parke, Fermilab 6
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E665 Fame

Structure Functions
at Low xand Q
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Stephen Parke, Fermilab
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The Tevatron is a proton-
antiproton collider with 980
GeV/beam. 10% increase over
Run |

Main Ring = Main Injector

36 p and pbar bunches =396 ns
between bunch crossing
® Increased from 6x6 bunches with _
3.5msinRunl Main Injector
5 & Recycler = =
Increased instantaneous T
luminosity:

°* Runll goa 30x 1031 cm=2 st
° Current: 3to5x 1031 cm2 st

Stephen Parke, Fermilab 8
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Runll D

ata Taking Status

Collider Run llA Integrated Luminosity

i Data for physicCs e

10.00 350.00
a.00
— A 300,00
g a0 T‘E.
,E' 7 00 T 25000 3,
£ 8
E 500 L 20000 E
S 500 3
E 400 Commissioning, first T 15000 ,.-'E
£ I data for analyses o
= 300 ” - 100.00 %
; 2.00 il &
|| t 5000
1.00 || l[ 1
mnn 4 T T T - 110
5 10 15 20 25 30 35 40 45 50 55 B0 B5 70 75 60 BS 90 95 100 105 110 115 120 125

Week #
{Week 1 starts 03f05/01)

| B e ckly Integra

ted Luminosity —s— Run Iinbegrated Lurﬂinn::-sﬂtﬂ

L. .~300 pb* delivered
Good quality data since Spring

Data collection efficiency 85+90%

Best L ey~ 5 X 10% cm—2 st
2002 . Best Week ~10 pb-1

Steady Improvement.
Stephen Parke, Fermilab 9
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Integrated Luminosity Projections

Original Goals:

° Runll-a 2fb!?
° Runll-b 15fb!

Current Goals:

° FY 2003 ~225pbt! *** ACHIEVED

° FY 2004 200-300pbt ***Recycler Studieswill limit this number
° FY 2005 390- 670 pbt

® GivingaTotal of 1 fb-! sometime in 2005

By End of FY 20009:
“Base” 4.4fb?! “Design” 8.6fb

Lab isrevigiting the questions?
* Detector upgrades - silicon
° Roll of Recycler
° Electron cooling of anti-protons

Stephen Parke, Fermilab 10
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DO Detector D@ fiber trcker Installation

,1.1'?‘1:11

- F.#- _. ' ‘ .‘

DO

Forward Mini-drift
chambers

| Central Scintillator |

1M Ay

| Forward Scintillator |

IR TTT R --"-_‘:ﬁ'ﬂ'r'_d'r'.m'\.ﬂ])%“. I ]
!

ml o

New Solenoid, Tracking System

Si, SciFi,Preshowers

Both detectors

° glicon microvertex detectors

axia solenoid

central tracking
high rate trigger/DAQ system
calorimeter & muon systems

q

= 10

New tracking: silicon and
fibers in magnetic field

eUpgraded muon system
eUpgraded DAQ/trigger
(displaced track soon)

° Excellent tracking acceptance

° Excellent electron & muon ID
Stephen Parke, Fermilab 11
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b CDF Detector

CDF silicon detector installation

- H Trwe LA =k o
= . "-:'H.mi"' e
P "r o = L ! - w :.'I?T'I:J-Fw o R

st = H B 3

- ) Central Cakorimater (EH
Cepitral Muon e ol

Wall I.'.al-.uiﬂwu:! [H)
“,

Piug Calorimete u{ _._

Forward M.Q] \~.

Forward Calanmater (E]

I
Lurninosity koniwo

| \
| | Teme of Flight

Central Duter Tracker
Silicon Vertex Detector

Both detectors e
° dglicon microvertex detectors
° axia solenoid
° central tracking
° high rate trigger/DAQ system
° calorimeter & muon systems

 New bigger silicon,
new drift chamber
e Upgraded calorimeter, m
e Upgraded DAQ/trigger,
esp. displaced-track trigger

Particle ID (TOF and dE/dx)
Excdlent mass resolution

Stephen Parke, Fermilab 12
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New Silicon Detectors: A

Common features:
}3 4 | =Coverage of the
i { ”’\" ;

AN ff luminous regions

] A /f eExtended acceptance at
= s large pseudo-rapidity

v & 13 3D Tracking capability

, oy Excellent 1.P. resolution

. :
c|:|}| W ] f,\f/
S:*I S:"' g\/
R=29cm ——= | |

D ||/

5 ]

| 4

T 7
--.'.!_ Y]

.7 n=x.
—— A
—

Stephen Parke, 90 cm 13
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The Tevatron Collider Program

The Accelerator complex and the CDF and DO
experiments have been rebuilt for Run-l1, to initially

collect 2000 pb? per experiment..

Physics of the Weak Energy
Scale
Supersymmetry
Precise t, W mass measurements

Low mass Higgs with more
luminosity

Search for effects of large hidden
dimensions or other new physics.

