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Outline

Overview of Tevatron physics program
Recent results from CDF and DO
Part | : My talk will cover
o Quantum chromodynamics (QCD)
o Flavor physics
o Top-quark physics
Part Il : Marco Verzocchi will cover Higgs searches and the
related measurements

Mostly showing the results presented at ICHEP 2012
o In the context of the HCP Summer School

o More extensive presentations by H. Wolfe and R. Hirosky on
July 12 at the special Joint Experimentgl<Theoretical Seminar
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Tevatron Run I
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Proton-antiprotcollider (2001-201)

Vs = 1.96 TeV (300 GeV, 900 GeV)
> Peak Luminosity record :
4.14-10% cm-2sec

> Total integrated luminosity delivered :

~12 fb-!
- ~10 fb! recorded per experiment
> Tevatron substantially exceeded its
design parameters

Thanks to the FNAL Accelerator
Division!
August 10, 2012

Integrated Luminosity 11871.03 (1/pb)
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DO Detectgrs

The CDF and

|l Muon Chambears ;T
5 . ==

= —_

Shielding
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‘ Calorirmetar
H Taroid ' ‘
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Silicon tracking
Large radius drift chamber (r=1.4m)
1.4 T solenoid

Silicon tracking

Outer fiber tracker (r=0.5m)
2.0 T solenoid

Hermetic calorimetry (|n| < 4)
Muon chambers (|n| < 2.0)
New trigger and more silicon in
Summer 2006 (Run2b)

Projective calorimetry (|n| < 3.5)

(pseudorapidity n = -In tan(6/2))

Muon chambers (|n| < 1.0)

Particle identification

Silicon Vertex Trigger
Suitable for a wide range of physicﬁpic‘s!
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@ The CDF and DO Collaborations

Taken durig the last hour of Ru [!

CDF: 474 authors in 57 institutions DO0: 446 authors from in 82
from14 countries Institutions from 18 countries
f‘ iy \

‘v
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Physics Program

. proton - (anti)proton cross sections . Reconstructed Cand|dates |n ~1O fb'l per
10" %— 6, ————— -; 10" experlment
10 , Tevatron LHC _. 10 > Bg_)‘J/\V(P . NIOK'ZOK
o I » tt—(e/nand >=1b-jet) : ~2000
5, —

m'é— '! 10° - > >3O GeV phOtOl‘lS : ~20M
o . 19 5 > Z—eelup : ~600K

_ 10° . o (E; >s/20) =4 107 % 3

cm 1w = » (W—oelp)tdijet : ~100K

T O e 0060 19 3 » ZZ—41: ~10
10" f q10' 5 - .
o b J.0 0 »  thy—ytltjets: ~50
10" r o, 1 107
10° r 0 (E;" > s/4) 1 10°
e ;_n“i””ﬁ{m,l= 150 GeV) _ e
10" ;'cmggs{mfsoo GeV) * 10°
o' ol1 o : o ”““1]0 B BOlS Tawk -

s (TeV) T e
Covering wide range of physics analysis topics ~ CDF publications

. (asof July 2012)
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CDF

> 596 Published. Over 350 on Runll
> QOver 550 Ph.D. Theses

August 10, 2012
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Publication
History

D@ History of Journal Submissions

——= Run |: 132 total
smmmm Runll: 284 total

Number of publications
@

mmmmmmmmmmmmmmmm
oooooooooooooooooooo
OOOOOOOOOOOOOOOOOOOO
NNNNNNNNNNNNNNNNNNNN

Last updated 08/06/2012

DO

> Publications : 284 from Run Il +

132 from Run |
> ~330 PE)/B.—thesis, another 50 in
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QCD

Test of pQCD “Hard” Scattering Event
Constraints on PDFs
Precision determination of SM

parameters are limited by
understanding of QCD processes

Outgoing Parton
Initial-State (PT Hard)

'v._‘Radianrl

Proton AntiProton

Multiple Parton Interaction

Beam Remnants g
Sensitivity to new physics Outgoing Parton / {Finaltate
Produced in QCD processes
Background to new physics Simple model of hadronic collision

Hard QCD (large-Q? transfers) :
- Perturbative components, “hard” scattering”, initial and final state radiation

. Jets, heavy flavor, y, W, Z ... studies. Test of pQCD
Soft QCD (low-Q? transfers) :

- Fragmentation, underlying event, multiple parton interaction, hadronization,
difractive physics.

- Tuning MC, develop phenomenological models—
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Tevatron Low Energy Scan

Peter Skands:

> Tevatl’on LOW Energy Scan: “Energy Scaling of Min-Bias Tunes”
arXiv:1103.3649,
o Sept 8th-Sept 16th 2011 N E—
o 3x3 bunches, no low-B, minimal pileup 6102_ Dependence o pr
. 300 GeV: 12.1 M Events (10h) P o

e 900 GeV:54.3 M Events (39h)

> Unique opportunity for better
understanding
o Min-bias events
o Underlying events
o Events with rapidity gaps

o Compare between 900 GeV data from
Tevatron and LHC

o Can be used to better predict future
high energy LHC data
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Underlying Event Studies

Outgoing Parton

“Toward-Side™ Jet

The “underlying event” consists of
the “beam-beam remnants” and Proton 7 L S
from particles arising from soft or

semi-soft multiple parton
interactions (MPI).

