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Tevatron Accelerator

Run | Run lla Run IIb
Bunches in Turn 6x6 36 x 36 36 x 36
s (TeV) 1.8 1.96 1.96
Typical L (cm2s1) 1.6 x10%° 1x103%2 2.8 x1032
| Ldt (pb-L/week) 3 15-20 50-60
Bunch crossing (ns) 3500 396 396
Interactions/ crossing 2.5 2.5 7.0
Integrated Luminosity 5137.15 (1/pb)
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Excellent performance:

Typical instantaneous luminosity:
~2.8x10% cm-2s?t

Record inst. lum.: 3.3x1032 cm2s1

Surpassed integrated luminosity goal
for FY08.

Delivered ~5.2 fb1



‘ Tevatron Accelerator I

Run | Run lla Run llb

Bunches in Turn 6x6 36 x 36 36 x 36
s (TeV) 1.8 1.96 1.96
Typical L (cm2sY) 1.6 x103° 1x1032 2.8 x10%2
| Ldt (pb2/week) 8 15-20 50-60
Bunch crossing (ns) 3500 396 396
Interactions/ crossing 2.5 2.5 7.0
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Excellent performance:

+  Typical instantaneous luminosity:
~2.8x10% cm-2s?t

Record inst. lum.: 3.3x1032 cm2s1

»  Surpassed integrated luminosity goal
for FYO08.

» Delivered ~5.2 fb!
* Project ~7.7-8.8 fb! by end of FY10.



‘ Tevatron Accelerator I

Run | Run lla Run llb
Bunches in Turn 6 x6 36 x 36 36 x 36
s (TeV) 1.8 1.96 1.96
Typical L (cm2sY) 1.6 x103° 1x1032 2.8 x10%2
| Ldt (pb2/week) 8 15-20 50-60
Bunch crossing (ns) 3500 396 396
Interactions/ crossing 2.5 2.5 7.0

FYO09 Integrated Luminosity 208.36 (1/pb) ,
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Recovering from site-wide
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Excellent performance:

* Typical instantaneous luminosity:
~2.8x10% cm-2s?t

Record inst. lum.: 3.3x1032 cm2s1

»  Surpassed integrated luminosity goal
for FYOS.

» Delivered ~5.2 fb!
* Project ~7.7-8.8 fb! by end of FY10.

 Butin end of FYO8 and beginning of
FYO09 better slope than “Highest Lum”
projection! 4



Multipurpose detectors:

‘ CDF and D@ Detectors I
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63 institutions (15 countries) 90 institutions (18 countries)
589 physicists 554 physicists

_ . All detector subsystems expected to
Central tracking system embedded in a survive till the end of the run.

solenoidal magnetic field:

+ Silicon vertex detector

» Tracking chamber(CDF)/fiber tracker(DQ)
Preshowers
Electromagnetic and hadronic calorimeters
Muon system

No further upgrades, stable triggers.
Data taking efficiency: >85%



‘ Physics Program at the Tevatron I

« Broad and deep program being fully
exploited.

EE Ower 730 papers by CDF and D@ | a
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* Recorded luminosity to date: ~4.5 fb-1

* Physics analyses to date typically use
~1-3 fb-1, so final results with the full
dataset will have ~2.5-7 times more
statistics.

»  This talk will only cover a subset of
recent results spanning the whole
physics program.




QCD Program

«  Physics at a hadron collider (Tevatron, LHC) 1 4 TeV cm energy d|-Jet

requires precise understanding of QCD:
» Hard interactions of 2 partons, PDFs
* Multi-parton interactions (underlying event)
« Soft/hard initial/final state radiation
» Hadronization/fragmentation

CDF Run II Preliminary

Jet Et1 = 666 GeV (corr)
583 GeV (raw)

etal = 0.31 (detector)
0.43 (corr z)

Jet Et2 = 633 GeV (corr)
546 GeV (raw)

eta2 = =0.30 (detector)
-0.19 (corr z)

Full program of measurements:
« Jet production

* Inclusive jet p,, dijet mass, dijet angular
distributions, ... L
%

* Vector boson + jets
*  Photon production

° Diphoton N\ ‘ z vertex = -25 cm

Run 1562507
Event 1222318

|| DiJet Mass = 1364 GeV (corr)

* Photon + X
» Heavy-flavor production

* Inclusive

«  Associated with vector bosons
« Underlying event, jet fragmentation
« Diffractive program



Jet Production

Inclusive jet cross section

« Stringent probe of pQCD over 8 orders of magnitude!

* Forward jets: sensitive probe of gluon PDF at high x.

+ Central jets at high py: sensitive probe of New Physics.

» After years of work, achieved jet energy calibration ~1-2%.

PRL 101, 062001 (2008)
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Significant constraints to the gluon PDF.
Extremely useful input for the LHC.

W/Z+jets total/differential cross sections
» Test of pQCD predictions at high momentum transfers.

* Main backgrounds to top, Higgs, New Phenomena
searches = critical to validate theoretical calculations
and Monte Carlo event generators.

PRL 101, 062001 (2008
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Vector Boson + Heavy Flavor Jets

Sensitive to production mechanism and the heavy quark
content of the proton. Also probes fragmentation into heavy

quarks.
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Is there an “intrinsic charm” (non-perturbative) component of
the proton?
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Large discrepancy for y+c at high p
Non-intrinsic charm? 9



Vector Boson + Heavy Flavor Jets

e [ ..

. . . I D© Run IT Preliminary
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First differential distributions available.
Higher statistics needed for more
stringent tests of theoretical predictions.

Large discrepancy for y+c at high p;
Non-intrinsic charm? 10



B = |bd), B~ = |b
Bg = |b35), B = b

‘ Heavy Flavor Program I

Large production cross section (~0.1 mb).
Many b,c species are produced at the Tevatron:

AY = |bdu), T, = |bdd)
= = |bds)

many of which are inaccessible at the B factories.

Low p; lepton (CDF+D@) and displaced track (CDF)
triggers allow for rich samples of semileptonic and
hadronic decay modes.

Hadron collider environment challenging but sufficient
statistics and detector capabilities allow for an
extremely rich program:

Precise cross section, mass & lifetime
measurements

Exclusive decays, branching fractions & rare
decays

Mixing and CP violation
Spectroscopy & decay properties
Discovery of new states

“Typical” event display at the B-factories:

11



Heavy Flavor Program

» Large production cross section (~0.1 mb).
 Many b,c species are produced at the Tevatron:

AY = |bdu), T, = |bdd)
= = |bds)

BY = |bd), B~ =
B = |b5), B = |

| 21

ba)
bc)

~

many of which are inaccessible at the B factories.

* Low p; lepton (CDF+D@) and displaced track (CDF)
triggers allow for rich samples of semileptonic and
hadronic decay modes.