CP Violation

Use B mixing to determine V...
Measure CP-violating asymmetries

Stephen Parke, Fermilab

Today’s Physics Topics:

Top Quark

QCD Jets
Electro-Weak
Heavy (b,c) Flavors

14
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TOP QUARK PHY SICS:

SM

New Physics 7

Stephen Parke, Fermilab

Program

eTop production & decay
eTools

»Cross section

eSingle top

*\W helicity

eMass

16
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- Top Quarks at the Tevatron

Pair production

eDilepton (e,m
eLepton (e,m +jets
*All jets

® LpagtX

Stephen Parke, Fermilab

BR=5%

BR=30%
BR=44%
BR=21%

17
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e : :
W How to tag a high p; B-jet
displaced 7
tracks : g g
\.\ — - - e or Ll in jet
\ vertex o et
\\ L"Ex" : - g
Primary ° ==="b
vertex / d[l
/ ¢ h— fie (BR ~ 200%)
// /, Ly o b—c—fus (BR ~ 20%)
* Soft Lepton Tag
prompt tracks z ’ © Exploits the b quarks semi-leptonic
- d
Silicon Vertex Tag Seays
: : P These leptons have a softer p;
gilgr;gtgerg 3; ?e?( decay isa spectrum than W/Z leptons
P ' P They are less isolated

® Long lifetime of b hadrons (ct
~ 450 nmm)+ boost

° B hadronstravel L,,~3mm
before decay with large charged
track multiplicity

B-tagging at hadron machines established:
ecrucial for top discovery in Runl
eessential for Runll physics program

Stephen Parke, Fermilab 18



37 Double b-tagged

dilepton event @ CDF

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

CDF Il Preliminary
Secondary Vertex

Jet169.7 GeV

Jet2 63.2 GeV &
.'_-‘ L}“I = 15 mm

—_ 1p
50_5 """"""""""" e
> 0 TCL 34.8 GeV
-0.5
-1
-1.5

-2-15-1-050 05 1 15 2
X (cm)

-
IllIIIIIIIllIIIllIIIIIIIIlIIIIIIIIIIIIIIIIIIIIIII




mt| ets double tagged event @DO




het

CDF and DO Run Il Preliminary

Run |l cross section summary

DD Dileptons 90-107 pb’!

8.7°%%(stat) 2/ (syst) £ 0.9(lum)

7.6:3%(stat) 7o (syst)
7.3+ 3.4(stat) £ 1.7(syst)

CDF Dileprons 126 ..'::'E;f‘lr
CDF L+Track 126 pb’

D& Ltjers/CSIP 45 pb”  7.47% (stat)L(syst) £ 0.7(lum)
D& Ljeis/SVT 45 pb”’ 10.8™9(stat)2} (syst) + 1.1(lum)

DD L+jetsitopo 92 pb! 4.6 (stat) 2 (syst) + 0.5(lum)
D& L+jets/soft muon 92 pb' 11.47% (stat)?9(syst) £ 1.1(Ilum)

D& L+jets combined 92 pb'
CDF L+jers/SVX 57 pb”’
CDF L+jers/HT 126 pb’!

8.0°57 (stat) 7L (syst) £ 0.8(lum)
5.3+ 1.9(stat)+ 0.9(syst)
5.1+ 1.8(stat)+ 2.1(syst)

; -f
D2 Combined 90-107 pb 8. 1+§§(stat)+1 6(%15[) +0.8(lum)

21
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Cross section Gs dependence

CDF and DO Run Il Preliminary

- 7] Kidonakis NNLO- NNLL - (hep-ph/0303186)
] Caccic:iqri et al. (?I.ep—phfﬂiﬁ’ﬂj’ﬂc?j ) :

o (ph)

¥ CDFRunH (i) ¥ DD Run Il

0 __lp-.c;:;)ﬁm.i; ........ ¢.-G%JF_Rm..,?-(1+jers)i.-.+..9@.1?m-; .....
1750 1800 1850 1900 1950 2000
Vs (GeV)

Stephen Parke, Fermilab 22
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W Test for new physicsin ttbar production W
- 2 | - CDFIPre]rllanary IIIIIII | Dgl Pfﬂ]imiﬂﬂf}[
EFal | 1 5 Signal + expected Backgrounds
a8 - : B SM 4 Weets/multijets
°T | P — 1 Wojersmultijes (0.78:0.22)
ot Wity | 4
2 14>||||||||||_| [:||||||||||||||||| I I e o B |.I”I

S e 1Y) 400 450 5 550 EEIEI a0 T 750 ECIEI
m[tt) [GEVE]

Model independent search for a narrow resonance
X—>tt exclude a narrow, leptophobic X boson with
m, < 560 GeV/c? (CDF) and my < 585 GeV/c? (DO0)

Stephen Parke, Fermilab 23
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First look at top massin Run || b

CDF Runll preliminary, 108 pb- CDF Runll preliminary, 126 pb*
< af - 1.8 1
] < 5% - £ |
'5.9 8: I:IData 22 evts T ¢ T
$ T 3 > 16 1
ol < 4f - 7 |
% = % Signal + Bkgd ' 22; 8 1.4F
I 65 P): P_ - .
: RT : = b
§ w}o} Bkgd only (6.5 evts) 1j E 1.25 \ _‘_“““ulmm
w = 05 E = __J
4:_ U-130 140 150 160 170 180 190 200 210 2% a o oo R prallmlna.r}'
C Top Mass {GeWcZ) « 08
3_— (o] - @ Mc M =175 Gev)
- o 0.6 © DATA
2 o
= / E g4l 6 events
1= Y e g |
W 0.2 ;/
B L RIS, - | | T
gl] 100 120 140 160 180 200 220 240 260 280 000 750 200 350 200
Mass / GeV

Reconstructed Top Mass, Tagged Events (GeVIc )

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

177577 (tat) £ 7.1(syst) GeVic® 175.077%(stat) + 7.9(syst) GeV/c?

Stephen Parke, Fermilab 24
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Top Conclusions

Top quark existence established at the Tevatron in 1995
Several top properties studied using Run | data
° limited dtatistic
The Tevatronisthe top quark factory until LHC:
® Run Il ~50 times Run | statistics = precision measurements
® Constraints on the SM Higgs boson mass and SM consistency
° ...0r surprises?
® First Run Il results cover avariety of channels and topics
®* CDF and DO are exploiting their upgraded detector features

A very rich top physics program is underway:.

let’s see what the top quark can do for us!