» Compare PYTHIA Tunes (from Rick Field’s talk at ICHEP 2012)
o« CDF PYTHIA 6.2 Tevatron Tune DW (Q? ordered)
e CMSPYTHIA 6.4 LHC Tune Z1 (P ordered)

> CDF low-energy UE better

“Toward”
Underlying Event

“Transversegis Transverse”

Final-State
Radiation

“Awav-Side” Jet

|“Transverse“ Charged Particle Density: dN/dndé

o 12 ——
descr|bed by Zl RDF Preliminary ATLAS
Corrected Data C CMS
|“Transverse" Charged Particle Density: dH.-'d-.-,dq;l £ ALICE
} =

09 3
» CDF Preliminary ; 0.8
g Comacted Data 1.96 TeV * e
3 Tuns W Ganarator Laval - E
T 06 = 2
2 [
5 900 GeV z 0.4
B H
5 031 3 PYTHIA Tune 71
i PYTHIA Tune DW une
B
3 Charged Particles (In|<1.0, PT>0.5 GeVic) Charged Particles (PT>0.5 GeVic)

0.0 } | } } } } 0.0

0 5 10 15 20 25 30 35 0 5 10 15 20 35 a0 15
PTmax (GeVic) PTmax (GeVic)
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@b Exclusive Central
Hadron Pair Production

> Study pp— pp X, X—m*m~. Hadron pairs in p—
central y~0, and between Ay~4 =0 % ;\H 0

—\f>n

[TI JJ.leuuL{
oY
T

» Dominated by double pomeron exchange il ‘“gg >
> Test of of non-perturbative QCD § T
> Explore hadron spectroscopy and diffraction c ‘ff;m GV :
mechanism i )\‘\ E
« Exclusive . production seen in CDF and LHC E: M*“ WHK events
o Test the theory of exclusive Higgs productionat  * gt

L H C . C?F Run |: Prelimirllary | | | |

» Study 2-track mass spectra between rapidity - ! e eI
gaps from |n|=1.32 to 5.9 at Vs = 1960 and 900 Eiiﬂf \‘3 TR
oev AN
« Resonant structure attributed to f,(980) and *’“’ /’ _ K _ i
f, (1270) states —

August 10, 2012 M. Datta ‘ 11



> Renormalization group equation (RGE) describes
the dependence of strong coupling c., on
renormalization scale pg

» Test validity of RGE:

o Observables use parton distribution functions
(PDFs) of the proton at large scales as input =
depends on assumption of the validity of RGE

> Use R, observable : average number of
neighboring jets per jet (New Method)

Njet (pT) N(@) AR nbr‘
RAR(pT, AR, p%ﬁm) = 27’:1 ~ Ilb(;(T) ’meln)
je

o Depends on inclusive jet p, distance AR to
neighbor jet in (A, Ay), # of neighboring jets with
P+ > p-nbr requirement

« This ratio of jet cross sections is proportional to o
PDF dependencies almost cancel in the ratio

August 10, 2012 M. Datta

antiproton

f
"v

antiproton

Measuring o, from Multijet Events
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Measuring o, (Cont’)

Do E B - - (a) ® DO R,y (this analysis)
= L=07f"|F F 4 22<AR<26 N . .
- s | = 18<AR<22 0.14 O DO incl. jets
_ /”u\‘ i Lo s 14<aR<ts A ALEPH evt. shp.
5 € - — - -
2 £ : g 0.12 A ?
id g 3 3 3 % i
- - MSTW2008 PDFs | - - = I
& [ I [ I B
h:: | — NLOpQCD + || i i 0171 D@
o o 3 ;non-perturb. correct. ) Vs =1.96 TeV ] ] : —_— GS(MZ) —0.1191 tggg;i}
F o s0Gev || pM =s0Gev|E  p™ =70Gev|E  4p™ = 90Gev 0.08 =  (DOcombjnedfitto Rypdata)
—I ‘ Hlmln | ‘ | —‘ B H‘I'nlf‘l ‘ | ‘ —I N Hlmln | ‘ ‘ —‘ B H‘TT'IIH ‘ | ‘ —_ 0-14 = b
50 100 200 400 50 100 200 400 50 100 200 400 50 100 200 400 EN - (b) A 4
= 012 F
i) <" oL |
> Measurement of R, as a function of inclusive 50 100 200 400
jet P+ Q (GeV)

« Dependence of R, on (p;, pt-nbr, AR) described by pQCD
> Study dependence of a.gon momentum transfer Q, a(Q)

e 0,(py) results up to 400 GeV
o 0.(py) decreases with p- as predicted by the RGE

August 10, 2012

as(Mz) = 0.1191

+0.0048]—-.
~0.0071
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@ y+b/c Production Cross Section@

> Probe heavy flavor content in hadrons

Q— v Q
> For photons with E; > 30 GeV 8 o M
« Fit b/c/light flavor fractions using secondary vertex mass

distribution Compton scattering ~ o
» Compare data and predictions: k; factorization ; W N
calculation achieves the best agreement with data T e oY
« Similar disagreement with Pythia and NLO
. annihilation ~ aa?
o CDF Ratio y+b/y+c agrees somewhat better ’
S [ o rRmdam et nt § UM ongebltioe | B0k COF it ot LA B0 |
S 1f —4 robex 1 & ' et S W R Syt uncerae
2 E bk stematic uncertain - & X T fact. (Lipatov, Zotov B stematic uncertain
2 -.} El :{Ot (Statvreva, Or\tlv;ntsy) % I i " SHERPA, vi.3.1 ‘9" 1 — 1 - N{O (Stavreva, Owensy)
'\I.U’- ! Eﬁ ....... k, fact. (Lipatov et.al,) g i ; i e PYTHIA, v6.420 ?I-.I.I'_ k, fact. (Lipatov et.al.)
%101_ """"" x  PYTHIA ; F L V<15 p>15Gev | B = PYTHIA
T ! B: SHERPA - \: ; '810'1; SHERPA
102 _ =2 | 102 ? ! § y+b+X :
; u N 2 o ;
: e °f Vo B 10 3
i 10° | R
10 LA s e
- — — _ i 10°
10'4? L x0.3) ) . . : )
50 100 150 200 250 300 S T P 50 100 150 200 250 300