« Hadron collider environment challenging but sufficient
statistics and detector capabilities allow for an
extremely rich program:

. Precise cross section, mass & lifetime
measurements

»  Exclusive decays, branching fractions & rare
decays

«  Mixing and CP violation
*  Spectroscopy & decay properties
+ Discovery of new states

“Typical” event display at the Tevatron:

"Ewent 13621316 Thu Aug 28 10:24:28 2003
w L b Wi b
W) ! l
T i
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Study of New Heavy b-Baryons

Heavy quark hadrons are the “hydrogen atom” of QCD

and b hadrons offer the heavier quarks in bound systems Y ger Heavy-Light
> Very sensitive tests of potential models, HQET, lattice TN Vel 5 : meson
gauge calculations... ( ® | . }
Have added to A (udb) (seenin UAL): \ P /f e k\ 8 qq : baryon
S, %, 5% (uub,ddb), Z,-(dsb), Q. (ssb). 5D g
Observation of the Q,
arXiv:0808.4142 [hep-ex]
3 b DO ()
<M 13"
= I Data
12 [ e Fit 17.8 £ 4.9 (stat) £ 0.8 (syst) events
§10; Mass: 6.165 + 0.010(stat) £ 0.013(syst) GeV
S0
o Significance: 5.4c
ol - - -
: | b —>%)BrC, = Iy &) _ 45010 35(stat) 02 (syst)
A ]| fb—>E,)BrE, >J/wE")
WA an
L ‘ - U=l 7 ‘ What'’s the next discovery?
G 1 | L1 L1 | I | I | L | | | |

5.8 6 62 64 66 6.8
M(%) (GeV) 13



Study of New Heavy b-Baryons

» Heavy quark hadrons are the “hydrogen atom” of QCD J=1/2 b Baryons 3b

and b hadrons offer the heavier quarks in bound systems

=> Very sensitive tests of potential models, HQET, lattice 2b
gauge calculations...
* Have added to A,(udb) (seenin UA1): 1b
Xy %, 2% (uub,ddb), =E,(dsb), Q. (ssb).
Observation of the Q,
arXiv:0808.4142 [hep-ex] 0b
3 b DO (a)
<M 13"
=J ™ Data
12 [ e Fit 17.8 £ 4.9 (stat) £ 0.8 (syst) events
§10; Mass: 6.165 + 0.010(stat) £ 0.013(syst) GeV
il
8?_ Significance: 5.4c
6 - - -
i ; fb— gEE)Br(?E >y 2 ) _ 0.80+0.32(stat) 35 (syst)
A | fb—>E,)BrE, >J/wE")
I
U ‘ U U=l 7 What's the next discovery?
G 1 | L1 L1 | I | I | L | | | |

58 6 62 64 66 68 7
M(2,) (GeV) 14



‘ CP Violation in B, Decays I

Time-dependent angular analysis in

B? — B mixing

b W Vi flavor-tagged B, —J/y¢ decays:
B? ) u,c,t W' u,c,t ( BSO Bﬁ—‘l— thlpq) v v
Bz b \ / O
. E:: - V., V;; not to scale
Weak eigenstates: => sin 28,V
ir il [ HFAG
;d Bo| _ | M=% Ms75"|| B g CDF 1351 ' +DO 281" 2008
d| Bo| ~ | o dilt gy il || B T e — N
Mass eigenstates: ) ) <L:] ol 20TeeCL sm/fa |
|Bf'Y =pl|Bs)+q|B) |BY) =p|B)-q|B
0.0/ T
B, meson allows to probe the entire matrix: 02 !g
p-value = 0.031 -
o4l 220 from SM NN
Am.= M, - M, ~ 2|M,| Sensitive to New Physics 04r \
CR g _ 06 . . . e
AI=T, =T ~ 2|T.,] Notsensitive to New Physics 15 10 05 0 05 10 15
ﬁ.f/'r;,'q“;r[rad]
y 5
Al,=T,-T, ~ 2|D2\COS¢S \N/ER\I(Drs]en_smve to
ew FhysIcs Combination of CDF and D@ measurements
w/0 assumptions on strong phases yields
SSM = arg[—Mi2/I'12] — ¢SSM + @ivp . p Ip Y
~0.004 2.2c deviation from the SM (p-value=3.1%).
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‘ CP Violation in B, Decays I

B? — B mixing

b W Vi . Updated CDF result with 2.8 fb-1:
g ) - ( 50 consistency with the SM further decreased
s u,c,t + | u,c,t s
I O (p-value= 0.15 — 0.08).
Vi b
_ CDF Run Il Preliminary L =2.8 fb’
Weak eigenstates: ~ SM prediction !
__ 0.6 — 95%cCLL
0 _il _ il 0 " - — 68%C.L.
B (M= Mol B 804"
dt| B « il . i || B? =
ME 2 M 2 q 0-2_
Mass eigenstates: 0.0 T
B) = plBY+qlBY) 1By =pl|BY)-qlBY .
B, meson allows to probe the entire matrix: -0.47
. : -0.6[
Am,=M, - M, ~ ,‘2‘)‘1/1!12 Sensitive to New Physics I1 . (l) . 11
cp
AI=T_ -1 .~ 2|E2‘ Not sensitive to New Physics Bs (rad)

Al,=T,-T, ~ 2|E2‘ cos ¢, VERY sensitive to Very exciting prospects in the near future:

New Physics - Updates with 4 fb by Moriond’09.
* Additional measurements (charge
SM B L 4SM NP _
¢5 " = arg[—Miz /T, (?08004 +Ps asymmetries) underway.
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Rare Decays

95% CL Limits on B(B; — uu)

Rare decays very sensitive to New Physics. 100 _ somer
Large b p_roducUon rate anq high luminosity ©CDF & Dol
open a window of opportunity at the Tevatron. 1998 |
.:3 10
- (12004
FCNC B/, decays: > A 2005
(=] |
SM NP = 2005 ;
—_ 1
w* - H' LL 2007
b A2%" ut b —----- ut = - I
B° u,c,t v B ¢ v s =
d,s A Mo d,s H E 0.1 |New Physics ||
w w @ 2
SM: BR(B,— i) ~3.8x10° ("I 'Standard Model Expectation ||
MSSM/2HDM: SM x tanNB (N=6,4)!! 0.01 L S :
1 10 100 1000
CDF (2 fb1): <5.8x108 (~15xSM) @ 95% CL x10'2 pp Collisions

. . _r A
Flavor-violating B,—eu decays: CDF Run |l prefiminary (26" )

] ) E} BB->eu) <20(26)x107  90(95)% C.L.
Forbidden in the SM. b : e (u) m M,o(B?-> eu) > 47.7(44.6) TeV  90(95)% C.L.
«  Sensitivity to very large Bs : LQ g G. Valencia, S. Willenbrock, PRD 50 (1994)

(e) - b HN with:<(B) = 1.437 +0.031 ps
Hob 5 2
m(B,) = 53661 0.0006 GeVic

w |

mass scales.