Stephen Parke, Fermilab 25
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Inclusive Jets

= 10° * *
) 10 NEW CDF Run Il Preliminary
g 10 Integrated L = 177 pb”™
= 1
&= 5 0.1 = Ingal =< 0.7
uJ'_w A JetClu Cone R = 0.7
10
o2 10°

10"

-5

10 = Run Il Data

10° & []+/- Systematic Uncertainty

10" & — NLO pQCD Uncertainty (CTEQ 6.1)

10-3 i A i i I. A i i i I i i i A J i i i i | i i i \I. i i i

Central 0.1<|n|<0.7 inclusive jets

R=0.7 Run | cone algorithm
L=177 pb-1

Overall Escale normalized to Run 1
(W/ 5+ 3% [*NEW*] correction
factor)

Reapply PT-dependent systematics

o

Scale dominates systematics
+~6% normalization

Preliminary distributions for |h| < 2.8

CDF Run Nl Preliminary

Integrated L = 177 pb”’
10 JetClu Cone R = 0.7
10" Uncorrected
rl' I.: o

-2 r ym®

-
=h

*NEW*

- l:}_'|-='|r|._)r_|cl:l‘|"

d'c /dE, dn (nbiGeV)
—

09193.1402UN

i0 T ‘:::'t a— 07 = | Tl 14
10° ", L v A |1, | <21

a4 'r o " : o ——21 = Nl<28
10 "
1D‘d I* -
1[.! 1' L]
'Iﬂ.? ) L]
w e e ey 1y by s e I

1] 100 200 300 400 500

100 200 300 400 500 E'Il.lﬂ' from Run I
inclusive Jet E NGe¥} Extended wrt Run | by 150 GeV!

CDF Run Il Preliminary * N I:
= 22 I
E 25 Integrated L= 177 pb”'
5 1BE 0.1< g, <07
a 1.BE-  JetCluCone R=07 ¥ {
a 14&
= 1.2
B IE
c DB a
= " i
- B T
§4.5 = COF Aun il Data, ¥ = 1.95 TeV
E 3; [ Systamatic Uncertainty
B 3E- NLO pOcD Uncenainty (CTEQ 6.1)
g 25 {.
a 2
215 -
B qE
= 05

0 100 200 300 200 §00
ht:h.lswe J:t E (GeVY)

inclusive Jet Measured E, oY) ephen Parke, Fermian Z1




¥ Dijetm trum ¥
F Ij aSS SPeECtru F
d M i d n
— - [ 2: maK
E 10" ;_ 'h‘ cone R=0.7, [n | < 0.5 ICentraI E sF Ra =13 Be= =05 E;
— E—
2, %l‘ﬁh — Runll, L=34 pb " Ih|<0.5jetst NLO QCD
=" E h"\* - NLO CTEQS, R, =1.3 | N H,_u_qj (JETRAD)
% ‘I'DEE— '+'._|_I He =pe =05 E-rl-nu - 34 pb ﬁ 0.5 c
e F 5 . TEQS
E 4 '|' - ol I'r; T
10 '++ of Sy
mﬁé— jf%ﬁ -I}.EE— M—L'_"'—-—l_‘ [
1{]6;5 _____ a3 D F‘.un n prellmlnar:,r
1{]?; Eﬂlﬂ ﬂﬂl] E[Il]' Eil]ﬂ '1DI|:||]' 12I|:|D 14I|]{|
E D@ Run |l preliminary M., [GeV
8 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 I 1 11 I 1 1 1 I
10 ""500 400 600 800 1000 ;ﬂzm:r[G-IE t'ﬂin S S LY
Highest limitsin Run | for - = NLO QCD
Compositeness from this analysis 2 (JETRAD)
1 2 .sF MRST2001
= 05
0.8 = }
S 06 of Brrergst) ; |
o C
& 04 05

02

0
200 400 600 800 1000 1200 1400

dijet mass / GeV

Also good sengitivity
to gluons at large-x

Stephen Parke, Fermilab

D Run prellmlnary

ED[I

-1EII] Ei[ll} EI]D '1I!ZII:II]l 12I]D 14I]{I
M, [GaV]
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Experimental Signature: Z? |1 3

Hadronic recoil

pair of charged leptons:

° highp;
° isolated
°® opposite-charge

redundancy in trigger and offline
selection

low backgrounds
control of systematics

Stephen Parke, Fermilab 30



e, _ _ e,
bl Experimental Signature: W? In e

single charged lepton:
° high p;
° isolated

E,™s (from neutrino)

less redundancy in trigger and offline
selection

more difficult to control backgrounds and
systematics

need to understand hadronic recoil
but more ‘interesting’ than Z! (post-LEP)
se<Br 10 times larger than Z

Hadronic recoil

Stephen Parke, Fermilab 31
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W CDFand D@ Z7? ete

Evts/ GeV/e ?

A

Two isolated electrons, E; > 25 GeV, |?|< 1.1

3
A |

L 160—
i = | DZerc Runll Preliminary
200/~
Opposite Sign (1830)
150—
« Z—eeDATA
i n Z—ee MC
100"_—
503_ CDF Run Il Preliminary
- JLdt=?2.uph"
0o 20 a0 8 80 100 120 740
% 60 80 100 120 140 160 180 200 M_(GoVIc)

M., (GeVic?)

