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Collider Run Il Peak Luminosity
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THE TEVATRON HADRON COLLIDER IS SURPASSING
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A WORD ABOUT TOOLS

O IN 1996 WE BASICALLY HAD TWO TOOLS IN OUR BOX
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A WORD ABOUT TOOLS

AD TWO TOOLS IN OUR BOX
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something will happen - Tevatron Run II, pp at\'s = 1.96 TeV
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MARCHING WITH THE TEVATRON CROSS SECTION

‘tevatron T 10 2009.12.17

Saturday, December 19, 2009



OUTLIN

O RUNNING CONDITIONS

O NON-HIGGS REVIEW

QCD Physics = high pr jets, a., W/Z + jets l

T b-baryon discoveries, lifetimes,
Heavy Flavor Physics Bs mixing, CPV

Electroweak Physics @ di-Bosons, My, ['w

-
Top Quark Physics tT: m:, o1, EW; EW t: observation, Vi,

T—
Beyond-the -Standard Model Searches

W', Z°, SUSY

]

O CONCENTRATION: ITEMS NEW SINCE MIAMI 2008
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0 CLASSIC SEARCH
PATH

0 PRECISION TEST OF
pQCD

O CRUCIAL R&D
PLATFORM FOR
MODELING

-------------------------
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QCD

0 QCDPROCESSES . | oo
inclusive jets | | L >M'i<"
strong coupling | | [ !

IVBs plus jets
IVBs plus b,c
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DUCTION

R Rutherford Scattering on steroids
1_,;?__:: Er(1) ~620 GeV
$ a3 Er(2) ~ 560 GeV
. My~ 1.2 TeV
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=== INCLUSIVE |
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W/ZY

oL US |ETS

O ASTORIED LABORATORY FOR PQCD STUDIES
| inherently important

5 ; ;
| crucial backgrounds for discovery channels — |
crucial tune for NL and higher O MC , w{ — ||
% A
ZIW/y = inclusive jets, 2 1, 2 — .
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ZIWIY = b,c+jets -
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W/Z/y PLUS JETS PRODUCTION

3

LO 2— 1, 2, parton shower, Pythia/Herwig clean signature: 12(17)% background, n21(3)

D Z + J ETS l N C LU 5 IVE LO 2— 1-6, ALPGEN, SHERPA systematics ~6-13% .
NLO W/Z + 1,2 partons: MCFM; +3 Rocket, Blackhat, SHERPA
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W/Z/y PLUS JETS PRODUCTION

D S

O ZPLUS JETS: EXCLUSIVE

» EDO Run Il, L=1.04 fb' —#— Data at particle level DO Run II, L=1.04 fb"' —#— Data at particle level
10 = MCFM NLO . = MCFM NLO

DO Run II, L=1.04 fb' —#— Data at particle level =+ Data ='=PYTHIA SO
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Ratio to MCFM LO

o
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. does good
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=1 jet =2 jets =3 jets

parton shower-based generators disagree in both shape and normalization
Matrix Element plus showering better

(also pp)
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"

——————

- 20 T~

Saturday, December 19, 2009




= W/Z/y PLUS JETS PRODUCTION

" -

a tough measurement by CDF

O W+ JETS

phase space is carefully limited:

. Er(e) > 20 GeV
(W—ev) +=n jets CDF Run Il Preliminary 7 (e)| < 1.1

Er(v) > 30 GeV

* CDF Data f dL = 320 pb"
mr(W) > 20 GeV

W kin: E2>20[GeV]; In’l < 1.1
MY > 20[GeV/c’]; E} = 30[GeV]

Jets: JetClu R=0.4; l<2.0
hadron level; no UE correction

ve WiNLO dc:es good
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systematics: low pT, jet energy scale

Again, NLO works well.
high pT, background |

b
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°LUS JETS PRODUCTION

ly*1<0.8, y"y* >0 1.5<ly®1<25, yy® >0
ly'l <1
P > 15 GeV

—
o
T I

—h
=Y
T T

ly'l<1, pr>15GeV
Y"1 <0.8, y-y* >0

Y"1 <0.8, y-y* <0
1.5< I;/:etl <25, y-y*>0
15<ly*1<2.5, y-y* <0

—
- N
T T LI L T T

o
()

oss sections: Data/Theory

II| IIIIII|T|’\IIIIII|'|'| T TTT

o
(=2}
T T T T

2 | i ;
107 E 1.2f r
- B C b
10° & ' t
- () L r
- 0.8 J[ ]\ *’
10" £ A . r R 3‘
- v 0.6 | l —e— ratio of data to theory (JETPHOX)| - !
- | C o T v theor. scale uncertainty .
10'5 ' ' e . ' ' - CTEQ6.5M PDF uncertainty -
30 100 200 L e ratio of MRST04 to CTEQ6.5M '

y C o L ) T ratio of Alekhin02 to CTEQ6.5M T

pT (GeV) o2k 7.8% is overall normal:zatlon uncertainty | r - ratio of ZEUS05 to CTEQ6.5M i

30 100 200 30 v
P} (GeV)

many graphs and significant backgrounds
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—  W//Z/y PLUS

ZIWIy 2 b+ jets
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HADRON COLLIDER QCD PHYSICS
IS NOW A PRECISION SCIENCE
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HEAVY FLAVOR PHYSICS

Tevatron Run Il, pp at \s = 1.96 TeV

EXOTICB 31010 —
BATE o= %109 > o CDF Preliminary
est. 2006 -% 10° ; %I?F Published

@ eory
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102 o tt wz Spae
O PRECISION 13 g - fo ;
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avo'
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2% of anything happening
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O PROCESSES

b-Baryon discoveries
b-Baryon lifetimes

Cpv

tevatron

HEAVY FLAVOR
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B-BARYONS

trigger on J/y

0 STRICTLY A FERMILAB TARGET P
5% A, 7%, j\/\

CDF Ab% Acﬂj * Ace o) K —b> T,

N C
imi L=1. ' i .= 76% (&) 12_ -
% CD?II Preliminary, L = 1.1 fb Fipr::tal7:it/ - % - : DQ, 1.3 fb 1
2 O — Background e o B
F Y -
E 40: ° B Z‘{,—)Agﬂ:' n 8_ g Data
- - — X oA Q N R i
g | : (bdd,u) (bsd,s)| S sf Fit
30 B
(7)) N E [
2 B + il ]l + T+T ..E 4t
RARE x iR SUTE
g 10]- e ob—llllell . .M|+.l.l.ll+.’.l.1|’. inllilly
o ¢y  JX N 5.4 5.8 6.2 6.6 7.0
— Total Fit M(Z,) (GeV/c?)
— Backgroung
— RN Mass: 5774 +11(stat) MeV/c2
— Efo AT
1 HH both significance > 50 Mass: 5790.9 +2.6 + 0.5 MeV/c?
11 +
Jr + 14 F
12
8.00 0.05 0.10 0.‘15 0.20 10
Q=m(A%) - m(AY) - m, (GeV/c) 5
Q or As. Mass 6
State  Yield (MeV/c?) (MeV/c?) .
;0 3R 0sr = 485739703 5807.8%29 = 1.7 CDFI1
S, S59TRE) Qs =559+ 1002 58152+ 1.0% 1.7 E—
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3-BARYONS

O STRICTLY A FERMILAB TARGET

" These results differ by
M(Z=b ): DG > CDF
M(€2 ): DG < CDF

trigger on J/y

< © 4:
s DO, 1.3 fb” . Data >
s - 17.8 4 s
- — Fit =
~ B - -5
E 10_— :_ 2
s I iy 1.5 :
LR € o |
Lt § oo [
Y - 2 - s QO . 58 5.9 )
56 58 6 62 64 66 68 7
M(Q;) (GeVic?) , |
Mass: 6165 £10 +11 MeV/c? Mass: 6054.4 + 6.8 + 0.9 MeVic? CDFl |
unbinned max likelihood fit pe—

Mass fit : significance 4.9 O
significance 5.05 O

D@ increasing data set Combined mass and lifetime fit:

PRL 101, 232002 (2008) significance 5.5 O
Phys Rev D80, 072003 (2009)

W o"nI ' 256 !Ubgm
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3 BARYONS