B, == eu ' m, =42 +0.07Gevic*
1071 ; F(B) =0.200 +0.035 GeV
Limits on B, competitive with B factories. B ;
Unique limits on B, I §
P I A 2 I A
0 40 50 60 70 80 90 100

Myo(B? - eu) [TeVic



‘ Electroweak Program I

r
+ Single W(—Iv)/Z(—I*I") production occurs at
high rate: O(100k-10k)/week!!
* Provide “standard candles”: lepton ID/trigger
efficiencies vs. time, integrated luminosity v,

verification, electron energy scale, etc.

» Inclusive production cross section in good
agreement with theoretical prediction.

=>» could be used to overcome ~6% luminosity p—.\: r
uncertainty in many measurements.

+
Extensive and very competitive program: I_J !

«  WI/Z production cross sections and differential
distributions

»  Precision measurements: My, I'y, Sin%0,,,...
* Diboson physics

t-channel 2=channel

18



‘ W/Z Asymmetries I

W charge asymmetry

Differential distributions provide important information on production mechanism.

Forward-backward asymmetry in Z/y*—>e*e
Measurement of A5 as a function of M.

d+u u+d
W™ w™ «  Sensitive to New Physics effects at high M,
(extend region probed by LEP2).
*  Measurement of sinZ0,,.
* Measurement of Z-u-u and Z-d-d couplings.
antipreton preton
e de(W*)/dy—do(W™)/dy Arg - -7
de(W™)/dy+do(W™)/dy L.
D‘.S_ UL T 1T ] "-..IL r.ll:l :

- CDF Run Il Peliminaky [(L =1 " ] oA 1
> 0.7 : J —3 L _
= [ —=— 11b" datalstat. +jsyst) 7 Y o 7
m r BRIl Ty O it LT e AR T l' |!

E 0.6‘: T T AT AT T TS T R T __: \I ;l |
E C PDF untcertainty(ICTECQG.11 ] \1‘ ,’I : |
a 0.5: __: - : _,:. |
< 0.4f - 500 GeV Z’ boson |
@ C 3 oo |
g 0.3 . Z,. -
P A E sner, PRD 54, 1078 (1996) | -
U 0'2— /7‘ — | - 1 1 1 1 | L1 1 1 1 | N I 1 | — | L1 11
= o 15 o ] 100 200 s00 400 500 &00
b T ] M., (GeV)
05 1 15 2 25 3
ly |
Yw 19

Significant constraints on PDFs!



‘ W/Z Asymmetries I

« Differential distributions provide important information on production mechanism.

W charge asymmetry

d+u u+d
W™ w™
antipreton preton

—_—

)= de(W™)/dy—do(W™)/dy
de(W™ )/ dv+do(W ™)/ dyv

D.B_ LI T T T T ]

- CDF Run Il Peliminaky [(L =1 " ]

> 0.7} - J —3
: E— 1 b dataistat. +jsyst.) i
L o6f HEO-PridictionG TEQSHH —3
e B E
E C PDF untcertainty(ICTECQG.11 ]
= 0.5¢ -
0 - 3
< p.4fF .
@ r ]
g 0.3F .
L b— .

K= C ) 71'4’4 3
5 0.2 e -
0.1: F'T': ]

F 1 1 1 | 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I:

% 05 1 15 2 25 3

Significant constraints on PDFs!

Forward-backward asymmetry in Z/y*—>e*e

Measurement of A5 as a function of M.

Sensitive to New Physics effects at high M.,
(extend region probed by LEP2).

Measurement of sin?6,,.
Measurement of Z-u-u and Z-d-d couplings.

PRL 101, 191801 (2008)

AFB

05

DG 1.1 b
: x*d.o.f. = 10.6/14 I
I
— PYTHIA [250,500] GeV
----- ZGRAD2

50 events

$ Statistical uncertainty
Total uncertainty

70 100 | 300 500
M, (GeV)
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W/Z Asymmetries

« Differential distributions provide important information on production mechanism.

W charge asymmetry Forward-backward asymmetry in Z/y*—>e*e
4+ utd *  Measurement of Agg as a function of M.
W™ w™ +  Sensitive to New Physics effects at high M,

(extend region probed by LEP2).
*  Measurement of sin?0,,.
* Measurement of Z-u-u and Z-d-d couplings.

antipreton preton
«—— Average 0.23153 £ D.0DD16
(1) = de(W™)/dy—do(W™)/dy
o de(W™)/ dv+de(W™)/dv PN — e D.23099 + D.0DD53
D.B L LI T T T 71 T T T T T T T T T T AI(P‘;) —— D.23159 + D.DDDA
C i _iq st ]
P CDF Run Il P eumlnarny =11 fb e A(SLD) e 0.23098 + 0.000ZE
>~ E —— 1 fb" dataistat. +jsyst.) ]
m u ElL T D = e LT e A RAY ___
E 0.6 : T T T AT O MO T SR TV : A:;b D 23221 + D DDDZB
E 05 o PDF untertainty(ICTECQE. 11 __Z ) -
E" ) - ALC ——— 0.23220 + D.D0DB1
® 0 45 ] Q> ' ® ' 0.2324 4+ D.DD12
m o .
E 0.35 < E D (11 fbl) Ap, (D) - D.2326+ D.DD19
o 0'2; - g ; L 1 1 ]
= 0.1 C 7.:”‘_ ] 0.23 0.232 D.234 D.236
T o . . 2 nlept
_ﬂ_‘l?—: | 11 11 11 1 1 1 11 1 11 1 1 1 11 1 : s'" eeﬁ
% o5 1 15 2 25 3 N _
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W/Z Asymmetries

» Differential distributions provide important information on production mechanism.

W charge asymmetry

d+u u+d
+
w- w
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)= de(W™)/dy—do(W™)/dy S
de(W™ )/ dv+do(W ™)/ dyv
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Significant constraints on PDFs!

Forward-backward asymmetry in Z/y*—>e*e
Measurement of A5 as a function of M.

Sensitive to New Physics effects at high M,
(extend region probed by LEP2).

Measurement of sin?6,,.
Measurement of Z-u-u and Z-d-d couplings.
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‘ W Boson Mass I

Constraint on SM Higgs mass is now dominated
by the W mass uncertainty:

Am, = 1.2 GeV = AM,, = +9/-8 GeV
AM,, = 25 MeV = AM,, = +17/-13 GeV

Measured from template fits to W transverse mass,
lepton p; and MET distributions.

Exquisite understanding of the detector response,
noise and pileup required:

~ few MeV for quantities ~40 GeV!

