POSTCARDS FROM

= --—_—'_'1'.35’\ F rW Jp\ J

Tevatron —Part Deux

John M. Butler =
Boston Universit_y



Fermilab

Batavia, lllinois

\s =1.96 TeV . e
At = 396 ns Main Injector
" & Recycler

Run I 1992-96
Run Il 2001-09

50 x larger dataset
at increased energy

August 24, 2004 NEPPSR Il - John M. Butler 2



ELEMENTARY
PARTICLES

Three Generations of Matter

Motivation

** The Standard Model of
particle physics is a highly
successful description of
Nature

*» Aesthetically appealing In
Its elegance and simplicity

** No measurement is in

significant disagreement
with the SM

** Nobody believes it is the
whole story
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“The analysis finally agrees
with the SM, let’s publish...”

“ Not our job to validate the Standard Model (SM) but to find out how
nature works. Much more fun to make the discovery that breaks
the SM!

% The Tevatron confronts the SM with a rich* program of physics

Measurements from a broad range of topics
» Top quark properties
» Strong interaction — QCD
» CKM or “Heavy Flavor” — b and ¢ quark studies
» Electroweak (EW) physics
» Searches for the Higgs boson
¢ Actively pursuing signs of new physics beyond the SM
» Mechanism of EWSB — SUSY or technicolor or little Higgs or ...?
» Large extra dimensions
» Leptoquarks

L)

4

L)

*%

%

> Excited Ieptons, m0n0p0|eS, e *Beware! When physicists say “rich” they
often mean “vastly complicated” or “really hard”
> “Who ordered that?” or “impossible to get a sensible result’
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Cape Cod Bay : !

Nanfucket Sound

Abundance of Physics at 2 TeV j@

Abstracts Submitted to ICHEP'04

Abstract Title Session EB
B Physics {(10)
Puly™ Measurement of B hadron lifeiimes using final states containing Jhy CP viclation and CKM EBOD2T
Pul» B hadron lifetime ratios in semileptonic mode CP violation and CKM EBDOG
A study of Bd oscillaticns CPB wviglation and CKM EBO17
Search for Bs oscillations CP wviglation and CKM EBD1T
Puls X(3872) state Hadron spectroscopy and exolics EBDOT
Upsilon (13} bottormonium production Heawvy guark mesons and baryons EBDOT
Observation of L=1 B_J* states at the D& experiment Heawy guark mesons and barycns EBD28
Observation of semileptonic B decays into orbitally excited D final states Heawy guark mesons and baryons EBO23
A study of the B_c meson Heawy gquark mesons and baryons EBD28
Pub™ A study of rare B meson decays using the D& detsctor Beyond standard model EBD23

Electroweak (5)

Pul Measurement of the W and Z production cross sections times the leptonic branching ratios. . Electroweak EBDD3
Measurement of the width of the W koson at the Fermilak Tevatron Electroweak EBO26
Measurement of the forward-backward charge asymmetry in Drell-Yan events Eleciroweak EBDZ21

Pub™ Measurements of the production of photons in association with a W or a £ boson. .. Eleciroweak EBO16

Pulx Associated production of W and Z boscns Eleciroweak EBDO3

Higgs (9}

Pub™ Measurement of the Wb production cross section and search for the Higgs in WH_.. Eleciroweak EBDO4

Pulx Search for Higgs decays to WW at D& Eleciroweak EBDOS
Measurement of the W-pair production cross section at D& Electroweak EBDOS
Search for technicolor particle at D& Beyond standard mode EBO29
Search for Fermioghobkic and topcolor Higgs in the diphoton final states at DE Beyond standard model EBD13

Pul» Search for doubly charged Higgs pair production in the muon decay channel at D& Beyond standard model EBDOS

Pulx* Z+] production cross section and cross section ratios of Z+b/Z+] at D& Electroweak EBDO04SS
Search for £ to bbar decay at D& Eleciroweak EBO18
A zearch for neutral Higgs bosons at high tan@ with the D& Detector Beyond standard model EBDO18

New Phenomena (10)