O LIFETIMES O SOMETHING NEW?

universal to the heavy quark unknown composition

differences due to spectators Production of Y(4140)
e s B* > Y(4140)K* @)
Mo Litetime Mmeoasurer:\ments 600 [um Y(4140) ;\‘Il,/jq) - o 0 the Y(3930) prompted a
l?nﬂ_l_!_l‘z"'o_l_l_l_l_:’?o T 1T 1 1 [T LI l LI I LI ¢_> &J;(- Q sear'ch 'FOl‘ other's

ALEPH A, | + A° Il g 1.21+0.11
OPALA, | . . a 129721 +0.06 (8 @
DELPHI A, | N 1112194 0,05 proton —>_ = antiproton
CDF Runl A, | — g ., 1.32+0.15+0.07 CDF .«\-«\aﬁ]
DO Runll A, | . . ' 1.290 g):lzé) +: (;);317 Search for structure in J/V¥ ¢ mass spectrum \ ? / f

DO Runll J/y A N 1.218 012 40,042 : : 2.7 tb

CDF Runll Jiy A —a— 1593707 +0.033 §9r
g8 —— expected background
% . L Y(4140) + Y(4140) particle
[
CDF Runll A, & (PRELIMINARY) b, 1401£0.0460.035| 4 4 . & signal events D6l l — g:ﬁﬁgtrﬁﬂnd
m=4143 £ 2.9 1.2 MeV/c2 o
PDG 2008 1.383 15 ops 41
' T S ST AN N T | MR B I'=11.7+8.3-5.0 £ 3.7 MeV/c2 3
0.5 1.0 1 .5 2.0 2 b
A, lifetime [ps] 1 P/ —
0 | | 1 | L

1 11 1.2 1.3 1.4 1.5
GeV/c?

m(p*w K'K)-m(uy)

N — 29 2000 o,
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CPV IN Bs SYSTE

. O SEARCHING FOR TINY CPV EFFECTS IN Bs SYSTEM

S M= M=\ (B
My — 7;1;{2 M — % Bg |

= a|B} >+ b|B) >

= a|B) > — b|BY >

= My — Mg ~2M;s

= Ty —Ty ~ 212|cose

aw CP-even (I')

FITS TO ANGULAR
DISTRIBUTIONS

W o"nI ' 30 !Ubgm
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CPV IN Bs SYSTE

O RESULT IS COMPLICATED EMBEDDING OF I s WITH s

SM p-value =7%=> | CDF Run Il Preliminary 2.81fb" |

[$1]
o
o

> E
i 2 DG, 2.8 ft5 * Data H
deviation fromSM fof 1.80 3 BY > Jiv 6 — Total Fit 2
c i . 15 400 s — Prompt Bkg 5
06 DF Rur'1IIPreI|m'|nary 2.8'fb ' — qh,) o non—F’rompt Bkg 2
=\ [CDE] 2
‘ 2 3001
' :
U o
] §2oo_ 10
: \/\"/ 100 = H ‘
085730 05 00 05 : 10 15 05: S P P PPN B B x E— 01 02 '}:J/'oq_)?[ ']
I/ . . . . . . . o N ct (J/y o) [em
PRL 100, 161802 (2008) B rad] Vield fit Mass (G Lifetime fit
06 DO 2.8 fb~', with preliminary systematics
~ L 68%CL i
B 04f 7(BY) = 1.5340.04+0.01 ps CDF
g 02 I' = 0.02£0.05+0.01 ps~* —
0.0F
U 7(BY) = 1.48740.060 «+ 0.028 ps
od — 10.072 —1 m
i N AT = 0.0219972 £ 0.006 ps ==

SM p-value = 247%

ron 31 2555 'l !IF
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CPV IN Bs SYSTE

O RESULT IS COMPLICATED EMBEDDING OF I s WITH s

SMipvalieiicss 0.6 COF RunllPrel 28f~'+D@ 28f"
deviation from SM  of 1.860 N 68% CL
CDF Run Il Preliminary 2.8 fo™ R i 950/0 CL
T e 0.4 99% CL

95% CL

-0.21

-0.4}

065740 05 00 05 10 15
D@ note 5928; CDF note 9787 B AL [rad]

combination deviation from SM f of 2.10

SM p-value = 247%

B — 57 T T
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[ /2-WAY POINT
CECOIN G S PN

HADRON COLLIDER B-QUARK PHYSICS
IS NOW A PRECISION SCIENCE
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ELECTROWEAK PHYSICS

Tevatron Run Il, pp at \s = 1.96 TeV

31010 =
%109 :s 0 CDF Preliminary
S o Hiavy Flavor m CDF Published
(1 PRECISION PHYSICS 5 MTheory
OF INTERMEDIATE §106
VECTOR BOSONS 510
510“
0 SEARCHES FOR NEW T 10
PHYSICS 101
1oé
0 NARROWING THE SM i
WINDOW FOR HIGGS o]

Jot ue,.,,w 2T w3 Wy izt 2 ey

Flay,
or M,=160

(0.0002 - 0.00000002)% of anything happening |

e e S S e v Y v - ; } Y T A

tevatron 33 2009.12.17
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O EW PROCESSES

My:

T'w:
W Ags
lepton chg A

W chg A
Z rapidity

Wy—Ivy
ZYy—lly
WW—=Iviv
WZ— 1Vl
224l

ZY

WW+WZ— V+jj
VV—=MET+jj
ZYY & Z2ZY
WW & WWy
ZWW + YWW

o S T g e ey

tevatron

1 b1 (DO & CDF)

1 b1 (DO & CDF)
4.1 fb-1 (CDF)
0.7 fb-1 (e, DO)

4.9 fb-1 (u, DO)
1 b1 (CDF)
2.1 fb-1 (CDF)

~1 fb-1(DD)

~1 fb-1 (e) 2 fb-(p ) (CDF)
1-3.6 fb-1 (D@ & CDF)
1-1.9 fb-1(D@ & CDF)
4.8 fb-1 (CDF)

~1 fb-1 (e) 2 fb-(p ) (CDF)
1.1 fb-1 (D@ & CDF)

3.5 fb-1 (CDF)

~2-3.6 fb-1 (D@ & CDF)
3.6 fb-1 (D@ & CDF)
0.7-1.1 fb-1(D9)

FET)

mtih SSRGS

T T T R SRS

SAK PHYSICS

2009.12.1

v
i
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—AK PHYSICS

q —>—AA W 5 4 W ;W 4 w<ﬂ ﬂWQ
ﬂ § —— ¥ 2 771‘0’ _‘)'>~VV» - o X
| > 2 4 2 S C e IEe e
S x4l B vl | ==
BT ———— | — —— | — ———
w— [l - e — 2 v —
q —>— VAN a W ;W 1) (CDF) q q —~>— AN
= - )M CDF) — =
;' —e—l N = Y,z § —— e G~
2 g “DF) % 9
p— S T5= T [CDF)™ | — — D— ———
bi anaesan ) (CDF)
- - = = S w F) ,AV ;7*?._‘A_———_>__
q AMA W N &Y f q AN
= AR TR Yo
— e ) B— ———
ZWW + YWW 0.7-1.1 fb-1(D2)
‘tevatron 36 2009.12.17
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WviZ ARE T HE STANDARD MOLE

O SMSTABLE ONLY ON
S ELECTROWEAK

LEGS
and 2 or 3¢ of them
are Fermilab objects
r—— *
http://www.summerofsoftware.org/SoSE2007 /index.html
‘tevatron e aEEEiEEmaRESEEEsNismSEEsSsmmsEmassEE: 2009.12.17

Saturday, December 19, 2009



CDF
\
! AR M W

O AMONG THE MOST CHALLENGING MEASUREMENTS AT A
COLLIDER

controlled by the electron energy accuracy and precision
Dd scales by MZ, canceling many systematics

CDF e: uses E/p + u measurement _ | lz: |

CDF Il preliminary JL dt~ 2.4 fb! CDF Il preliminary J L dt = 2.3 fb!
o i)
~—
> . > i
Q. so00l data @ 15000 © data
8 B — MC (.3, —MC
: - 1 backaround ! -
p ] g . i ~ background
g " 2
c
c
> oot O
Ww 5000 4 5000
% e R . g ‘ - ‘ ‘ R \L T I |
100 % 90 100

m.(ev) (GeVic?) m. () (GeVic?)

