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CDF and D@ Detectors w

SVXII + ISL

MWion chambersiscntlator
* General purpose detectors Rapidity coverage
« Good hermeticity CDF Dzero
« Mature algorithms Track 2.0 2.5
« Well understood under all pile-up Calorimeter 3.6 4.2
conditions Muon 1.0 2.0
B-field 14T 20T
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Introduction

Standard Model very successful,
predicts large range of phenomena;

However, many problems once you
leave the low-energy regime:

Hierarchy/naturalness problem;
Dark matter;

No unification of forces;

Not enough CPV for baryogenesis;
Why 3 generations?

No Higgs boson observed yet
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Three Generations of Matter

We expect ‘new physics’ to appear
somewhere, but where?!

Many extensions to SM, which make
testable predictions, generally with
new particle content.



Outline

e NP

e B

e QCD

e Electroweak
e Top

e Higgs
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How to Find New Physics...

New Phenomena analyses: direct searches for signatures of new particles:
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Heavy Resonances w

Theoretical Model
Experimental Signature

Extensions to SM with additional U(1)
group, i.e. Z' boson
Coupling strength

— Mass
|:' Drell-Yan

I instrumental Background H

[ other sM Bkgd

Narrow M(ee) resonance

[ Excluded at 95% CL
el T sins Expected Limit

Events / 10 GeV
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Phys. Lett. B 695, 88 (2011
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Also use M(ee), M(yy) to place limits on KK
graviton mass/coupling in Randall-Sundrum
models. PRL 104, 241802 (2010) 7
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Squark Production

~
stop pair search t
9
Signature: 2 b-jets, e* p+ + MET
AR Iy g
Model: tt — bbepWV 4 t
P
A o (R’ +)*
Sneutrino v is LSP, or decays invisibly 1
~140
8l E 5 RN
S Multiple MVA outputs to 2 W
= 4 . 120k NN
8 2 separate signal from £ NN
8 of 1 e NS
4o different backgrounds. £ R W L= 5.4 o
32 3100} LA - S :
N .af @ "N 2 _ —DPObs. |
-6 g ] AR f -~'D@ Exp.
-8%;\1;‘]...LJ.|.H..|. [ P 80__ é‘g} ‘
ARl - mpy N\ A
coEmmmES: L | NV st e
S 4x aEEEEEY " - — 808\ Lepm g :
g ;;:==== aas _ N Rl iy i excluded _! ;
SRR 3 . hmEE- Wit NI
Nyzumanns e e 60 80 100 120 140 160 180 200 220 240
5; sl WW MC ol Ziy* 51t MC Scalar Top Quark Mass (GeV)
-8 =
N 'GsﬁmfémlzozGJV)G ¢ 'Gsﬁvi(imtzozegws : Phys. Lett. B 696, 321 (2011
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Leptoquarks

Many extensions of SM have lepton—quark symmetry;

Mediating bosons, ‘leptoquarks’ (LQ) with both quark and

lepton number.

Search for 1st generation

(LQXLQ) — (e*q) (veq )

scalar LQ pairs:

- D@, 541" —+ Data (a)
o 10" ¢ [] V+ets
0 - Il Diboson
N 3,9-;2 "a T "
oo 7 M; > 110 GeV
sz? . ---- LQ M=260 GeV
& F
10 2Mq > 350 GeV
1 , LU 4
10“:..~' i), B %jl’.hﬂ:'\...ﬂ ST > 450 Gev
0 100 200 300 400 500 600
U M’ [GeV]
= F D@, 5.4 6" —— Data (b) = f D@,5.41b" —4— Data (©
o r X [ V+jets C10% [ V+jets
0 10% I Diboson g f B Diboson
by £ Top quark e F Top quark
.2 [ ; MJ o I o M
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L = . > - -
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Better than published LHC
results for B < 0.3

arXiv:1107.1849 [hep-ex]
Accepted by PRD-RC

en 1
0.8
06 DO, 5.4 fb™
0.4
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Vector-like Quarks, Q