Pulx® Searches for first and second generation leptoquarks Beyond standard model EBO15
Search for anomalous heawvy-flavor jet production in association with W bosons Beyond standard mode EBO29
Search for heavy stable charged particles Beyond standard mode EBD20
Search for RPY SUSY in multilepton final states Beyond standard mode EEBED14
Search for the associated production of charginosfneutralinos in the final states with three leptons Beyond standard model EBD14
Pul Search for GMSEB SUSY in diphoton events with large missing ET Bewvond standard model EBD13
Search for heavy dilepton resonances with the D& detector Beyond standard mode EBO12
Search for large extra spatial dimensions in jets + missing ET topologies Beyond standard model EBD19
Search for squarks and gluinos in the jets + missing ET topology Beyond standard model EBD19
Puls Search for extra dimensions in the dilepion and diphoton channels Beyond standard model EBO12
Last Updatead on 5/28/2004 Jiamming GQian

BOSTON
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...and more and more...

Abstracts Submitted to ICHEP'04

Quantum Chromodynamics (8)

Pul Measurement of dijet azimuthal decorrelations at central rapiditizz at D& Run I QCD hard interactions EBDD2
Measurement of the elastic slops with the D2 Detector in Run 1l QCD soft interactions EBOOD1
Diffractive £ measurement at D& Run |l QCD soft interactions EB0O01
Forward proton detector status and diffractive jet production at D& Run 1l QCD soft interactions EBOOD1
Pul Measurement of the inclusive jet cross section by the D& Cellaboration in Bun I QCD hard interactions EBDD2
Pulb Measurement of the dijet crogs section using the D& detector in Run 11 QCD hard interactions EBOD2
Measurement of the inclusive b-jet crozs section using the DE detector in Run 11 QCD hard interactions EBO25
Measurement of the dijet angular disfribution using the D& datector in Run I QCD hard interactions EBDD2

Top Physics (T)

Pub* Measurement of the top quark pair production cross section in [+jets and lI+jets final state QCD hard interactions ES0D2/9
Pul Measurement of the top quark pair production cross section with lifetime b tagging at D& QCD hard interactions EBD30
Search for single tog quark production at D& Electroweak EBDZ24
Measurement of the top quark mass in lepton+jets channel at D& Electroweak EBD11
Measurement of the top guark mass in dilepton+jets channel at D@ Electroweak EBD11
Measurement of the W boson helicity in top quark decays at D@ Electroweak EBO22
Measurement of Brit—=Wb)Brit—=Wq)atD& Electroweak EBO22
Mote *- the absfract in gquestion combines several analyzes, aiming o publizh a subset

Yellow indicates the existence of preliminary results while blue is for those submitted for publication.

August 24, 2004 NEPPSR 11l - John M. Butler 6



“* No attempt to give a comprehensive review of latest results
from CDF and DJ

* Rather, I'll present some representative measurements
from the main physics areas studied at the Tevatron
» What the data looks like and what you can do with it
** Physics Topics — my own idiosyncratic selections
» Top quark properties — see Darien Wood'’s talk from Monday
» QCD: inclusive jet cross section
» Heavy flavor: Bg and A,
» Electroweak: W mass
» Searches for the Higgs boson

» Searches for new physics
o SUSY in trileptons
» The virtues of recycling - dileptons

Approach for this talk ) S
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Some Obvious Observations

“ High energy and luminosity are good, higher is better

» Energy Frontier: high E allows to probe shortest distance scales
and directly produce new heavy states of matter

» High L allows to observe rare processes with small cross sections
¢ Corollary - when LHC is running, the Tevatron is toast

¢ Corollary — lots of data is good, more is better

g
>
g
g

» Now measuring integrated L in fb | Run i ntegrated Luminosity

* Hadron machines are quickest, /
:
path to high E and L //
> “Discovery Machines” that also . j/,
can make precision measurements /:/
» Dirty environment or “rich” environment? F,//
0.10 §i /_,-/’ — Delivered [
5 . //‘” | ecor. el |
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Studying Strong Interactions at the Tevatron

Hard
Scatter
NLO QCD
. Vs depend ‘Q-QQ-QQQ’
Proton H v P
Structure
PDF’s Jets
= parton luminosity Algorithm
Substructure
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Nantucket Sound

“ Inclusive jet production tests
PQCD and structure of the
proton through the Parton
Distribution Functions (PDFs)

% Highest E; = E sin® jets probe
distance scale of order 10-1° m

% Sensitive to new physics, e.g.
guark compositeness

Y]