Uncertainty currently dominated by statistics of Z
sample used for calibration.

Theoretical uncertainties ~10-15 MeV.

New results expected soon!
*  CDF working on 2.4 fb-1 measurement
« D@ working on 1 fb-1 measurement

July 2008
1

{1 —LEP2 and Tevat

80.54 LEP1 and SLD

68% CL

ron (prel.)

8044 | )4
80.3 1
150 175 200
m, [GeV]
CDF Run | —_—
80433+ 79
D@ Run | —_—
80483 + 84
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80270+ 55
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80416 + 53
ALEPH
80440 + 51
CDF Run Il (prel.)
80413 + 48
World Average 2007 -
80398+ 25
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|
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‘ W Boson Mass I

Constraint on SM Higgs mass is now dominated
by the W mass uncertainty:

Am, = 1.2 GeV =» AM,, = +9/-8 GeV
AM, = 25 MeV = AM, = +17/-13 GeV

Measured from template fits to W transverse mass,
lepton p; and MET distributions.

Exquisite understanding of the detector response,
noise and pileup required:

~ few MeV for quantities ~40 GeV!

Uncertainty currently dominated by statistics of Z
sample used for calibration.

Theoretical uncertainties ~10-15 MeV.

New results expected soon!
*  CDF working on 2.4 fb-1 measurement
« D@ working on 1 fb-1 measurement

CDF (200 pbt)

Best single measurement

Events / 0.5 GeV

PRL 99, 151801 (2007)
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‘ W Boson Mass I

Constraint on SM Higgs mass is now dominated COF 1l preliminary J Lai=241"

by the W mass uncertainty: § - CDF (2400 pb)
Am, = 1.2 GeV =» AM,, = +9/-8 GeV 3 15000 © data
AM,, = 25 MeV = AM,,= +17/-13 GeV o [ e

py i ackground

_ 5 10000

Measured from template fits to W transverse mass, ® C N 2
lepton p; and MET distributions. 9 Am," =15 MeVie

L 5000 yildof=70/48
Exquisite understanding of the detector response,
noise and pileup required: % 70 8 % 100
~ few MeV for quantities ~40 GeV! m(ev) (GeVic?)
Uncertainty currently dominated by statistics of Z : — — —
sample used for calibration. m D@ Run1a(e) Single Experiment Sensitivity

250

Theoretical uncertainties ~10-15 MeV.

200

CDF Run 1a (e+y) CDF extrapolation
New results expected soon!

*  CDF working on 2.4 fb! measurement
D@ working on 1 fb-l measurement

150

D@ Run 1 (e)
CDF Run 1 (e+p)

CDF expected

100

W Mass Precisicn (MeV)

I|IIII|IIII|IIII|IIII [

50
. L CDF Run 2a (e+n
With full data sample expect CDF+D@& o f0MeVoystlimit un 2a (e+y) ~

combined uncertainty of ~15-20 MeV. 10 T ’F

Integrated Luminosity (/pb)

_III|IIII|IIII|IIII|IIII|IIII_
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‘ Diboson Production I

Recent observation of ZZ production in Illvv and 4l
channels by D@ (5.7c). Evidence at CDF (4.40).

Measured cross section in agreement with SM (1.4 pb).

Probe of non-abelian structure of SM and sensitive to Tevatron Run Il pp at\'s = 1.96 TeV
New Physics. e
' w.z E ’ ’
? I 7~ The Unknow .8 e
8 F
i
Background to many direct searches (e.g. Higgs, SUSY) G ek e .
for New Physics. Reality check for NP searches. % :
3 10;—

First evidence of WW/WZ—lvjj by D@ (4.40).
*  0=20.2+4.4 pb (SM: 16.1+0.9 pb)

« Advanced multivariate and statistical techniques
being used in W(—Iv)H(—bb) now verified in
similar final state W(—Iv)W/Z(—j))

Anomalous couplings from W(—Iv)y, Z(—ll,vv)y,
W(—=IV)W(=lv,jj)), W(—=>Iv)Z(—ll,jj)) and Z(—=>I)Z(=l,vv,jj).
Combined limits will be complementary/competitive with LEP.
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Diboson Production

e Dib0Son Producion |

Probe of non-abelian structure of SM and sensitive to
New Physics.

z-%\nknow

Background to many direct searches (e.g. Higgs, SUSY)
for New Physics. Reality check for NP searches.

Recent observation of ZZ production in Illvv and 4l
channels by D@ (5.7c). Evidence at CDF (4.40).

Measured cross section in agreement with SM (1.4 pb).

First evidence of WW/WZ—lvjj by D@ (4.40).
*  0=20.2+4.4 pb (SM: 16.1+0.9 pb)

« Advanced multivariate and statistical techniques
being used in W(—Iv)H(—bb) now verified in
similar final state W(—Iv)W/Z(—j))

Anomalous couplings from W(—Iv)y, Z(—ll,vv)y,
W(—=IV)W(=lv,jj)), W(—=>Iv)Z(—ll,jj)) and Z(—=>I)Z(=l,vv,jj).

Combined limits will be complementary/competitive with LEP.

PRL 100, 201801 (2008)
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Uzz [t Wy,W+jets
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Nsyst. Uncertainty
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PRL 101, 171803 (2008)
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‘ Diboson Production I

Probe of non-abelian structure of SM and sensitive to WW/IWZ—-lvjj arXiv:0810.3873 [hep-ex]
New Physics. § D@, 1.1 b + Data
= 2500 I Diboson Signal
g [ Wjets
& 2000 [ Z+jets

I Top
[ Multijet

1500

he Unknow
1000

Background to many direct searches (e.g. Higgs, SUSY) 500
for New Physics. Reality check for NP searches.

T O O R I IR o
0 01 02 03 04 05 06 07 08 09 1

RF Output
Recent observation of ZZ production in llvv and 4l
channels by D@ (5.7c). Evidence at CDF (4.40). > oo e -
.. . ° - D@, 1.1 b ata - Backgroun

Measured cross section in agreement with SM (1.4 pb). g 3005_ B Diboson Signal

= 200¢ — 1 s.d. on Background
First evidence of WW/WZ—lvjj by D@ (4.40). 'g 100k

m

*  0=20.2+4.4 pb (SM: 16.1+0.9 pb)

« Advanced multivariate and statistical techniques
being used in W(—Iv)H(—bb) now verified in
similar final state W(—Iv)W/Z(—j))

=
TTT T TTT

2Pmb 0.45
l_l 1 |

= |_,_.-—;__,—l e
50100 TS0 200 250 300
Dijet Mass (GeV)

Data-BG-Sig
stat. @ syst

1
=
o 82

Anomalous couplings from W(—Iv)y, Z(—ll,vv)y,
W(—=IV)W(=lv,jj)), W(—=>Iv)Z(—ll,jj)) and Z(—=>I)Z(=l,vv,jj).

