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Tevatron Run 2

Record-setting performance!
Highest instantaneous lum store: 3.15 x 1032
Integrated lum over 1 week: 57.4 pb=" [June 30-jul 7]

Collider Run Il Peak Luminosity . ]

3.20E+32 3X-I sz
2B0E+32 N 2 G0E+32 .
: Integrating ~ 200
2 40E+32 5 2 40E+32 . pb_'l /month
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é151:IEEI2 1.60E 323 Over ]8/fb
BOE+ - 1.60E+32 N . .
- e delivered in FYOS8
i) i =1
ﬁf 1.20E+32 :1.2EIE+EIE E
o
B.ODE+31 2 B.ODE+31
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4.00E+3H 4.00E+31 .
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0.00E+20 - 0.00E+HI0
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~4 fb1 to tape !
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More to come

Projected Integrated Luminosity in Run Il (fb-1) vs time

FYT10 start

tegrated Luminosity (fb)

time since FY04
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DO Detector

The DO Detector
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CDF Submitted/Accepted/Published

Tevatron experiments producing
physics results
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So far in 2008, DO has
37 preliminary results,
30 publications (~1/week).
[34 submitted in CY 2007]
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History of D@ Paper Submissions to Peer-Reviewed Journals
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Year Submitted

CDF has
51 papers submitted in 2008
(32 published so far)



Tevatron Physics

» Mature program, characterized by

> Depth
- Precision electroweak measurements
- sophisticated techniques

> Breadth
- Discovery of B baryons, ZZ production
- Cross sections for top, jets, bosons
- Global searches for new physics

> Collaboration
- CDF and DO combine Higgs, top mass results

» Valuable lessons from Tevatron for LHC!




Topics covered today

» Many new results - too many to cover here —--
will show selected new results

» Testing the Standard Model
- QCD - angular distributions, diffractive W,Z
- Electroweak - W mass, ZZ observation
- Top - precise top mass measurement, single top, t’
- Higgs - combined CDF/DO result

- Breaking the Standard Model - searches for

New Phenomena
- SUSY, resonances, Extra Dimensions, global searches

» Apologies for results that | don’t have time to discuss...
» B physics - baryon discovery, s - not covered today




Dijet Angular Distributionsg o
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ayvents /(0.2 units)
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Diffractive Wand ZProduction

Study pomeron radiation from antiproton -

use W,Z as probes of structure function

—- outgoing antiproton momentum measured
with downstream beam detectors

——difference between pbar track and cal

electron gives neutrino momentum ->W mass

Z— mafup CDF Bun ll Preliminary

F —— SD (RP track, £ =0.1)
F —— ND (norm to SD)
F L=0.61b"
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CDF Run Il Preliminary
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Tevatron Run Il pp at Vs = 1.96 TeV

I boso n S E"m; - DEEE Er:'alim‘ina.ry'
% uJ ‘ -0 m_UF I"'IJ‘I}II_SHEG
» Tevatron datasets B 2D prominary
now large enough to E’m% B Theory
observe rare °
processes - WZ, ZZ 0% T e
> Prerequisite for a :
Higgs discovery! 104
> Sensitivity to new 1
physics :
’ 10 1
E w Z

Lepton/neutrino

channels have low
branching ratio but
he Unkno cIeanest signature
-{\\\s\\




Diboson observation

DO WZ+WW  20.2 +/- 4.5 pb 4.4s

CDF WZ 5.0 +/-1.7 pb 6o
zZ P
DO ZZ (llnn) 1.9 +/-1.1 pb 2.30
. D& Runll Preliminary, 1.7 fb™ *= emdata DO ZZ (4|) 1 . 75 i(l).;f; pb 426
2.5 KS = 0.640316 * . data
- R CDFZZ (4)) 1.4+0.7-0.6pb 4.4c
B I backaround
2
1.5
1:— - - -
0.5—
- R R IL' — I\—|m
0 100 200 300 400 500

4-lepton invariant mass (GeV)



W and Z Boson Mass

W mass provides input to indirect Higgs mass constraint  pgi 99 151801

—— Wprecision is primary limitation PRD 77, 112001
CDF Published measurement —-- 200 pb-! - 48 MeV/c2 uncertainty
Now analyzing 2.4 fb-1 = expected uncertainty < 25 MeV/c2

CDF Il preliminary IL dt = 2.4 fb™

-W— ev

data

™
O
>
9 15000
O i — MC
2 B background
- 10000
el
11 5000 xdof =70 /48 events

% 70 80 90 100
m.(ev) (GeV/c?)



