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Tevatron: Proton-antiproton Collider

World highest energy collider
1.96 TeV center of mass energy

FEEMILARB'S ACCELERATOR CHAIN

Substantial upgrades for Run II: 2001-2010

~ 10% energy increase: 30% higher o,

MAIN INJECTOR

e

- integrated luminosity increase: x100
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Tevatron

Performance

e Peak luminosity is 3.4-1032 cm2sec’? _
— Aot of anti-protons made! -
e Reliable operation of very complex accelerators £
— In stores ~120 hours/week ;
e Total 5.5 fb! delivered in Run II £
— Better than expected! E
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Collider Run Il Integrated Luminosity
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Performance continues to improve!




Tevatron Physics Goals

e

Precision tests of the Standard Model
— Weak bosons, top quark, QCD, B-physics...

Search for particles and forces beyond those known
— Higgs, supersymmetry, extra dimensions....

Driven by these
goals, the detectors
emphasize

Electron, muon and
tau identification

Jets and missing
transverse energy

Flavor tagging
through
displaced vertices

Fundamental questions

j i y
Muon Chambers

|

Shielding

‘ Mucn Scintillators

e s
=

Calorimeter
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Quark sub-
structure?

Origin of mass?

‘ Matter-antimatter
asymmetry?

What is cosmic dark
matter? SUSY?

What is space-time
structure? Extra
dimensions?...




The D@ Collaboration 2=

D@ is an international collaboration of
550 physicists from 18 nations who have designed, built and operate the
DO detector at the Tevatron and perform data analysis
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Institutions: 90 total, 39 US, 51 non-US

Collaborators:
~ 50% from non-US institutions
with strong European involvement
~ 110 postdocs, 120 graduate students
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D@ experiment is smoothly recording high quality

physics data
Typical week ~50 pb-!
On average 92% data taking efficiency

As of today D@ has ~4.9 fb'! on tapes
Was ~2.8 fb! on tapes at 2007 RAS meeting

All detectors functioning well

1/
Preliminary Results /
< /f>//
Many results published /—/ /
< > A
1/
— : A/
Most results published 4
< ,—5/
/ L~
L~
— Delivered
'A:% — Recorded
L=
=1 ||
2002 December 2008

Radiation doses of the inner silicon layer are
reaching Mrads levels

Carefully monitoring silicone performance

Layer 1 (one out of 5 layers) will become under
depleted after ~8 fb1

e All other layers are far from been affected

¢ No deterioration of tracking performance is
expected for well above 8 fb!
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o
Inclusive jet cross sections QCD St“d ies “

ly|<0.4 (x32)
g-g*ilh'l‘?-g Ex;?i Use partons scattering to study proton structure
asly|=1.4 (X .
12<ly]<1.6 (x4) -> Quarks sub-structure? Rutherford style experiment
1.6<ly|<2.0 (x2) Measure QCD parameters and structure functions
o, 2024 Determine Jet Energy Scale
: =L, -> Critical for top mass and Higgs searches
) =L .
1 ‘ It '?.‘ﬂ;\, Understand the backgrounds to physics beyond Standard Model
Js=196TeV » a o e
10" L=0.70 fb’ Ao A B m on
102 R,,.. =07 booa o Rood : : .
10° - R F DARun Il Rene=07  $ NLOPQCD p_=p_=p, 1 ¢ Daa :
— NLO pQCD A & N TR EVY C 1 L Ry i ; I Systematic uncertainty ]
10 “non-perturbative comections %\ |\ 1'55 L=0.701 i F HIOeTLETRLIE correi:.tICTS* - ¢ am® o
10° CTEOB.SMl po=w=p | 1.0 E ey : = TSR
1075060 100 200 300 400 600 05k ki +-| L 1 2
p,(GeV) @ | y<04 1 04<|y<08 F08<lyl<12 :
cRSSSS S SNNSNY R AN ST
¢ IndUSive Jet Cross SeCtiOnS are % 223 NLO scale uncertainty =— CTEQ6.5M with uncertainties ,’
measured in the widest kinematic ol _ot e vRstaom L 3 o* i
region 1.0 Ga%:;;n— i3 ;-..E.,g.g;,;_ 3 e 3
- 1 _—-— 1 G, i SR }
— In rapidity and transverse ok : ] v i "'"w_ |
momentum F12<ly<16 F16<ly<20 F2.0<y| <24
. . . O_H-'.'....‘T \u |\'\|'||'“'|\'||r| 1 1 |||'-'|\|||| 1 1 L1 17
» Best statistical and systematic errors 50 100 200 300 50 100 200 300 50 100 200 300, (Gev)
. g T
— Excellent jet energy scale is
critical e Ratio of data/theory does not demonstrate
e 8+ orders of magnitude o changes major deviations
e In general agreement with pQCD — Within PDF uncertainties
predictions e Small experimental uncertainties provide
opportunity to improve PDFs
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Measurement of Angular di-jet Correlations #

Angular correlations between jets are not sensitive
to precision energy measurements while reflect
the dynamics of an interaction
New Physics could manifest itself in these distributions!