Combined limits will be complementary/competitive with LEP. 8



‘ Top Physics Program I

Precision measurements of top quark
properties crucial in order to unveil its true
nature: A, = V2 m/v = 0.991+0.007 !!!

Extremely rich program of measurements.

Large top samples in Tevatron Run Il have
allowed to make the transition from the
discovery phase to a phase of precision
measurements of top quark properties.

W helicity

Top Width Anomalous

Production Top Spin Couplings
cross-section W+ I

Top Charge CP violation
Resonant
production v
Production }
kinematics
Top Spin
Polarization

J q
Rare/ non SM De,cays / W~
Branching Ratios qQ’
[Vis!
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Nevent

Top Quark Production and Decay

Top quarks dominantly produced in pairs via the

strong interaction.

Measured cross sections in agreement with SM.

Experimental precision from combination of
channels (~9%) comparable to theoretical error.

Precise measurements in different channels allows

to place constraints on New Physics.

E.g. t->H*b: channels affected differently

depending on H* decay modes.

D@ Runll Preliminary

10° )
® Data(L=1.0fb™

B(H*—tv)=1

I

— tt Br{t —» H'b)=0.0

tt Br(t - H'b)=0.3

— tt Br{t —» H'b)=0.6

e
— 1
L

background

10% -

10

g t gy t
0 w*
ﬂg t
= % -
g -
~85% ~15%
CDF Run Il preliminary’ July 2008
] Cacciari et al., arXiv:0804.2800 (2008) ' Assume m =175 GeV/c? |

Kidonakis & Vogt, arXiv:0805.3844 (2008)
[ Moch & Uwer, arXiv:0807.2794 (2008)

'Lept0n+Trag:j(

8.3+1.3+0.7+0.5

[ [ [
l+jets 1 tag l+jets 2 tag dilepton 1+lepton

(L=1.1fb)

'Lept0n+Traq<: Vertex tag 13 +1.841.1+0.6
(L=1.1fb) . e .
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(L=0.31b ) s Ele Fp e+l
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Nevent

‘ Top Quark Production and Decay I

Top quarks dominantly produced in pairs via the

— B2 Run Il Preliminary_

"1:‘ 1:' 1
strong interaction. ook i E.Eﬁif;esi' o o —
Measured cross sections in agreement with SM. T8 tan = =

. .. . . t E e tan =45 =
Experimental precision from combination of LOo7e o T I tan =58 -
channels (~9%) comparable to theoretical error. r 0-6F renpeTe E

= 0.5 E

_ o @ 0.4F =
Precise measurements in different channels allows 0.3F > =
to place constraints on New Physics. 0.2F e gy
E.g. t—>H*b: channels affected differently 0.1 T
H m L1 v b Py b T SRR
depending on H* decay modes. 080 90 100 110 120 130 140 150 160
M. [GeV]
10° D@ Runll Preliminary
{B(H*—>1v)=1 * Data(l=1.0fb") D@ Run Il Preliminary
:—|° — tt Br{t » H'b)=0.0 % :_H;_')'c; T ';;W T _;
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‘ Top Quark Production and Decay I

Top quarks dominantly produced in pairs via the
strong interaction.

Measured cross sections in agreement with SM.

Experimental precision from combination of
channels ~9% (comparable to theoretical error).

Precise measurements in different channels allows
to place constraints on New Physics.

E.g. t->H*b: channels affected differently
depending on H* decay modes.

Also probing for non-SM production mechanisms
(e.g. Z'—tt) or New Physics contamination in the
top samples (e.g. tt>WqWq).

Using top as a tool to look for New Physics

(/2] C
T 70~ (b) D@, L=2.1fb" -* Data
e [ ]Z/(650 GeV
3 60— Preliminary (650 GeV)
® . M i
= 50— e Single top
] C
z 405 Diboson
E Wijets
30 .
= Z+jets
20— B Muttijet
10—
% 200 400 600 800 1 1200
M. [GeV]
m,. > 760 GeV @ 95% CL ;
(leptophobic Z' with T/M=1.2%)
CDF Run 2 (2.8 fb"")
Prelimina
102k Yy 4
101 m(t')=450 GeV |

t observed

100} t

10-1

top
WHjets
M QcD

100

|

200 300 400 500

MI’EGD (GEV}

m. >311GeV @ 95% CL
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Top Quark Mass

Fundamental parameter of the Standard Model.

Important ingredient for EW precision analyses at
the quantum level.

= Incisive consistency checks

= constrain/rule out models of New Physics

= provide valuable information on the parameters
of the Lagrangian

Sophisticated techniques to minimize statistical and
dominant systematic uncertainties (JES via in-situ
calibration to M, in lepton+jets).

PRL 101, 182001 (2008)

__‘"\“‘\“‘\_“""“‘I"‘\“_ >50 IH”HHIHHi
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3 +~data 3§ O a0k ~data
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Top Quark Mass

Fundamental parameter of the Standard Model.

Important ingredient for EW precision analyses at
the quantum level.

= incisive consistency checks

= constrain/rule out models of New Physics

= provide valuable information on the parameters
of the Lagrangian

Sophisticated techniques to minimize statistical and
dominant systematic uncertainties (JES via in-situ
calibration to M, in lepton+jets).

Current world-average (most sensitive channels
use up to 2.7 fb1):

m, =17/24+0.7+10 GeV

Measurement will be limited by systematic
uncertainties (signal modeling, b-jet response),
some of which can be constrained by data.

Estimate ultimate precision <1 GeV

M, [GeV]

[ T | T T T T | T T T T | T T T T | T T T L
80.70 | @xperimental errors: LEP2/Tevatron (today) ]

L 68% CL ]

C 95% CL ]
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160 165 170 175 180 185
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Best Tevatron Run Il (Preliminary)
.—.—.
All-dets: CDF
e © 176.9+ 4.2
) —
Dilepton: CDF -+
Pl 171.2+£3.9
) —
Dilepton: DO -+
Pyl 174.4+ 3.8
. -
Lepton+tJTets. CDF 172.2+ 1.6
(2.7®")
-
Lepton+dJets: DO +
i 172.2+1.7
Tevatron B 172.4+ 1.2
(Run Run I, July 2008) Eidof = A 9:1 o 281 %)
| \ | \ I
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Top Quark Mass (GeV/cz)




‘ Probing the tbW Interaction I

Electroweak single top production

q t 9 q
A+ W

b t

q b g b

Cross section proportional to tbW strength
Rate ~1/2 tt but very large W+jets background

Both experiments have evidence for single top
via sophisticated multivariate techniques to
extract the signal.