CDF: s, Br(Z? e'e)=267.0+£6.3+15.2+ 16.0pb
D@: s,eBr(Z? ete)=275 +9 £+ 9 + 28 pb
stat. syst. lumi,
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.
£l D@:. W? en and W? un
p-(€) > 25 GeV — py{1) > 20 GeV
E_I_miss > 25 GeV - ETmiSS > 20 GeV
N, = 27370 . N = 8302
1. =42 pb? - L =17pb?
N D@ Run 2 Preliminary
a1k DZero Run Il Preliminary ;q 700~ =
} _ n G 600/~ & ﬂcw
o =
i c -g' 400? 44 QCD bkg substracted
008} @ 300 P! > 20 GeV
£ et
0.04f L. 200
i ~ L 100—
’_ I ::_—._._‘___,._‘ o o 0 il G e

1 1 1 1 1 1 1 1 1 1 1 1 | 1 1 1 | 1
0 B0 D 20 40 60 80 100 120 140,
E, (GeV) M, (GeV/c?)

Sy *Br(W? en) =2.884 £ 0.021 + 0.128 £ 0.284 nb
S\ ® Br(W? un) =3.226 £ 0.128 + 0.100 + 0.322 nb
stat. syst. lumi.

i i i R e |
%‘D 30 40 50 60 7
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Je
CDF. W? tn hd

Look for jet within
narrow 10 degree cone N

-1
CDF Run IT Preliminary, rL = 72 pb
J

1400|— W — T v : number of tracks, associated with the t candidate
Ig)l ated W|th| n Wldel’ _ 2345 events
B <
30 degree cone 12000 '
pT(t) > 25 GeV 1000 El\?\fai TV
i B W —
E,mis > 25 GeV ol Woev
| e Z - TT
N g = 2345 - N = QCD
600 —
400 :— N
200 :—

[=)

1

N
2]
-
4]
[+}]

7 8 9 10
number of tracks

Sy *Br(W? tn)=2.62+0.07+0.21
stat. syst.  lumi.

Stephen Parke, Fermilab A



2 Other measurementswith W. Z events 3¢

High masstail of Z D@ Run Il Preliminary

3 >
Points: Dat
% 1 0 ‘r:uuw:si:\:mtlnn g 10° u ; Fke
(0] 1 02 Green: Backgrounds g — U i
E CDF Run i ) 10
g 10 Preliminary 5o
[\}] -1
L=7
ﬂ 1 I zpb 1 Expoctod T Signal {WC)
10" o %
1 0*2 10"
40 60 100 200 300 600 |
Mee (GEV} 100 200 300 400 500 700 ﬁ{ﬁe’ﬁm
1E 1~ CDF Run Il Prefiminary
. Forward-backward o8 Jerap I
D.EE' . | :
asymmetry S +.|_
0.2 4 I
0- ¢ e o
02r = 4 i
-D.4f-' "‘I",i_ + Statistical
e o Ve § Total .
40 60 100 200 300 600

M.. (GeV) 35



80.6

| —LEP1,

68% CL

SLD, vN Data

Higgs Search

—0.02761+/-0.00036 |/
o 0.02747+/-0.00012 | f;
e \Nithout NuTeV 'I

Report at LPO3 the Results of
New Study:

(W B Bbar channel)

°* 4to5fb?! CDF + DO can exclude
SM Higgs up to 130 GeV.

(range dictated by MSSM).

°* 8to 10fbtmight find
3 sigma evidence.

Stephen Parke, Fermilab 36
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B physics
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B Physicsat the Tevatron

Heavy flavor production

® charm cross section
Lifetimes
B hadron masses
Branching ratios

* B® K'K-, L ® L, B® DP*

Mixing
° Bd1BS

Stephen Parke, Fermilab

A

Notation:

By = BC = |bd>
B, = B* = |bu>
B, = |bs>

B. = |bc>

L, = |udb>
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A

B Physics at Hadron Machines

b’s produced by strong interaction, decay by weak interaction

Production: g b
q b9 5 <_
b
q>‘5®<b
Flavor Creation (annihilation) ’ Flavor Creation (gluon fusion) b q Flavor Excitation q i Gluon Splitting i
Pros cons
Enormous cross-section - Largeinelastic background
®* ~100 nbarn total ° Triggering and reconstruction are
e ~3-5 nbarn “reconstructable” challenging
° At 4x103lcm=2slpb ~150Hz of - Reconstruct a B hadron, ~20-40%
reconstructable BB!! chance 2™ B is within detector
All B species produced acceptance
° By,By,Bs,Be,L ... - Py Spectrum relatively soft

° Typical p;(B)~10-15 GeV for
trigger+reconstructed B’s
...softer than B’s at LEP!

Production is incoherent
®* Measure of B and B not required

Disclaimer: acceptance comments relevant to “central” detectors like D@ and CDF

39
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Yieldsin B® J/y X Modes

-
e

D0 Runll Preliminary, Luminosity=114 |'.tl.'u"I

) B s Jhy K
o | + H=_}12351:52
tB*® arykr
200 [ ]
200 B ii +|
-, " . |
T ooy
$ ‘H‘_ 1 I
100 +¢+j \
t,
MiEoa SR
0
48 5 52 54 56 i q?ﬁ‘j s

eTrigger on low p;
dimuons (1.5-2GeV/n)

eFully reconstruct

v JIy,y(25)® mm
B*® J/y K*
BO ® J/yK*, J/y K
Bs® J/yf
Ly® J/yL

AN NN

Events / 75 MeV

2}
Q

B
Q

DG Run Il Preliminary
Sig.=56+14
Mass=5600+25 MeV
o 1: 86120 MeV

6.5 7

lag

CODF Run 11 Preliminary, L = 63 pb”