—— DO preliminary
— Standard Model

+ - -=- Quark Compositeness
0 l|’5 < Nl fTe\z‘ 0.3 A=2.0TeV (A=+1)

------ ADD Lg. Extra Dim.
M.=1.36TeV (GRW)

0.05 - .= TeV' Extra Dim.
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’”Gdljet dﬁfdl':d ijet
=
&
T T | T
| - ?

e Di-jet angular distributions in bins of di-jet mass
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e  First differential cross section measurement at partonic 01

energies >1 TeV

?

e Small expfarlmental and thec.Jretl.caI. uncertainties E a<Mmev<0s IF D.Q%M..JTeV‘: 10
e New Physics 95% CL exclusion limits o SR A E T I I | PN A A S
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Top Quark Studies

Heaviest known elementary particle: 172 GeV

—>measure properties of the least known quark
- mass, charge, decay modes, etc.
- data sets of 100’s of top quarks exist

- short life time: probe bare quark

s
L. 2

Top quark cross sections
in multiple channels

CDF Run |l Preliminary'

July 2008

" [ Cacciari et al., arXiv:0804.2800 (2008) |
Kidonakis & Vogt, arXiv:0805.3844 (2008)
[ Moch & Uwer, arXiv:0807.2794 (2008)

Assume m =175 GeVic?

'Lept0n+Tra(_:}<
(L=1.1fb)

‘Lepton+Track: Vertex tag
(L=1.110)

‘Dilepton
(L=2.8fb )

. =
Lepton+Jets; Kinematic ANN
(L=2.8fb )

'Lepton+Jels_i Vertex Tag
(L=2.7fb )

8.3+1.3+0.7+0.5

10.1+1.8+1.1:0.6

6.7+0.8+0.4+0 .4

6.8+0.4+0.6+0.4

7.2+0.4+0.5+0.4

‘Lepton+Jets; Soft Electron Tég
(L=2.0fb )

7.8+2.441.520.5

'Lept0n+Jel§i Soft Muon Tag

(L=2.0fb )
@

MET+Jets: Vertex Tag
(L=0.3fb )

8.7+1.1+0.9+0.5

6.11.2 45%+0.4

All-hadronic: Mertex Tag
(L=1.0fb )

'CDF combingd
(L=2.81b )

-

8.3+1.0 472405

7.0+0.3+0.4+0.4

(stat)x(syst)x(lumi)

0 2 4 6 8
o(pp — tt) (pb)

10 12 14

Dmitri Denisov, RAS, December 2008

Top Ma“/ W helicity
(
Vg U/ It Anomalous
Production Top Splﬂ COUP//ﬂg.S'
cross-section W+
Top Charge CP violation
Resonant \
production p \ v
Production
kinematics \A
Top Spin
Polarization
E q
Rare/ non SM Decays \,( W~
Branching Ratios ol
[Vis!
. 5 D@ Runll Preliminary
Search for charged H* in E 10 T—
top decays F s o
t—>H*b: channels s e g
_— r(t — H'b)=0.6
affected differently 102 [ | | background
depending on H* 1 — =
decay modes L+
e Tauonic H* ?
e Tight limits set 10 '

T T
I+jets 1 tag l+jets 2 tag dilepton

+lepton



Top Quark Mass Measurement 2=

e Top mass is measured using decay @

- 7

products in many different channels @ W’ @ )
e Lepton+jets channel with two jets N Systematic error

coming from W is the most precise . (mamIY Jet_en_e_rgy seld)
is becoming limiting accuracy

factor
D@ top quark mass results 0@ @,
DO — & L0 Tevatron Top Quark Mass
* = preliminary Summer 2008 }fj— Best Independent Measurements (* = preliminary)
Runl dileptons o1t H ® f 168.4 +12.8 GeV CDF- dileptons o - 167.4 + 103 * 49
; e 1801 + 5.3 GeV D@-1 dileptons o 168.4 £ 123 + 36
Runl leptontjets o1t ¢ ¢ D@ Run b Preliminary, L=1.2 fb” ’
Run I dileptons * uwpto28n™ H—@—H 1744 + 3.8 GeV -lé 12 Mm=1730f|9 eV CDF-II' dileptons - = 1.2+ 27+29
~ 0 d I D@l dileptons * o 1744 + 32 + 24
Run Il lepton+jets * 22" HoH 1722 £ 1.7 GeV | 2 4 . . .
= T leptonsjets CDF-l leptontjets —_— 1761 £+ 51 + 53
+ 2D no prior
08" calibrated D@ lepton+jets —— 1801 + 39 * 36
D@ combination (July 2008) HeH 172.8 + 1.6 GeV [ ; pion
06 CDF-Il lepton+jets * & 1722+ 1.0 +13
' I
World average (August 2008) HeH 1724 + 1.2 GeV : DBAla leptontjets * 4 115+ 15+ 15
04
[ D@-llb lepton+jets * - 1730+ 13 17
Runll ofl+jets, Il, I+1) * ~1867" H—@— 169.6 * 5.5 GeV i
02r CDF- alljets —@—— 186.0 £ 10.0 £ 5.7
P R R RS R I L
Top Quark Mass [GeV]
Y* 1 dof=6.9/11.0 (81%)
- *
D@ and CDF combined top mass result Tevatron Average * 172.4 + 0.7 + 1.0 GeV
m,= 172.4+1.2 GeV | | | |
0.7% accuracy August 2008 160 170 180 190
Best (of any) quark mass measurement! Top Quark Mass [GeV]
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Search for New Physics in Top Quark Sector 2=

e In the Standard Model top decays before
hadronization

e Theories beyond Standard Model predict
existence of resonances

— In top-colour assisted technicolour

Heavy t’ quark search in the top samples in

t't' ->WqgWq

Lepton + jets

leptophobic heavy boson couples
mainly to 3rd generation

e Search for narrow resonance optimised at
high masses

102f

107

— Using reconstructed 4-momenta of
two top quarks

t observed

100 ¢

™ top
W+jets

M QCD

10-1¢

CDF Run 2 (2.8 fb)
Preliminary

m(t)=450 GeV |

|

w F
‘g:; 70 (b) D@, L=2.1fb" = Data
® ok HPreliminary L_|Z/B50:654)
;= [
Q = tt
% 50 o + Single top
p 3 40F Diboson