0 50 100 150 200 250 300 .
E; (GeV) P! (GeV) E; (GeV)
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@ Prompt Isolated yy Cross Sections
T S Lo - < @

qq9 —> vy g9 > g8 >y .
H —yy G —yy W —yy+X

Born: Dominant Brems: Suppressed by “Box”: Dominant
at the Tevatron the isolation requirement at the LHC Low-mass Higgs boson Extra dimensions SUSY

> Sensitive to QCD calculation, as well as a wide variety of BSM models

> Compare data distributions and model predictions of differential cross sections
for di-photon distributions: invariant mass, P+, A

| Total cross section (pb)

G m%‘ COF Il Diphoton 9.51b" v ous E
§  omenmaty” Lo Data 123+02,, 35,
5 E a MCFM 3
= E?‘; - = - SHERPA RESBOS 113+2.4
Z10'Lf % 4
3 ® % DIPHOX 10.6 +0.6
1075 ‘i';b., A
i ks E
10° = ] SHERPA 10.9
104 L ] PYTHIA yy+yj 9.2
: PYTHIA yy 5.0
10°50 100 150 200 250 300 350 400 450 500 NNLO 118+17—06

vy Mass (GeVi/c")

> Reasonable agreement for mass distributions above the peak at 30 GeV/c?
« 80<M,<150 GeV/c? relevant to Higgs searches , ‘
August 10, 2012 M. Datta ‘ 15



o vy Differential Cross Sections (Cont’)

> Pythia direct calculation : fails to

>

>

describe scale and shape
« Fixed by including radiation

The SHERPA calculation

overall provides a very good

description

o Somewhat low in regions

sensitive to fragmentation (very
low mass, very low A¢, large
|coso)).

The RESBOS calculation

provides the best description at

low P, where resummation is

Important

o Fails in regions sensitive to
fragmentation.

August 10, 2012

— roT ‘ TTT | TTT ‘ TTT | TTT ‘ TTT | TTT | TTT ‘ TTT ‘ TTT = FroT ‘ T | T ‘ T | !1| T ‘ | TTT | ‘
§ [ CDF Il Diphoton 9.5fb" o Daia § 10* tE:DFHI_‘I1|;iEh.\:'|:inI ?.g fb et :
10 E>15,17 GeV, [y[<1.0, - E-E;>15,17 GeV, [n<1.0, -
&  F aRe04,1s02 Gev DIPHOX CTEQSM 3 &  EaR04,Is02GeV NNLO E
- E Preliminary R =MI2 E = E Preliminary
-1 E - --- RESBOS CTEQEM .a H MCFM
S 4l ; _| _
= 1 PYTHA v E = 1. - = SHERPA E
L 3 = PYTHIA vy 3 n-l- o E
] yh T F \'\* 1
B =i, T
107L- -, - B810" E
810 E ity E i, E
. T E » ]
L T L b L quq_u h
EY— 5
10%L- . = 102 :_';‘; E
F L % E 3 Tl 3
F ] e 7 E oW 3
5| 10°L F i
10 E " E v = 3
F F [ ]
- 4 [ L .
10 L 10 E -ﬁ+ﬁ*§
10 10 L

L b b b s b b
0 20 40 60 80 100 120 140 160 180 200
77 Py (GeVIc) 17 P; (GeVic)

a :\|\|‘|\|\|\|\1|‘|\|\|\\“||‘|‘|J: %‘ :\I\I“I\I\l\l\r"l‘I\I\l\\\\ll\l\
] F CDF Il Diphoton 9.5 fb’ oW Deto 7 © [ CDF Il Diphoton 9.5fb W Cata
= E,>15,17 GeV, |n|<1.0, 5 [ E21517Gev <10,
L [ AR>04,1s0<2 GeV DIPHOX CTEQEM - 2 [ AR»04,ls0<2GeV NNLO
2 | Preliminary e=p=pe=M/2 ‘-_; Preliminary
= - - - RESBOS CTEQ6EM S102 MCFM |
é] 10* E PYTHIA v+ E k) E v oo SHERPA E
‘_g F === PYTHIA vy 3 K] E E
i a . ;
ik m-
e
10 i 10 P
USRS ST I_.._I
a3 o
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i B
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Flavor Physics

Verm =
> Powerful tool to test the SM and probe new physics ( Vig Vi Vub\
o Flavor problem: Why 3 replications of quarks
P y P q Vcd Vcs Vcb
& leptons? VR
« Measure CKM parameters \Vd Vs Vb )
o Study CP violation (CPV) e T e
« Study properties of meson/baryons : mass, E— nep —
lifetime, branching ratios - W\
o Mass spectroscopy .... F el ;
> Probe new physics and large mass scale in loops S e
W - X ﬁ Vie Vu*b +Ve Vc:) +Vyg Vt; =0
b wet s b wuet s b %6t s = | 5 E

o Different rates/properties compared to the SM
o Different CPV compared to the SM q

’ VAVAVAVAVE

B B V4 L’\/‘\/\/‘J
L

b

L,
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Anomalous Like-sign Dimuon Asymmetry

Y ,LL+ Al Nt‘j“'_ _ Nb__
~_ B B B NN
D ” = Caaly + Csagy

M+/ \ X

Al
q
AP = (=0.787 £ 0.172 (stat) £ 0.093 (syst))%

tan ¢,

sl = AMq
PRD 84, 052007 (2011)

A2 (SM) = (—=0.0287) o) % ST
> 3.9c deviation from SM expectation - Y

> Separate dimuons into B, and B, samples
using muon impact parameter

o = (=0.124 0.52)% *

al = (—1.8141.06)%  areabtained trom

-0.04 - the measurements with

-0.02 -

« Uncertainties do not allow for definitive [ lections

: . 004 002 0 0.0
conclusion that a5, dominates | al
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DO Semileptonic Charge Asymmetry