CDF Run Il Preliminary

o

Integrated L = 177 pb'1
0.1 < [npe < 0.7
JetClu Cone R=10.7
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Inclusive Dijets

Nantucket Sound

: - > -
< Again sensitive probe of PDFs $ ' %, ~PORunlipreliminary
o K f “b i o *1* —— D@ Data, L= 143 pb’'
» Loo cfor excess or “bump T T W B —
hunting” at high M; - **,‘* Rep =13 be =1 =05 P
. 10 Ty
» Very hard to see W,Z = |j +-c.+.—.:
10 = -
* Energy scale systematic o b +’“ﬁ
uncertainty dominates the o _ —4
. E coneR=07, |yier| <0.5 T
experimental error T I T T
200 400 600 800 1000 1200 1400
» Careful! A case where the M,, GeVic?
errors are negrly 100% = >oF T
correlated point-to-point = 3] NLO(JETRAD) CTEQEM - f=rossmsromssemesoy
£ r Rep = 1.3, lg = =0.5p+ :
> RGC]UII'GS a detalled = 2'5;_ ------ systematic uncertainty
. - df uncertainty -3
understanding of your detector o e
1.5;.“..“"”§. : !
B R —1 I
e 1
0.5
C cone R=0.7, |y | < 0.5  feeseeeesssesseoeeeoseeenes
0566 260 600~ 800 1000 ~ 1200 . 1400

M,,, GeV/c”
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Highest ET Events
M; = 1206 GeV |

X-y View

1222318 R

E scale: 431 GeV

180 70

r-z Vview
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Heavy
Flavor
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B Physics at

% Complementary to the
e*e~ B Factories
(Dallapiccola & Morii — Friday)

* Hadron colliders have some
advantages...
» Lots of b quarks produced
c(bb) ~ 100 pub
10,000 Hz @ L = 1032
* More b’s than tape

» All species produced
B, By B B, Ay, -

the Tevatron

% ...and some disadvantages

> o(bb) << o(pp)
=» must trigger on b’s

> “Rich” environment

> Limits the final states that are
accessible for study

% Topics include
» Masses
» Lifetimes
» Oscillations
» CP violation
» Rare decays

August 24, 2004 NEPPSR Il -

John M. Butler 15




Masses and Lifetimes

CDF Run Il Preliminary 220 pb'

ARERARERAREE J A .
(B )(B") n 040014 ¢ Ag—dhy A N SR
30 Prob: 233% chindot: 117
1.03-1.07 2
2
0 g =
U(B)/1(B) . 0.949+0.038 "
0.99 - 1.01
; 15
(A )/(B) . 0.79740.052 4
- 0.9-1.0 "
5
(b baryon) H 0.783+0.034 W;L Al
s | ot ] 09-10 83 54 55 56 57 58 51.9
iy, cand klale mass [GeVic

VAR (6 I U L L2

CDF Run II Preliminary 65pb'1

-..-. II j’- J J M li'fEIime ratio 10" E T T T T T T T T T T T T T T 3
I = Unbinned Likelihood Fit To Ay Lifetime 3
D@ Runll Preliminary, Luminosity = 250 pb™ L TSt £29(sysoum B
"3 2 ; — signal region fit ;
8 /NDF = 3.6/5 E ]
g_ 0.35 _+_ x 10! i — background fit 7
z . 8 3 3
Bos=— g | s | f
= —— =1 B _
S —t | 3 * ‘.{:{. e JH :{ : *.‘ =
0.25 ' 5 E ;k g mass sideband 3
= N a1
10 -
0.2 _ g E
BYB~ ratio of decay length distributions L b
015,53 0 0.1 0.2 0.3 0.4 : :
Visible Proper Decay Length (cm) ik | -
-1000 0 1000 2000
JA
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b w Va d b w V. =
ol L{“ﬁ'—;- h 8 ‘{.‘“i’i‘;- ]