Top physics

Top Mass

W helicity

Top Width
Production \ " | Anomalous
cross-section Top Spin Couplings
Resonant Top Charge CP violation
\

production >

Production

kinematics \

TAamrm Crrn
IUF \J/./I/I

Polarization ) p
Rare/ non SM Decays
Branching Ratios ’

[Vis/

From Aurelio Juste, Fermilab Wine and Cheese, 7-25-08



Top Quark Mass b

q(v)
Important parameter in W 7()
precision electrowealge gun Preliminary (1. )
analyses ................ tl.tt.ba.r'.j. Bépb —
[ [ | Other
Challenges: S0t B Single Top
[ B Vet
Jet energy scale (JES) 4} = aco
- Signal modeling 30 | KSProb  0.986
« Combinatorics .
Sophisticated techniques
minimize statistical and :
dominant systematic % s 100 150 200 20 300
uncertainties LepPt [GeV / c]
JES dominant > For example, use lepton pT
* Develop alternate (depends on W pT more than
measurements with less JES)

reliance on JES



Top Quark Mass

Mass of the Top Quark (*Preliminary)

Measurement
CDF-l di-| ®—+
D@-l  di ot
CDF-Il di-I* —$r
DOl di-l* ——
CDF-l |+ 1@
DBl I+4] | —e—
CDF-Il 1+j* _I-
DIl l+j/a*
D@-Il  l+j/b* v 3
CDF-I all >
CDF-Il all-j* e —
CDF-II Ixy H—e
:
Tevatron Run-l/II* +|
150 70
M, [GeV/c?]

top

op [GEV/CT]
167.4£11.4
168.4 +12.8
1712+ 3.9
173.7+ 6.4
1761t 7.3
180.1 £ 5.3
1724+ 2.1
1705+ 2.9
173.0+ 2.2
186.0+11.5
177.0+ 41
180.7 £ 16.8

x*/dof = 6.9/11

1726+t 1.4

March 2008

D@ Preliminary, ~1 fb™
'?&14;. —— Moch and Uwer
:13:_ Do I+jets/dilepton/l+tau 900 pb™
'g C 68% CL contour
B nf ] world average top quark mass
w12 =
o F prate
0111~
|t C 2%
=10~ <
8F
Tt
6_
5__IIII|IIII|IIII|IIII|Ii\l'i/'/-llllll|I-.I]'I‘|-I.I'II
150 155 160 165 170 175 180 185 190
top quark mass (GeV)
Good agreement between
mass from direct

reconstruction and cross
section measurement.

My, =169.6+5.5GeV

(Different systematic uncertainties)

17



Constraints on new physics from top cross

Qnm‘mn measlt irement

e It b D@ Preliminary, ~1 fb™
: : = "
e ttbar cross section measured in e T —e— T i |
many channels (combination of " b T Total uncertainty
Y 12/ . — NNLO Moch and Uwer

W decays + b-jet) SN\ NLO+NLL Cacciari et al]
« Top is heavy - if it were " §
decaying into some other heavy

object, could modify observed
cross-section channels

« Eg, t—oH*b : final states
depend on H* decay modes.