| Bo® J/y K,

128

| bt

|

A

i |
it

) . P P | )
520 530 540 550
E" Condidate Mass {Ge'l-'.".:‘!J

5 6
M,u, (GeV)
CDF Run Il Preliminary L=138 ph'1 DO Runll Preliminary, Luminosity=114 pb”
" 0= B - Jiy K* 151347 sig.
% G + candidates m—
= Fit prob: 0.3% N 50937
= 00 200 [ |
in t
e | 0 *
5 e ’ || |Bo® Iy K
é 200 ‘l‘:\. | I‘.
L Thy )
w0 =l it
8 100 i +{
% B*® J/y K* ++'+'+‘*;'t;-+++. Hetot
Fg
R R T T 0,! i R

candidate mass, GeV/c

5,
M{Jip KE“) Gawc’s



J€ : :
L3 BS L |fet| me DO Run Il Preliminary

B, Jvy¢

B® Jy f,withJy® ntm and f ® K*K-

Events/0.005 cm

D@ (115pb1): (shown here)
t(Bs)=1.19 +812 (stat.) £0.14(syst.) ps 0
t (Bs)/t(B°) =0.79+0.14 (uncorrected for

CP composition)
CDF (138pb-?):

t (Bs)=1.33+£0.14(stat.) £0.02(syst.) ps

DO Run Il Preliminary - ] . \
% - -.I ‘I | L1 1 | I'I 1 ;I'l 1 'I-l L Lol L.I ol L
230 B, — Jiy ¢ 005 0 005 01 015 02 0325
§ candidate ct, cm
:
M

Interesting B, physics: primary

eSearch for CPV in Bs® J/yf |F<<+

...sensitive to new physics

eWidth difference DG -
o o eB; mixing Ct:IW:LXVmB
= sz sa 51d.§5h mai’.‘.;l, 'Ga;'.‘?’ Stephen Parke, Fermilab bg AL
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Stephen Parke, Fermilab
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_ _ 56+14 signal e
L b L | fetl me g D@ Run Il Preliminary
Usefully reconstructed L (® J/y L with 5107, 1=1.0575+ 0.12 ps
Jy ® ntm and L® pp g f 115pb-
® Previous LEP/CDF measurements used semileptonic Ej
Ly®Ln 10}
— Systematics different
primary m
1 & 4+ ) I—_
: “LHN
CDF 46%9 signal <F i \
1U_1 = \
g IE‘B:FRnn III.Fltrin?irull_-.- Ias,;:a*l . rTT‘ : hl
- Unbinned Likelthood Fit To Ay Lifetime ; wal - I
T _ eT=A FHEFS arar b2 Waysr pun 3 -0.1 0 0.1 0.2
5 signal region fit (J/y,A) Proper Decay Length (em)
r| — background fit ]
“E E
% mﬁr{”i i — | - CDF
g Ay mass sideband . p
R I R {22202 6 2 RER0iTo VoAl :
g — p DQ
i — -+
I3 t (L,) =10873(dat.) 012 9. ps



- G
W B Hadron M asses

Measure masses using fully reconstructed
B® J/y X modes

High statistics J/y ® ntm and
y (29)® Jly p*p- for calibration.

Systematic uncertainty from tracking
momentum scale

°* Magneticfield
°* Material (energy loss)
B* and BP consistent with world average.

B;and L ,measurementsareworld’s
best.

Evenis/s Meye ©

CDF result: M(B<)=5365.50 +1.60 I\/Ied
orld average: M(B)=5369.6 +2.4 Me

Events/6 MeV/c ©

CDF result: M(L ,)=5620.4 2.0 MeV
orld average: M(L ,)=5624 9 MeV

Stephen Parke, Fermilab

CDF Bun |l Prefiminary 80 pb
-_ By— Jy N(Bs)=718 8.2

0
510 515 530 525 530 535 540 545 550 555 560
B, candidate mass [GeVie ]

CDF Run Il Prelminary 70 pb’

18 Ag— Jiy A N(A,)=38% 7

(TN O

3 54 55 56 5.7 5B 25.5'
Ab candidate mass [GeV/c"1
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4 CDF L ® L p with L ® pKp £5
CDF Run 1l Preliminary (Luminosity 65 pb '1] Backgrounds: realleecay\f, N N
M . 83+11 A, — A_rcandidates Reconstruct p asp: B, ® D'p*® K*pp'p
E | {with dEdx cut on profon)
= S0l | T T— > Use MC to parametrize the shape.
g el R imemiTacxal » Data to normalize the amplitude
LRl ii—— > Dominant backgrounds are real
= ,— Ak
: BD ******** Cambinalolial badigraund heavy flavor .
3 > proton particle ID (dE/dX)
c Improves S/B
2 20
= Fitted signal:
101 _ +6
3 N, =96x13(dtat.)’; (syst.)
D'I L Ll L el ST T
5 55 6 65 7 Measure: Sy foayon BR(L,® L7 p7)
mass (A_m) (GeVic ) - s’ f. BR(B°® D p")
New Result !

BR(L, =2 L.p*) = (6.0 £1.0(star) = 0.8(sys) £ 2.1(BR) ) 103

Stephen Parke, Fermilab 44
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Selex Experiment at Fermilab
Charmed Hadroproduction with p-,p and S beams

SELEX (EF81)
Proion Ceni er Layoul

T [ oOooo00 o

A

x T n i

nnnnnnnnnnnnnnnnnn e
] aing T,
\

FWC  phatana neutron | -

— [ [ = SELEX .