= B, oscillates >25 times faster than B

D@ Run Il Preliminary

nnnnnnnnn — — | E“ pr T 1 rrrr] @75 ]
_Asymmetry={N N"F)(N +N™) | +i . . E
S £ 1.5 | Simulation Xs = 30
I e - EEEE W %“ 1 B E
F o - | E
0_2; ........................................................................... E 0.5 __ il
- = = | | | l | '='
0’_ ................. T s e D :_ || 1 | |
- —0.5 E | i
77 RN e— S —— = "
£ -1
- = Hl
- 250 pb” 0OS muon tagging —1.5
_0.6 ....................................................... e —
¥ é s Bs 0I1 |0 !15 0|2 1 10 |25| I ] :| A [T ST TN TN NN TN N TN NN S S TN M _
' “VPDL, cm 0 1 2 3
Proper time (lifetimes)
By mixing Is Tevatron
proof of principle
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B, 2 uvD (=2 ¢m)

Pro: easy to trigger on
Con: neutrino in final state
Nice illustration of different detector strengths

- -1
D@ Runll Preliminary, Luminosity = 250 pb™* 20 g UL LTy ) L ~ 185 pb

Bouon X B, — I"D; X N

1000

94814253 D —>¢ 1" ~ 200 T
3000 33654239 D' —o " % s
t won :
] won < 150
(7]
(i)
2000 2
wd
c
w100 +
[F
o
S
]
2
£
3
=

‘1.7‘ ‘ ‘1.8‘ ‘ ‘1.9‘ “ 2 ‘ ‘Zﬂl‘ ‘ ‘2.‘2‘
M(o ©*) GeV/c? 1.85 1.9 1.95 2 2.05
M(¢ w) [GeV/c]
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Electroweak
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Measuring the W Mass

¢ M,, is a fundamental parameter of the standard model
* Depends on the top quark and Higgs masses through loop effects

Higgs
MZ,aEM, . S Ma
Mrzr MW
80.6 —m——————————
: — LEP1, SLD Data
05l e pp b Run | data favor
. 08% CL a low Higgs mass
>
(O]
© 0. 4-
= Run Il can
£ . :
indirectly determine
g 5M, /M., to 35% if
m,, [Ge om, = 3 GeV and
80 2 11143007 1000" __ Preliminary oM,y = 40 MeV

130 150 170 190 210

August 24, 20C m, [GeV] 3utler 20



W Mass at a Hadron Collider

Transverse View

Witoevy Ztoee
—\_\_\_\_\_\_\_\_ _‘_'_'_,_,_:-'—"
+
e \
— ] PR — L :i: #_,_,_,-:-_'_'_'_F
? Y 1;———'__r""\__—_—4b
| a / > T
y ! E-_
b ¥V
_:-'—'"_'-'-'_F _\-\""——_,_\_
Longitudinal View

Longitudinal View

Transverse View

.0

» Need to use leptonic decays

» Complicated by neutrino
=>» can’t compute invariant
mass

s Z sample is used
extensively for controlling
measurement

L0

August 24, 2004
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Measuring the W Mass

p-(v) is unknown = can't calculate myy
Fit to distributions of transverse quantities

PTer PTy — ET! mT

mr — \/(ETE + ETJ/)Q + (ﬁTﬁ + ﬁTV)2
V2E7¢ Br(1 — cos )

antiprotons

protons

pr=0 ——
pr=0
I
Detector

resolution

[_|
=
=
yd
as

IIIIIIII
35 60 65 T0 75 BO 5 90 95
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«* Must use the data to determine
calibration, corrections, and
systematics

» Monte Carlo and theory not
good enough

% Use the decay modes
» Z > eeand puu
s Clear, low-background signal

» Used as the basis for energy
calibrations

* p; balance in Z events is used
to understand the detector
response to the hadronic recoill
and underlying event

L)

L0

4

L)

L)

4

60 70 80 9% 100 110 120
m(ee) (GeV)

Electron Rw

' %=« Neutrino

| ! T -
| '\\ e I
. -~
s

Underlying event

Hadronic recoil
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%7003

m600 # ,1*
-~500 ‘Mn
s:i
W —ev 400 T
“300 #' |

Background estimate 200 ¢ l ‘& l
60

(a)

e
,,.J-

. O
Points: data 11000

Curves: best fit 2" ,7‘ \

w | \3 !
053635 40 45 5035
p(e) (GeV)

Measuring the W Mass

Likelihood fits

to templates of

transverse mass
distributions
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Nantucket Sound

/

*» Precision measurement

» Effects of a few MeV are important
on measuring an
80,000 MeV quantity in
2,000,000 MeV collisions
% Most systematic effects are studied
using the W and Z samples
=» scale with luminosity

