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— B Physics Highlights

— Single Top Production

— Properties of Top Quark

— Top Quark and W boson Masses
— Search for Higgs Bosons

— Search for Supersymmetry

Full set of results available at:
http://www-d0.fnal.gov/Run2Physics/WWW/results.htm
http://www-cdf.fnal.gov/physics/physics.html



The Tevatron Collider

Proton Antiproton Collider
Centre-of-mass energy: 1.96 TeV
Integrated Luminosity: 2.5 fb~! so far
Peak luminosity: 2.9x 1032 cm—2s~!

Expecting to accumulate 6-8 fb~! by 2009
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The Tevatron Experiments
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Two General-Purpose Detectors: CDF DO
| Electron acceptance In] < 2.0 |n| < 3.0
Muon acceptance In| < 1.5 |n| < 2.0
: Silicon Precision tracking |n| < 2.0 |n| < 3.0
N Hermetic Calorimeter In| < 3.6 |n| < 4.2

Powerful trigger systems (2.5 MHz— 100 Hz)
— Dilepton triggers starting at pr > 4 GeV
— Jets+Er triggers with Ex > 25 GeV

RunlIb upgrades successfully installed
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The Tevatron Experiments — Dataset

Run Il Integrated Luminosity 19 April 2002 - 18 Febuary 2007
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— Current data-taking efficiencies 85-90%

— Results presented here based on 1 fb—!



B Physics — Discoveries

Entries per 5 MeVv/c?

The Tevatron is a B Factory
— huge cross sections for production of bb quark pairs

— b-quark fragmentation: access to heavy B mesons and baryons
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Bs Mixing — The Method

B, sample: can measure time evolution of B°-BY oscillation
0 .
— tag B, flavour at production and decay
— measure B? decay length and momentum

e, vertexing (same) side

SIS

D meson B
b hadron

| fragmentatmn
i kaon

“‘opposite” side

— Leptonic decays (CDF+D@): need to correct for missing momentum from neutrino

— Hadronic decays (CDF): full reconstruction of Bg decay — excellent time resolution



B Mixing — Results

March 2006: first direct limits by DO
17 < Amg, < 21 ps!

Now: precision measurement by CDF

Am,=17.7740.10(stat)£0.07(syst) ps—!

Oscillation
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B Mixing — Results from CKMfitter

Measurement of Am, constrains CKM matrix elements:
|Vial /| Vis| = 0.2060 £ 0.0007 (exp) Foooss (theor)
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More Bs Physics: CP Violation

CP violation in B! system:
— SM prediction for CPV phase &g = (4.2 + 1.4) x 1073
— potentially modified by new physics
D@: new combined constraint extracted from 4 measurements
— time-dependent angular distributions in B — J/¥®
— effective mean lifetime from flavour-specific B? decays

. . . 0
— charge asymmetry in semileptonic B, decays
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Single Top Production — Introduction

s-channel: “tb”
ONLO = 0.88 £ 0.11 pb

Physics Goals:
— Direct measurement of Vj,
— Test for new physics:
resonances: W’ —tb, ...

anomalous couplings, FCNC...

Channels:
— W-decays to electron or muon

— 2-4 jets, with 1-2 b-tags

t-channel: “tgb”
onto = 1.98 £ 0.25 pb

“tW production”

t

ONLO = 0.21 pb

(Too small to see atthe Tevatron)

Event Yields in 0.9 fb-! Data

Electron+muon, 1tag+2tags combined

Source 2 jets 3 jets 4 jets
tb 163 8+2 2+1
tgb 20+ 4 12+3 4x1
tt— i 39+9 327 113 |
tt — |+jets 205 103 + 25 143 £ 33
W+bb 26155 120 £ 24 35+7
W+cc 151 + 31 85 +17 23+5
W+jj 119+ 25 43+9 12+2
Multijets 95+ 19 77+ 15 29+6
Total background 686 + 41 460 + 39 253 + 38
Data 697 455 246




Single Top Production — The Method

Main challenge: signal buried in huge backgrounds

— need state of the art generators to model W+jets production (MLM matching, alpgen)

— employ multivariate discriminants optimally exploiting full information

Examples of input variables:
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D@ Analysis: Boosted Decision Trees, Matrix Element Method, Bayesian Neural Networks

signal extracted from discriminant distributions using binned likelihood fits

tagged
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Single Top Production — Cross Checks

Verify modeling of discriminants in control samples:

W+jets control sample tt control sample
s [ @ DO 0.9fb" 3 | (b) DO 0.9fb" «
> 601 > L ~ tb+tgb
e | = 20F = ttm
o H, < 175 GeV 2 1 Wijets W
: lefts 10l ~ H, > 300 GeV
20 ag - etjets
i i 4 jets
[ I 1 tag
0 0, P
0 02 04 06 0.8 1 0 02 04 06 0.8 1
tb+tgb Decision Tree Output tb+tgb Decision Tree Output