Seans i for charm harmos viace W9G

Firiad irie= L
Baarn 00 s eibo i 5 pum pitch Wate
HBol i ilatos B detoctors 5 detectars SolnmtWlstos

i T SELEX Experiment

J11] |‘ I H N ‘ « Forward charm production xf>1
: cmeegeen || T NN «p ,pand S beams @ 600 GeV/c
L Scirlmars " _ B Typical boost ~100

o R * RICH PID above 22 GeV/c

T o R PR » 20 plane — 4 view SVX s>4 mm

P e bR » data taken in 1996-7

= 3AG8(11]) fsoc
= 1.8 TAagh)
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# SEL EX Doubly Charmed Baryon States
An excited state and pair of isodoublets?

.....

SELEX
| corsrte s e e
L | . S == ‘ It
= g | remove glow plon frone A, Km0 £ I AK e
E > I penk At 3520 MeVie® 1@ | peak: 3TEC MeVic®
E sigiblkp 96034
§ 6 | Prob. = 5.3 % 107 & slp/bkg 3173
Wl Lo sidebs o
| Hi sideband® + +
i -t -+ _+
ol AKT AKTT a
5 3800 —
2| 2L
T 3780 MeV (1/2) a,
%‘ A
| 3700
. T r s e 2 & L
12 Mass 3570 MeVic® A K@ Miss 3541 MeVic ALK a'n
Sigma 3 MeW/ic % 5 I‘muﬂ * |:I|-JIEF - '-_:
0 signal™iback) a5 o R T
8 16 = 6.50 Poisson l’rl.;l:l
Poisson Prob < 10 3600 337 = <=5 x I
’ MeV 1.5 si“?m:: :,:g
4
T
I
2 21 MeV  _ . >
0, 3520 MeV (1/2)) 8 —
F 435 34 345 35 355 36 MeV &g 595 a4 F45 35 355 38
I
¢ 17 Mev L=0 +
Mings 3443 Mevie® ATK & 3460 MeV ik Plass 360 MoV ALK Tt w
; ' 3443 MeV (12" ~
Crala |.1.'|h":|‘;_ N i =1 € ( ) 2
as : 3400 G HT-5106M cos{ O] = -6
sigibkg 7416 1.75 RS
# Poisson Frob e Bif .. e
Z i TN = 750
g e 1 Poisson Prob
=z 1 = i
1.5 .75
H | || o5
as I ||-| H 0.25 1 il
'EEI‘..? I35 = | J.45 . e . e i {."3'.5' I.IE 3_4' 45 Jd.5 2 J.58 A6

Stephen Parke, Fermilab 47




NEUTRINOS



het

The Neutrino Program

DONUT
® Observe Tau Neutrinos

MiniBooNE

* will make possible a decisive check of the Oscillation
hypothesis of the LSND anomaly; if confirmed we need

more than 3 neutrinos, Dm? ~ 1 eV2.
° Running now!!!
°* 1 GeV n, 500 m distance
MINOS

°* will observe and measure the atmospheric neutrino
oscillation with high statistics and a controlled source;

° will start operating in FY 05.
* 3-20 GeV n, 740 km distance

Stephen Parke, Fermilab 49
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DONUT Status

FNAL E872 Beam dump beam
Status
406 neutrino interaction analyzed.
7 n, CCevent detected

Component analysis of the prompt
neutrino beam

2 -9 -9
et po Tttt

Reect Low

momentum tracks
Reject passing (114 tracksremained)
| [ S through tracks
= \ (420 tracks remained)

All tracksin the Scanning region
(4179 tracks)

Stephen Parke, Fermilab

| nteraction
Point

Point of
t

neutrino

Vertex detection :

Neutrino interaction and decay
of short lived particles



¥ A Little Neutrino Phenomenol ogy £5
_verg

If neutrinos have mass then they may oscillate between flavors
with the following probability

P =sin®2?sin*(1.27Dm°L/ E)

L is the distance that the neutrino travels (the baseline) - km
E isthe neutrino energy - GeV
sinf2q is the oscillation mixing angle

Dn¥ is the mass difference squared between neutrino mass
eilgenstates — eV/2

Stephen Parke, Fermilab 51



-
e

MiniBooNE Goal: Investigate LSND

Taking atmospheric, solar,
reactor, and LSND results
together ... either ...

- One or more of the experiments
are not seeing oscillations

- or there are >3 neutrinos
(gives you 3 independent Dm? scales)

- or CPT is not a good symmetry

(gives you different mass scales forn, n)
Barenboim, Borissov, Lykken, hep-ph/0212116
- or 77?7

To check LSND want:

- similar L/E
- different systematics
- higher statistics

SremfrerrRerke

3
10

4
10

[ (90 %CL, 10*' pot)

Soo
e
s
-
S,
S
o,
SN
-~
Se
Se

~
~.
~
e,

~.
Seo
..
g

-— v running Atmospheric
F~~~ V runnin
[ g v, Vx
_ Solar MSW
: ve VX
= el N ol
10 107 107 107 1
sin’20

Fermilab

- MiniBooNE!
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The Other Experiments
Several other experiments have looked
for oscillations in this region. -
% 10 g T T 5; Allowed Region from Joint
i § Karmen and LSND fit |
KTy ] o | :
- 3 -— a
e LIRS 95% C.L. ]
Buge d
Ik . 9% C.L. d
; NOMAT} N3 3
Al ;
10 E i
F I 90% (L -1.<2.3) -
F 1 99% (L -L < 4.6) i Tid
1n_2..|...l_1. el il From
10 10 07 g - Church, Eitel, Mills, & Stel
The most restrictive limits come - hep-ex/0203023
from the Karmen Experiment. = e i ] |

Stephen Parke, Fermilab 53
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3¢ The MiniBooNE Neutrino Beam

Start with avery intense 8 GeV proton beam from the Booster.