] 0
Using B.,"—D.uX Decays
> Independent measurement of asymmetry for B

> SM expected asymmetry O(10-4-10-) B

> Flavor of B at decay time obtained from the
muon charge

['(B) = B, — ("vX) -T (B] —» B] — ("vX) { = p and X = D~
T B v X) T T (B 5 B 5 00X)  Dr o or ¢ — KK

_1 o A"!u}D; o *N,u,— Dj‘ ”51 _ 4‘1 o Ap, o Atrack e
N N\ S Osc S a0 B2 (B — " Dl v (we
Ny+p- + N, p+ Fpo 37 commu s | e e
L. E’ i N(D") = 47965 + 1173
o« Correct raw asymmetry A for positively and 2 - — SignalFit

----- Background Fit

negatively signed muon and (pion) track e N
asymmetries, BL oscillation probabilities R N

afy = [~1.08 £0.72 (stat) + 0.17 (syst)] %~ % F =

M (¢n) [GeV/c?]
Consistent with SM ‘
August 10, 2012 M. Datta 19




DO Semileptonic Charge Asymmetry

Using B,’—D uX Decays (Cont )

—0 02

> Combination with DO like-sign -
dimuon and B-factory results o > =

as = (—1.40 £ 0.57)%
at, = (—0.22 £ 0.32)%

-0.02- >

%B?‘actory = =
« 2.5c deviation from the SM 0 IR 2% 0L =
B Combination : .
> Also measure a% using D*pv, T ity 9
DKt a

d— 0
Ag; (093i045i014)/() LHCh - a; (_0 244+054+0. 33)%

B-Factory /fas: (-0.05+0.56)%

August 10, 2012 M. Datta 20



Direct CPV In Charmless B Decays

> Direct CPV asymmetries

require at least two (SM or NP)
amplitudes with different strong
and weak phases: hs L] s s

|

af — aiei(5l+¢l) + azei(52+¢2) gf — aiei(5l_¢l) _|_ azei(52_¢2)

A[ -l 2aasin, - 5)sing, - 4)

" laf +fa,[  al+a+2a3,c05(5, - 5)cos(ds ~4)
Penguin-dominated decays sensitive to extra CP-violating phases
due to NP

> Look at charmless decays B >K*n~, Bd >K~nt, A) >pK~, A) »pm~

N - f)—csN(b - f)
Ader =505 Ot N — )
Count and correct for detector induced charge asymrpetries\ |

Ac
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@ Direct CPV in Charmless B Decays
(Cont’)

> Determine fraction of individual modes and
charge asymmetries, using an unbinned LH fit GOF Run Il Preliminary [L dt =930 fo

incorporating kinematic and PID information X Beo s Seoke
> Acp(B'—K*m) = -0.083+ 0.013 + 0.003 $ 0w Wb Do
Significance > 5o ‘é -y L CRISON Lot
> Acp(BL—KTY) = +0.224 0.07 £ 0.02 g e N Sl
2.90 significance. ‘é 1072 &
LHCh Acp(BL—K'7*)=0.2720.0840.02 =330 ..
CDF and LHCb average = 4.5¢ |
SM prediction ~30% asymmetry £ | - - .
> ACP(AbO—>P7T') =+0.07£0.07 £ 0.03 m.... [GeV/c?]

Acp(A—pK) =-0.09+ 0.08 + 0.04
SM predicts upto ~10% asymmetry
» Consistent with SM and other experiments P~
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>

Exclusive b—su*u- Measurements

Flavor Changing Neutral Current (FCNC) Hﬁ< ﬁ%/
« SM predicted rates O(10-) 7 |

q q q g

Reconstruct decays:
B*—K*uw, BO—K*(892)° p*u, BS—¢(1020) pw,
B —» KL uru, BY — K*(892)*u*n, A — Apt
Study distributions as a function of di-muon invariant mass q=MZ  c*

 Inthe SM framework theory calculations of the angular observables at
different g2 ranges are described in terms of short term Wilson
coefficient C, 4 ,, = modified in various BSM physics scenario

To cancel dominant systematic uncertainties use the corresponding resonant
channel Hb—J/yh

« Where (H=B*, B?, B, A.°) and (h=K*,K™,¢, KL, K*™* and A)
‘v(‘ .
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Differential Branching Ratio