q
Predicted by certain little Higgs, UED, and warped ED [
models; q
‘Vector-like’ = left- and right- handed components W, Z
transform in same way in SU(3)xSU(2)xU(1); q W,Z Y
Pair: strong interaction, limited mass reach; Asoft
Production: Sjngle: EW interaction, mixing with SM
quarks;
% E D@, L =54 f5' §104 - = Observed Limit
(O] - —4+— Data = =, . DQ L=54f6" ..... Expected Limit
S [ (@) [ V+jets g Expected Limit +2 s.d.
~10%F Il Diboson = Expected Limit +1 s.d.
i - I Top 1 R — LO Prediction, & 5=1, ©y,=0
S T [ Multijet 8'1 0 E ------------ LO Prediction, =1, % ,,=0
o 10F — S W T F |
- mgq = 500 GeV » e L
C & B
- o}
1 10° 3
0 200 400 600 800 1000 1200 300350 400 450 500 350 600 650 700
M; (GeV) m,, (GeV)

M(Q,—Wq) < 696 GeV
M(Q.—Zq) < 449 GeV 10
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Wjj:
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Shifting for quark jet
Mominal SSR Shifting
Shifting for gluen jet:

|' q/g energy scale differences.

® Cone size and out of cone corrections.

e Different treatment of systematic errors
and fit to nuisance parameters.

After updated value of CDF, discrepancy with Dzero is smaller (~2.5 sigmas)
- the task force has been disbanded. We wait for next CDF paper on the subject
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How to Find New Physics with B’s w

B Physics analyses: Measure parameters sensitive to indirect NP contributions:

New particles

New Gauge Groups: Supersymmetry: in loops:
access to all

Masses

—{VVWW\—

~N

W+’




New physics in B meson mixing w

B meson mixing, asymmetries and CP b ds
Violation

W
Neutral B mesons mix into their antiparticles; ‘ u,c,t u,c,t ‘
W
b
\

Not CP symmetric: complex phases @ in _

CKM matrix, i.e.  [(B°—B9) # [(B°—B®°) d,s
. . _ _
Def||_1e fIavc_)r-speC|f|c [(B°—B%—p*X) — F(B°—B—p-X) AT,
semileptonic asd, = —— - = — tang,
asymmetry: r(B°>—B%—p*X) + r(B°—B%—p-X) AM; 4
- J
SM prediction tiny for both B® and B, systems; ﬁ

New particles in box diagrams can give large enhancements
to asymmetry.

Loop integral: sensitive to new particles of any mass.

13
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CP violation in neutral B meson semileptonic decays

X -. =0
e ol E{? 5 Hf.i} ] . Bﬂrq o i 5 :}{
H_H.'-"’_ ' * > ey
Direct semileptonic Neutral B meson oscillation
decay and then semileptonic decay

b No(u7u™) — No(p—pu™)

Measure CP violation in mixing via o =
Np(ptpt) + Ny(p—p7)

wg 002 ——
* Dominant systematics controlled by: '
— reversing field directions B
— measuring difference in K“*—p* rates in data ol
Asymmetry is a linear combination semileptonic charge asymmetries of £, and 3, |

Afg = Cyad + Cya’; : a, = D(B — p*X) ~ (B — u”X) » Standard Model
-0.02 | =] B Factory W.A.

: : T =t X))+ T8 = X)
Coefficients depend on mean mixing probability and production fractions

[ po B—-uD X
DO Update 9.0 fb' o
Ab = (—0.787 £ 0.172 + 0.093)% 00341 po Ajesw c.
DA, 9.0 "
Now a 3.90 deviation from SM prediction -0.04 -0.02 0 0.02

4
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Anomalous Like-sigh Dimuon Asymmetry

md_;' 0.02

In same-sign dimuon sample, ~30% of muons come
from decays of neutral B mesons after mixing.