original Run Il result (200 pb-1)
M(W)=860413 £ 34 (stat.) £ 34 (syst.) MeV = 6560413 + 456 MeV

on 38
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Events/0.25 GeV

10000

500 “(a) DO, 1 fb™ ~Data
—FAST MC
400 — x2dof = 153/160
300
2003—
100 -
2, J.(b)°£ ﬁ “““ — E \” ‘\
-g: .‘.ﬂ bﬁﬂ”ﬁ*# ”*-v* W

70 75 80 85 90 95 100 105 110
m,, (GeV)

m(Z) = 91.185 + 0.033 GeV (stat)

> § -1 ~Data
§ [@boifb —EAST MC
Iy mBackground
o 7500 y?Idof = 48149
]
c i
:>; 5000
2500 -
= 25\+ \+ 17| L\ ¢ 1 ¥y Iy | ﬁ e
re oo [ lalell L POo oll A o % Il
O™ AL
- Er '\T ! " b | T ‘i \ ‘.
50 60 70 80 90 100
m; (GeV)

m(W) = 80.401 + 0.023 GeV (stat)

OMw(mr)=23+235+12 =37 MeV/c2
My =80.401 £ 0.021(stat.) + 0.038(syst.) GeV

=80.401 £ 0.04 3 GeV

plus comparable measurements in pr(e) and MET

plus width:

[(W)=2.028 + 0.038 (stat) £ 0.061 (syst) GeV

=2.026+0.072 GeV

(M T'w=2.093 +£0.002 GeV)

(LEP T w=2.196 + 0.0863 GeV)

ron

@ clectron nondin
@ clectron E loss diff

©® recoil model

©® efficiences

Tevatron combined value w/o |
D@ Run Il

I'w=2.050 £ 0.058& GeV

35 e ——
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O W& ZMEASUREMENTS
CONSTITUTE PREMIER,
PRECISION PHYSICS

CDF and D@ errors are correlated

O GOAL IS AMy 25 MEV/C?2
PER EXPERIMENT

tough to beat that at LHC for
quite a while

1fb-!: OMw < 51 MeV/c2
|0fb!: OMw < 29 MeV/c2

80

Mw: SUMMARY

CDF Run 0/1 ® 80.436 + 0.081
DO Run | 80.478 + 0.083
CDF Run I —@— 80.413 = 0.048
Tevatron 2007 —@— 80.432 + 0.039
DO Run i —— 80.402 + 0.043
Tevatron 2009 —o—

LEP2 average —@—i 80.376 = 0.033
World average @ 80.399 + 0.023
| | | Julyo09

80.2 80.4 80.6
m,, (GeV)
| — —

Tevatron ElectroWeak Working Group http://tevewwg.fnal.gov

40

'
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PRODUCTION ASYMMETRIES

O A BASIC SM WEAK INTERACTION PREDICTION
important for constraining pdfs

35000

30000

—&—— W production charge asymmetry I 25000

N ——&—— Lepton charge asymmetry I
0.6 R feees : . : . — ... ........ 20000
S : : : § Co. :
04— ... e, S S e .‘ ........ 15000
C ¢ i i i e
0.2 b A S S P S S b el —=— e+ pseudo-rapidity
E A : : " : : —a— e- pseudo-rapidit
C . efia,, 5000 P pidity
0_ .............................. e ONOO0OO0OO0000000 . ... ....................... y R R P
— & As & : ‘ F Y 0
B : : . : : A& 2
020 o S o® NS SN SO . - o 3
- . : : : : generated rapidity [y, or 1]
- C . : : : . A :
-04 __ .............. .o ............... ................. ........ PO ........
o — : ® . 4 ‘ E.L. Berger, F. Halzen, C.S. Kim and S. Willenbrock; Phys. Rev. D40 (1989) 83
0.6y g —— —— ST S—— T—— —

:Zt 1 i 1 1 1 1 i 1 1 1 1 i 1 L 1 L i 1 1 1 1 i 1 1 1 1 i 1 1 1 1 i 1 1 1 <E + pz )
3 2 1 0 1 2 3 yw = = In | ———
generated rapidity[y,, & 1] 9 F — D-

s i in 4y anunRTpRRRI EARI SEER A RRRREREEE! 41 T
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PRODUCTION ASYMMETRIES: W

O EACH EXPERIMENT TAKES A DIFFERENT APPROACH

D@: Iepton asymmetry A(’?W) ® [V-A] CDF Preliminary Run Il 1 fb™
CDF:.  Wboson asymmetry directly o

[ ——e—— CDF 1 fb' data(stat. + syst.)
> 0.2
E Peessg
o ' “‘Q 3 m

o
)

o
q

— NLO Prediction(CTEQS.1M) atm_ = 80.4

E [ ] PDFuncertainty(CTEQs.1M)

o
o

[lIIIIIIIIIIIlIIIIIIIIIll

ge Asymmetry

o
I
TT TT

aﬁ‘

I [} 0 (-
: o
di aageements presently
CTEQ6.6 uncertainty band Iy | ‘
[ 0 ]
1 experimental uncertainties CDF w ;
'0-6||||||||||||||||||||||||| - - - Tt
0 0.5 1 15 3 35 3 small \J CDF Preliminary Run Il 1 fb™ P
e _ T T T T T T T T T T T T T T T T T T T T T "
m I \0 «\.\“a“ -—l CDF 1 1b|" data(stat. -cl-syst.) | | E i
“6 \ NNLO Prediction(MRST2006NNLO) at m = 80.4 — r
v C |:] PDF uncertainty(MRST2006NNLO) I 4 f
o v E 0.6 ] I
t’ 02 = £ *3E D@ Preliminary % 6l 3 - - I
B TR o E = PR S '} C * N t
2t S, é £ 0-25E" L-40m" g } ; 0.5 = :
- > 0.2F 20<p;<35GeV as=F 7)) - 2 ] b
0 \“ < é p;>20 GeV had > T < 0.4 - * s ;.
2 D@, L=0.75 fb' e -— ) - : . l
ES>25 GeV e D o3f * = *
02 E/>25 GeV = 2 - ] !
- —— CTEQ6.6 central value z_ o 0.2 :_ _: ‘.
0.4 IR MRSTO4NLO central value E— ; 0.1 - - ] t
- CTEQ6.6 uncertainty band 0.1 S i s . '
B l E tOlal Sro : 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1: i
o -0.15 = GTEQ6.6 tral val
-0.6 T T T T T N T T N T N T T T N T T T N T T E llllllllllll CTE'QS 6 ﬁzgerrata:/r;yute)and' L i) % 0.5 1 1 .5 2 2-5
0 0.5 1 15 2 25 3 0250406 08 1 12 14 16 18 2 v |
el Pseudorapidity W

- 42 T~
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PRODUCTION ASYMMETRIES: Z

1.3 1.3
125 . CTEQB.1M (32 = 45/28, CL=1.8e-02) 1 25 o NNLO MRST (y® = 64/28)
: o MRST2008E (2 = 84/28, CL=7.7e-05) . e  NLO MRST (x® =106/28)
1.2 CTEQ PDFs Error 1.2 MRST PDFs Error
|[[Jpata CDF Run Il Preliminary with 2.1fb™ 115
A [ QcD Background E' 1.1 g
10" 5 @ EWK Background 2 j |
i £ 1.05 b ‘ =
- i § M thpprprteerbi i 5
@ 10°F “ o5 ! ¢ =
s - 0.9
0 = 0.85 . . -1 0.85 -1
= 10% E 08 CDF Fliun I! F.’rlellll.nlln‘alry Wlth .211.1P. L " CDF Run Il Preliminary with 2.1 ibI
o = “0 05 1 15 2 25 08 ~—"%05 1 15 2 25 3
3 _ Boson Rapidity Boson Rapidity
£ 10 &
> B
s NLO CTEQG.1M preferred
! but, story not over...
-3 . -1 0 1 2 3 80: —_ . -1
CDF Boson Rapidity - CDF Run Il Preliminary with 2.1 1b
. a“j 70 2 HLO CTEQG.1M : J.Pumplin et al. hep-ph/0201195
e -
Qve 60
a -
T s0f
> -
E 40\
~_§3 30 e6<M, <116
- & Positive rapidity
] 20— Negative rapidity
10:_no luminosity uncertainty included
~ Only statistic uncertainty considered
1 o - 'S i i l ' 'S A L l 'S s s " l 'S s L L l s ' L L
0 0.5 1 15 2

Boson Rapidity

- ssuciciosyannsssEAEAISEERAARRERRRRRRRRRIEE!