< Goal for Run II: 6M,, ~25 MeV per
channel per experiment

Souree O My (MeV)
My fit, BEC My fit, CC+EC
CC-EC Z mass stat. a7 16
EC-EC 7 mass stat. 107 21
EC W mass stat. 179 3
CC-EC Z width stat. 47 14
EC-EC Z width stat, a6 4
Hadronic Energy Resolution 45 21
Py 22 9
PDF 35 15
Hadronic Energy Scale 16 10
Electron Angle Calibration 28 7
Backgrounds 21 4
W Width 10 G
Radiative Decays 4 1

Uncertainties on W mass

W-Boson Mass [GeV]

TEVATRON —to— 80.452 + 0.059
LEP2 —r 80.412 £ 0.042
Average -4 80.425 £ 0.034

%°/DoF: 0.3 / 1
NuTeV  —a— 80.136 + 0.084
LEP1/SLD —A— 80.368 + 0.032
LEP1/SLD/m, -A- 80.379 £ 0.023

80 802 804 806
m,, [GeV]
25
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W and Z Cross Sections

CDF and DO Runll Preliminary
< Test SM predictions for s }

Nantucket Sound

] pp— WX = Iv+X
W and Z production

% Ratio of 6*B can be used to gZ_SM/
determine the W width cl: %ﬁ

“* Leptonic decays of the W and Z d 2;‘ i} o e
are standard candles of hadron sk oy

. . Runl ¥DO0(e) QDO(u)
collider physics

ACDF(e) [CICDF(u)
T T T Y B B

1-IIIIIIIIIIIIIIIIIIIIII
1.7 1.75 1.8 185 1.9 1.95 2 2.05

» Detector calibration Center of Mass Energy (TeV)

» Understanding precision CDF and DO Runll Preliminary
measurements 3500

» Measure luminosity! 00 pBoZeX o lleX

*D0(e) * @ DO(u)
B Runll MDO(t) @ CDF(u)
150 ACDF(e) W CDF(1)
Runl %¥D0(e)  ©DO()

B ACDF(e) [ CDF(u)
10 coaa by b by v by w v vt v
1.7 175 1.8 185 19 1.95 2 2.05

Center of Mass Energy (TeV)
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Higgs
Search
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L)

Bathroom scale should be
sufficient to determine the mass

Last particle of the SM to be
observed

“Why is everybody looking for
the SM Higgs? Everybody
knows the SM is not the right
theory!” — lunchtime
conversation at BU

Many extensions of the SM

have particles that look

~identical to the SM Higgs
» Lightest MSSM higgs h

» Technipion m;
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Higgs Production and Decay

10 e~ ' r - T T 1 T
2 o(pp—H+X) [pb]
- Vs=2TeV

10 g

EEEEEEEEEEEEEEEEEENEEENEEEEEEEEEEEEEEEEEEN] Mt = 175 Ge

g—H

10

-2
10 E

3T
10

4T
‘IO 1 L L | L L 1 | L 1 L | L L L 1 L 1 L | L L L 50 100 200 500

80 100 120 140 160 180 2( . .
M, [GeV]
M, [GeV]

* Higgs search strategy at the Tevatron
» Low mass Higgs, use Higgs-strahlung qq = HW or HZ followed by H - bb
» High mass Higgs, use gg 2> H > WW or ZZ
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% As seen from M, SM
parameters depend on M,
=>» use precision EW
measurements to limit allowed
Higgs mass

* Result is the “blue band” plot

> M, >114 GeV ruled out by LEP

» M, <260 GeV from fit

% MSSM lightest Higgs < 135 GeV

LEP Electroweak Working Group:
lepewwg.web.cern.ch/LEPEWWG/

N

=
<

6

| " 1
5 Al g = A

—0.02761+0.00036
R L e 0.02749+0.00012 }

4 - ++ incl. low Q? data —
< i
e | =
" 89
0 Excluded i, APreliminary

20 400
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A 115 GeV Higgs signal

pp — W hwith W — {1 pp -+ £ hwith £ — (74 ..W-"I
= 330 AT = 250
¢ WH Channcls (NN} WHmy,- . 15 Ge Sgas | OZH bhE g
= Y T O wz 1 = 10 b BWZZZ "
: O wik . 2 X0 O Whkkb
= 2%0 B top . - 175 W CCDHop
- ! ' ,I,+ * Per sloexperimend - & Psendoexporiment
20 t =
s < 125 '
150 100 “
10K [
I 5
50
I 25
0" 200 40 &0 BOOIRg 1200 140 JE0 1RO X0 ﬂ” 0 40 &0 BDO100 120 140 180 180 200
o L2V my, (el
This is a statistically ‘unlucky case. .. This is a statistically ‘typical” case. ..