. ~ Decision Trees
Ensemble testing used to:

— check for bias, calibrate method

— determine significance (p-value)

y2Indof = 4.89/4
Slope =1.07 £ 0.03
Intercept =-0.12 * 0.10

Best sensitivity: Decision Tree analysis

Measured tb+tgb Xsec [pb]

NNV RN PRSI N O I 0 R O N [ W

3
o 1 2 3 4 5 6 7 8 9
Input tb+tgb cross section [pb]



Single Top Production — Results

D@: 3.40 evidence of single top production

D@ Run I 0.9 fb™
o(pp — tb+ X,tqb + X)=4.94+1.4 pb -
. . Decision trees | —e— 49 14 pp
First direct measurement of |V};|: e
0.68< |Vi| <1 at 95% C.L. Vatixclements || F—8— 46 g pb
CDF: two conflicting results Bayesian NNs | l . 50 *X9 g
— ME analysis: 0=2.7113 pb (2.30) .
Z. Sulliian PRD 70, 114012 (2004), m = 175 GeV
— NN analysis: 0<2.6 pb at 95% C.L. AN B R R
. 5 0 5 10 15
— to be resolved with more data... o(pp — th+tqb) [pb]
© —
Elo2 (c) DG 0.9 fb™ e S
5
> 10 e+l
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1
107 S s o085 0o o095 1 88 o
0.6 0.7 08 89 1 . 085 0.9 0.95 1 : 085 09 0.5

o tb+igb ME Discriminant tb+tgb ME Discriminant
tb+tgb Decision Tree Output



Properties of the Top Quark

Towards measurements of the complete set of quantum numbers

Top Charge:
— Charge consistent with 2/3e, 4/3e excluded at 94% CL

2 ipg s7oppt ()
g 1z T —|ql=2e/3
CI>) 10 |Q|: €
(- 8_' ----- |q| - 4e/3
o ] — |
5 6 T
O 4 = + ...... :
= o

0O 05 1 15 2

Top quark charge [e]



Properties of the Top Quark

Towards measurements of the complete set of quantum numbers

Top Charge:

— Charge consistent with 2/3e, 4/3e excluded at 94% CL

Top electroweak coupling: any hint of V+A contribution? — W-Helicity

F+ = -0.03 +0.06 (stat) 1003 (syst) — F+<0.10 at 95% C.L.

CDF Run Il Preliminary

- L, =955pb™

—— F,=0.59 27 (stat.)

P =05
F,=0.8

CDF Run Il Preliminary

- L, =955pb™

F.=0.1
...... F,=0.2
—— F, =-0.03 % (stat.)




Properties of the Top Quark

Towards measurements of the complete set of quantum numbers

Top Charge:
— Charge consistent with 2/3e, 4/3e excluded at 94% CL

Top electroweak coupling: any hint of V+A contribution? — W-Helicity
F+ = -0.03 +0.06 (stat) 1003 (syst) — F+<0.10 at 95% C.L.

Top electroweak coupling: V;;, from R=BR(t — Wb)/BR(t — W q)
Simultaneous measurement of R and tt cross section
R=1.03"012 — |V};| >0.78 at 95% C.L.

-] - -1 D s ;
= 260 D@ data 230 pb £ 10 - DO data 230 pb'
220" 210° I Muitijet
200} ° I Other
180 3 10° . it
160 :
140" Z 10
1200 95% C.L.
100-  68% C.L. 1
845 1 15 0 1 >2

R ntag



Properties of the Top Quark

Towards measurements of the complete set of quantum numbers

Current Status:

Measurement SM prediction
O 7.31+0.9 pb 6.7+£0.9 pb
o(gg — tt)/o(gg + qq — tt) 0.2540.26 0.18
CTtop <53.5um (95% C.L.) 10~ 1%um
BR(t — Wb)/BR(t — Wq) 1.037019 0.998
Fo 0.59+0.14 0.75
F, <0.10 (95% C.L.) 0
Charge Not 4/3 (94% C.L.) 2/3
Spin 1/2

— still plenty of room for improvements with larger statistics!



Top Mass Measurement — Introduction

Jet 1(b) m . m

% W neuwino Decay modes of W-bosons define 3 main channels:
. Channel Signature Events/1 fb—1!