N
™
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O A HIGHLY-
CONSTRAINED SET
OF INTERACTIONS

SM is highly predictive

Tevatron experiments have
been tenaciously pursuing

O LIKE MANY EW AND
QCD FINAL STATES

important precision tests

crucial Higgs backgrounds

e S =S e e e o i L e e B Rl S G

tevatron

DIBOSON PRYSES

SM di-V | ' TGC |
— —— —— _—
4 — W N W SW
4 W B 3 774‘0' |
¢ >—AM 2 ;

w— | —
9 =M I W SW
= o
L 7 # ? L

zn Aamn W - z %.W
— —_—
ropg e s 2009.12.17
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DIBOSON PHYSICS

O MANY CHANNELS:

Wy—=dvy ~1 fb-1(D2)
N 157 (&) 2 F0-(u) (CDF)  “E : Tevaétron R:(.).; p; at\l_ 19§Tev_+._ o
WWoay  1-3.6f7 (DO&CDF)  § .0 oo e
WZ— v 1-1.9f1(DO&CDF)  gwe """ ﬁff o
ZZ—4¢ 4.8 b1 (CDF) N 2004
Zy 101 (e) 2f:(4) (CDF) . = T T
WW+WZ—ev+jj 1.1 fb-1(DF & CDF) R T R E Mgl
VWWoMET+j 3.5 b1 (CDF) |
Zyy &2Zy  ~2-3.6 b1 (DO & CDF) |
. WW&WWy  3.6fb1 (DO &CDF) |
ZWW +YWW  0.7-1.1 fb-1(DO) |
‘tevatron SRR P A P PP PP ﬁv2009.12.:]—"7‘:
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q—>—\'\M/\W
zn "1W

q ——awn ¥

I —
tevatron

——

Lwwv

gwwyv

igy WIWuV? — WiV, W)

+  iky W uTW, VH*

LAY
ik ?M%

WMWWA

SM: g7

SM deviations: Ag?

Ay

= glz—l,AK,V:ﬁ:V—l

46

el e Al

(et

(090, + M3,)
M7

(090, + M?)

M

vy

e B VAS Oa OV,

2009.12.17
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W
Y

LI Wy PRODUCTION
radiation zero studied by D@ 20086

-1
o D@, 0.7 b ¢ Data Candidates
‘a:'; 102 —+— SM MC + Background (x=1, A=0)
> = ---4--- AC MC + Background (k=1, A=0.2)
w L Background
_-.{---
10 3 '
1 = 4\ L 4 .
10" &
: 1 1 l 1 1 1 1 I 1 1 1 I 1 1 1 1 I 1 1 1 I 1 1 1 1 I 1 1
50 100 150 200 250 300
Photon E.. (GeV) m

© 50
N~ D@, 0.7 fb r—
S
..\9 40 + Data (total uncertainties) —
§ —— SM (systematic uncertainties)
L

N w
o o

M T[T rrr [ rrrr oot
—"—

g

0=14.6+1.6 (stat)+1.0 (syst)x1.0 (lum) pb

For E1(Y)>& GeV, AR(Y-1)>0.7

NLO theory: 16.0£0.4 pb PRL 100, 241805 (2008)

DI-BOSONS: Wy, Zv

0 Zy PRODUCTION

fit for anomalous,
heutral TGC

CDF Run Il Preliminary (2.0 fb™) J—
N o

& E] ;e +uu data .

+y

% 102E B v+ Jet q 2z g z
O - B ee + Jet AMA

o C [] ee Background = '7_2\{
T §

@ 10

Q. s —

ﬂ N

£ | T

a | i?mﬁﬁ CDF k

50 100 150 200 250 300 350 400 p— . “,\\(\a“\J
(GeV/c ) A

Z—ee(1fb-")pu(2fb1)
Er(lep) > 20 GeV
M// > 40 GeV

CDF: 4.6 £ 0.2 (stat) £ 0.3 (syst) £ 0.3 (lum) pb

CDF ISR region (My>100 GeV/c2): 1.2 + 0.1 (stat) £ 0.2 (syst) + 0.1 (lum)
NLO theory: 4.5 = 0.4 pb
NLO theory ISR region: 1.21 £ 0.10 pb

ron

% e ——
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ANOMALOUS Zvy, Zyy

0 DI-LEPTONS (CDF) AND DI-NEUTRINOS (CDF,D®)

PRL 102, 201802 (2009)

(=)
= | @Zy D@, 3.6 fb'
0.005" A _ 1 5TeV .

£ | (b) ZZy

A=15TeV .o

D@, 3.6 fb’

-0.005
-0|.1 -0.|05 (|) 0.65 0|.1 -0|.1 -0.|05 (l) 0.65 0|.1
DO . e
30 30
Z(VV)+Y data
3.6 fb-1,E(Y)>90 GeV; MET>70 GeV, jet & track veto
CDF DO LEP-II
|hZ,| <0.050 <0.033 -0.2:0.07
|hZ,| <0.0034 <0.0017 -0.05:0.12
|hY;] <0.051 <0.033 -0.049 :0.008
|hY,] <0.0034 <0.0017 -0.02 :0.034

LA | g L2 T L2 v ™ -lr
102 ’E__._,"" =3 ~4— @ +u Data
y+Jet
B 740t
SM 2y

-’-‘"9"71- ..... e ,

COF Aun Il Preliminary, 2.0 iv°

273) —

10 {...: AGC(h4 = 0.0047) =
£ f .
g L -

W 000000 leeececes
1B | E
w‘E- T
P | :

10 _ 10°
E,(GeV)
Z(IN+Y and Z(VV)+Y data

Z(VV)+Y: 2 b1, E(Y)>90 GeV; MET>50 GeV,
jet & track veto

48
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O WW-=001

CDF Run Il Preliminary

f L=36f0"

120 Fitted Templates [ —) wqjets
0 Wy

Events /0.04

03 04 05 0.6 0. 0.8
Matrix Element Likelihood Ratio (LRWW)

WW AND W/

O WZ—Z()¢MET

CDF Run Il Preliminary [Ldt=19 fb’!
§ Region: Signal . Data |:|Z+jets
8 12- [Jwz [zz
T, [zy Ot
£ _
:>j 8 — \|\ <«
6_
- ©
o¥ QV/;EE ﬁ O + #
. .\“ - - [ —--
QVG\\«\ 0 —

/ 40 50 60 70 80 90 100 110 120 130 140
2
M., [GeV/cT]

CDF: 4.3 +1.3-1.0(stat) £ 0.2(syst) £ 0.3(lum) pb
NLO theory: 3.7 £ 0.3 pb

CDF 1.1 fb-1: PRL 98,161801
DO 1.0 fb-1: PRD 76, 111104

0 100 150
Leading?.epton P (GeV)

CDF:

D@:

> [(a) eeteu+uu DY, 1 fb' -

Q A ’

030~ m

m I P

o

;20_— PRL 103, 191801 (2009)
£ | [z

O | Y

u>.|10j j |

NLO

12.1 £ 0.9 (stat) +1.6 -1.4 (syst) pb
11.5 % 2.1 (stat+syst) £ 0.7 (lum) pb

theory: 11.66 £ 0.70 pb

ron

49 T
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FIRST OBSERVATIONS

0 zz—4{ smallest o = WOMET +jj

. o0
= o O WW+WZ— V4]
?Ve\\«\ : imi [La=4sn’
% E%)ﬂets % 300: D@, 1.1 fb' —+-Data - Background
([\21 - * Data o g B Diboson Signal
4201 — .
e ‘ _ = 200 — =1 s.d. on Background
s | cobe 2
S100- . C oLl e 5 100}
S 80 OF
60 M b 2
: e o 7|2 2'|J_|_| |_| ? Prob = 045
40 %3’6—. Data (3.5 o) - R® o] "ul_'_l'j_,—'r‘_
- o g - EWK Uﬁcertainty g § I l—l"'_'—l—,_l
2 1 Background 4 ale -2 M L . 4
20 | | L Ly | | § - 1 Diboson Signal | 0 50 100 150 200 250 300
20 40 60 80 100 120 140 Y, L Signal Uncertainty Dijet Mass (GeV)

M, leading P Z [GeV/c?]