August 10, 2012

CDF Run Il Preliminary L=9.6fb™

CDF Run Il Preliminary L=9.6fb™

CDF Run Il Preliminary L=9.6fb™

0.6 . 2 0.6 —0.6 3
< BeKuw G f B’— Klu*u: S | B=Kuw
05 -~ 0.5 05
Lo —+ Data SN 4 Data N +Data \]/\V and \V’
Loal —sMm 204k |—sm 2oak
(_')0.4 (90.4: (30.4 /
Boat ++ 203 ‘ N'S’_o.e. veto
r:'ig:c).z ? +- ‘gu.z 3 ‘ . r:'_g,"’tJ.z
a I i} i
TO0Af . TO0Af + T 0,1
0:ll|||||||||||||||||i|||||||I|||||||||\|\|\||| 0:\|\|\l\|\|\|\H|\HI\|\|\|\I\|\|\|\|\|\|\|\|\ 0
0246 810121416182022 0246 810121416182022 02 6 8 10121416182022
q? (GeV?c?) ¢ (GeV?c?) q? (GeV?¥c?)
.~  CDFRunli Preliminary L=9.6fb" o~ CDFRunli Preliminary L=9.6fb " .~  CDFRunll Preliminary L=9.6fb"
1.2 B K %ty —12f B K atw 12 BoKu'w
= 1 + Data = 1 + Data = - Data
2 —SsM 3 —SM 2 —sM
O 008 G
I;—-0.8, — £ -
o N o0.6] =}
=0.6[ Eo4t =
S04 202} ] X
o r [+* 1]
Co02p T of a
O:H\‘lww‘\\ll\\\ll- HFEWE RS S s _02:...I...I...I.u\. ST S AU W 0-|\\‘\\|‘H\|||\‘| HEWE RS WS B
0246 81012141618 “0 2 46 81012141618 0246 81012141618
o2 (GeVZc?) g% (GeV3ch) o? (GeVZic?)
CDF Run Il Preliminary L=9.6fb™ CDF Run Il Preliminary L=9.6fb”
— 4 0 . iy 2 0 E
S35F Apg— Al ‘}:’1.3 - Bg—ooup
L 3f *Data ‘%1-5 - +Data Red Curve:
g2.5f| —sM ‘B:“-“"”ﬁ G14F, —sm SM prediction based on
= 2 ——SM (B=1.95x107) —1.2 “
©15 <t 8 4.0x10
o 1 i— = :D,B T. M. Aliev, K. Azizi, and M. Savci,
50.52— q’“ #‘ N _%o.s_ | PRD81, 056006 (2010)
g of S04t Blue Curve:
5] o2 b e
F) SNTIWITR. TATIE - ST ol i, 0l SM prediction rescaled to
"0 2 4 6 8101214161820 0 2 46 81012141618
our total BR (1.95/4.0
q? (GeVZIc?) o? (GeVZc?) ( )
\
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>

Isospin Asymmetry

B(B® — KOt p=) = B(BT — KWT ™)

AL

Differential results compatible with zero

Previous LHCb, BaBar results showed
A,~4 sigma below zero!

New BaBar result consistent with zero

(arXiv:1204.3933)

CDF result competitive with LHCb

— 05
= E

A o
_ arXivi1205.3422
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Angular Analysis on B—K®u*tu

A - A
_ 4CDF Runli Preliminary L=9.6fb (CDF Run Il Preliminary L=9.6fb"
(' i BU_)K‘0u+H- E E
i ' < o8F
0.8 -4 Data . .
r — sM 0.6 \
0.6/ 04 ﬁ: N\
i } ._l_. o.zi | JF
0'4; —T— ‘l\ oF i
B B° — K%t
0.2 0.21
C +Data
—a— 0.4
0 | i —sM
PRI IR SIS P e INNRRNE . AR PN
0 2 4 6 8 10 12 14 16 18 0 2 4 6 8 10 12 14 16 18
o (GeV?/c?) o2 (GeV?c?)

> Agg : Muon forward backward asymmetry
> F_ . K* longitudinal polarization

1dl'(B — K*uTp~) 3 5 3 _ 5
T deos O = §FL cos” O + E(l — Fr)(1 — cos® b )
1dl'(B — K*utp™) 3 L9 3 _ 9 -
T dcost, —EFL(l—L-O.‘:‘ 9”)+§(1—FL)(l—|—corn 0,)+ Arpcost,
Results consistent with the SM prediction P

‘v
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O Evidence of the Bottom Baryon
Resonance A

> Baryon with heavy quark Q can be used to test non perturbative QCD

o Modeled in a framework of heavy quark effective theories (HQET)
> Search for resonance state A} in the decay mode:

NP — A)m~nt where A) - Atn~ At > pKrt
> ;Y mass distribution analyzed using Q-value
Q=mA)r"nt) - m(A)) - 2m_
> The significance of signal is 3.5 ¢
» Mass of observed state:
5919.5+ 0.35 (stat) £ 1.72 (syst) MeV/c?

(Syst includes A -mass uncertainty of 0.7 MeV/c?) i _

> Confirms one of two LHCb observed sﬁob; SR T2, IORTRRNTNITIE:
resonances A3°(5920) QunlAy’ Ay [CEVICT

MA;SO(SQZO) = 5919.76 #0.07(stat) +0.02(syst)+0.66 ({)%ﬁass uncertainty) MeV/c?

August 10, 2012 M. Datta ‘ 27
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The Top Quark

> Existence required by the SM Tod ay’s uTopn Story
o Spin 1/2, charge +2/3, weak-isospin oW ISITTHE TOP QUARK? YESI!

partner of the bottom quark 9:96
> Discovered in 1995 at Tevatron
> Mass ~173.3 GeV/c? 7

. Only SM fermion with mass at the =~ e

Scientists at CDF (top) and DZero )) push the on their computers
to submit two research papers to Physical Review Letters on Friday, February 24, 1995 at 11 a.m.

EW Sca e The papers described the observation of top quarks produced in the Tevatron.
Thi ter, compared with all the other

“This monsts

quarks, is like a big cowbird'’s egg in a nest
of little sparrow eggs. It's so peculiar it must
hold clues to some important new physics.”

> Top decays before hadronization:

- Paul Grannis, DZero

I ~1 4 Gev >> /\ W lated by the d ry of the top
. C D quark that we haven't ye o sift all th
data, but this particle is s ishingly
heavy that its decay may g hints of a It
- d - - of oth gs, perhaps e f supersymm
particle
« Provide an unique opportunity to -
This di Ty serve: werful validati

1] 1] 3 1 ) iscove as a powerful ion
3 ) of federal support for science. Using one of the
study a "bare" quark A O et
[{ (5 i ‘@ Ma ther major
¢ 4 / e . o ing of

- Hazel R. O'Leary, Secretary of Energy 1993-1997

Trying to address some of the questions:

> Why is top so heavy ? Is top related to the EWSB mechanism?

> Is it the SM top?