The beam isdelivered to a 71 cm long Be target.

In the target primarily pions are produced, but also some kaons.

Charged pions decay almost exclusively as p*® nin_,
The decays K*® p%*n, and K, ® p*etn,contribute to background.

There are also n,'s from muon decay.

Stephen Parke, Fermilab
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Booster: start
with 8 GeV
protons

MiniBooNE
beamline

Magnetic horn:
meson focusing

MiniBooNE
detector

Absorber: stop

muons, undecayed
mesons

Stephen Parke, Fermilab
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'he MiniBooNE Detector &

Neutrino interactions in oil
produce:

* Prompt Cerenkov light
» Delayed scintillation light

Cerenkov:scintillation ~ 5:1

56
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3%  MiniBooNE Particle D Michet

..  candidate

|dentify electrons (and thus candidate n;
events) from characteristic hit topology Beam p°

of mineral oil Cherenkov light candidate

Stephen Parke, Fermilab




Overdl MiniBooNE Status

weekly millicn egrated millian
185 - TR R [P T

A | 280

1.3

— .04

0.78
0.52
0.26
]
x10 2
wesk| inlegrated
Bm ................................................................................... lqno
GADD 1120
4EDD 840
3200 - 560
1600 | 280
0ﬁE:;‘E‘cﬂgs-‘EﬁﬁSEEHBEﬁEEEEEESEEﬁQ‘EERQS.‘EHS'S ‘

S22 Eg8888855ss s p83333588385888553553%3

::::::::::::::::::::::::::::::::::: =

Number of Horn Pulses
To date:  31.58 million
Largest week: 1.63 million

Latest week: 1.18 million

Number of Protons on Target
To date: 1.149 E20
Largest week: 0.0671 E20
Latest week: 0.0413 E20

Number of Neutrino Events
To date: 125818

Largest week: 7192

Latest week: 4364

A

| Steadily taking data
- Currently at ~10% of
1x10% POT goal

- Have collected
>125,000 n events

- Detector performing well

- Still need more beam!

« Proton rate delivered by Booster has dramatically improved over time

 Further Booster upgrades in the works
to reach intended rate

» Detector works beautifully!

« Expect first physics results in the Fall — WIN’'O3 October

§epﬁen Parke, Fermilab
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Events

N
p® Background
p® background ton_—.n_search P s
0 .. 2 B T g R;ED{!EGm " 5
P” — gy can mimic an electron % i
* escaping g : b |
« asymmetric decays i | |
« ring overlap 8 ) VR O 9 W1 T A A QTR
i AROR 1
T 3 T R R T
- ' ' ' ' ' ' Average Tank Time [ u sec]
S0 ! {H;DF st o - | non-beam background to ~103
- " rob. 0.42 ]
407 | . 3368 fles ] p®events are a useful
S Widin 258 k213 7 calibration source
30/} H } o - g
20/ !-' l | .@\oa B :
f |5 -
10_—~ Q -':Il- + * + &
3 pow L AT + ? H . -
- R L e TR b s o 3

400

600 800 1000
n® candidate mass (MeV/c )
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MINOS Physics Goals

Demonstrate & Confirm the presence of oscillations.

® A number of detection channels are available. Bestis
comparison of near and far Charged Curent energy
spectrum. The beamline and detectors are designed to
do thiswith atotal systematic error of < 2% per 2 GeV
bin.
Provide precision measurements of oscillation parameters.
Provide determination of flavor participation to 2%.

Comparison of oscillation parameters for atmospheric
neutrinos and antineutrinos.

Stephen Parke, Fermilab
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Thig MINOS Experiment

-
e

Soudan

Duluth S ;4'

MN

M'-ulr-mn

Lake

Status

*Theinstallation in the Target Hall will started

in September 2002

*Theinstallation in the Near Detector Hall in
December. 2002

*Thefirst beam on target in December '04.

*The Far Detector isnow complete, with both

coils energized and veto shield also finished.
*Taking good atmospheric nmand himdata.

Far Detector: 5400 tons

Det. 2

Fermllab

/Det 1

Stephen Parke, Fermilab 61
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Target Shaft Arena

)‘L MINOS Shaft Aren h
T
I4 o T Lo _ 20t T 1,1[.31;— s T
- [ ] Service BEldg
EAW-
Em&ﬁim;u\

Decay Turmel
(AED + Awallorran)
Carriet Tumnel  —
(107 x 107

Beam tbeorber
Target Hall

(25 W 3060 Hx 175°L)

B As of June 2001

I TAMNCE Hall Tignel
Ivhaon Detectors
As of Sep 2001

EE  As of Mar 2002

WINCS Hall
[:35=Wx THx 15|:|’L:|

WIMOS Mear Detector

First piece of decay pipe




neryy Specira ~

180

160 n.,CC Events/kt/year
Low Medium High

s
S

>

8 470 1270 2740

Eg 120

55100

= n,,CC EventMINOS/2 year
=

2w Low Medium High
Q60 5080 13800 29600
> 40

4x102° protons on target/year
4x10% protons/2.0 seconds

0 5 0 5 20 25 30
| E, (IISEV)
By moving the horns and target, different energy spectra are

available using the NuMI beamline. The energy can be tuned

depending on the specific oscillation parameters expected/observed.
Stephen Parke, Fermilab 63
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Charge Current Energy Distributions

CC enerqy distributions — Ph2le, 10 kt.yr., sin"(29)=0.9
Am*=0.002 e? A'=0.0035 8V Am’=0.005 &V’

IIII|IIII 25UIIII|IIII 250IIII|IIII

200 200 200

130 150 150

160 100 100

+
IIII|IIII IIII|IIII IIII|IIII

0 10 20 0 10 20 0 10 20
Eram (GEV) Eucu (GEV) Eraco (GEV)

Note: 10 kt. Yr. =~ 2 liveyears of running. Results still
statistics limited at that time.