Tauonic: B(Ht—=tv)=1

« Observe fewer |+jets, R [T 5 [} S T TR 1T
di Iepton Top Mass (GeV)
« Observe more |+1 From DO, for m,=170 GeV:

Leptophobic: B(H*—cs)=1

 Fewer |+jets, dilepton
and |+t

ore hadronic

o(tf) = 8.167 %, (stat+syst) pb

Good agreement with the SM prediction
——- CDF and DO use to constrain H+

18



Single Top Production *.® t/

VVVV\/
/ w* 3
» Top produced weakly in a "

s—channel (otb = 0.9 pb) q Q

or t-channel (ctgq = 2.0 /
pb) -

» Cross section directly
measures Vtb magnitude

Single top cross section overwhelmed by W + jets
background

Advanced techniques required to separate signal
from background




Single top - analysis methods

Matrix Elements for tb Matrix Elements for tqb
S D@ 0.9 fb- S 80, DO 0.9 fb™!
. = _
2 2
c =
[ Q
D o
2 @
= >
86 07 08 08 1 86 07 08 09 1
tb ME Discriminant tqb ME Discriminant

CDF Run 1 Preliminary,J Ldt =2.7 fb"

CDF Run Il Preliminary, 2.7fb"

1 10° 40r W+2 jets SecVix+SecVix - Data
a B s-channe .s-channel
[ tch | .
3 1 \.l'\::b;mne 35 N M t-channel
C I tar it
g [ WecWe diboson
w Il mistag Zjet
10? I Z+jets i
I Diboscon 25 B wos
I Mon-W .W .
I Wet
.Non-W

RSyst. error
10

normalized to data

0 01 02 03 04 05 06 07 08 08 1 % 0.10.20.3 0.4 0.50.6 0.7 0.8 0.9

Il moma | ilralikhamad Dadia




CDF and D@ tb+tgb Cross Section

S I n g Ie I 0 p CDF Decision Trees : +0.8
57 fiy ! >—0—I 2.4 07 pb
- |
PrOd u Ct I 0 n CDF Matrix Elements | +0.8
27" | 2.7 47 Pb
- |
r tl n CDF Neural Networks | +0.7
Cross sectio e 2197
|
CDF Likelihood Funcs. ! +0.9
summary el 2098 1
|
CDF Combination | +0.7
2.2 fb™ preliminary : oy A g B
D@ Decision Trees | +14
D@ Matrix Elements | +16
0.9 fo~ | 48 14 PP
. |
D@ Bayesian NNs +1.6
0.9 o | 44 1, Pb
|
D@ Combination | +1.3
PRD | 4T 43 Pb
|
|
I N. Kidonakis, PRD 74, 114 (2006) m = 175 GeV
Z. Sullivan, F’R[i| 70, 114082 (2004) top
| !

July 2008 0 5 10
o (pp — th+X, tqb+X) [pb]




The Higgs Boson
» The last unobserved b P oo
particle in the Standard  _|\i| aei- P

1 1 — (027564000035
Model

."-.‘ e [.02748+0.00012
3 === incl. low Q° data
» Only fundamental scalar _
. . o=
» Gives fermions and weak < 7]
bosons their masses 2 -
» Responsible for generational |

o i
mixing | ) |Excluded N\ /% Preliminary|

» Narrow allowed mass region 30 100 300
Direct 95% CL limit: mH > 114 GeV m,, [GeV]

ndirect 95% CL limit: mH < 154 GeV




nggs at the Tevatron

Branching ratio

9 10f
c HProduchon 0( -
£ = Analyses
(U N
N tailored to
8 @) .
GO 3 Higgs
©
3 mass
F region
100 1i0 14I10 1é0 1EI!0 200 103

100 120 140 160 780 300

GeV/c?
my (Gev/c?) Wy, (GEVIED

» Finding the Higgs at the Tevatron is possible!
» Higgs program explores many possible channels

» Major effort from both CDF and DO to continue to improve
sensitivity:

- Addchannels

- Optimize object identification/resolution

- Optimize selections, sophisticated techniques

> Adding more luminosity (combine CDF - DO doubles dataset)
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Higgs Searches (m,, <130 GeV)

Cross section (pb)

Production

Branching rat

gg—=H

0.9F rr

Excluded by L ER,

Fchuded by LEP

100

WH — lvbb analysis

Independent channels for
combinations:

 e+jets, u+jets

e 2,3 jets

e 1,2 b-tags (NN-based)
Main background: W+ b-jets, tt

Dijet mass = multivariate
discriminants

Use W/Z + H at low mass

»  Significantly suppresses
background

» Leptonic boson decays for
further suppression

» Large H — bb BR

- DO
L =1.05 fb

W + 2jets (2 b-tag)
* Data
(W + jets
W multijet
Mt
CwWbb
Eother
OOwH x 10

oo

10

....|....3|....|....