Events in £ = 4.8 fb !

i ‘ 20.2x2.5(stat)x3.6(syst)x 1.2 (lum) pb
Signal 468 + 0.02(stat.) + 0.76(syst.) o |

NLO theory: 16.1£0.9 pb

Z(vy)+jets 0.041 + 0.016(stat.) + 0.029(syst.)
Total expected  4.72 + 0.03(stat.) + 0.76(syst.)
Observed 5

Opp—zz = 1.567 g ea(stat.) + 0.25(syst.) pb

CDF

40 60 80 100 120 140 160
Diiet mass (GeV/c?)

16.0 £ 2.5(stat) = 2.4(syst) = 1.1(lum) pb
NLO theory: 16.6x0.5 pb

ron 50 2559 '|| ”

Opp—zz—-Th = 1.4 £ 0.1(stat. + syst.) pb
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COM

O COMBINATION OF 4

CHANNELS:
WW+WZ—=v+jj (1.1 fb1)
WW— dvey (1fb1)
WZ—- e (1fb1)
Wy—dvy (0.7 fb-1)

O MOST STRINGENT
TGC results

pw and Qew moments
LEP-level precision

|fb-!: © Aky *+ 0.4
|0fb-!: 0 Aky + 0.3
Ifb-: 0 AN+ 0.2

10fb-": 0 AN £ 0.1

3IN

D LIMITS with W

51

% 10*=D@ Run I, 1.1 fb' ~+- Data
g B Diboson Signal
~ I W+jets
« 10 [ 1Z+jets
3, [ Top
R 102 [ ]Multijet
10
33
b by s b by b
0 50 100 150 200 250 300
(a) Dijet P, (GeV)
PRD 80, 053012
“LEP parameterization ZWW =YWW
Ak g 0.07 *02_py9 (= kz) 0.04 £ 0.11
Y= Az 0.00 £ 0.06 0.00 £ 0.06
0.04 + 0.09 NA
2.02 *008_ng
1.00 + 0.09
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| /2-WAY POINT
CECOINEE IS HEDIN 43

HADRON COLLIDER PHYSICS OF IVBs
IS NOW AN ULTRA-PRECISION SCIENCE

eeeeeeeeeeeeeeeeeeeeeeee



TOP QUARK PHYSICS

Tevatron Run II, pp at\s = 1.96 TeV

LABOR OF 40"
LOVE 9 Jets o
y —10°4{=« 0 CDF Preliminary
e § "] HeavyFiavor « CDF Published |
1995 %10 Aol B ~ MTheory |
1 i |
RECISION PHYSICS! | 3" |
510° |
510 w |
0 NON-SM BEHAVIOR g e |
0% Wy zg o |
0 NARROWING THE SM w000 e s P |
B o St oo Bork . 1§ :
mufd@ 6"‘ _1§ ' ig?s
RED HEN 1023 - -
"% '%U £ \ 10 I Jetls He; Vypz_,l > T w },' z}’l wbly “.,I wzl : | zzl A \1 wﬁf?

ayor

0.00000002% of anything happening

PFNAL planted the seeds
~ Band is currently eating it all by itself
53 2009.12.17
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T COURN

PHYSICS

i 7 q % =l ¢t
0 QCD PROCESSES \7"_,‘ < M
top mass, all channels 3 ¢ f(f: ? t
| top cross sections, all channels — — e—
— |
9 \> | rr—— ¢ |
/% é’t T g |
m@—r~ . ‘d‘e‘iaéL E‘ e ——
7"l< o b"‘{ 1— I
Electroweak top quark production % Q |
single top cross sections, both channels :
Vtb B 4;(__ R B
¢ 1, 7> .
b}—r— < 'q' b w
 F A - 4 / L
tevatron e T— — T 2009.12.17
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TOP QUARK PAIRS

| EEIOB 1:
CHARACTERIZATION
OF THE TOP QUARK

production

static proper'ties

O QUANTIFYING THE

EXPECTED &
SEARCHING FOR
SURPRISES
T — B
tevatron 56 2009 12.17
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tT PRODUCTION

O CROSS SECTION INTO VARIOUS CHANNELS
“counting experiment«s” ¢t ~ 450 um: secondary vertex tagging, 1,2

# semileptonic B decay: softleptoninjet |5

multivariate analyses

34% 6%
dileptons P—
lepton+jets (including t channels) all jets
evarron. 57
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CDF

tlT PRODUCTION

O CDFLEPTON + JETS, TWO COMPLEMENTARY ANALYSES
different S/B and systematics

luminosity dominates uncertainties—normalize to 0 (Z theory)/o (meas Z)

800

Events

b-tagged

600

400

L | LI | LI I I

200

1 Jet 2 Jets 3 Jets

CDF Run Il Preliminary L = 4.3 fb™!

‘ B w+HrE

4 Jets

. Data
B Top

I single Top

PBwsLF
. Non-W
P z+jets

- Di-boson

=5 Jets

CDF Il Preliminary 4.6 fb™

B data (7348 evts)
B tor
B w+jets
B acp

-

pre-tagged

-+

0 01 02 03 04 05 06 07 08 09 1

NN output

CDF (4.3 fb-1,m¢= 172.5 GeV), b-tagged:
Oyx="7.1x0.3(stat) + 0.6(syst) £ 0.1(Z theory) pb

CDF (4.6 fb'1, my= 172.5 GeV), pre-tagged:
Oy= 7.6 £ 0.4(stat) + 0.4(syst) £ 0.1(Z theory) pb

displaced vertex b-tag
conventional counting analysis

before b-tagging
heural net analysis

EEVEI EI“OI’I

RS
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tlT PRODUCTION

O TAUS & ALL HADRONIC

my=172.5 GeV
1 Tau CDF t
: , [——CDF Run Il Preliminary (2.9 fb™) CDF Run Il Prelimi 2.91b"!
Ou=7.3 + 1.3(stat) = 1.2(syst) = 0.5(lumi) pb = ikhcarull HENNS ey e
3300— agevents m, =2 tags eventsm,
DQ, 1 fb-1 Z!, —+— Data ok _+_ Data
> (b) - Data Fhas B Fittea # : B Fittea
Cc ¢ B ; il I Fitted Bkg ol I Fitted Bkg
Q15 B Zy - 2001~ [
P % I\D/I.lgltijets,W+jets 56 Fun Il orelim s x2/Ndof = 27.6 / 38 n:_ x2/Ndof = 20.2 / 22
9 150~ -
- fooson < 400 un 1 prefiminary : Prob = 0.895 - Prob = 0.569
> 10 s [ + Data, 1fb! . of
: 2 - 1 f signal -
%300 * [] Background sof ,O;
0 100 150 200 250 300 0 100 150 200 250 300
| — e (GeV) e (GeV)
i 200
. NI B
% 50 100 150 200 250
Tau E, (GeV) i CDF preliminary, L = 2.9 fb™*
1 — 5 ‘
00 Symbol| 1tag |> 2 tags
L - ."" 2 , — At 1'2
my= 175 GeV Zw Top mass (GeV/c®) | M, 1748 =247,
0 1 1 1 1 1 1 1 1

A - 2 JES displacement AJES | —0.3+0.471027
L Observed candidates | noss 3452 441

Expected background  n .., [2785 £ 831201 = 29
Fitted background Ny risy | 2802 £ 701220 = 21

Signal from fit Mo riey | 643 = 80 [216 = 25
all Jets all Jets
Ott =6.9 £ 1.5(stat) £ 1.4(sys) + 0.4(lumi) pb Oyx="7.2 £0.5(stat) £ 1.5(syst) £ 0.4 (lumi) pb

ron 59 2559 '|| ”
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tlT PRODUCTION