4 I S-Channel
CDF Run Il Preliminary, L = 2.2 fo' |8 tehamel
0N i gnlc;?ooi[gpmn)
t L All channels W+bb
@ 160_— W+cE
= C 70 Mistags
Woagol & —n
C 40 4
120 } 30 I Non-W
C 20 —— Data
- 10
80[ g
L 3
B 2
605 E
4oi T >
§ 0=22%+0.7pb (SM:2.9 pb) g
201 )
0% |V, |=0.88+0.16 g
00 0102 03 04 05 06 0.7 08 09 1

Neural Network Output
Expect observation with ~3 fb!

W helicity in top quark decays

b W W
.Y De Y o Y L
41 4 1 ]
W b b
hay = -1 Ay = 0 Ay = +1
My om _
SM: F zm—OSO 0~7m5+2ﬁ;f§ =0.70 F =0

* Reconstruct helicity angle of lepton in
top quark pair events.
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Sensitive to ratio of anomalous couplings



‘ Probing the tbW Interaction I

Electroweak single top production

q’ ~ g
w
b f
g ¥ 5

Cross section proportional to tbW strength
Rate ~1/2 tt but very large W+jets background

Both experiments have evidence for single top
via sophisticated multivariate techniques to
extract the signal.

With full dataset:
* AVy/V,,~8%
*  Simultaneous measurement of s- and t-
channel cross sections.

*  Model-independent measurement of
tbW couplings.

«  Searches for anomalous production
(W’, H*, FCNC)

Results available on all these topics with <2 fb-!

W helicity in top quark decays

b wW w
.Y De Y o Y L
41 4 1 B}
W b b
Dy = -1 Jay= 0 hay = +1
My om _
SM: Fom o =00 Ry 700 F.=0

* Reconstruct helicity angle of lepton in
top quark pair events.
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‘ New Phenomena Searches I

Model-inspired searches: theory-driven
=>» optimized analyses to extract well-defined signals.

. SUSY: (heavy-quark)jets + MET, multi-leptons + MET, multi-photons+MET, long-lived
massive patrticles, rare B decays, etc

. Extra Dimensions: mono-jets, di-lepton/di-photon resonances

. Extra gauge bosons: W’, Z’ N
. Leptoquarks
. Compositeness: excited leptons,..

Signature-based searches: final-state driven
=» Looking for deviations from the SM anywhere.

1 8 fb'JU
Prospects for discoveries remain open: Luminosity
1. Tevatron is still the energy frontier. OrASny[t{liISlg%\gﬁ
2. High luminosity: significant signals may quickly develop as
luminosity grows and analyses mature.
3. Well understood detector, refined experimental techniques and

experienced collaborations. Data makes you smarter...
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‘ SUSY Searches I

Chargino/Neutralino

*  Clean multi-lepton+MET signature, but:
* low oxBR (<0.1 pb)
* low p; leptons (<10 GeV)
* Challenges: lepton ID at low py

Excluded Region in mSUGRA

Search for ﬁ,ﬂ

o 240

.,; - CDFRunll Preliminaryj Ldt=2.0fb" *"— Excluded at 95% C. L |
@ 230—mSUGRA tan(p)=3, A;=0, >0

e C " - 7an([5] Aol I:l LEP direct limit
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e

q q =
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Xy

«  Pair production of q,g with decays involving

multi-jets + MET.

e  Critical to understand tail of MET distribution.

PLB 660, 449 (2008)
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m,, (GeV/c)
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SUSY Searches

Clean multi-lepton+MET signature, but:

* low oxBR (<0.1 pb)
* low p; leptons (<10 GeV)
Challenges: lepton ID at low py

Excluded Region in mSUGRA

Search for ﬁ,ﬂ
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Pair production of G,g with decays involving
multi-jets + MET.

Critical to understand tail of MET distribution.
Stop/sbottom: include b/c in the final state.
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%) i
wn L
) L
= 250
E i
O B
:IS' L
5 200
W D@ Run 11310 pt’
F Sbottom Pair Production
F Excluded Limit
150 C
i CDF Run | excluded
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Non-SUSY Searches

Di-lepton invariant mass distributions probes: * Quasi-model independent searches for long-
« New Z’ gauge bosons: expected in many beyond- lived or "stable” particles:
SM scenarios (GUTSs, etc). *  Using Time-of-Flight system (CDF) or
« Extra-dimensions (large, Randall-Sundrum muon timing (D9).
gravitons, etc) COF Run Il Preliminary (1.0 fb™)
LN B L B L L L L L AL
.. i Centialu, p_> 40 GeV i
CDF Run II Preliminary 100 - . E
E —— Background Prediction 3
= L=25f = | — 220 GeVic® Stop ]
5" & —~data S 10F E
3104 g: g [ |Drell-Yan E E 3
5 g Qcp 2 r -
010’ + |l Other SM R 2
> 2 + E ]
23] B T
E 160 750 200 D0 290 250 SH0 300 3% 340 _ i
g M(se) (GeVicT) 107 =
w E . P il I T T T TN T T N S S T
0 50 100 150 200 250 300

Mass from track momentum and ﬁmr (GeV/c?)

g CDF Run |l Preliminary
bL'\ 1oL “““n\ — Stop Production cross section (NLO)
= F \‘ 4 Cross section limit from central u
o [ .
00 200 300 400 500 600 700 800 900 '1;000 = . fL dt =1.03 fb
Mee) (GeVic)) S 1F ~—
o o ‘\
Most significant excess at M(ee)~240 GeV (3.80). f [ ~—
Probability for fluctuation in 150-1000 GeV range S10'F  Ta—a
0-6% (2.50). U E e — — _‘—‘_-..‘-‘-:.‘
Observed IimitS ~840-966 Gev depending On Z’ 2_I I | I | I 11 1 I 11 1 I | I | I 11 1 I 11 1 I 11 1 I | I | I 1
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‘ Non-SUSY Searches I

Di-lepton invariant mass distributions probes: * Quasi-model independent searches for long-
« New Z gauge bosons: expected in many beyond- lived or “stable” particles:

SM scenarios (GUTSs, etc). * Reconstructing displaced vertices with
« Extra-dimensions (large, Randall-Sundrum the tracking system (CDF) or the

gravitons, etc) calorimeter and preshower (DQ).

CDF Run II Preliminary x-y plane -
i b
5 L=25f" ) S EM
o —data / T e clusters

[ |Drell-Yan / "
Jeee | T > & \
+ |l Other SM | -

GeV
=X

0

e

[=]
(%]

250 280 300 320 340
M(oe) (GoVic™)

Events/(1
|' wn

arXiv:0806.2223 [hep-ex]
b’—>Z+b

.m!!

4
10700 200 300 400 500 600 700 a0 900 1000
M(ee) (GeV/c')

* Most significant excess at M(ee)~240 GeV (3.80). 10
Probability for fluctuation in 150-1000 GeV range
0.6% (2.50).