T i Fr— “Dilepton” 0+bb+Er 50

A “Lepton + Jets” £+qq+bb+E7 200

07 “All Jets” 4q+bb 300

neutrino  ° (3 J’
@ electron ’ . ]g B tF':'

1-tag(T): 105 events

Golden Channel: Lepton + Jets
— good statistics

— good signal/background ratio

Events/(15 GeV/c?)
H
(@)]

— only 1 neutrino escaping

— overconstrained system ok

100 150 200 250 3200 350 400
mec° (GeVic))



Top Mass Measurement — The Method

Matrix Element Method (pioneered by D@, Run I):

Psignal(m; JES? mt) —

Jet Energy Scale:

check reconstructed events for consistency with top mass hypothesis m;

use full information: relate parton-level matrix element with reconstructed momen-
ta x via transfer function W

for each event, calculate likelihood Pi;g,,.; for given m; and jet energy scale JES

1

o (my)

o (y; my)
oy

/ dqudas F(a1) f(g2) d™y W (z,y; JES)

maximize likelihoods to determine m; and JES

CDF Run Il Preliminary (940 pb™)
, Monte Carlo

- " o mean: 78.8 GeV/c?
i KS0.32 | RMS: 19.3 GeV/c’

Data 5
mean: 79.7 GeV/c
RMS: 20.5 GeV/c’

Events

calibrated in v +jets vs. n, E;... 60

additional scale factor constrained
in situ by W—qq mass

40 | B tt (wa =170)
I Non-W QCD

B ZZ, WW, WZ

] Il Single Top

. Wc+3p

1 W cCT + 2p

B W bb +2p

W 4p

—— Data

20

0 50 100 150
m, GeV/c?



Top Mass Measurement — Results

Most precise single measurement: CDF lepton+jets
m; = 170.9 £ 2.2 (stat+JES) £ 1.4 (syst) GeV (JES = 0.99 + 0.02)

World Average:

m; = 171.4 £+ 1.2 (stat) £ 1.8 (syst) GeV

Mass of the T k (*Prelimi
D@ 1 fb—! results about to be released ass of the Top Quark (*Preliminary)

2
Measurement Miop [GeV/cT]
CDF-I di-| o} 167.4+11.4
CDF Preliminary 940 pb™ DO-I  di-l o 168.4 + 12.8
1
CDF-Il di-x —e@—+t: 1645+ 5.6
DO-II  di-I* b 178.1 + 8.3
CDF-l |4 1@ 176.1+ 7.3
] DO-I i | —o— 180.1 + 5.3
] CDF-Il +j* _E 170.9 + 2.5
“ain L2035 \ _ DO-Il  I+* T 170.3+ 4.5
: Aln L=2.0 - CDF-I all- : ® 186.0 + 11.5
[ : ] CDF-II all* o 1740+ 5.2
0.95 | ......................................................... .............................................. ............ A CDF-II Ixy* : ° 183.9 + 15.8
; : x*/ dof = 10.6/ 10
160 '
Tevatron Run-l/II*  H#H 1714+ 2.1
1é0 ' 1%0 ' 1$I90

2
Miop [GeV/cT]



Top Mass Measurement — Projection

Breakdown of systematic uncertainties:

JES res:dual

042

Initial state radiation 0.72

Final state radiation 0.76
(Generator 0.19

Background composition and modeling |0.21
Parton distribution functions 0.12
b-JES 0.60

b-tagging 031

Monte Carlo statistics 0.04

Lepton pT 0.22

Multiple Interactions 0.05

Projection:

Projected Am, (GeV)

Lepton+jets channel (CDF+D0 combined)

09 -
0.8 -

0.7 -
06 -

05

----- Statistical uncertainty

----- JES systematic uncertainty (from M,,, only)
----- Remaining systematic uncertanties

—— Total uncertainty

N N
1 \\‘ ~ LY

10

1 10
Integrated Luminosity (ff)



Top Mass Measurement — Interpretation

Summer 2006:
{1 —LEP1 and SLD
80.549 LEP2 and Tevatron (prel.)
68% CL
>’
()]
©. 80.4-
=

&

80.3 1

150 175 200
m, [GeV]

Desperately needed: improved W mass measurement



W Mass Measurement — The Method

Measure my from Jacobian edge in transverse mass:

g _ 2
> 5
~ &
f \ =
K pp(W)=0 -
.'t."f- I I
0 pr(W)z0-"|+* L
ss 60 65 70 75 ‘\%ITIL >ASUre Lf/ a0 45 sért"-_-fl
mp (GeV) pr(e) (GeV)

— minimal dependence on modeling of p; (W)

— crucial: calibration of energy measurements
Target precision: 29 MeV / 80392 MeV = 0.03% !!