30 5 W-+jets

E Z+jets
20 B Muttijet
106
% 200 400 600 800 1000 1200
M; [GeV]

Excess in 400-450 GeV region is not (yet?) significant
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a(pp—tt) (pb)

700 200 300
Mreco (GeV)

200 500

0.1}

Preliminary
t'—Wq, = 4 jets
Hy vs Mieco

CDF Run 2 (2.8 fb)

theoretical prediction
Bonciani et al.

observed

Excess?!

] L 1 L ]
200 300 400
t' mass (GeV/c?)

m,. >311GeV @ 95% CL

500
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: JE
Electroweak Physics ——

Indirectly constrain new physics through precision measurements of electroweak parameters

Measure single and multi-boson production, W mass, W production asymmetry, forward-backward asymmetry
in Z production, ...

Leptonic decay modes of W/Z are used as hadronic modes are overwhelmed by QCD backgrounds

d+u u+d
r W™ w* Electrons from W decays asymmetry
LA >, 0.2
5 L
g -
v, L
- antipreten preton E -0 | 3
A~ »
~_do(W*)/dv—do(W)/dy < | PP, L=0.7515
A(v) = ST dvrdati ) b - E*>25 GeV
dc(W")/dy+dal( )/ dh 02 E'>25 GeV
0.8 [T T T T T T T T T T - B C‘I‘EQ6.6 central value
L L _ -1 . -
P CDF Run Il P ellmlnaryurL =1 fb e ol MRSTOMNLO central value
b E —— 1 b dataistat. +jsyst.) ] =U.
g 0.6F NEO-Prodictionte FEQSHIP ;}—-—' i CTEQ6.6 uncertainty band
e - PDF untertainty(ICTEQE. 18 ‘7{1 ] :
S, 0.5 / -
g C . '0-6_|||||||||||||||||||||||||||||||
o 0.4¢ ] 0 0.5 1 1.5 2 2.5 3
r ] e
D o.f - el
8 ¢ o2 -
O 02f 2 . e W charge asymmetry in W - ev decay
= o1t HT;'é = studied
S SN I D DN DU Pt « Errors (mainly statistical) are small and
% 05 1 15 2 25 3

result provides input for PDFs constrains

Iywl
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Studies of di-boson Production 2=

Detect very rare SM processes, search for anomalous vector boson couplings and
develop experimental methods for Higgs hunting

40_Tevatron Run Il pp at\'s = 1.96 TeV

g Jets Analysis with Z decaying to llvv or four leptons
c10°]= Events with four charged leptons in final state are rather striking!
e ] Heavy Flavor
g0y = B Theory
0 10 Run IIb .
§ ] 2.5;R§%?1Experiment . Datafecord»ed
6 10° Al C [ Predicted signal
- Channel au 2e+2u channels C Il Predicted background
S10°4 W 2
= g T
7 5 [
310° . g
3 . Signal 0.45 0.60 1.08 2.13 w, L
0'10 E W«{ ZY é L
102 e 8 New Total background | 0.05 | 0.0003 | 0.095 0.14 z T
~10 orders ww i Wz Single Physics? : ‘L
104 | |of magnitude! ® g g Top Higg 0.5 e
117 =L Observed events 2 1 0 3 B L
T i [ S ) T I ==
i 0 100 200 300 00 500
10 3 Effective Mass of Four Leptons, GeVic?
2
0 2 W3 Wy W R e Expected Observed
o M.=160
" P-value: 1.3x104 2.9x108
e 77 is the smallest SM di- Significance: 3.60 5.4¢

boson cross section:
c(Z2)=1.6 £ 0.1 pb

¢ On the road to Higgs

» Sensitive to New Physics

First observation of ZZ production!

Already published in Physical Review Letters. Less
than two months from analysis to publication!

Ivan Razumov talk on parallel session Thursday
Dmitri Denisov, RAS, December 2008 13