> Search for beyond SM physics : decay into new particles, non-SM couplings

August 10, 2012 M. Datta 28



Top Quark Pair at Tevatron

> Predominantly pair produced via \ nn " “-,gf‘ ;
strong interaction Se Y v )
* Oy =7.45"072 ;3 pb ) .
for mtop: 172 5 GeV/c2 ~85% from qg—ttbar ~15% from gg—ttbar

(Nucl. Phys. Proc. Suppl. 183, 75 (2008)) Top Quark Pair Production

Top Pair Decay Channels

In the SM Br(t ->Wb) ~ 100% ¢ |8l.
> Top pair decay channels tE ‘:
« Dilepton : 1v1bb s |88
« Lepton+jets : lvqgbb o | e tautets
« All-hadronic: qgqgbb = K P
Nl wit|  wud cS
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‘Top Pair Production Cross-Section

» Tests QCD in very high Q2 regime. Compare measured cross sections among
various ttbar final states. = Anomalies would indicate the presence of non-

QCD production

I\\Il\\l\‘l\\l‘ll\ll\l\\
[ Cacciari et al., arXiv:0804.2800 (2008)

Kidonakis & Vogt, arXiv:0805.3844 (2008)

[ Langenfeld, Moch

Dilepton
(L=4.3 ")

Lepton+Jets (ANN)
(L=4.6 fb")

Lepton+Jets (SVX)
(L=4.3 ")

All-hadronic
(L=2.97)

CDF combined
1v*/DOF= 0.60

wer, arXiv:0906.5273 (2009)

7.27+0.71:0.46+0.42
(stat) (syst) (lumi)

7.63+0.37+0.35+0.15
7.14+0.35+0.58+0.14

7.210.50+1.10+0.42

7.50+0.31:0.34+0.15
m=172.5 GeVi/c?

6

tt— T Log-Likelihood Ditau Discrimination Final Selection

CDF Run Il Preliminary (9.1 fb™)
T T B

—e— DATA B
0% Bkgd + 16 uncertainty
[ Tt (c=7.4pb)

I ww/wz/zz ] F
I DY 1 101
I Fake 1 af

Counts/bin
Y
T

1
1
1

L&)
T

000 0]
5 Soeey
g B RS
L

P e
L X o
sy

8
Log-Likelihood

D jet 1jet >2jet  H;>200 +0S

_ijF_'__‘_g.ig'i n )

\I5\\I\6I\\I7

_ 8
o(pp — tt) (pb)

CDF combination (up to 4.6 fb?) : 6 = 7.5 + 0.31,

Dilepton (I =€, n): o(Pretagged) = 7.66 + 0.46,, + 0.66
o(b-tagged) = 7.47 + 0.50,, + 0 53

Dilepton (witht) : 6 =8.2+ 2.3,

August 10, 2012

10

1"

+ 0. 34syst
syst
syst

+ 1'2\‘ syst ‘O;Slumi pb
M. Datta |

+ 0'152-theory pb

+ 0.47,,,; pb
+ 0.46,,,, pb
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Top Quark Mass

> Related to SM observables

thrOUgh |00p dlagrams Lepton+jets Runll CDF HetH 173.00 £ 0.65 + 1.06 GeV
- Lepton+jets Runll D@ H H 17494 £ 0.83 + 124 GeV
» Consistency checks of SM prom)
Lepton+jets Runl CDF — o——+—1 1761 % 51 53 GeV
parameters Lepton+jets Runl D@ —H—o— 1801 t 3.6 %39 GeV
t H Alljets Runll CDF ot 17247 £ 1.43 * 1.40 GeV
W . W w W Alljets Runl CDF 2 186.0 £10.0 % 5.7 GeV
FVVL g V V'V LRFURON, "UOR, VUAOR Dileptons  Runll CDF ——o—+H 170.28 £+ 1.95 % 3.13 GeV
b Dileptons  Runll D@ H—o—H 174.00 £ 2.36 + 144 GeV
Amw oC mt2 Amw oC |n mH Dileptons Runl CDF = 167.4 £10.3 % 49 GeV
Dileptons Runl D@ & 168.4 £123 * 36 GeV
Iarch 2012 .
80.5 TT 1T | T 11T ‘ TT 1T | TTTT ‘ TT T ‘ TT 1T ‘ L ‘ TT 1T ET"‘JEE Run II CDF : 1?2-32 t 1-30 t 1-82 Gev
:OLEPEWWG(2011)68%0L(exc\udingmw)m@&d\rectH\ggsexc\usmn) : Decay length Run Il CDF H - ] 166.90 £ 9.00 £ 2.82 GeV
L '+68%CL (by ares) m, (2008), Mo «QQQ i
b ()86%CL (by area) m (2012}, M -
80.45 - k - o
= j_(w - Tevatron Combination 2012 HeH 173.18 £+ 056 + 0.75 GeV
i 4 i
S i 3 1 %’ dof=83/11
0 80.4_— Y
Q i 4 160 170 180 190
gg - o Mass of the Top Quark [GeV]
80.35 &
i . ] . .
sl & Tevatron Combination
: 11 | 1111 ‘ 111 | | I | ‘ Lol 1) ‘ | | ‘ 111 ‘ 11| I: mt : 173! 18 i Ol94 GeV/C2
155 160 165 170 175 180 185 190 195

(e Precision 0.54% with upto 5.8 fb-! data
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Forward Backward Asymmetry In
Top Pair Production

> Asymmetry caused by interference of ME
amplitudes for same final state (O ——

> Significantly enhanced in BSM models: Z’-like >mm<
states with parity violating coupling , theories
with chiral color

> The SM prediction (QCD at NLO) : W >m<m

Atbar = 0 058 + 0.009

N(Ay > 0) — N(Ay < 0)

At —
4 N(Ay >0)+ N(Ay < 0)

Ay tt rapidity difference: y; — yz

» Look at A2 dependence on the invariant mass of ttbar
> Sensitive to new physics effect ‘
‘v(‘ A .