— extreme requirements on understanding of systematics
CDF Analysis based on 200 pb~! (January 2007):

— 7 years of very hard work...
samples sizes: 64k W—ev, 50k W— uv, 3k Z—ee, 5k Z— upu



W Mass Measurement — Calibration

events / 15 MeV

events /0.01

Momentum calibration from J/ ¥, Y:

CDF Il preliminary

IL dt =200 pb™*

3000— +
- Aplp = (-1.376 + 0.064,,,)) X 10"
2000 Xz/dOf =26/18
f#**v
1000 A
0 I | |
9 9.5 10
My (GeV)
EM calibration using E/p:
CDF Il preliminary IL dt = 200 pb™
4000(—
- Se = 1+0.00025,,,
x?/dof =17/ 16
2000—

E/p (W-ev)

events /0.5 GeV

events / 0.5 GeV

Cross-checked on Z— ppu:

400

200

CDF Il preliminary

IL dt = 200 pb™*

M

, = (91184 + 43) MeV

x?/dof =32/30

Cross-checked on Z—ee:

200

100

CDF Il preliminary

IL dt = 200 pb™

*MZ

= (91190 + 67

stat

x?/dof =34 /38

) MeV

;




W Mass Measurement — Results

events / 0.5 GeV

1500

1000

500

CDF Il preliminary

I'L dt = 200 pb™*

CDF Il preliminary

M,, = (80493 + 48_,_) MeV

x?/dof = 86 / 48

['L dt = 200 pb™

70 80 90

m_(ev) (GeV)

CDF Result (200 pb—1):

80413148 MeV (£ 34(stat), +=34(syst))

World Average:

previous: 80392129 MeV
new: 8039825 MeV

Projection (CDF only):

Amyy <25 MeV with 1.5 fb—!

>
[¢]
(3 _
0 L
o
E -
c -
(]
% 1000
500~ [ M, = (80349 + 54,,,) MeV
x?/dof =59 / 48
0 T L L
100 60 70 80 90 100
M (1) (GeV)
CDF Run | L
80433+ 79
D@ Run | °
80483+ 84
DELPHI I
80336 + 67
L3 ——
80270 £ 55
OPAL ——
80416 £ 53
ALEPH ——
80440 £ 51
CDF Run Il (prel.) ——
80413 + 48
World Average 2007 —0—
80398 + 25
| | | | | |
80100 80200 80300 80400 80500 80600

W Boson Mass (MeV/cz)



W Mass Measurement — Interpretation

1 —LEP1 and SLD
80.549 LEP2 and Tevatron (prel.)

68% CL

S
(¢
O, 80.4-
>
-
80.3 -
150 175 200
m, [GeV]

Indirect constraints on the Higgs mass:
- mpy=80 3% GeV (was 85 T332 GeV)

- mpg < 153 GeV at 95% C.L. (was <166 GeV)



Search for Higgs Bosons — Production and Decay

Production Cross-Sections

o(pp—> H + X) [pbl
10 & Vs =2TeV

gg—->H

......
i,
LS

,,,,,,,

10 & qu'--...".".w.'w ~~~~~~ Afe s
1072 pomntr ZH
_3[ '”'""'-u.,,_,,_”.“.:[:[’H
0 e T
1 0_4 i L ‘ L L L ‘ L L L ‘ L L L ‘ L L L ‘ L L L
80 100 120 140 160 180 200

M, (GeV/c?)

Light Higgs bosons (myg <130 GeV):

/

Heavy Higgs bosons (my >130 GeV):

Branching Ratios

F WW ]
| Standard Model

'BRbhg,) /S N 2 A
- 7

80 100 120 140 160
M, [GeV]
SM

Dominant decay mode: H—bb
Production: in association with W,Z

— leptonic W,Z-decays provide best signature
— b-tagging to suppress background from W/Z+jets

Dominant decay mode: H—WW
Production: Gluon-Gluon Fusion

— relatively high cross-section
— clean 2-lepton+ E7 signature via H—-WW—lvlv

180

200



Search for Higgs Bosons: H—-WW

Main irreducible background: WW— £¢vfv

Additional information: angular correlations exploiting spin of Higgs boson

L:b—él:)v;)—:b—;
= >

— Charged leptons from Higgs decay tend to have small opening angle A®

Preselection After all cuts
Preselection | _*_d | HIGGS MASS 160 GEV (After Cuts 1-7) || * =
T Z - T Bz«
[ 1 QCD fakes r [ QCD fakes
103 L CIww Cww
F Cdw- Ow-w
Ot - ep ot - ep
Bz 10¢ [ paam
I wz/zz r B wzizz
102 E —— 160 GeV Higgs (x10) r ~ | - 7‘.7 —— 160 GeV Higgs (x10,
L e 1
10 E -e- e
Al
1 10
-1 -2
100 05 1 15 2 25 3 105% o, 5 2 25 3
A @ (e, p) (rad) A g (e, ) (rad)

Note:
— 4 SM Higgs events expected after all cuts for CDF+D@
— but: total expected background is 81 events (mostly WW)

— not yet sensitive (but getting close)



Search for low-mass Higgs Boson

For best sensitivity, need to combine many channels:
WH — ¢vbb, ZH — vvbb, ZH — £(bb, WH — WWW