b Quark Studies ¢

High b quark cross section: ~1073 o, bl 1 COF 135707 +D0 2810” %
s 10 g3 10 — U T w T T —
~10% b’s per second produced! R B 1 _—
All b containing species are produced s e 19 B sl CL o\
Bi1 BO1 Bs1 BC’ Ab- . i: é: i : iz: L‘r 9972 CL // Z : i \.“.\
o 4 s
Large b quark data samples provide ol Ju® 00 [T -
e B mesons lifetime studies g we " L ol — ()
e Mass spectroscopy (B, etc.) © lfg%mssmoeew iz* p-value = 0.031 N\
e Studies of B, oscillations " 3" o4l 220 fromSM
e CP violation studies W | ; / {w
¢ gearCE ::O" TS 3 hadrons o oy, - 150Gl i i T T T R TR T Y
e Search for rear decays : I
y 10"§ Gyp (M, = 500 GeV) 4 10° ﬁs ‘ [I'ad]
l0“’”‘(‘).‘1 ‘ 1 e IHMLO‘ ‘ 1077
s (TeV) Combination of CDF and D@
Studies of CP violation using e ”;easur:m:”ti
ime- > 500 .2c deviation from the SM for now...
time-dependent angular 3 DG, 2.8 it » Data
analysis in flavor-tagged - B Jiy o f —Total Fit
B. —J/w¢ decays :;:400“ ; —Prompt Bkg .| DT, 2.8 fb
o 03 "Bl Jly o
B, meson allows to probe the entire matrix | g 300T S
T T
E : 014F
Am,=M,- M S 200 0 P A
s H L o BS — J/Wﬁ o+
CP_ [ -
Ar reuen r 2“_\12‘ 100 \ 01F
Al =T, -T, ~ Q‘Ez‘ COS ¢ AT TR N TN TN TR N 02 45 405 o 05 1 s
G 515253 54 55 56 57 538 ¢, (radian)
Dmitri Denisov, RAS, December 2008 Mass (GeV) 14



Rare Decays

+ Rare decays are sensitive to New Physics.
Large b production rate and high luminosity open a
window of opportunity at the Tevatron.

* FCNC B, decays:

SM NP
W H'
b ——vn— b ——p----- u'
B uc,t y B" v
d,s WWW— S "
w w

SM: BR(B.—>11) ~3.8x10-2
MSSM/2HDM: SM x tang (N=6,4)

Combined result is only ~10 times above SM

*  Flavor-violating B;—»eu decays:
* Forbiddeninthe SM b .
+  Sensitivity to very large massB-‘_ LQ

5

scales B e

95% CL Limits on B(Bs — uu)

a1oi0T

100

i :;*: ——+| @CDF
PRD 5? [1953) 3811

il

— 1] X Tevatron
PRL 93 (20041 oazolul Oi " (COF+DO Lurm) |
 PRL94 {2005) 071802 ‘X 11— I
PRL 95 (2005) 221805 3
| hep-exf0508058

® CDF Expected |

ADO

-
o

Fermilab-Pub/07-396-E

n
0"‘1 Do Nole 5344

-

! f,,;,,, CDF Note 8176 sfn?

Branching Fraction x 10 ¥

10 100

Luminosity (pb™")

CDF Run Il preliminary ( 2fb")

B(B,->eu) <2.0(26)x107  90(95)% C.L.
M, o(B? -> ey) > 47.7(44.6) TV 90(95)% C.L.
G. Valencia, S. Willenbrock, PRD 50 (1994)
with: r(BB) =1.437 £0.031 ps

m(BB) = 5.3661+ 0.0006 GeV/c®

m, =42 +0.07Gevic’
F(B) =0.200 +0.035 GeV

1000 10000

B(B? -> eu)

1)
ell 107

u e

Limits on B, decays competitive with B factories
Unique limits on B, decays
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L L g[] L L1 | g[}u 1
Myg(B, -> eu) [TeV/c]

Leonid Vertogradov talk on Omega-b baryon discovery

s
L. 2
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Search for New Phenomena

e

One of the most natural studies is to look for New Phenomena at energy frontier machine: SUSY,
leptoquarks, Technicolor, new exotic particles, extra dimensions...

Recipe: search for irregularities in effective mass spectra or other
kinematic parameters looking for events not described by the SM

Y

Model or Signature-based searches:
—> Final-state driven

—> Looking for deviations from the SM anywhere

o L=25f"
el Juaet'|, - data
>0 ? E __|Drell-Yan
& B\ et maco
'::_niu“ . } +44'+++ [l Other SM
T X + -
21 ‘\\, R H e _.+5
§ ! e W(oe) (Gavich
o Fid

Ll
100 200 300 400 500 600 700 800 900 '12000
Miee) (GeVic)
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“Stable” particles

(b) D@

— Background
------- Stau (300 GeV)

LI

.

TH0 100 150 200
Speed Significance Product

~— 600

G
4]
(=
o

Squark Mass (GeV

SUSY
B e
< [LEPZ 7'
: LEP2 T*
400
S)5 8 E no mSUGRA :
300 = solution
0@ B
200 DG, L=2.1 fb"
tanp=3, A =0, p<0
100 N
AR

% 100 200 300 400 500 600
Gluino Mass (GeV)

Long-lived particles

b'—>Z+b
1 meter

10,

" cDF Run190 pb™
D@ Run Il 1.1 fb™

1 1 1 1
100

— 480200
m,. (GeV)

Alexei Popov talk on New Phenomena searches at D@
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Experimental Limits on Higgs Mass 2=

B Sy 2008 m, I='15+Gev
Available experimental limits - As® —
5 | had N
T — 0.02758+0.00035
-> direct searches at LEP 1 R 2
M, >114 GeV at 95% C.L. A O ]
H "2 3 -
- . - t < . ]
- precision EW fits w w - L w < 7
rVs VS S UV VU VUV 2 }
1 _. - -
IVIH=84 +34/-26 GeV 0 - éilé,:l)]ded = Preliminaﬁf-
M, < 154 GeV (95%) or <185 GeV with direct LEP limit 30 100 300
m,, [GeV]
Light Higgs favored!
F L L B L L L
80 70 | experimental errors: LEP2/Tevatron (today)
B 68% CL
B 95% CL
Tevatron provides: L
o g 80.50
Precision m,,, and M,, measurements =
=
80.40
Direct searches!
80.30
80.20

Heinemeyer, Hollik, Stockinger, Weber, Weiglein '08
TE T SN I R T N N N N

1 1 1 1 1 1 1 |
180 185 170 175 180 185 17
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Cross section (pb)

SM Higgs Production and Decays at Tevatron

o —y= +-

Production
9g—>H

@D

Excluded by LEPR

100 120 140 160 180 200

my (GeV/c?)