O CHANNELS COMBINED
combining experiments in progress

DO Run I * = preliminary August 2009
P

. H +0 46 +0 86 + IIlllllllllllI|l|||||||||l|l||||||IIII
i epton, rriepton R0 HeH 784155505 hipb I Cacclar st al, arXiv:0804.2600 2008)

. | 77 Kidonakis & Vogt, arXiv:0805.3844 (2008
111618 (based & topolosial. PR H-H 7.42 20532045 2045 pb [ Moch & Uwer, arXiv:0807.2794 (2008)

-‘ neural ne or ta e + ) + . +0. -IIIIIIIlIillllIllmllllllllllllllll’- (Stat) (SySt) (Iumi)
IO (reursinetvork bizgged, PR e 820055 05 LodsP DIL '~ 7.27+0.71:0.46+0.42
dlepton (oot 18 e esa ey F L
wtrack (g 1. 50 18 09 Lo pp ﬁﬂh{g - - 7.63£0.37+0.35+0.15
tau+lepton (b-tagged)” H—e— 7.3271:34%1.20 4 45 pby ittt it i
2.2 fp! -124-106 * SVX p - 7.14+0.35+0.58+0.14
taol;j;)efs (b-tagged)* ! PY | 5.1 i?;?, io; 203 pb (L=43 b ) 7

. N : : w -
alljets (b-taggedy” - 6.9 *13*14 .04 pb HAD 1 - 7.21:0.50+1.10+0.42
1.0 fo~’ (t't) ( 't) - (L=2.9fb") /

stat) (syst) (lumi 4
_ o
_ . M. Cacciari etal., JHEP 0809, 127 (2008) H #
M= 75 Gev R s 2005) CDF combme% /| 7.50£0.31:0.3410.15
CTEQG.EM S. Moch and P. Uwer, PRD 78, 034003 (2008) X ID0F|= 060 | | | |mt=172|5 GeV/CI
\1‘\\1‘\'\_\‘1"1 \ [N I S I I S I S N [ (S S I S S I ) Sy A |
0 2 4 6 8 10 12 4 5 6 7 8_ 9 10 11 12
_ - o(pp — tt) (pb)
o (pp — tt + X) [pb]
0ol CDF
——— . av P
e

e ¥ 75 e
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strange

® .. . -u; | y !
down - ' electron | ‘
up ‘ neutrinos g y

quarks leptons Bosons
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OO0 lepton + jets

D@ Run lIb Preliminary, L=2.6 fb™

w -
& 250 Mean 1.230
g [ RMS 0.1024
e |
3 200 lepton+jets
g [ 2D with prior
=2 L -
@ [ calibrated
2150
o I
3 |
o] L
§1oo_—
i 1.28
50
o_lllll—l_l III|III|I III|III

06 0.8 1 1.2 14

16 18 2
o(M,_ } (GeV)

ME for S & B

| m=173.7 £+ 0.6 (stat) + 1.6(syst) GeV |

pr(lep) > 20 GeV, [n|<1.1(2) e (1) )
Ny =4, pr(jet) > 20 GeV |n|<2,5
at least 1 jet pr(jet) > 40 GeV

MET > 20 (25) GeV e ()

ron

D@ Run lIb Preliminary, L=2.6 fb"'

1.06

1.05

1.04

1.03

1.02

1.01

1

0.99

; lepton+jets with prior

TOP QUARK MASS

CDF Run Il Preliminary 4.3 fo

9 350 —
5 — Pseudo-expenments
£ 300 atm, =172 GeVic®
— -
8, E Observed uncertainty in data
& 250
[e) —
° -
3 200—
7 —
o C
'S 150
* -

100 :—

or ME for S
8 : 1 1 1 I 1 1 1 1 1 1 1 1 I 1 1 1 1 I 1 1 1 e, i l 1 1 1 1 N N fo r B
.8 0.9 1 1.1 1.2 1.3 1.4 1.5 1.6

Expected stat. + JES uncertainty (GeVIcz)

| m=172.6 + 0.9 (stat) = 1.3(syst) GeV |

CDF Run Il Preliminary 4.3 fb™

-~ in-situ E(jet) cal e BEEE ke g in-situ E(jet) cal
= /'\\ PT ep > eyv, n < o.aé—
-\ \ N, = 4, pr(jet) > 20 GeV [n|<2 ..t
3 MET > 20 GeV e
O —A(nL)=-05
E 025 — A(InL)=-2.0
3 j:— —A(nL)=-45
0'%8‘ | ‘17‘0‘ | ‘1‘72‘ | ‘17‘4‘ | ‘17‘6‘ | ‘17‘8‘ | ‘180 167 168 169 170 171 172 173 17:nt (g:v“‘;z;
M,,, (GeV)

62 T
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TOP QUARK MASS

Mass of the Top Quark (*Preliminary)
O THEY SAIDIT | °
; COF- d 167.4+10.3+ 4.9
COULDN’T BE DONE | o
D0-1dr 168.4+12.3+ 3.6
* Pt @) et
: CDF-Il di-| L D7,
ultimate FNAL top quark * | A
o By DO-II di-l
mass precision may be hard | , 74T=29=24
to beat_ever‘ CDF-1 14 176.1+ 5.1+ 5.3
@
DO-1'1+] 180.1+ 3.9+ 3.6
« @
0 FUTURE PRECISION CDF-Il 1+ 1721+ 09+ 1.3
. _ —
DO-11 1+ 1737+ 0.8+ 1.6
2 : . o
+ 1 GeV/c? per experiment CDF-l all 186.0 £10.0 + 5.7
] * .
te{‘ore systematically CDF-1l all| 1748517219
ottoming out : .
9 CDF-lltrk 175.3+ 6.2+ 3.0
*Tevatron March’09 |
Ifb-!: O m:~ = 4 GeV/c2 | | |
10fb-!: ®d m: ~\+ |.3 GeV/c2 | 150 160 170 180 190 200
My, (GeV/c?)
tevatron 63 T H2 009 P Y
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TOP QUARK: SUMMARY, |

August|2009 | | |
1 —LEP2 and Tevatron (prel.)
80.5 -~ LEP1 and SLD é
68% CL aeaner ‘?’)
OSON | R e

-
2009.12.17

tevatron
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W TOP QUARK PRODUCTION

AKA “Single Top”

0 ANTICIFATED FOR DECADES

FEE]
ofod o]
ol ol
ool ol

o

ool
ool
ofsl

o
J

g
_ ! A
f ‘ﬁ l: ’
_
¥ B
-
|

B
13 9
s-channel |
tevatron 65 2009.12.17
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1 “s-channel”

0 ANTICIPATED FOR DECADES

B e
tevatron

Ty

=vyv FOP QUARK PRODUCTICHS

AKA “Single Top”

CDF Run Il Preliminary, L=3.2fb"

500u
All detectors
Wl s-channel | ]
[ t-channel 1
WHligh
—— ’ 5/5 ~ 1 /20! [[WH::atrm __
C a [ W+bottom |
G>J g [0 Non-W
LLS000 Eomen 1
Q@ m ]
T ¥-COF Data |
i 4+ Sys Uncert |
22000
C
S
1000

o

Vud Vus Vub
VC’KM bt Vcd Vcs

Via Visl Vio

jed W+2jets W+ 3jets JW + 4 jets

g —

FoE o o e m e e e S e L S S S e St SRR 2

T T T © 2009.1217
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W TOP QUARK PRODUCTION

O BOTH EXPERIMENTS HAVE PUBLISHED 50 "OBSERVATION”

D@ Single Top 2.3 fb
©
) Data ¢ W+jets Il
= 3 th+tqb I tf
£ 600 on backgreund N Multijets H
Q
>
L

Signal Region
wod | 1]

400

20

b8 085 09 0095

200

I I I I I T T l T T I l T T T

0 0.2 0.4 0.6 0.8 1
Discriminant Output

Expected sensitivity: 4.50
Observed p-value: 2.5x10-7: 5.00

PRL 103, 092001 (2009)

CDF 3.2fb?
B single Top

10° ="_"+HF Signal Region
tt
QCD+Mistag S/B ~ 5/1
B Other

10°

—e— Data

|
10°

10

0 0.2 0.4 0.6 0.8 1
Discriminant Output !