Challenge: very low signal rates, massive backgrounds from V+jets

— reconstruct Higgs mass to discriminate from irreducible Vbb background

CDF Run Il Preliminary (695 pb ) Dijet mass in SIG Region, = 2 Tag

—~ 9
—_ - S - .. -1
o e Data 2 £ CDFRun Il Preliminary, 0.973 fb
% 83— [ ] W+Heavy Flavor § 8:_ —-Data
o ¢t [ mistag 3 70 — ZH115*10
Q F | [ Non-w QCD 5 [ Z+hf.
~ C N [ Diboson/z® -1t O 6F
0 6 - - _ - [ JW+h.f.
E‘ - S \: tt(6.7pb)+Single Top - .
$ 5 N ' Background Error S 1 ] Diboson
w 1N I WH x 10 (m,=115GeV/c?) - Il Top
4:\j§ AE T W QCD hf
33—;' \ 3f- [ Mistag
1;— | 1 -
0:|||||||||||||||||||||..I ] ol OE N L |
0 50 100 150 200 250 300 350 400 450 200 0 50 100 150 200 250 300 350 400
Dijet Mass (GeV/c) M, (GeV)

Results from 14 channels are statistically tested for presence of a SM Higgs boson as a
function of my (CLs method)



Search for Standard Model Higgs Boson

95% CL Limit/ SM

Summer 2006

40

35

30(—

LEP

25

(e e s g

unn Tevatron Expected
=== Tevatron Observed

D@ Expected
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In the pipeline:

— more channels: WH — 7vbb

— analysis improvements: NN, b-tagging, Eflow...

— analyze full datasets, updated combination

190

200

m,, (GeV/c?)

170 180
2
~10

Int. Luminosity per Exp. (fb’

10 |

56 Discovéry
30 Evidence
90%: CL-EXclusio

Higgs Mass m,, (GeV/cZ)




W Mass Measurement — Interpretation II

Before:
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Supersymmetric theories predict additional particles that modify loop corrections
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Search for SUSY Higgs

SUSY Higgs sector specified (at LO) by 2 parameters:

— m4: mass of pseudo-scalar Higgs boson

— tang: ratio of vacuum expectation values . b
g T
Important: hbb-coupling depends on tang3 b &
b -
— large cross-sections for Higgs production at high tan3 .
g T

MSSM Higgs Production cross sections

SM Higgs production cross sections e

3 T T 1T T T ‘ T T 1T T 1T ‘ T T 1T T 17T ‘ T T 1T T T ‘ T T 1T T 17T E Tevatron, \/S _ 196 Tev - h E

10 = TeVv i = i mhmax, tanf3 = 40 H A

o [fb] g : o 3
i ] Sxgg® .

< qq — Wh - - -

T ||||||I| T |||//|||

=
o
N
T T /
/ L1 H‘ |
@ production cross section [fb]
'SN
T IIIIII|
lll L

10 qq — Zh

=
o
T
<
~ N
9
N
~.

T
N
~

99,99 - tth

\

oV L
Q' o
S,

TeVA4LHC Higgs working group
1 \\\\\\\‘\\\\\\\‘\\\\\\\‘\\\\\\\ L

100 120 140 160 180 200 Al 4 N ey Ly
100 150 200 250

1

[EEN

o
o

T T T
\

~




Search for SUSY Higgs

Mode  Fraction (%) Comments
TeTe 3 Large DY BGND Selections:
T 3 Large DY BGND
- A Small QCD BGND A) two isolated taus with one leptonic tau decay
TeTh 23 Sl B) isolated electron and muon
TuTh 23 Golden
ThTh 41 Large QCD BGND

— Irreducible background from Z — 77~

— Reconstruction of effective mass from visible tau decay products and E
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Search for SUSY Higgs

January 2007: new CDF results with 1 fb—!

et, ut channel
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Search for SUSY Higgs

February 2007: new D@ results with 1 fb—!

| s
B QCD
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But: more than twice the data on tape, ready to be analyzed



What other particles does SUSY predict?
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Search for Supersymmetry — Squarks/Gluinos

— Squarks/Gluinos produced via strong interaction

Gl

LN

q

— large cross sections at hadron colliders

— Decays: jets + LSP

— LSP assumed to be stable (R, conserved)

— Signature: jets + Ep

- D@: 1 fb~! collected with dedicated trigger:

acoplanar jets + Er

Mass region | Main Channel | Signature
mg < Mg qq 2j + Er
mg > Mg gg 4 + Er
mg = mg 44,98 2j/3j + Er