Production cross sections

- in the 1 pb range forgg > H

- in the 0.1 pb range for associated
vector boson production

Branching ratio

102

Decays
- bb for M,; < 130 GeV
> WW for M, > 130 GeV

Search strategy:

M, <130 GeV associated production and bb decay W(Z)H - Iv(ll/vv) bb
Backgrounds: top, Wbb, Zbb...

M,, >130 GeV gg > H production with decay to WW
Backgrounds: electroweak WW production...

Dmitri Denisov, RAS, December 2008

e
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SM Higgs Search: WH - Ivbb (M,;<130 GeV)

N F
[ soL=171b" W + 2 jets / 2 b-tags
2 ™" @ Preliminary ¢ Data

w OW + jets

BQCD

@, -
-g\{f?gr
OwH

115 GeV (x10)

20

50 100 150 200 250 300
Dijet Mass (GeV)

Dmitri Denisov, RAS, December 2008

(%)
g 108 L =1.7 b’ W + 2 jets / 2 b-tags
|.|>J - DO Preliminary ® Data,

10%E

115 GeV (x10)

10E

0 0.2 0.4 0.6 0.8 1 1.2 1.4

NN output - 2 tags

One of the most sensitive channels in
the ~110-130 GeV mass range

Consider 8 independent channels
o e+tjets, utjets
e 2,3 jets
« 1, 2 b-tags (NN-based)
Main background: W+Db/c jets, tt
Dijet mass =» multivariate discriminant

Limits are used for D@ combination

e
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SM Higgs Search: H > WW - Ivlv (M, >130 GeV)

K] Er T T T T
c E o —
g el DO Run II o
10° Preliminary
E -  Hy g — Wil 10
102 |:|Z*1 £
10 = |:|Dit|ns
.Wijets.l
1
E E |:|QCD
10 =
E 3 |:|lﬂ:| aaaaa 1
_ | | (I | | P
0 0.5 1 1.5 2 2.5 3
Adlepu)
T il Bg (Bg Only Hyp
8 15 ?e, ew, unw D@ Run Il Preliminary L=3fb Signal mH=1 60
§ [ g e Data
w 10} | Total Syst.
St b (B fH - - |
C T _e-
0 o B o
E T
_. -
sf T b
|| T
-10[- ]
15 L i PG N PR R S RS ) DL TS SN Re
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 08 09 1

NN Output

Dmitri Denisov, RAS, December 2008

Limit / 6(pp—H)x BREH—-W W)

Search strategy:
- 2 high P, leptons and missing E,
-> WW pair comes from spin 0 Higgs:
eptons prefer to point in the same direction

10

Vv W+ €
——>— x> —(—)—>
<= <xm <>
n W- e

Observed and expected limits

1.D@ Preliminary, L=3.0.0b1 . === Observed:Limit...
i H->W'W [ annans Expected Limit
----- - bxpected +1-6
E : xpected £2-G

..................................

i i e S S e e s e R i S ek Bk e e e e s

L1 1 I 11 1 | I 11 1 1 i Lk L
170 180 190 200
my (GeV/cz)

|i|||||
120

e
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Standard Model Higgs Search

Combining multiple search channels D@ sets Standard Model Higgs limits

D@ ratios to SM, observed(expected)
5.3 (4.6) @ 115 GeV
1.7 (2.3) @ 170 GeV

D@ Preliminary. L=1.0-3.0.06 ;. === Obscrved Limit

= Expécted Limit

FEXpcEd 155
Expfécted tEQ-G

SM nggs Combmatlon e
August 2008

95% CL Limit / 6(SM)

i Standa.rd Model =1 0

llll[lIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIJIIlllI

100 110 120 130 140 150 160 170 180 190 200
my; (GeV/c?)

e

When ratio becomes equal to one — specific Higgs mass is excluded at 95% CL

Dmitri Denisov, RAS, December 2008
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D@ and CDF SM Higgs Combined Limits #

Excluded my, = 170 GeV @ 95% CL !

Different combination methods

Tevatron Run II Preliminary, L=3 fh! 95%CL Limits/SM
7 [ — xpected | [M HiggsGeV) [160 165 |170 | 175
E August 2008 = (Observed |
= m +io Method 1: Exp (1.3 |1.2 |14 |17
d 10 F [1 +2o 3 Method 1: Obs (14 1.2 |1.0 |1.3
2 1 [Method2:Exp |12 |11 [13 |17

Method 2: Obs (1.3 |1.1 095 |1.2

i SM . F .
155 160 165 170 175 180 185 190 195 g(_]{_l - Expecled £1-b
my(GeV/c7) |- S_— - Expecled £2-
«  First direct exclusion since LEP II 0.9 L
e Limits continued to scale ~linearly with g 90% C.L.
luminosity between Moriond 2008 and ICHEP 0.8
2008
e Analysis improvements 0.7
*  Expect to improve limits by Moriond 2009
1535 160 165 170 175 180 185 190 195 200

my (GeV/c?)