SM backgrounds are formidable =
must tag the b jets

need good dijet mass resolution
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Wbb Search Dijet Mass Distribution (> 1 b-tag)
121

CDF Run Il Preliminary 162 pb'

Wi+21ets ( 21 b-tag)
Data

W+light flavors
Wi+heavy flavors

Top

Events / 10 GeV/c?
>

w2z Wwz"2° and 2ttt
I'IDI'I-W
WEH 10 (my, = 115 GeVid)

4 oA U e CDF Run Il Preliminary
SlngleTag 3 —I1[I|II1r[|r||]lllr]KI11[||[|]I1I]|1r|1[||[l_
2| N
- | (R * LW O sesson E
"'-_””-l::::_ = Fa— 1 1 D‘E E T e — E
50 100 150 200 250 300 350 400 450 500 c 8 ]
2 0
Mass (GeV/c) w1 F WH —> Ivbb H—>WW? — iy 3
O E Liy=162 pb™ Liy=184 pb™ E
2 [ D@RunllPreliminary L=174pb" o | -
o [ (@ W + 2 b-tagged jets, g L o
o 10 25 GeV<M_ (W)<125 GeV 0 g [l W Expected Limit 3
o™ F (13 r —— QObserved Limit ]
— - . .
ﬂ B . Data 10_2 |JIl|!|ll|Jl||]l|JlJ[IJJlIJlISM JPirzeldllCl‘tll?lell
c 1L e 0 W+jets 100 110 120 130 140 150 160 170 180 190
4 : Wit my (GeV)
w - O whbb
A M other
10 & O WH x4
DOUbIe Tag ; (115 GeV)
L
10
0

50 100 150 200 250 300 350 400
Dijet Mass (GeV)
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combined CDF /DO thresholds

Higgs mass (GeV/c?)

Tevatron Higgs Prospects

e N SUSYInggs Workshop
2 10 = B R S R - (*98-99)
o : = R Héiggs—Sensitivity—s—tudy 03y

9‘ 30 fb™ E statistical power only

@ . g 1{ tics) | ®

< g 10 (OSyStematics) ™ gL . g
3 10 ¢ 0 B >

2 : ] 4
£ - c

_: i o o P o S R
- 7 - - N R S == N N
2 — 95% CL limit ~!

5 10° F — 30 evidence 3 £

g | — 50 discovery ] = 1 e
® 80 W0 @0 W0 ®0 80 200 | Feebeeveeebeseeeesebeiees

100

105 110 115 120 125 130 135 140
Higgs Mass m,, (GeVIc )

“ It's going to be tough! May have to wait for the LHC

s Will definitively rule out the hints for a 116 GeV Higgs seen at LEP
(unless, of course, the hints were right!)
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Cape Cod Bay : !
Nantucket Sound

S
D

Searches for
Physics Beyond
the SM




Nantucket Sound

/

s SUSY is the current favorite idea for
extending the SM

s SUSY is a postulated symmetry

between bosons and fermions

» All observed particles would have
superpartners

» Clearly, SUSY is broken

s Why people like SUSY

» Additional particles cancel
divergences in the Higgs mass

» Allows unification of forces at higher
energies

» Lightest neutralino is a good
explanation for cosmic dark matter

» Plays well with string theory

Searches for Supersymmetry j@

¢ Predicts multiple Higgs bosons,
strongly interacting squarks and
gluinos, and electroweakly
Interacting sleptons, charginos
and neutralinos
» Masses are unknown but
expected to be in range

100 GeV -1 TeV
=» accessible at the Tevatron

% R panty — (_1)3(B-L)+ZS
» R =+1 for SM patrticles
R = -1 for superpartners

» Conservation implies
» Pair production
« LSP is stable

*» Gold plated channels
» Jets + missing ET
» Trileptons
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Hadroproduction of Charginos &
Neutralinos

e In R parity conserving SUSY,

o =~ 53 80 105 120 -1
X@—iandx?areproduced T e e
and decay into fermions 10 O (pp/pp — JIX3 X33- T1X3- LX) [P,
and 2 LSP’s :  pp(S=14Te) ]