~

g

o

g

Dijet Background

a

qq — qq + Er

MET

3-jet Background



Search for Supersymmetry — Squarks/Gluinos

2j+ Er analysis
D@ Preliminary

3j+ Er analysis

D@ Preliminary

o 10°E o 16
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2 R o
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£ (GeV) H_ (GeV)
Main backgrounds: q v  Main selection cuts:
— Multijets with fake Er 7 — 2/3/4 jets and large Er
- W+jets with W— ev, uv, v — angular separation Er, jets
— Z+jets with Z— v q v — isolated lepton veto
Mass region | Main Channel | Signature Er Hp = > p%ft Exp. Bckgd. | Data
mg < Mg qaq 2j + Er | >225 GeV| >300 GeV 7.5+1.7 5
mg > mg gg 4j + Er | >100 GeV| >300 GeV 3316, 34
mg < Mg 49,98 2j/3j + Er | >150 GeV | >400 GeV 6.1+1.3 6




Search for Supersymmetry — Squarks/Gluinos

D@ Preliminary, 0.96 fb™

N 600_ T T T | T T T i | T | LI L T | T T T 1 | T T T 1 ’
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- 11 _ 12 _ INCINCINC INCINC N INININ IANANAN| (EANEAN|
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Gluino Mass (GeV)
— No evidence for squark/gluino production at the Tevatron
— New limits in squark/gluino mass plane (mSUGRA: tanB8 = 3, Ay = 0, u < 0)

— Sensitivity beyond indirect limits from LEP



Search for Supersymmetry at LHC — V+jets Background

— Search for SUSY in Jets+ Er is flagship analysis at the LHC

— Modelling of V+jets backgrounds is crucial

— Default pythia modelling is not adequate

Events / 50
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M
WwW,Wwz,z7
BlZ- I'I'+jets

B single-t
XiSignal

A



Search for Supersymmetry at LHC — V+jets Background

U
— Search for SUSY in Jets+ Er is flagship analysis at the LHC
— Modelling of V+jets backgrounds is crucial -
— Default pythia modelling is not adequate
q v
ATLAS TDR Study (Parton Shower MC)
. ... i I New Study (Matrix Element MC)
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Vector Boson plus Jet Production at the Tevatron

Nr. of Events

Data / PYTHIA

10°
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0.2

Dedicated D@ Analyses to test new MC Generators in Z+jets data (950 pb—1)

Pr Distribution of leading Jet
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Vector Boson plus Jet Production at the Tevatron

-t
<

Nr. of Events

Data / PYTHIA

Dedicated D@ Analyses to test new MC Generators in Z+jets data (950 pb—1)
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Vector Boson plus Jet Production at the Tevatron
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Dedicated D@ Analyses to test new MC Generators in Z+jets data (950 pb—1)
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Conclusions

Tevatron Collider has reached design luminosity, 2.5 fb~! delivered so far
CDF and DO are in the headlines (5 press releases in 1 year)

B; mixing observation and precision measurement

Evidence for single top production

Improved measurements of top and W mass

Higgs searches on the way to reaching sensitivity

Massive set of results from searches for SUSY and other NP

Preparing for LHC physics with dedicated measurements at the Tevatron
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Diboson Production

[ WZ Candidate Transverse Mass ]
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Heavy B meson states
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Search for Heavy Gauge Bosons

Many models predict extra charged or neutral gauge bosons (W’, Z’)

— search for leptonic decays of high-mass resonances: W — fv, Z’— ££

CDF Run Il Preliminary
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Search for Heavy Gauge Bosons

Many models predict extra charged or neutral gauge bosons (W’, Z’)

— search for leptonic decays of high-mass resonances: W — fv, Z’— ££

CDF Run Il Preliminary Di-Electron Invariant Mass Spectrum
5
4 EI LI I I I LI || I I I L || N§ 10 g CDF Run II Preliminary Data
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Limit (CDF): My>788 GeV Limit (CDF): Mz >850 GeV



Search for Charginos and Neutralinos

— Production cross section (electroweak) relatively small

— need clean leptonic signature to suppress backgrounds
— Golden channel: x*x) — 3¢ + Er

— Experimental Challenge: low-pr leptons

— need multilepton triggers with low thresholds

— need efficient lepton identification at low pr

350 M(slepton) = 116 GeV
M(neutralino2) = 110 GeV

M(chargino) = 106 GeV

300

250

200

150! next-to-leading lepton

100[1 leading lepton

50
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PT lepton (generator level) (GeV)




Search for Charginos and Neutralinos

Analysis Strategy:

two identified leptons plus isolated track

isolation criteria designed to be efficient for
electrons, muons and hadronic 7-decays

Selection P pF p3
eel >12 GeV >8 GeV >4 GeV
epl >12 GeV >8 GeV >7 GeV
ppl >11 GeV >5 GeV >3 GeV

Is-pupe | >11 GeV >5 GeV -

V
=
o

N

D@, 320 pb*
eel selection

=
o

Events / 2 Ge
|_\

10

« Data
Wz
OQCD
EW +jet/y
ZEWW,WZ,2Z
B tt
JSUSsY




Search for Charginos and Neutralinos

Results (0.3-1.1 fb—1):