Tevatron demonstrated sensitivity to Higgs and from now will increase exclusion region or... find the Higgs

Dmitri Denisov, RAS, December 2008 22



Tevatron Luminosity Projections #

il

; - «  Projections are based on extrapolations of the
R current performance
P FY10 start « Improvements, like shorter shot setup
% 7 . / 172 f0° time, are still coming
D _// «  We expect ~9 fb! delivered by the end of 2010
0’ .
E s wgesun| | ¢ EXcellent physics program

5 ; . s 0.0

PR * Many studies are statistically limited

g Real data for FY02-FY(08 / T Lowest ot Lun Y y

4
e /-/
L
0 . . .
. / SM Higgs Projections

/-/ FY09 star
/ i Dﬁle-ummos'tyPrOJectwﬁ T gse Gl Limit -

7 ; ; B -

\pixﬂ“@ bpm@o“ ":1“”001\\@‘1005 %E@G@% &p,a\"“eq u%il@% %mﬂ@% blxxi“»"eg 1‘1511“@&741“@ : == 3-¢ Evidence

'y
L=}

SM Higgs Projections

 With data accumulated by the end of 2010 we
expect

e 95% exclusion possible over almost entire allowed
mass range

e 30 evidence possible at low and high ends of range

Analyzed Luminosity / Experiment (fbo™)

1 _|_I‘4 | e el 1}1 i s el I|1 !‘Illr il i i1\!‘| l1r1r4r1r\
110 120 130 140 150 160 170 180
my (GeV/c))
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Tevatron Physics Highlights: Summary 2%

History of D@ Paper Submissions to Peer-R d Journals

Tevatron is performing extremely well

B Run |
. Run |l

Experiments are collecting and analyzing data from

Number of Papers Submitted

the energy frontier collider .
- Many discoveries and precision measurements recently AN
->~200+ studies in progress publishing 2 papers every week! N ENNENNNE
No significant deviations from the Standard Model observed yet J=1/2 b Baryons 3b
- Although there are “~2 sigma” discrepancies...
- Data samples analyzed are to increase by 5-7 times 2b
1b
SM Higgs search is in a very active stage
- Excluded at 95% CL Higgs with mass of 170 GeV
- Proceeding to exclude wider mass range or... to see the Higgs! 0b
= g’ Q,, discovery

Among top ten 2008 Physics Results!

Major contributions from Russian groups to the Tevatron
- 10% of the D@ and CDF collaborations
- IHEP, JINR, PNPI, ITEP and Moscow State University
- Detectors, algorithms, major physics results

Looking with excitement forward for continuing excellent
physics results from the Tevatron experiments!

Dmitri Denisov, RAS, December 2008 24



Detectable Objects — Particle Identification

: > T : =
e Excellent understanding of the S — q %a
detector and algorithms achieved | y | T"'“”m & D2RunllPreliminay £
{000 | |Ltarep’ =
e Took many years... 9 p ' s
- L =
£ 800 Dat =
. - §orlzom ] Py T
e Certification of additional data for ! i — Monte Carlo
) o - Lo 600 B~ RERRRERE IR L L Ly TR TR T
identification methods within a few i i =
i — Background
weeks 00 1 g
e Automated software ot \ [Muons C_i
i )

L =
11 . ‘—‘— iy | 1
CDF Il preliminary J.Lu'hEOO pb'1 20 4 60 80 100 120 140 100 ﬁﬁ EHU ,

I L laa
0 05 1 1.5 2 25 3 3.5 4
Fake Rate (%)

M (GQV) _§0.14:— N .DQ Run-H-—- & e
% My §0.12 Roone = 0.7, E;T;"":sn GeV, Dijet.
¢ 0 = Final decay products £or ] —Toml
s | e > electrons Eooer 1 Jets | IStoharing
3 > muons & | o
£ LM,=(9190+67,,) MeV u ke T Nl A
S - charged tracks B ] P I gt o s A
N Electrons > jets (b) ¥
> missing E, (v) Rapidity Togger
100 Detection and MC & sof JLIP
. . . . o B ~ 0 -
optimization using well g ¥70 /L//
known objects g |
é Gni (/
| tracks £ 50_"/ .
, - b-tagging
: ‘ e Primary /,//////"' 40;
= i 2 L | L L ‘ P S | 1 »' L7 1 vertex el 0 E
Y 80 % 100 110 . v sof T
mee(GeV) Lovvw lonnadan col e liaai iy

Dmitri Denisov, RAS, December 2008



“"Ghost” Muons

Recently CDF reported observation of
excess of muons with large decay

distances
10‘5:— ..
CDF Preliminary
105% e ghost
5 — QCD
. 10“‘.5—]1
£ B
L] :'\ll
ch: 10° ;
"é 10° -
s -
105—
1

d (cm)

For better or for worse
excitement has been created — New Physics?!

s
L. 2

Substantially thicker muon system and
magnetized iron toroid

— Punchthrough is much less than in
CDF’s case

Excellent time resolution of trigger
counters in all layers of the muon system

— Rejection of muons in cosmic

showers

| 7
P : ! \ /
X s 1 e

While we have a healthy skepticism about this result
D@ has major advantages to address this issue

Dmitri Denisov, RAS, December 2008

Do we have data?