Expected sensitivity: >5.90
Observed p-value: 3.1x10-7: 5.00

PRL 103, 092002 (2009)

ron
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O CROSS SECTIONS

DG 2.3 fb™"

W TOP QUARK PRO

March 2009

|
Decision Trees

|
Bayesian NNs

|
Matrix Elem:ents

BLUE Combination

|
BNN Combination
|

|
mmmm N. Kidonakis, PRD 74,

3.74 992 pb

4.70 1118 pp

4.30 1323 pb

4.16 +0.84 pb

3.94 +0.88 pb

14012 (2006)

] I I

Miop = 170 GeV

|

|

CDF Preliminary Single Top Summary
For M, = 175 GeV/c?

S-Channel _|_._ .
Likelihood Function + U
(3.2") 1'5—-08

S}

1

o (pp — tb+X, tgb+X) [pb]

ron

Neural Network
(3.2f")

Matrix Ele_;nent
(3.2")

Likelihood Function
(3.2")

Boosted Qecision Tree
(3.21")

Combination (Lepton+Jets)
(3.21")

MET+Jets )
(2.1f°)

Combination (All Channels)

(3.2f") |

-5 0
Single Top Production Cross Section (pb)

Saturday, December 19, 2009
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O COMBINED CROSS SECTIONS
AND FIRST Vi, DETERMINATIONS

Single Top Quark Cross Section

August 2009

CDF Lepton+jets 3.2 fb™ @

CDF MET+jets 2.1fb"

2.17 1922 pb

| 50 '35 pb

@
D@ |eptontjets 2.3

Tevatron Combination

|
I
I
I
|
I
I
|
I
I
I
I
|
I
Preliminary :

I
I B.\W. Harris et al., PRD 66, 054024 (2002)

B N. Kidonakis, PRD 74, 114012 (2006)
|

3.94 *38%
2.76 1935 pb

Myop = 170 GeV

0 2 4 6

8

G (pp — th+X, tqb+X) [pb]

W TOP QUARK PRODUCTION

3[" Tevatron Preliminary, August 2009

054024, 2002
V.| =0.91+0.08

95% C.L. limit: 0.79

Posterior Density

~_[PRD74 114012, 2006]

1.5
[ |V, |=0.88+0.07
13_ 95% C.L. limit: 0.77
0.5 |
b 0z 0 1
v,
tb

65

Saturday, December 19, 2009



W TOP QUARK PRODUCTION

O TAU CROSS SECTION O T-CHANNEL CROSS SECTION |

0 355_—lepton (b)
* DO Run Il Preliminary : b from top
. 0.3~ light quark 1
P -1 0.88 ' F - b W
DO e+u combination (2.3 fb™) P — 3.947 . pb 0.25- spectator b P
. 1 % 2.00
DO t+jets (4.8 fb™) o 3.40 *350 pb
Do b' ] * 4 +0.89 b P B p— ,_,__,,*q.i,
e+u+t combination —— — 3.847 ..p
.. -1 +0.60 q - dﬁcay b . 2 0 2 T]4
CDF combination (3.2 fb™).—@— 2.30 2% pb W + /
. 0.58 b ‘6 ) W -
CDF+D0 combination — @ 2.76 *,,, pb — : 1
Theoretical SM prediction at top quark mass 170 GeV - - Yl
Loyowy v by by 1y | IR B | E = i = DQ2.3fb’1 —
0 1 2 3 4 S 6 g @® Measured Peak
o(pp— th+X, tgb+X) [pb] 2 * M
@ y ZuFCNC
g thu=0'04 gZ
= +2.0 ( ) 5 % IV |=02
g_.=54 4 g(stat+syst) pb ] :
£ & Top-flavor
& m,=1TeV
bt - Top Pion
m,=250GeV
[ ]es%c.L.
i B 90% c.L.

M« |Expected sensitivity: 3.70
Observed p-value: 5.0x10-7: 4.60 |

t-channel discriminant

1 2 3 4 5
s-channel cross section [pb]

ron 69 2559 '|| ”

e
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W TOP QUARK PRODUCTION

0 CHANNEL SEPARATIONS
t vs s channels

CDF Run Il Preliminary, L=3.2 fb™'

DG 2.3 b Y 5 T | | B'| Fl R
. i o ]
® Measured Peak % 45 [ m eSto ' ]
* SM 2 : [ I 68.3% CL :
y ZuFCNC o 4 ] 95.5% CL ]
9,009, |5 | ] 99.7%CL
P4 |Vts|=0.2 (g 35 . SM (NLO) __
, Top-flavor 8 3¢ Il SM(NNNLO) -
m,=1TeV O }
Top Pion —_ o ]
" m.=250Gev "E’ 2.5 |
68% C.L. s 2 3
N B 90% c.L. Q 15[ _
i [ 95% c.L.
L 1 - _
1_— Z
- ] L 05 .
i olbservaltlon s+|t dlscrllmmantI . .. 4
1 2 3 a4 5 00 05 1 15 2 25 3 35 4 45 5

s-channel cross section [pb]

Py
e
jai ———

s-Channel Cross Section o [pb]

————rTr

ron
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| /2-WAY POINT
GECRIN G ISP

HADRON COLLIDER TOP QUARK PHYSICS
IS NOW A PRECISION SCIENCE
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Florencia Canelli, LP

TOP

UARK: SUMMARY, 2
g )
Run Il Measurement SM prediction Luminosity (fb-)

CDF: 172.6 £ 0.9(stat) £ 1.2(syst) GeV

DO: 174.2 £ 0.9(stat) = 1.5(syst) GeV 3 6
Oiipar (@M=172.5 GeV) CDF: 7.50 £ 0.31 (stat) £ 0.34 (syst) £ 0.15 (lumi) pb 7.4+£0.6 pb 4.5
Oipar (@M=170 GeV) DO: 7.84 04 4 (stat) 0-¢6-g 54 (syst) * 954 54 (lumi) pb 8.06 +0.6 pb 1
Osingletop (@M=170 GeV) Tevatron: 2.76 08 ., (stat+syst) 2.86+0.8 pb 3.2-2.3
| Vi | Tevatron: 0.91 £ 0.08 (stat+syst) 1 3.2-2.3
o(gg->ttbar)/o(qq->ttbar) DO: 0.07+0.15-0.07 (stat+sys) 0.18 1
m; - My, DO: 3.8 £ 3.7 GeV 0 1
o(H—ll)/o(H—l+jets) DO0: 0.86 *017_ ,, (stat+syst) 1 1
o(H—tl)/o(H—ll + I+jets) D0: 0.97 *032_, o (stat+syst) 1 1
Otibar+jets (EM=172.5 GeV) CDF: 1.6 £ 0.2 (stat) £ 0.5 (syst) 1.79+0.16 -0.31 pb 4.1
CTtop CDF: 52.5um @ 95%C.L. 10770 um 0.3
Ttop CDF: <13.1 GeV @ 95%C.L. 1.5 GeV 1
BR(t->Wb)/BR(t->Wq) CDF: >0.61 @ 95% C.L. 1 0.2

D0: 0.97 *097 .o (stat+syst) 0.9
Fo CDF: 0.62 £ 0.11 0.7 2

DO: 0.490 +0.106 (stat) £0.085 (syst) 2.7
F. CDF: -0.04 £ 0.05 0.0 2

DO0: 0.110 +£0.059 (stat) £0.052 (syst) 2.7
Charge CDF: - 4/3 excluded with 87% C.L. 2/3 1.5

DO: 4e/3 excluded at 92% C.L. 0.37
Spin correlations CDF: »=0.32+0.55-0.78, -0.46 <K <0.87 @ 68%C.L. 0.78 022 +0.027 2.8

DO: » =-0.17 %06 , 5 (stat + syst) ' 4.2
Charge asymmetry CDF: 0.19 £ 0.07 (stat) £ 0.02(syst) % 0.05 +-0.015 3.2

DO: 12 +8 (stat) £ 1 (syst) % 0.9

tevatron 72 2009 1217
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BEYOND THE SM PHYSICS