Selection | Expected Background Observed Signal (m;+=110 GeV)
eel 0.76+0.67 0 4.6+0.3
el 0.314+0.13 0 1.6+0.1
ol 1.754+0.57 2 1.3+0.2
Is-pops 1.104+0.40 1 4.21+0.7
Combined 3.92+0.98 3 11.7+0.8

— Backgrounds dominated by WZ, WW, W~ (plus bb for dimuon channels)

— No evidence for chargino/neutralino production

— Limits on product of cross section and leptonic branching fraction




Search for Charginos and Neutralinos

a(};%>) x BR(3I) (pb)
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Limits constrain SUSY beyond LEP chargino limits:
— 3{-max scenario: my+ > 140 GeV

— heavy-squarks scenario: my+ > 154 GeV

Full update with 1 fb—! dataset currently in progress



Search for Charginos and Neutralinos

Search for 9&2 - 3l+X

|
Q
[REN

M)=M(G)=2ME2): MD>ME)

tan3=3, >0, no slepton mixing

o(}X:%) x BR(3I) (pb)
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1072

Run IIb projections (assuming some analysis improvements):
— 3¢-max scenario: will probe m =+ > 200 GeV

— large-m, scenario: sensitive up to my+ ~ 150 GeV

Full update with 1 fb—! dataset currently in progress



Search for Charginos and Neutralinos

Heavy sleptons:

7~ 1_ | T T | T T T T | T T T T | T T T T | T T T T | T T_]
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AM<O0: two-body decays into real sleptons

AM<-6 GeV: good efficiency, high branching fractions

-6 GeV<AM<O0: very soft third lepton — limit set by Is-up-analysis
AM>0: three-body decays via slepton- and W/Z-exchange

AMZ20: slepton-exchange maximal — large BR(34): “3l-max scenario”

AM>>0: W/Z-exchange dominates — small BR(3/): “large-m, scenario”



Search for Charginos and Neutralinos

SUSY mass spectrum likely contains light stau leptons
— chargino/neutralino decay cascades proceed via stau

— multiple 7 leptons in final state

65% of T leptons decay hadronically

— reconstructed as 1 or 3 tracks pointing to
narrow energy deposition in calorimeter

— using neural networks to separate T-decays
from jets

(Type 1) (2 3) (QCD-Jet)

Reference signal: Z — 7+ — e/u+hadrons
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Search for Charginos and Neutralinos

Two new D@ trilepton analyses: e/u + 7 + isolated track

| third lepton (e) ‘

Selection | Expected Background Observed Signal (m;+=110 GeV)

eel 0.21+0.12 0 1.940.2
eul 0.31+0.13 0 1.6+0.1
il 1.754-0.57 2 1.340.2
Is-pept 0.66+0.37 1 0.740.1
etl 0.58+0.14 0 0.440.1
url 0.364-0.13 1 0.740.1
Combined 3.8710.81 4 6.610.3
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Interpretation of results in models with light stau (high tang3) still in progress



Vector Boson plus Jet Production at the Tevatron

Data / PYTHIA

Dedicated D@ Analyses to test new MC Generators in Z+jets data (950 pb—1)
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Pinning down EWSB at the Tevatron

Standard Model relates m g, m;, my via radiative corrections:

H ro
W/Z ~dicoe W/Z W/Z ~aniinnn W/ Z ~ In n",:—v‘é

— 6 4
{ —LEP1 and SLD ] . :
Ao =
80.54 LEP2 and Tevatron (prel.) 54 _ 0.02617(’5810.00035 i
68% CL 1 "\ 0.02749+0.00012
— . «+ incl. low Q? dat .
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O N
=, . < 2- i
80.4 3 3
=
= 2 i
80.3 1- —
_ 2 0 | Excluded .
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m, [GeV] m,, [GeV]

— Indirect constraints on Higgs boson mass:
mpg=89 + 42 - 30 GeV
mpyg < 175 GeV at 95% C.L.



Outlook: Search for SM Higgs boson at the LHC

— For discovery at 50 level need LHC
— LHC sensitive across entire mass range with moderate luminosity

— Note: discovery in low-mass region non-trivial

- H - vy
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(no K-factors) H - zzO . 4l
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Outlook: MSSM Higgs Searches at the LHC

— Discovery at 50 level extremely unlikely at Tevatron
— LHC can detect MSSM Higgs bosons at 50 across entire parameter space

— Several production/decay channels accessible for a given point in tan3,m 4 plane

©. 50 \ September 2001
| \ -
S| — > b’ = ATLAS+CMS
= H* =TV = SLdt=30 b7 /exp
30 L I -~ _ Mdximal mixing
\ H"—=tb <
I~ e
20 =
10 —
9 [
8 [
7 [
6 [
5 | —>vyy and
.l h/tth, h—>yy
LEP 2000
3 [ *
5K -\\'
- N A X
2| éfi§§§§§§??>\\\\*\\\\\ 1\\3 /\\\\
§ A—>Zh—>llbb |
R N\
: V% 77
N /A =)
I :‘k\ L1 ‘ I | ‘ L1 \&é 4\ L1 ‘ | \/\///\/ ‘ I
50 100 150 200 250 300 350 400 450 500

m, (GeV)



Outlook: SUSY at the LHC

ATLAS Discovery reach for Supersymmetry:
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Most likely limitation for a fast SUSY discovery:

— calibration, data quality, trigger commissioning...