* Yes, di-muon triggers are part of
the trigger menu since early Run II

Could D@ reconstruct displaced vertices
with large distances?

e Yes, tracking impact parameter cut
is 2.5cm and could be increased

A team of experts is analyzing D@ data

26



. Russian Groups Participation in CDF
JINR and ITEP

JINR CDF’s team

A.Artikov, J.Budagov, I.Chirikov-Zorin, G.Chlachidze, D.Chokheli,
N.Giokaris, V.Glagolev, F.Prokoshyn, O.Pukhov, A.Semenov,
A.Sissakian, I.Suslov

Major JINR's contributions

¢ Creation and maintenance of
the scintillation complex for
CDF p-trigger for c,b,t —
physics study

e Creation and maintenance of
the Silicon Vertex Trigger for
secondary vertex detection

e Top mass analysis

e Search for the Very High
Multiplicity processes using
CDF data

Excellent contributions!

JINR

Dmitri Denisov, RAS, December 2008
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Russian Groups Participation in DO

JINR, IHEP, ITEP, MSU, PNPI — 10% of the Collaboration

V.M. Abazov, G.D. Alexeev, G. Golovanov, Y.M. Kharzheev, E.V. Komissarov, D. Korablev,
V.L. Malyshev, Y.P. Merekov, G. Panov, 8.Y. Porokhovoi, V. Rodionov, A. Rozhdestvenski,
N.A. Russakovich, N.B. Skachkov, V.V, Tokmenin, L.S. Vertogradov, Y. Vertogradova, Y.A. Yatsunenko

Joint Institute for Nuclear Research, Dubna, Russia

V. Gavrilov, P. Polozov, G. Safronov, V. Stolin, V.I. Turtikov

Institute for Theoretical and Experimental Physics, Moscow, Russia

E.E. Boos, V. Bunichev, L.V. Dudko, P. Ermolov, D. Karmanov, V.A. Kuzmin, A. Leflat, M. Merkin,
M. Perfilov, A. Uzbyakova, E.G. Zverev

Moscow State University, Moscow, Russia

V.A. Bezzubov, S.P. Denisov, V.N. Evdokimov, V.I. Koreshev, M. Kostin, A.V. Kozelov, E.A. Kozlovsky,
S. Kulikov, V.V. Lipaev, L. Mikhalev, A.V. Popov, N. Prokopenko, A.A. Shchukin, D.A. Stoyanova,
LA. Vasilyvev, S.A. Zvvagintsev

Institute for High Energy Physics, Protvino, Russia

G. Alkhazov, S. Evstyukhin, V. Kim, A. Lobodenko, P. Neustroev, G. Obrant, V. Oreshkin, 5. Oganesyan,

Y. Scheglov, L. Uvarov, S. Uvarov

Petersburg Nuclear Physics Institute, St. Petershurg, Russia

e Muon system design, construction and
operation: IHEP, JINR, PNPI, ITEP

e Silicon detector: MSU
e Key contributions to physics analysis in
— B-physics

Event Yield

10’
0.6

el
2-4 jets
1-2 tags

0.7 08 09 1
tb+tqb Decision Tree Output

— Single top observation
— New Phenomena searches

Talks later today!

Without contributions from Russian groups
none(!) of the results presented in this talk
would be possible

Dmitri Denisov, RAS, December 2008
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MSSM Higgs Search 2=

Two Higgs Doublets 7, H, and 5 physical states

MSSM predicts larger Higgs cross sections for

2 CP-even neutral Higgses h°, H? mp m
some values of parameter space than SM ycPadirearl e AD b
. . . 2 charged Higgses HE
Using NLO cross section calculations and Free parameters: tan@ = va/vy  (VEV ratio)
assuming no difference between A and h/H search @ g angie oth.H)
- . 7 Higgs mass parameter
for MSSM nggs IS performed Ao common trilinear
Higgs-sfermion coupling
émulti b-jets tree level: my < Mg < ing
rad.corrected: my, < 130GeV B4 ( qb —b E) ~90 %

- di-t events (inclusive) or with two extra b-jets

g, , b
AT

¢=> 11 ~10%

% 7t D@ Prelim., L=1.61 fb’! E -
% 600~ — D@ Data = -- P b
© s00F- a)3_!ets exclusive __ Exp. bkg E & 3 1. o
S High-mass ¥, Heavy flav.— 3\ 3
£ 300F ] —=
& zoogrb bb eff. mass | . - N ——— MSSM Higgs ~tt Search, 95% CL Exclusion
100 q S 1 =
w0f- E C D@ Prehmmary’ L=2.6 fb ] CDF Run II'Preliminary, 1.8 fb!
20E— i = 120~ mh max, ].L—-200 GeV i
“5* it e ; b — b ]
igé J[ JrJ[ Jr ! : A 5 e no mixing
= 00330 300 350 400 80— - % 80 |
M,, [GeV/c™] i 8 50 =
D2 Preliminary (1-2.2 fb ") o0} - 40 b>0 ]
> E aeid z “ ]
© = _I_]'_] i 30 n
{a!l 900 5 Multijet & W+jets 40 _ i .
g oo 1 — E [__]Excluded Area 1 20 omixig ]
g - *H ~ Expected Limit 5 10
soo; + —=— data 80 II(I)D' B TV TR T R T R 0700 120 140 160 180 200 220 240
4005_ ‘ ,,,,,,, M,=160GeV (& = 30pb) m, [GGV/Cz] mA (GeWcz)
300
= Wmgl | coeff. mass Large region in the MSSM parameter space
L e Combination of all three channels (tzt, btt, bbb) in progress