4010, Tevatron Run Ii, pp at\s = 1.96 TeV
g e
~10°d = : : : : : = ‘reliminary
O WELL..EVERYTHING S "1 tHeawFavor  u CDF Published
©10 - | PN
NON-STANDARD 8.1 WTheory
wn : : : : : : : : :
SUSY-inspired searches S0y w | - |
o o= Z
’ 9, - -31045 " |
U(1) or SU(2) inspired T10°]  wg oz
searches . '

O THIS SPACE IS HUGE

just a few results

< 0.00000002% of anything happening
‘tevatron A 2009.12.17
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BSEYON

[l BsMPROCESSES

Z,

trilepton mode

light

stop searches

= Ty
tevatron

Bigm

) 9 A w ~
: tq - P ~o Z. l
BEEma— -
¥
E
75 2009.12.17
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UP

WAKEUP LITTLE SUSY, WAK

w2 0 MANY WAYS: HERE, THE CLASSICAL

7<~| Ao ~0
">~"i’«/ e ANALYSIS

~0 2 )‘1
b *ﬁ - oo oo 0 0 0 )
4 * N \e R-parity-conserving, MSSM chargino-neutralino search
CDF Run Il Preliminary, 3.2 fb'1 [—
" 260 s B=3, A;=0, (1) >0 imi
CDF Run Il Preliminary, 3.2 fb" e oty B Coserved Limt | 180
5 03m r e A IS 12 | m(®), miiiy) > m(z) T Bxpecteckmt | g
o : - D@, 2.3 fb-1 : E LEP 2 direct ———— Theory o, 5 ‘BR 240 R :I LEP directlimitr
5 L BN\ MEME)=2ME); MI>ME) =N o Expoosod Limit =2 Ly —|160
v = % tan=3, u>0, no slepton mixing - PO S\ D 95% CL Upper Limit: expected A 4@ . =
? o2F — Observed Limit Sos- Obeerved Limt <220 &'e —{150 %,
N i Expected Limit | ? 8 mSugra M =60, tan =3, A =0, (1) >0 §’ & i %
o 127061 5 —140 ¢
T ] WL < 1.3
0.1 . & g4 g200 {130 &
ERR. ... R o) : -
L - B —|120
- - large_m ................ 1 0.2 L—. .............. -
L "T""”“"Ioll“ 8 —— 180 110
0o — 110 120 130 140 _ 150 _ 160 0o ~H1o iz 430 40 i50 160 470 .
Chargino Mass (GeV) Chargino Mass (GeV/c —100
160 RN AW DI
20 40 60 80 100 120 140 160 180
DO (2.3 fb-1) coF (3.2 1)  |LDE - m (Gevie)
p— .
. \“ s LU P R I PR
+ x 2 W > I D@,231b' Search for % 1
M(Xt)>138 GeV/c2 M(X*)>164 GeV/c Q“e 8 300 P 23N Search for iy
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STOP IN THE NAM

OF LOV

0 A SQUARK SEARCH: A FERMILAB TARGET
light stop squark (Mstop < Miop) & heavier stop

DY Preliminary Result
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EAVING ON A JET(S) PLANE?
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r  CEVERYBO

DY GE

[OGETHER

0 EXPANDING THE U(1) SECTOR-BUMP-HUNTING
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7 CEVERYBODY GET TOGETHER

0 EXPANDING THE U(1) SECTOR-ASYMMETRIES

L L e B L Forward-Backward Asymmetry, A_,

S . 1 : —
B y <E CDF Run Il Preliminary with 41"
0.5 |— — 08
B -,‘ . o ___________ Pu—
Ars | ) ] I 12 RO RO N
C | 500 GeV Z°
0.0 — ; S : E 5
- L ] Pythia prediction
Rosner PRD 54, 1078 (1996) - | Unfolded (stat.+syst.)}
i ——e—— Unfolded (stat. only) |
—0.5 _ : : ; ;

100 200 300 400 500 800

M(ee) GeV/c?

200 300 M:(%Gchz)

- D@ 1.1

: Xz/d.o.f.= 10.6/14 ¢ -
1fb-': §sin26, ~ 0.001 !
10fb™": Osin26y ~ 0.00032 : |
B — PYTHIA
0_— ----- ZGRAD2

—e——
'
'

‘ Statistical uncertainty
Total uncertainty

sin20y = 0.2321 + 0.0018 + 0.0006 e | L
pdfs: 0.0005, E(e) scale: 0.0003 oo M, GeV)'

PRL 101, 191801 (2008)

%a"%r' on &1 2555" !F

Saturday, December 19, 2009



| /2-WAY POINT
CEEOPNE S HEOINE

THE HADRON COLLIDER ZOO BECOMES MORE AND
MORE CONSTRAINED
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FY10 start

-l

results to this point,
~5 b1

®  Highest Int. L

B Lowest Int. Lud

—_———————— e —— e — e e———————— . c—— e — e s < — —— c——— — e ——— e e

RUN 2 MAY ONLY BE HALF-WAY OVER!

tevatron 53 2009.12.1 =7
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Draft 2010-13 Fermilab Accelerator Experiments’' Run Schedule

Typically Revised Annually - This Version from October, 2009

Calendar
Jend 2010 2011 2012 2013
Tevatron | e g pzero CDF & DZero OPEN OPEN
Collider
B MiniBooNE MiniBooNE OPEN
OPEN OPEN MicroBooNE
Neutrino MINOS MINOS OPEN
Program M MINERVA MINERVA MINERVA
[ArgoNeuT
NOVA NOVA
MT |Test Beam Test Beam Test Beam
sY 120 |MC OPEN OPEN OPEN
NM4|E-906/Drell-Yan E-906/Drell-Yan E-906/Drell-Yan

This draft schedule is meant to show the general outline of the Fermilab accelerator experiments schedule, including unscheduled periods

Major components of the schedule include shutdowns
In Calendar 2010, a 4-6 week shutdown for maintenance is shown.
In Calendar 2011, no shutdown for maintenance is shown
A 2012-3 11-month shutdown is shown to upgrade the proton source and change the NuM| beam to the Medium Energy (ME) config.

] runpaTA
[ STARTUPICOMMISSIONING
19-Oct-09
] INSTALLATION
Il V20 (SHUTDOWN)

Tevatron Collider Program: Young-Kee Kim, HEPAP Meeting, Oct. 22, 2009 # Fer

- FUTUR

e S s e e S e e om on pae

tevatro

on

CDF and D@:

continue to monitor and
extrapolate Si trackers:

Both find that inner layers show few
% failure, but recover

Both extrapolate acceptable
tracking efficiencies to 12 fb-1

Physicist-power:

Seeing ~107%/year attrition

Computing:

available for 5 years after close of
Tevatron operations

CONTINU
10O

S,
APPEN

LSS S S SRS I g g =

20691217
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TEVATRON
1/2-WAY POINT
CONCLUSIONS

»THE TEVATRON COLLIDER IS A JEWEL

1. Neverbet agamsta laboratory s accelerator dwus@n

2, ~Lot5 of data always make you smarter.

;’w’..'(' %
¢ f;“
. YO‘ ,
A o LY
Ai\”:( ! | | A
o : . W paf ™ P L 1 WYL o
PR ’ ' . o 4 ( " f'» 5 - o - A - -"~\,
\ \gqf‘ . " .’5 2 \t E.\\"" \ .,"' "‘\’ \ . . \ , ) : \ -~ . o ‘.\
‘\ ) 4N - NS
g" 5 l{‘ 11’ -&7! "| g! I Y \ : : SR
B I T Nt
o armliC ol SR ST T i \‘ s \\“? "h L T R

Saturday, December 19, 2009



'I
O I'VE BENEFITED FROM RECENT
HCP, LP, AND DPF TALKS BY:

Sunil Somalwar David Hitlin
Alex Melnitchouk Leo Bellantoni
Michael Wang Heidi Schellman
} Sasha Pranko Markus Wobisch
Sabine Lammers
f Andreas Warburton thanks
r Penny Kasper

Kirsten Tollefson

Stefan Soldner-Rembold
Jacobo Konigsberg

Don Lincoln

Hideki Miyake

Ignacio Redondo
Florencia Canelli

Oscar Gonzalez

W‘ on 86




Saturday, December 19, 2009