* Observed limits ~840-966 GeV depending on Z’ L
model. 160 1:11’ (Ge\f;o

" cDF Run 190 pb

=~ D@RunMl1.1b"




events/(15 GeV/ 02)
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MSSM at large tanp:

®0={h9/HO° A%} nearly degenerated in mass
Coupling to b, T enhanced («ctanf) = o4,y < 2 X tan?p

BR(d°—>bb)~90%, BR(P—>1+1)~10%

Three complementary channels:

b(b)+d°—>bbb(b)

b(b)+®%°— 1"t~ b(b) (require one t—e,u)

®O—1*1- (require one t—e,)

CDF Run Il Preliminary (1.9/b)

bbb

bbx

beb

bgb
m,;=150
tanfi=100
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Events per 10GeV
L1 =~ g w0
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‘ SUSY Higgs I

AT ——2
g
o«~—-==-= b’rL
g b,
TTTT——
g
z_+

g v

D Preliminary (1-2.2 fb ™)

Multijet & W+jets

Other EW & tt

Z—1t

—=— data

@ M,=160GeV ( = 30pb)

(O N TR T T RV S R
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Visible Mass (GeV)

M=\ @+ p i
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‘ SUSY Higgs I

T ——L
MSSM at large tanp: g
e ®O={h9/HO A% nearly degenerated in mass -3 b, z*
«  Coupling to b, T enhanced (ctanp) = cq.x * 2 X tan3p g b, 7
«  BR(®°-bb)~90%, BR(PO—>1*1)~10% BT ——
Three complementary channels: 9w

b(b)+®°—bbb(b)
b(b)+®%°— 1"t~ b(b) (require one t—e,u)
®O—1*1- (require one t—e,)

g v

W o B A o e e A e 100
140/— . , 1 <]
I D@ Preliminary, L=2.6 b / S CDF Run Il Preliminary, 1.8 fb!
120 my max, U=-200 GeV 7 80
w5 2
10(.)_—'J gb 2 bd) 7 70 no mixing
[ o = @ 60 B
80— — c A
-3 ] S 50
o= 7 40 >0
i . 30 -
40_—Lu ] 20 ]
i |:| Excluded Area ] 10 Mh no mixing
20 1 Expected Limit 3
T R - R T e 100 120 140 160 180 200 220 240
m, [GeV/e?] m, (GeV/c?)
Individual searches approaching “interesting” range tanf3 < m/m,~35. 43

Combination underway.



‘ SM Higgs at the Tevatron I

—
(=}

Current experimental information (limits @ 95% CL): =
«  SM LEP direct search: m,>114 GeV 5 @
+  SMindirect constraint: m, <154 GeV g S
+ LEP direct search: m;<185 GeV 2 S @
Tevatron is sensitive over whole “interesting” mass range. S %1f &
V)
Main production mechanisms (115<m,<180 GeV): —é
*  Gluon fusion (gg—H): 6~0.8-0.2 pb a3 ...and more!
* Associated production (VH, V=W,Z): 6~0.2-0.03 pb 100 120 140 160 180 200
Dominant decay channels: e (580
«  m,<135 GeV: H—bb 2 —
«  my>135 GeV: HHWWO) g‘ Decay

S\

Search strategy:
« Low mass region:
dominated by WH—Ivbb, ZH —I*I'bb, ZH—vvbb
« High mass region: 102
dominated by gg—>H—>WW— [*vI-v
« Complement with many other channels:

VBF production, VH—qqgbb, H—1t(with 2jets),
H—yy, WH->WWW, ttH,... 1035650 40 160 T80 200

My (GeV/c?)




‘ SM Low Mass Higgs I

o Key issues:

*  Lepton identification
[ +  B-tagging performance
a « Dijet mass resolution

+  Background modeling

1 hich o- lent b *  W/Z+heavy-flavor jets
Iigh p lepton : _ . .
T 2 high p; leptons / High MET Multijets (ZH_”_’Vbt_’)
MET _ _ + Allanalyses use multivariate
. 2 b-jets 2 b-jets techniques for signal-to-bckg
2 b-jets discrimination.
0 .. _ NN Output, Signal Region, ST+ST
95 /oC.L Limits at m,, = 115 Gey . . | s COF Run Il Preliminary, 2. b
Analysis Lum Limit (c/SM) £ g-L=17 i W+ 2jets/ 2 b-tags ZH->vvbb (CDF) e
fo1) c ob g | D@ Preliminary &l\tl)vaiajets 30 =s?:g.::op
( Xp. s. [ =8 _
WH-Ivbb (CDF) | 2.7 | 56 | 57 - ot 28 —
—v ( ) . . . a0l -% or Z:::gsr::ndaml
20

115 GeV (x10)

WH-sIvbb (DQ) 1.7 | 85 | 9.3

15
ZH—>vwbb (CDF) | 21 | 63 | 7.9

20 10

ZH—vvbb (DY) 2.1 8.4 7.5

llllllll[llll]l|||||||I||III||III

ZH—I*I'bb (CDF) 2.4 11.8 11.6

|

U
'
~F
N

00 50 100 150 200 250 300 0 ) -0.5 I 0 |0_5| 1 - I'|_5I I
ZH—I*I"bb (DY) 2.3 12.3 11.0 Neural Network Output

Dijet Mass (GeV) 49
Best individual channels have expected limits ~6xSM



‘ SM High Mass Higgs I

V.

ee, juy, ey

Highest sensitivity channel for m;>130 GeV.

Main backgrounds:
« m,~160 GeV: WW
* my~130 GeV: WH+jets
Low Ad(l,l) because of spin-0 Higgs.

Capitalize on improvements in lepton
identification and multivariate techniques.

95%CL Limits at m,, = 165 GeV

Analysis Lum | Higgs Limit (c/SM)

(fo!) | Events | Exp. | Obs.

CDF 3.0 17.2 1.6 1.6

DY 3.0 15.6 1.9 2.0

Both experiments approaching SM sensitivity!

At early stage of selection: _
ystag L—3.0fb""
» S B L B L L B B
c E —— da
e F €[ DO Run II -
10° Preliminary et
1025— |:|Z+jel5
10 = |:|Dihoson
.W+jets."y
1
|:|GCD
10
|:|1tharir1cl
0 05 1 15 2 25 3
Ad(e,u)
After full selection:
CDF Run Il Preliminary Jresom
F 0 Jets HWW M, = 160 GeV/c® Han 12
102
10
1
10
102

-1 08 -0B -04 -D2 0 02 04 0B D08 1
NN Output
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Highest sensitivity channel for m;>130 GeV.
Main backgrounds:

‘ SM High Mass Higgs I

V.

my~160 GeV: WW

m,~130 GeV: W+jets

ee, py, ep

Low Ad(l,l) because of spin-0 Higgs.