Visible Mass (GeV)
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Single Top Quark Production

q

s-channel f-channel W ]

b b t

0.=0.88+0.07 pb 0,=1.98+0.21 pb

° Consistent results obtained from three
techniques

— boosted decision trees, matrix
elements, Bayesian NN

e Combined result:
- 4,7 +1.3 pb (3.6 c significance)
— Consistent with SM expectations
e  First direct determination of |V, |
- 0.68< |Vy| <1at95% CL
- |Vpfitl =1.3+0.2n0 |V,| <1limit

D@ 0.9 fb™
Decision trees —e—i 49 *:1 ‘: pb
Bayesian NNs g—e— 4.4 ﬂ :i pb
Matrix elements ! —e— 48 +_j1 'i pb
Combination —o—i a7 i:; pb
N. Kiddnakis, PRD74, 114012 (2008), g, =175 GeV
| Z. Sullvan, PRDJ70, 114012 (2004), m,, =175 GeV

—5 0 5 10 15
o(pp — th+X, tqgb+X) [pb]
Dmitri Denisov, RAS, December 2008

EW production of top quark
- direct probe of |V, |
->similar to hunt for Higgs: (Wb)b
- High backgrounds

-+ D@ 0.9 fb’
s-channel
M +t-channel
Mt
W+jets

B Multijet
e+u channel

1-2 b-tags
2-4 jets

2

10

Yield [Events/0.04]

109.6 08 09 1

0.7
tb+tqb Decision Tree Output

Blue - single top signal

s
L. 2

Developed and used advanced methods
to separate signal
events from substantial backgrounds

Finalizing result on based on 3 fb'! of data
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CDF

coT L

Muon chambers/scintillators

New Silicon Detector

New Central Drift Chamber
New End Plug Calorimetry
Extended muon coverage
New electronics

Forward Mdini-d rift

Tubes

Shielding |4 o

{m)a

CDF and D@ Experiments inRunII | DEJ

DO

‘ Central Trigger Counte+s | Forward Trigger Cou nte}rs

RTtue '%j—.‘-ug‘-;:- CAFESH "_:."'17&'-’::;,:5'.{-1';'.\'-}',%"-.%?& EERERE R (A HA R :_:,’-,:_??1'-_/’7"%:; T
MOR e
Ha et

o
[§

."-
o
oy o
i
= 4

[ IJ’/I I T T Ty T T T [T N O A T
oo a 5 1
[Mew Solencid, Tracking Syster im)
51, SeiFi.Preshowers + MNew Elactronics, Trigger, DAC

Silicon Detector
2 T solenoid and central fiber tracker
Substantially upgraded muon system
New electronics

Driven by physics goals detectors are becoming “similar”:
silicon, central magnetic field, hermetic calorimetry and muon systems

Dmitri Denisov, RAS, December 2008
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D@ Detector

Silicon Detector

B

5 barrel layers, 800k channels

D¢ Silicon Detector Radiation Aging Status as of May 2007
200
180
=160 Bias voltage limit
140 1
2
o120
E100F
= B0
= 60|
=
U 4p|
20F

Deplet

8 axial, 8 stereo fibers double layers -

PR B Vol Wrarshan T sl WA PO
OD 1 2 3 4 E] [ 7 9 10

Integrated Luminosity [fb] 77,000 fibers with VLPC readout

L4

. scintilla

s e Shielding All detectors are running very well!
Dmitri Denisov, RAS, December 2008
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B. Mixing Observation

In SM B-mixing is explained by box diagrams
- Constrains V.4 and V., elements of CKM matrix
- New physics > new particles in the box

First evidence by D@: used semileptonic data sample pD,
Decay mode D> ®n, ® >K*K
Charge of the muon provides Final State Tag
90% CL limit: 17<Am_<21 ps-!, statistically limited

o L
8’ 6} it A
R DG Runlil, 1fb
1 Ee .
4
E ",
:— iW-
ST T N . st
F (two-sided) N
0;..I;.I...I..I‘.~""*I.>\H PR T
10 14 18 22 26 30
Ams [ps ']

uc,t
b ]
B w wo B
S AY
s — b
uct
opposite side vertex side
tri
~jetcharge -~ ' . net} rne
[t} 1 fragmentation 7

] o -1
::5_ B. Mixing (Am =19 ps)
CDF nailed down B, oscillations with >5 sigma significance ‘1 = : - o
, CDF Run Il Preliminary L=1.0fb" 0.8 Y, S s Prost(t) . PI‘Ost(i) ..............
§ E — datatic  a 95%CLImt  17.2ps’
%_ 1.5 16456 sensilivity 21.3ps”
E q[ Ml dataz1.6450 Ji
< E data: 1645 o (stat. only) '.1" '{
0.5} -
ek it
05F y i w | = -
” Iy t (lifetimes)
15[
ey e T TR TS e ) No luck for new physics in this case,
Am, [ps’] but keep looking...
A — 1777 010 (atat) =007 (avat) ma— 1
LAlllg L0 1 J. 1Ly \DL(]J'.'} 1 J.uUli \Dv\-DL}J_JD
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