% 50 100 150 200 250 300
Dijet Mass (GeV)



MNumber of Events

ZH =>1lbb (m,<130 GeV)

» 2—-dimensional neural » Matrix element probability:
network: ) » Less data and lepton
: _ coverage
» 13 input variables separate , Better sensitivity for
ZH from ttand Z+jets overlap sample
CDF Run Il Preliminary (2.4 fb™)
e | 'ulm DII .I‘.uu 45 l f:DFFII e Ih'nll znfl.,-n
i i @ ‘ i
o [ sz 40 3
10 [ FART -Zeibe
[ weee [ wresriamiy

Bz

|:| Z— se+bb,cc
|:| Z— up+bb.ce
B wwwz zz
I it

4 [Data

35

30

25

20

15

] BO 1M 160 200 250 300 360

Mu 10

5
Also, analyses optimized for WH + ZH
9

60 50 -40 -30 20 10

0

—



nggs Searches (m, 2130 GeV)

:fm- Production é’ } He WW mOSt
~ sensitive at high mass
N > W->1v low background
Tz > Main background
E - mH~160: WW
100 4 - mH~130: W+jets

- More modes
- WH + ZH + qqH 2qqWW

g T s [ » Also at high mass
= o e D Run II
” e Preliminary J| - WH=SWWW= viviy
’ [ » use neural nets,
s [ matrix element
o techniques




Higgs exclusion at the Tevatron

» CDF and DO combine results of all searches
for Standard Model Higgs

Tevatron Run II Preliminary, L=3 fb!

S L L B B B L B
% ----- Expected
é = (bserved
NS N tlo
=10 | 1 #20 -
N
Ve
(@)
1 F
l..l..,.|l..A L | July 30,2008
155 160 165 170 175 180 185 190 195 200

H(Ge,V/c)
Beginning to reach SM

D | sensitivity!




Searches for New Phenomena

» Several approaches for broad search program

> Indirect —- use Standard Model analyses (eg, top
Cross section) to constrain

- Direct search, re-using analysis techniques from
Standard Model Analyses (eg, resonance in t-tbar
mass)

- By topology (eg, acoplanar jets), then apply to
model

- Unusual objects that would not normally appear in
our detectors (eg, stable heavy particles)

> Following a model (eg, Supersymmetry)
- Model-independent - search by topology
- Global search analysis - attempt to look “everywhere”

Tevatron searches cover a range of possibilities!




ET scale: 16 Gel/'

[ |

=
o
™

Cross Section (pb)
=

—

gl
107 50

GeV

Events / 40

DG, L=2.5 fb™
— SNLo

—- Observed
-+- Expected

D@ Run Il Prelinmas:

PR I T N
100

PR I T N
150

PR I T
200

= W
250

LQ Mass (GeV)

2 g

-
o

<
o TT

. Acoplanar Jets + Missing E;

D@, L=2.5 fb™
* Data
— SM Background

---- LQ Signal

Apply to Leptoquark model

1

00 200 300 400 500 600 ?'Dl]
Hr (GeV)

LQLQ —vgvq

1-B = B(LQ—vq)

29



Scalar Leptoquarks (379 Generation)
» Predicted by a variety of New Physics

models (GUTs, Compositeness, etc).
» Couple directlyllvto a quark and a lepton:

q LQ

B ~ B(LQ—I+0q)
5 - 'g_ 10 DG 1.05 b = =0== Expected limits
l, v EEC E ——8-— (Observed limits
g B NLO cross section (f=1)
q LQ B e, R LLEEEEY NLO cross section (=0.5)

LQ;LQ ; >t bt™h 12_ Srina.
t, > uvv,t, - v + hadrons [ —— "

For 3rd gen scalar LQ with | T T
charge 2/3 or 4/3: 10 :
LQ—7t+b S0 AT 60180200220