Capitalize on improvements in lepton
identification and multivariate techniques

95%CL Limits at m,, = 165 GeV

Analysis Lum | Higgs Limit (c/SM)
(fo!) | Events | Exp. | Obs.

CDF 3.0 17.2 1.6 1.6

D@ 3.0 15.6 1.9 2.0

Both experiments approaching SM sensitivity!

events

10°
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10

1071

10% |-

~L=3.0fb"_

™M
-
—

4

DO Run II

reliminary

—— data

(AT

— H = WW 10
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Diboson

W+ jetsly

Qco

I E L]

ttharincl

=
.c_
wn
=

CDF Run Il Preliminary

. mrer HWW Expected ...
" e HWW Observed: -

CIrww et

J L=30fb"

|:| HWW + 20

Standard Model

oy
.
»

1
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P B T PR L i FI I T
150 160 170 180 190 200
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Significant sensitivity at low mass as well!



95% CL Limit/SM

f—
o
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‘ SM Higgs Combined Limits I

«  Calculation of limits and combination:
» Using Bayesian and CLs approaches.
* Incorporate systematic uncertainties (including correlations) using pseudo-experiments.
* Some uncertainties are effectively constrained by data.

CDF Run 11 Preliminary, L=1.9-3.0 fb™"

LW LEP Limit

L N B

= Expected

T I

Observed
tlo

20

T SM

July 31, 2008

100 llO 120 130 140 150 160 170 180 190 200
mH(GcV/c“)

At my =115 GeV:

Exp. limit: 3.6 x SM
Obs. limit: 4.2 x SM

At my =165 GeV:

Exp. limit: 1.6 x SM
Obs. limit: 1.6 x SM

95% CL Limit / 6(SM)

relimipary, Li=1.0-3.0.00..
SM Higgs Combination

m— Observed Limit

===i= Expécted Limit

7 Expécted £1-6
. Expécted +2-c

Standard Model = 1:0

100 110 120 130 140 150 160 170 180 190 200

my; (GeV/c?)

At my, =115 GeV:

Exp. limit: 4.6 x SM
Obs. limit: 5.3 x SM

At m, =165 GeV:

Exp. limit: 1.9 x SM
Obs. limit: 2.0 x SM
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‘ Tevatron SM Higgs Combination I

Excluded m, =170 GeV @ 95% CL

95%CL Limits/SM

M Higgs(GeV) |160 |165 | 170 |175

Method 1: Exp |1.3 1.2 1.4 1.7

Method 1: Obs | 1.4 1.2 1.0 |1.3

Method 2: Exp | 1.2 1.1 1.3 1.7

Method 2: Obs | 1.3 1.1 0.95 | 1.2

«  First direct exclusion since LEP II.

«  Verified using two independent methods (CLs,
Bayesian).

*  Expect to exclude wide mass range by Moriond’09.

* Low mass Tevatron combination not available yet.

«  Challenging owing to the large number of
channels (~70).

*  Expected sensitivity (as of ICHEP’08):
< 3.0xSM @ m,=115 GeV.

05% CL Limit/SM

1-CLs

Tevatron Run II Preliminary, L=3

'

----- Expected

m— (Jbserved
[ +lo
L]

tfe)

| July 30, pO08

arXiv:0808.0534 [hep-ex]

[ PRSI N AT TN NN T T NN W A
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Observe
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‘ SM Higgs Prospects I

Limits have improved faster than 1/VL due to
analysis improvements.

Major effort underway to continue to improve
sensitivity:

«  Optimized object identification/resolution

«  Optimized selections and signal-to-bckg
discrimination

* Reduced systematic uncertainties
* Adding new channels
* Adding more data!

Median projected reach with 8.5 fb-1 delivered
(6.8 fb! used in analysis):

* Exclude at 95% CL over full mass range.

* Evidence at low and high mass.

« There is a band of possibilities around
these lines.

Tevatron complements LHC at low mass.

Expected Limit/SM

Analyzed Luminosity / Experiment o)

CDF Run II Preliminary, m,,=160 GeV

18 —
—— Summer 2004 Channels ]

T ——  Summer 2005 Channels ~ ]
—— Summer 2007 Channels .

B B A —— January 2008 ]

12 AR —— ICHEP 2008 s

10 [ ] With Improvements

8

6

4

2 I

0L i |

OHHIHHZHH3H_H4' .6
Integrated luminosity/Experiment (fb™)

~D@x 2 Luminosity Projection — ' ,
7 9 ty elee == g5% CL Limit -

7 = 3. Evidence

|

i

|l b J

1 o ol it il e i el el s Wiututets (i kel Sty Wit ity skl ik il futetel el it il St Wuteied i Wttt il Sttt i "1""!""'""!'"1""I""I""
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‘ Conclusions I

Run Il physics program in full swing.

Excellent performance of the accelerator and
CDF and D@ detectors. Collaboration
strengths sufficient to carry out program.

Expect >8 fb-! by the end of the run. Analyzed
luminosity will increase by a factor of ~2.5-7.

Physics reach further expanded by analysis
improvements.

Expect significant statements from the
Tevatron on precision measurements and
the Higgs search.

Prospects for discoveries remain open.

Continue to establish benchmarks in
analysis techniques for the LHC era.

Exciting prospects for concurrent analysis of
Tevatron and LHC data!

”

In a way we are “just getting started”...

-
(=3

FY10 start

FY09 start

Real data for FY02-FY08

Results discussed today

Integrated luminosity (fb-7)

For more information:

o1


http://www-cdf.fnal.gov/physics/physics.html
http://www-cdf.fnal.gov/physics/physics.html
http://www-cdf.fnal.gov/physics/physics.html
http://www-d0.fnal.gov/Run2Physics/WWW/results.htm
http://www-d0.fnal.gov/Run2Physics/WWW/results.htm
http://www-d0.fnal.gov/Run2Physics/WWW/results.htm

Backup
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Multi-Muon Events at CDF

Observe a larger-than-expected yield of
muons with large impact parameter
(outside the 1.5 cm radius beam pipe) in
a sample collected with a dimuon trigger.

These events are referred to as “ghost
events”, and disappear when making tight
requirements on silicon tracking.

Only ~50% of events can be explained
based on standard sources (long-lived
particles, punch-through, in-flight decays,
interactions with material, etc).

A significant fraction of “ghost events”
contain more additional muons (and
tracks) in a cone around the trigger muon
than predicted:

* Impact parameter of muons
consistent with originating from
decay of a particle with t~20 ps.

» Also different kinematic properties

than expected from standard
sources.

The source of this excess is currently not
understood.
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* Investigations continue at CDF.
D@ s planning to check this result.
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