June 2, 2011 M. Datta, FNAL i 32



> Corrects for acceptance and smearing effects
» CDF Lepton+Jets ( 8.7 fb1):
Inclusive parton-level

Atbar = (16.2 + 4.7 ,..)%

3.4c from no asymmetry, 2c from NLO SM
Parton-level A™ (M) slope

(15.6 + 5.0) x 104,
Compare to 3.3 x 10 from NLO SM.,

> DO lepton+jets and dilepton channel
combinaiton (5.4 fb-):

Atbar = (111.8 + 3.2)%
2.2 ¢ above higher order QCD+EW prediction

June 2, 2011 M. Datta, FNAL

Atar (cont”)

CDF Run Il Preliminary L = 8.7 fb"

-
o
o
o

Events / 0.5

800f

400

200

[ —e— |+Jets Data

600 -

AL =0.066 + 0.02
@9 NLO (QCD + EW) tf + Bkg
=0.026

=m B El
A, = -0.0066

CDF Run Il Preliminary L = 8.7 fb™

FB

<L o5 -
05|
04

03

f —— I+Jets Data

- — NLO (QCD+EW) tt

oy =(15.6 + 5.0)x10*
(Correlated Uncertainties) A

P

Oy, = 3.3<107

0.1

L — |

0 —
350

400 450 500 550 600 650 700 750

Parton Level M, (GeV/c?)

/P‘\

‘v
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@ Polarization of W from Top Decay D&

> V-A coupling in the SM

longitudinal fraction f, ~70% 2" i
left-handed fraction f. ~30% 8
right-handed fraction f, ~0% AP,

> Sensitive to non-SM tWh coupling oo

> Use 6*: Angle between lepton (down-type quark) 01 — :

In W rest frame and the momentum of the W in the cos 0"

top rest frame _
Simultaneous measurement of f, and f,
0.1

- | D:';lta Fil:CDFIRun'IIP;'eIirr;inary (8.I7fb") | > CDF (Iepton-l_jetS; 8-7 fb-l):

M ot 10 Coverage mo-dimersions fo =0.726 + 0.066 (stat) + 0.067 (syst)
m Standard Model Prediction f+ — _0.045 :l: 0.043 (Stat) :l: 0.058 (SySt)
Al ] | » Tevatron Combination (lepton+jets and

dilepton, 2.7-5.4 fb1)
f, =0.722 £ 0.062 (stat) + 0.052 (syst)
f, =-0.033 + 0.034 (stat) + 0.031 (syst)

o LHC measurements already have a smaller statistical
| T uncertainty. Systematig uncertainties are comparable

June 2, 2011 34
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http://www-cdf.fnal.gov/physics/new/top/2012/WHel9ifb/epsfiles/fig-NLLData-1sigma_2D.eps

EW Slngle Top Production

s-channel { q

Vv
p  t-channel VZ H ;ﬁ

Wt channel

b

Collider s-channel: o, t-channel: O Wt-channel: Oy

> First observation by CDF and DO _
" e 00 KNS

. LHC: pp (7 TeV) 4.6 pb 64.6 pb 15.7 pb
> Direct measurement of V,
» Produced ~100% polarized top @ goofiiestiT _cor pren:nmam.sm-1
o Test of the V-A structure of the top EW S - M Single Top100iiy
interaction > [ B +HE
- : W ook W W+LF
> Sensitive to beyond SM physics C M Z+Jets
o t-channel: 4 family, FCNC mocs>"
e S-channel: W’, H*

» Large amount of W+jets backgrounds
o After requiring >1 b-tag S:B ~ 1:20
« Multivariate discriminant techniques applied
for signal-background separation

0

1 05 0 0.5 1
‘ NN Discriminant
June 2, 2011 M. Datta, FNAL ) 35



Yield [Events/0.02]

t-channel Cross Section [pb]

EW Single Top Production

1045(:;.) D@, 5.4fb"
10° 7""*«;.#

10 | T,

10 ¢

|

10502 04 06 08 1

Ranked B,, discriminant

5W+Jets, NN Discriminant CDF Il Preliminary 7.5 b
i @ CDF Data
i I 68.3% CL
4r 95.5% CL
- 99.7% CL
N Il SM(NNNLO)
1 b
I
PP B N S T
S I R R T R

s-channel Cross Section [pb]
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Yield [Events/0.02]

Posterior density

30 -(b) DO, 5.4fb"
| e Data
migh
201 * V(\:Il+jets
1001 = \‘ ~ -J:Fuets
B o085 09 o095 1
Ranked B, discriminant
5,_ -1
-(b) DJ, 5.4 fb
4
3 |th| >0.79
- @95%C.L.
2
1

02 04 06 08 1
IthI2

M. Datta

> CDF (7.5 fb?)
O, =3. 051027 pb
|V,[>0.78 at 95% CL
From 2D fit :
o, =1.81708 pb
o, =1.49%027 pb
> DO (5.4 fb)
G5 = 3.431073 pb
0.79 <V, [<1 at 95% CL
From 2D fit
o, =0.687338pb
c,=2.867082pb
=

‘v

36



More Physics Results From
Tevatron

Apologies for my many omissions.