» Look for u,t,b-tag jets m o [GeV]

|



Extra Dimensions

» May be more than four dimensions of space-
time
- “extra” dimensions confined

» Large Extra Dimension models predict ED
~10um
- eg, ADD models

- Experimentally, continuous ener?CY spectrum -
recoil from Kaluza-Klein towers (don’t interact)

» Small Extra Dimension models
- eg, Randall-Sundrum
> Predict towers of KK modes = mass resonances
with spacing O(TeV)
» Tevatron can search data for various
scenarios (few examples today)



Large Extra-Dimensions: mono-
photon

5 18

o E
aqq — v + Gy 2 Pl 1

*E' 14 —ely u.si— -

i | Inon-coliision t: L

monophoton signal = .,

[ Imisidentified jets o215

» Require energetic photon, ":
. . DCA fom]
mISSIng ET 6 D@ Run Il preliminary 1.7 fb'
- Backgrounds: : |
© Z(=>wv)y,.. i UGS SR

- Non-collision PEA [eml

(cosmics, beam-halo) 5 2
iy
- Exploit fine granularity of thes,,

== expected limit
== obhserved limit

N
DO detector to do “photon  14- . opF2om Imit
pointing”. s P
X-y plane ’_ . ;_ L TIIE TN T e

0.6
clusters

CPS b4
0.2

| | | | | |
\ \ 0 3 4 5 6 7 8
\ Number of Extra Dimensions

Improve upon LEP limits for n ;>4

D@, Run Il preliminary 2.7 &'

N -




Number of entries/10 GeV

Large Extra-Dimensions: ee, yy

y
Gravity diluted in large
compactified extra spatic
dimensions.
Tower of Kaluza-Klein
gravitons G, (massive,
stable, non-interacting). |
Interference! Virtual G, exchange
Di-EM (ee,yy) final state signature.
D@ Run Il Preliminary D@ Run Il Preliminary
(a) — Data F 3_
10¢ T LED: Messon, paa E [ D@ 1.05f' []DOPRLSE, 1156 (2001)
1032_ D@, 1.05 fb' :-LED M:;150E}.,n;_;=4 s 2.5‘_ ----expected limit
- T : —observed i
= == Drell-Yan &
10 _g [] Di-photon
E Multijet
L=
107
1025
100 200 300 400 500 600 700 800 900 1000 2 3 ; 5 ' '

6 7
, Number of Extra Dimensions (n )
di-EM Mass (GeV) d



Charged Massive Stabl

Charged: leaves track in
detector

Massive: long time-
of-flight, heavily ionizing

“Stable” = long-lived
=» signal in muon system
C Ny l’\ 'Ff\ f‘l III\HEIIIIQ
SCTAIl Ul 1V Ul IIUUII I11INC

signature with long time-
of-flight. Exploit timing
information from muon
scintillator system

e Partlcle,s

The D@ Detector

Muon Semlam

5

Muo Ch mbers

Shielding -'

u| mu

Toroid

Clnmt ‘-"

= ||

HZL\_&LH'QS

[N N TN ST (N TN TN TN M NN AN MANTE NN AN N A
10 5 0 B

D@ Run Il Preliminary
2 10" (b) DZ 1.1 b
B ® 95% CL. Cross Section Limit

Expected Cross Section Limit

=== NLO Cross Section Prediction
MLO Cross Section Uncertainty

10" Tl e . o
Gaugino-like i
107 e,
chargino 185 GeV
10-3 PR TN N N TN NN ST TN NN NN SN /SN N N SN SN TN NN SO SO SN M
50 100 150 200 250 300

Mass [GeV]



Supersymmetric extension of the Standard Model

~ Standardparticles = SUSY particles

@ Lootons @ Force particles Squarks ' Sloptons (- | I?m!.:li'l"lnl:lnnl:wit

» SM particles have supersymmetric partners:
- Differ by 1/2 unit in spin
- Sfermions (squarks, selectron, smuon ...): spin 0
- gauginos (chargino, neutralino, gluino,...): spin 1/2
» No SUSY particles found yet:

> SUSY must be broken: breaking mechanism determines
phenomenology

> More than 100 parameters even in “minimal” models!