_______ pp(VS=2TeV) ]
W* exchange in s-channel

Squark exchange in t-channel

e o(pp — XiX3) accessible
to the Tevatron experiments

100 150 200 250
m(71.73) [GeV]

W. Beenakker et al., PRL 83, 3780 (1999)
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Trilepton Final State

~+ =0

PP — X7 X9 — 3wxixy

e “Gold plated” channel Signature = 3¢+ B
Low standard model and

instrumental backgrounds

e In the mMSUGRA model !

X1 Xg Xl

il is the LSP

W

e SUSY parameters
tang =3, u >0, Ag =0
mo = [72,88] GeV
mq o = [165, 185] GeV { .
miﬁ = [97,114] GeV -===
my ~ ms+ = enchanced leptonic BR

X
ocx BR~0.2—-0.4 pb q
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Search Strategies

WNantu

% Observe all 3 leptons plus missing E-

» Tevatron Run | approach
DJ: PRL 80 (1998) 8; CDF: PRL 80 (1998) 5275

% Clean but limited — lepton acceptance and ID efficiency,
3'd lepton can be soft, miss hadronic t's
% Can increase search sensitivity by alternate strategies

» Observe 2 leptons plus an isolated track
« Gain ¢ by relaxing the particle ID requirement

» Observe only 2 out of 3 leptons
» Leptons from different generations
* Leptons are like-sign*

“* Present 3 analyses that exploit these alternate approaches
1. e+ e+ ¢, where ¢ = isolated charged track
2. et+panded+u+4¢
3. uF 4 pt

% Combine the results to maximize the sensitivity

chit Sound

*Nachtman, Saltzberg, Worcester,
Int. J. Mod. Phys., A16S1B, 797 (2001)

BOSTON
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e + e+ ¢ Search &

Cape Cod Bay : !
Nantucket Sound

o [Ldt=175+11 pb—1 [D Note 4405]
e Event selection : _—rrr
2 good e, pr > 12,8 GeV 3 D@ Run Il preliminary e
> le with |n| < 1.1 10°F =\;J_;>ﬁenu
16,200 events i e
10 & Ot->ee
e Reject backgrounds 3
Z — ee, W — evy, tt, DY 10 —
Cut 15 < mee < 60 GeV f
Agp(e,e) < 2.8 1
> 1 SMT or tight e likelihood — ,}
Jet Ep < 80 GeV e }
et L U G v
Mp(e + Bp) > 15 GeV invarian
Er > 20 Gev SUSY signal

Acﬁ(e,ET) > 0.4
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e+ e+ ¢ Search

- o data
e Isolated track, pp > 3 GeV _ D@ Run Il preliminary =522‘2
e Residual SM backgrounds 1 ] T EE
killed by requiring o'L E?;EVZ’WW
pr(track) x Ep > 250 GeV? : L-..,_,.-j'_l“_l_l_
1 event remains 10’2;
e EXxpect 10_35
0.27 background events
0.8-1.6 events from SUSY 107 L

0 100 200 300 400 500 600 700
ETmiss x PT(track)
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A e + ¢ + ¢ Candidate Event

un 179596

Er (GeV/c) | n ¢
e 33.2 —0.97 | 3.37
eo 25.7 ~2.19 | 2.97
¢ 8.6 0.67 |5.87
Er 52.1 - |o.12

m(eier) = 39.5 GeV
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Combined Limit

Channel | Data Background
e See 3 events from data, e+e—+/ 1 0.27 +0.42 £+ 0.02
expect 3.4 from SM sources e+ p 1 |2494+037+0.18
o o e+ u-+4¢ 0 0.54 +£0.24 £ 0.04
) Setf 95% CL limit on ILL:E _|_'uj: 1 0.13+ 0.06 + 0.02
o(X7X5) X BR(3Y¢)
. " _
using the C¢'Lg method 2.4; D@ Run Il Preliminary
. . 2.2} + 0 :
; Search for 7y, — 3I+X:
e Significant improvement 2 i §1>)<:7BR(3|)
over Run I results 2 1.8 M) = M) ~ 2M(x;); M(slepton) ~ M)
= 1.6}
e Can not rule out the > 14
MSUGRA prediction (yet!) 2 1.2
sa 1
e Can use these results to #3 0.8 0
constrain other SUSY models © g'iﬁ___'\— DG Runll ¥1x; — eteletpiu+y
with a similar mass hierarchy 0.2l ‘
o _, MSUGRA prediction |

98 100 102 104 106 108 110 112

M(y7) [GeV]
*T. Junk, NIM A434, 435 (1999).
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Recycling is good!