Typical mass spectrum of SUSY particles
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Search for Supersymmetry — Sbottoms/Stops

Dedicated D@ searches for light sbottom or stop quarks

~100—

Neutralino Mass (GeV/c

can use b- and charm-tagging to substantially reduce backgrounds

still significant potential with more integrated luminosity
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Search for Supersymmetry: R-Parity Violation

Most general Superpotential contains 45 Yukawa terms leading to violation of
Lepton/Baryon-Number:

W = Wgpc + Wrpv
Wrpv = Aijjpl;L;E), + A;jkLinDk + X U;D; Dy,

1)k

— couplings are constrained by searches for L- and B-violation, but could be non-zero
— all terms violate conservation of multiplicative quantum number R-parity

— need to study SUSY with and without conservation of R-Parity
Important consequences of R-parity violation for SUSY collider signatures:

LSP can decay into SM fermions: Resonant production of SUSY particles:

v 1~ q M

(For non-zero L;L; Ek-coupling) (For non-zero LinDk-coupling)
D@ search channels:

XEX) = XX+ X -4+ Epr +X f— p+x0— 2u+ 25



Search for Supersymmetry: RPV

Search for resonant smuon production (154 pb—1):

LI
I
=

— Two muons with p;>8 and pr>20 GeV
— Two jets with pr>15 GeV
— Topological cuts to reduce Z+jets background

— Reconstruction of Neutralino and Smuon invariant
masses

Background Expectation:

— between 0.1 and 1.6 events (depending on mass hy-
pothesis)

No excess observed in data:

— two or less events for all masses

Interpretation:

— limits on )\’211 as a function of Smuon and Neutrali-
Nno mass
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Search for Charginos and Neutralinos — R-Parity Violation

Most general Superpotential contains 45 R-parity violating Yukawa terms:
Werpv = NijeLiL;Ei, + XL-jkLz'QjDk + A;;kﬁiDjDk

— LSP can decay into SM fermions

— For LLE-coupling: Chargino/Neutralino production yields 41+ E1-+X

D@: Analyzed 360 pb—! with 5 dedicated trilepton selections:
- eeet+Er+X, eeu+Er+X, eert+Er+X, eup+Er+X, pup+Er+X

D@, 360 pb™

v
4

e K is LSP

Exclusion domains
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140 180 _ 220
M %0 [GeV]




Search for Stable Charginos

Charginos with small mass difference to LSP can be quasi-stable (Anomaly-mediated SB)
— slow-moving massive stable charged particle
Experimental signature: two high-pt muons with out-of-time scintillator hits
Additional Handle: large dE/dx in tracker and calorimeter (not used by current analysis)
Analysis of 390 pb~—! of data collected with dimuon trigger:
— require speed of muons to be significantly below c
— kinematic cuts against Z — ppu with poorly measured timing

Results (m>100 GeV): no events observed, 0.661+0.06 events expected
— new chargino mass limits: 140 GeV (higgsino-like), 174 GeV (gaugino-like)
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Search for Supersymmetry: Bs — pu ™

SM prediction: BR(B, — pTp=)=3.8x107°

b i ¢
t YV
w
S AN 12

— significant at high tan3: BR=0(107")

— complementary to trilepton search
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Search for Supersymmetry: Bs — pu ™

Results (limits at 95% C.L.):

D@ (300 pb—!): 4.341.2 expected, 4 observed — BR(B, — puTp7)<3.7x10~7
CDF (364 pb—!): 1.5+0.2 expected, 0 observed — BR(B, — putpu=)<2.0x10~"

TEVNPWG Combination: BR(B, — puTp~)<1.5x10~7

Projection for Run IIb: sensitivity will approach 10~8

— will test large part of SUGRA parameter space

Dedes, Dreiner, Nierste, Richardson
(hep-ph/0207026)

CDF+D0 BR(B,—u"’) Projection a) Mg=150, Ag=0, 1>0, my=175 GeV
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Search for Supersymmetry at LEP

c2)

Very clean environment, highly efficient searches for large variety of signatures

Main limitation: maximum beam energy of ~104 GeV

Strong limits on SUSY from searches for charginos, sleptons and Higgs bosons:

my+ > 103.5 GeV, m; > 95 GeV, my, > 114.4 GeV

Within a given model, can derive mass limits on LSP (dark matter candidate)
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