Stephen Parke, Fermilab 64



Measurement of 0scillations in MINOS

Spectrum ratios Allowed regions

1.5 o008
% - 7.4x10® p.o.t E | 7.4x10® p.o.t

For Dm? =0.0025€eV?, sin?22q =1.0

Oscillated/unoscillated ratio of number MINOS 90% and 99% CL allowed
of n,CC eventsin the far detectogusnbr, pRarke, Fermila0scillation parameter space. 65
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90% CL Exclusion

125, 16, 7.4 x10” pot

MINOS with: -, CHOOZ
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MINOS, with

L 25, 16, 7.4 x10°° pot
MINOS 3s Discovery Limits
u”'u;:-s-”u:1nﬂl15 u.z”::-:'as-”u.a
sin {2913}

 MINOS sensitivities based on varying numbers of protons on target

Stephen Parke, Fermilab
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1t and 2nd Neutrino Events
al Far Detector

Run 3281, Snarl 2621. Run 4436, Snarl 424,
-1 2 . -1 2 .

B =-0.850628, o= 154.875501, » =0.342965, Planes Hit = 24 [ =-0.999868, o= 140578065, -+ =0.001683, Planes Hit = 47
[ Graph | indf 1573/20] |_Graph ] Zindi 1539720 [Graph] w7ndr  1464/40) [ Graph | Fondl 93527 40
- p0 9.7 4247 . p0 -35.23 1.041 = »0 -20 3609623 . - »0 464621443
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¥ Charge and Momentum of Upgoing Muons ¥
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Theoretical Physics

Particle Theory Group: Topics
° Beyond Standard Mode
— Supersymmerty, Extra Dimension, Model building
— Neutrinos
° Phenomenology
— Collider Physics, Heavy Flavors
— QCD Perturbative, Lattice

Astrophysics Theory Group: Topics
° Dark Matter, Dark Energy, inflation, Large-Scale Structure,

Cosmic Microwave Background, Gravitational Lensing, Cosmic
Rays, Neutrinos
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The Experimental Particle Astrophysics
Program

Fermilab has an important role in astrophysics experiments, as a

partner with NSF, U.S. university groups (DOE and NSF), and foreign
institutions:

®* The Cryogenic Dark Matter Search (CDMS1) is going to extend its
search for direct detection of cold dark matter with anew facility in the
Soudan mine.

®* The Auger Cosmic Ray Observatory will study cosmic rays with energy
101° — 10?1 ev at Los Leones, Argentina.

®* The Sloan Digital Sky Survey is now operating at Apache Point
Observatory, NM and many results are attracting great attention.
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Distribution of Galaxies around Sun to z=0.15
(Blanton 2003)
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Future Projects. CP Violation

BTeV

* Dedicated B-physics Detector at Tevatron Collider

— The BTeV experiment will exploit the large B meson cross section at
the Tevatron to make precision measurements of B decays,
particularly B¢ decays, that have very robust theoretical predictions.

CKM . .
* Precision Measurementof K~ ® P NN

— The CKM experiment (Charged Kaons at the Main injector) will
exploit the large flux of charged kaons produced by the Main Injector
proton driver to make a precision measurement the ultra-rare

K™ = p*nn process. (BR ~ 1x1019),

NuMI Off-Axis
. N _®nN

m e
— Measure Q13, mass hierarchy and CP violating phase, d.
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Reduced Scope BTeV Spectrometer

BTeV Detector Layout

A

12 ? & 3 0 3 & @ 12
merlers Ring Imaging
Magnet Carenkov

\

RRRPRARMPRRRARPRRRARR A
?

Pixel Detectors
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The Re-scoped Version of BTeV ‘s Stage | approval was
recently reconfirmed, unanimously, by the FNAL PAC.
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BTeV PhysicsReach - 1 Year
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The CKM Apparatus
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e Decay in flight experiment: 22GeV/c enriched K+ beam.
e Philosophy: redundant measurements, proven technology.
e Good, redundant measurements of K and 7™ momenta.
e (Good, redundant particle ID for signal and backgrounds.
_® Very high-rate, low-mass detectors.
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OUTLOOK

The Fundamental Scales of Mass and Energy

* What breaks the electroweak symmetry and sets the electroweak scale
of 246 GeV? Top, EW and Higgs.

° |sthere a supersymmetry that is broken at this scale?
Neutrinos

®* What isthe pattern of neutrino masses and mixing? CP violation
Quarksand CP violation

° Areall CP violations consistent with a single source?
Cosmological Dark Matter & Dark Energy.

° Do new particles make up a significant component of dark matter?
Radically New Physics

° Eg Arethere observable effects of large hidden dimensions?

The Fermilab program will address all of these questions
this decade.
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Summary

We have great opportunities for discoveries at Fermilab.

°* An excellent program in the fast-moving area of
neutrinos — MiniIBOONE, MINOS, NuMI-Off-Axis

* Exploring a new mass region at the Tevatron
° Unigue experiments in particle astrophysics
°* A bigleap in energy scale at the LHC

°* BTeV and CKM which will explore CP violation
precisely
We are also doing R& D on the accelerators needed to
advance the field.
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