% Signature for new physics often contain common objects
» High pT leptons
» Large missing ET

+ Certain final states can be used to place limits on a wide variety of
extensions to the SM

LrrT— PHYSICAL REVIEW LETTERS 12 Fusaran ot

ssearch Sor Large Kvirn Dimessborrs in (heboctren and Dipdston Prodecios

\T

0 Slarva K M M
WL Mt X
=

Pa Foners B Piguia B P
=B 7 G B Bt 5 Eeppban
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Recycling example — dileptons

Nantucket Sound

w

> Historically, a discovery channel
% Can use ete”and pu~events to
study many SM processes
» b/c physics:
» EW: e.qg. Z cross section n
» top - dileptons

* Look for rare decays
» SM B(Bs 2 ptu) ~ 3x10-° M) [GevieY

BY —u'w CDF I

s(d)
171 pb”

=z 2
o O
° o
c c
= 2
J s
e e
o 8
]
= »
oo oo

entries / 20 MeV/c 2

> In SUSY, can get S
enhancements o "
(~tan*p-tan®p) up to =y
factor of 1000 fmomp "

> B(BS - M+M_) < 5x10-7 gwm}; SM signal fx 10°)

> Example of analysis = - rHS2538)

P y W g/ ,./

where SM is out of a0 el ———
reach, any excess is e 'L'L‘H‘.;* [ I—
new physics e e
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Recycling example — dileptons _&*

Nantucket Sound

< |n a wide Variety of | _diEM :ass Spectrum D@ Run ll Preliminary
1 L L L L L] L) L L LA [
theories/models, new physics i oy —
Prob 0.1716
can show up as a resonance 1wl 00 24.03 % 0.71
. 0.01187 £ 0.00005
or excess of events at high 10
dilepton mass 1|

“ Dilepton mass distributions
have been used to place
limits on 10t

» Extra dimensions
(Greg Landsberg on Friday)

|II\I‘IIII|II\I|II
500 600 700 800 900

CDF RUN Il Preliminary (200 pb N

—e— Data

NO
S s ———All
» New gauge bosons: Z' g 10 S v zew
. g ->17, WZ it
» Technicolor: p; and o+ 5 10| O_DY zoc Wi, w21
» RS Gravitons 2

10

» RPV sneutrino
> Little Higgs

-2
U 100 200 300 400 500 600 700 800

Dimuon Mass (GeV/c 2) .
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Summary

“ | hope I've convinced you there
Is a “rich” (in the good way!)

ongoing program of physics at e —
the Tevatron ——I_"‘Jﬂt Lol =
< Only in lllinois (for now) iaen santed o0 l:n;-;:;:';:‘;,','_'“"
> Top quark "'I‘:"r'l';;:' e andee dl'::.l:.t.lul.-.-:-'
> W mass . it TR :::,.';.-I.I::.:ln o e
> By Ay o sononr At ORI ekderon
» Search for the SM Higgs and -

new phenomena
» Plus lots of other stuff | didn’t

have time to talk about Graduate student life hasn’t
¢ Will LHC do better? changed much over the years!
> You bet!

» But not yet!
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A Roll the credits

*» “Borrowed” lots of slides from the excellent talks by my DJ
and CDF colleagues, many thanks to them

** The talks from NEPPSR | and Il are very good!

** Web sites
» Fermilab:
> D@
» CDF:
» LEP EWWG:
» Tevatron EWWG:
» LEP SUSY:
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http://www.fnal.gov/
http://www-d0.fnal.gov/
http://www-cdf.fnal.gov/
http://lepewwg.web.cern.ch/LEPEWWG/
http://tevewwg.fnal.gov/
http://lepsusy.web.cern.ch/lepsusy/
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