Search for Chargino-Neutralino Production

» Trileptons from
chargino- q
neutralino:
flagship analysis
for discovery of q
SUSY at the
Tevatron

» Clear signature -
3 isolated
leptons, missing

energy




CDF and DO Trilepton Searches

Excluded Region in mSUGRA Search for i:ig CDF and DO have a
suite of searches

— CDFRunll Freliminaryj Ldt=2.0fb"

NE xcluded at 95% C. L. {4160 .
E 230 mSUGRA tan(g)=3, A;=0, >0 E fO r trl_l € pto ns -
T F m@E), miig) > mE) =~ combinations of
8 L 150+
g 220 K

%1)

I
3
—
=l
(]
—
32
=l

€ electrons, muons,
1490 tracks (for 3
s lepton)

Exclusion in terms
120 of SUSY model
10 Pparameters

100




Sneutrino Search

Resonant production if R-
parity violated

el, et, uthinal states

ut Channel
N“""" :'I III""I""I""I""I""I:
‘:% [ CDF Run Il Preliminary (1 fb"}
3 102 [ (500 GeV/c’) signal
s Data
hal B Physics Backgrounds
% - Z:'}'* — 11, WW, tt
S 10 [ Fake Backgr?unds
L 1. 1. W(+jets), Z/y" — pu, QCD
1E
-1
107 ¢
-2
107 ¢

100 200 300 400 500 600 700
Visible Mass of pt (GercE)

mv >':1

586 GeV (ep)

487 GeV (e1)

484 GeV (ur)

for couplings 0.05-0.1



=1
o

events /(3.5 TeVicd"

10%

1n_.|1 |-

M Total background

-
Q
(]

Resonance Decays to Dileptons

» Many models predict neutral resonances, 7',
at electroweak scale

> Supersymmetry, extra dimensions
» New search in dimuon channel

- Result in dielectrons - excess at M=240 GeV
(0.6% probability to be a background fluctuation)
- Dimuon search has similar sensitivity at this mass

CDF Il preliminary j Ldt=23fb"
Use 1/m spectrum —- resolution
constantvs 1/m  (c?/TeV)

Most significant excess at 103 GeV
6.6% probability to be due to
background

—— Data

Drell-Yan

| —— Hadmn fakes
- Cosmic Rays
WwW
i

| Set mass limits on Z’and gravitons




CDF Il preliminary L=23fb"
Limits on Z’, Model Mass Limits, 95% CL (GeVic?)

gravitons from  &&¥ ees
dimuon

resonance
search

CDF Il preliminary L=23fb"

Grawtnn Ide, Mass lelt, 95% CL (Ge\ﬂcz}




Fourth Generation Top Quark
» Search for fourth generation top, ¢’ ,in lepton +

jets final state, using tools from top analysis

» Reconstruct hypothesized ¢'mass and search in
nlane of mass vs total transverse energy

CDF Run 2 (2.8 fb)
Preliminary

1% consistency

102;-
| between data and
101l m(t')=450 GeV ’
l SM at M(t’) = 450
L[ $ observed
100[ t
F | P top
[ W+jets
101} ™ QCD
0 100 200 300 400 500

Mieco (GeV)




Set limits on t’ production

T I T I T J

CDF Run 2 (2.8 fb')| 1

E il Preliminary |

~ t'—Wq, = 4 jets ]

'E Hy VS Mreco ]

1 |

10 L
o

I observed

0.1 range of
F expected 95% CL
! upper limits

theoretical prediction
Bonciani et al.
Ul

] . I ]
200 300 400 500

t' mass (GeV/c2) ‘ mt' > 311 GeV




Global Search at CDF —- Vista

CDF Run Il Preliminary (2 fb’
1202 y( }

Entries: 399
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Global Search at CDF -- Sleuth
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Conclusion

*CDF and DO are reaching the peak of the
Tevatron’s physics potential

Broad programs - many new results and many
more to come

*Precision measurements
*Observation of rare processes
Some interesting excesses in searches

Many thanks to the organizers!