For a full listing of results go to:

> http://www-cdf.fnal.gov/physics/new/qcd/QCD.html

> http://www-cdf.fnal.gov/internal/physics/bottom/bottom.html
> http://www-cdf.fnal.gov/physics/new/top/top.html

> http://www-d0.fnal.gov/Run2Physics/DOSummer2012.html
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Summary

CDF and DO experiments are producing a breadth of results using
the full Runll dataset

> These are the legacy measurements of Tevatron Runl|
» Many offer world class sensitivity

> Some are complementary to future results due to differences in
production mechanisms (e.g. QCD, s-channel single top, Attan

> Most of the results agree with the SM predictions

« A few intriguing discrepancies persist: At |ike-sign di-
muon asymmetry

> Most of the results are in agreement with results form LHC,
LHCb, and B-factories

Next talk by Marco Verzocchi will cover Higgs searches and
related topics 7 =\
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Exclusive b—suu Measurements

. . — =1
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00" Yield: 323 + 24 © [ Yield: 288 + 20 = | cYield 6249
220 >
s 200 2 10 E g
- - - r . - 0 * -
= E B'->Ku'y | = 140C B"— K 'y = 35 B,— ou’u
& 180 <+ Data & F <+ Data o~ ~+Data .
% 1605 = Total Fit 1200 = Total Fit & 30 = Total Fit
8, =-Signal 3, r =-Signal =R =-Signal
1‘"]_ ---Background | & qpgf- -- Background @ 250 =+ Background
. b4 e
] o
% 80 o 20
T -
5_ B0 m 150
o o =
40 10—
20 S j
. E g
[ 0 I I e I A e e |
051 52 53 54 55 56 57 0551 52 53 54 55 56 57 5 51 52 53 54 55 58 5?
M(uuK) (GeV/c?) M(uuK™) (GeVic?) M(uuo) (GeVic?)
. . CDF Run Il Preliminary L=9.6fb" CDF Run |l Preliminary L=9.6fb" _ ~ CDF Run Il Preliminary L=9.6fb"
© 30-vyield: 32+ 8 O [vYield:24+6 L 4cf Yield: 51+ 8
= > 18- =
L} L [-1] r [:E} N
= 25— B'— Kgit i = 165 B — K u'u E 30f Al Ap'u
S | +Data S ¢ +Data & Data
o — Total Fit w140 = Total Fit & 25F = Total Fit
a 20- —-Signal 8 r =-Signal a | —-Signal
w ---Background | & 12 —-Background | w _ [ =+ Background
o o ! o 20
et 4= -
© o 10¢ - ] i
= T ' T I
£ I '. 2
) T e i ] -
o o ® i O 1of
4 .4 T
o P
2r ‘. \ 5: .r \
0 Coieloos rta | P . Coatoly L——]-H'I.‘Il it g i d i
5 51 52 53 54 55 56 5.7 U551 52 53 54 .55 5& 5? 83754 55 56 57 58 59 6
M{uuK,) (GeVic?) M(uuK™) (GeVic?) M(upiA) (GeVic?)

August 10, 2012 M. Datta " 40



>

>

>

Final states common to both mesons and anti-mesons

o CPV from interference in mixing and decay f

« SM predicts small CPV for Z 5
B2 —J/yX decays " g . : 1

(X=K'K-,n n"™) B,

. Sensitive to new phenomena 3
Measure ratio of branching fractions B — J/y ', and @1500_
Bg o §1ooo§—

0.22 + 0.05 (stat) + 0.04 (syst) i
Fit helicity angle v in the K*K- rest frame

Consistent with J=2

with Prob=0.3 and

Incompatible with J=0 or 1
Confirm recent LHCDb observations

P& P il 600[-
0N Iy 4 X 2P g i
T 4 : #400}

w 5

- (& 200f

o

B) - Jlyf,'(1525) inptu " KtK -

[ DG Runll, 10.4fb" —+ Data

> 400

: — RBW, J=2
B 200 4
f -200(

— Full Fit

1.6 1.8 2
M(K*K) (GeV)

. D@ Run II, 10.4 fb™

- ~+-Data

— Full Fit

- Signal

e BKG

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

55 54 56 5.8
MK 'K) (GeV)

- DG Run II, 10.4 fb™

—+— Data

—J=2 + J=0

2 04 06 08 1

BR(BY — J/w 4 )BR(BO —Jly )=(26.422.72.4006 = “leosy
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@ Measurement of the ratio
R = B(t—Wb)/B(t—Wq)

» CDF analysis using lepton+jets channel using  COF Preiminary 8.7 "
8.7 fb simultaneously measure R and s, , ‘
R = 0.94 + 0.04 (stat) + 0.09 (syst) o
0,4 = (.51 0.3 (stat) £ 0.9 (syst) pb T ]
o — T
> |V|>0.89 at 95% CL, assuming unitarity of B

0.6 0.8 14

the 3x3 CKM matrix Reglioum
° |th| > 008 a.t 95% CL’ WIthOut Unltal‘lty CDF Preliminary 8.7 fb”’ Lepton+Jets Final State
constraint on the CKM matrix and using i

the measured values of [V, | and [V 4|

- R>0.78 (95% C.L.)

» Consistent with DO results in 5.4 fb-!, using
|+jets and dilepton channels

« R=0.904+0.04 and |V,,| =0.95%0.02 R _B{t - Wb)

" B(t = Wq)

Posterior Probability Distribution
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Anomalous Wtb Couplings

> Lagrangian at the tWb vertex

= %6’?’“”1)@5& + fUPR)IW,,

o g B?:O-HVQVWE)
V2 My
> In the SM, coupling form factors f;F = 1
and [ =ft=fF=0
> Use W helicity in top-pair decays, and of
single-top production rate and kinematics
to probe anomalous Wtb couplings

(fFPL + [T Pr)tW,,

Scenario only only |combination
W helicity |single top
|12 0.62 0.89 0.30
Fidk 0.14 0.07 0.05
|72 0.18 0.18 0.12
August 10, 2012 M. Datta
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