‘Flavor blind” — around 50% from B, 50% from B/°;

Count events; correct for background asymmetries; -0.02
correct for dilution from symmetric processes;

Measurement repeated in different IP bins — gives -0.04
sensitivity to ad, a%; separately.

Use background-dominated single muon sample to
constrain detector asymmetries and reduce systematic
uncertainty.

0.02

| DG, 9.0fb" * - Asymmetry Ape (a)
0.015 | [ - Asymmetry a

0.01|
0.005 | !
0l

Asymmetry

15 20 25
Gregorio pr(L) [GeV]

68% and 95% C.L. regions
are obtained from

the measurements with

IP selections

20.04 20.02 0 0.02

‘ Asymmetry 3.90 from SM prediction
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Anomalous Like-sigh Dimuon Asymmetry

Now working on final paper:

1) Use full dataset. Equalise N(upu) per polarity sample;

2) Use local muon system variables; to constrain K/n—p decay-in-flight
fraction;

3) Extend use of muon impact parameter. Maximise sensitivity by separating
signal and BG dominated regions;

4) Measure integrated mixing probability X, (probability that a B
meson has mixed prior to decay). Validation of many aspects of asymmetry

measurement.
" 0.02
Asymmetry is a linear combination semileptonic charge asymmetries of 8, and 13
AY =Cya + Coaly 1 o= H;:::: - ::i:: i;

Coefficients depend on mean mixing probability and production fractions

-0.02
»  LHCb starts with CP non-invariant initial state:

—  measure difference between Bd and Bs asymmetries

=  LHCb MC sensitivity study with 1 fb!

Ji CSUI 1V Duliliailul / LJ1 I\N111y71 ai11d

004

L LHCh MC, 1!

| MY central value ad
Mo NP in ;
| B -mixing .

| .. LHCb MC, 0.1 fb "+

I.]'




Flavor-specific Asymmetries w

Semi-exclusive decay channels: direct extraction of - 0.02
raw signal asymmetry in B,° and B, decays;
Measure reconstruction asymmetries of final state " l |sM
particles (muons, kaons, pions) — use data driven —_— |
methods. Il LTS
+ Standard Model
Measure fraction of oscillated mesons using -0.02| [ B Factory W.A.
simulation — i.e. account for dilution from charge | D@ B—uD.X
symmetric processes. B DO Ay
) 0.04 D@ A} 95% C.L.
Produce world’s best measurements to narrow the .
L d as D@, 9.0 b
constraints in the (a%,as,) plane. ’
-0.04 -0.02 1\0 0.02
ag
§5ooé k Bo—>|_|D*+x, E;E e Enlrieskpipi mass 50808 BO—)I_]D+XI 42 )_(wWeighted Sum Bso_)l“le+xI
g i F D*+_ D*(K-n*)n* = fon".ﬂ m:.::',zi% D*—K-n*n* 5 D.%—q(KK)n+
3000:— Er._ 800 :.“ .1.14210.123
2500 _ pllwest)  a1ars 1261
g ols oo
= E Tt 0.02057 1 0.00151
1500 :— 400 . K 0.03834 + 0.00752
E 2001 g iy -
son;— J \ ?.02(}<VPDL(B")<D.050 A i
BRI AW sy P i W B B 77 is  1s 2 2 I — g
0.14 0.15 0.16 0.17 0.18 0.19 0.2 M(KTCTE) (GeVIcz) L L . _ ) M(Gev/cz)

D*-D° Mass (GeV/c*2)

17
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CP Violation in B2~ J/yo

Same final states in ‘mixed’ and ‘direct’ decay =

interference between diagrams; B0
S

CPV arises from overall complex phase ¢2/¥®

If NP enhancements present: @J/¥® & @,

Extract physical parameters including ¢ J2/v®,
Ar,, 7(B.%), in lifetime-dependent angular fit,
including flavor tagging.

04
i ; 3506 Run I, 8 fb AM=17.77£0.12ps™ arXiv:1109.3166 [hep-ex]
] SM p-value = 29.8% Submitted to Phys. Rev. D
|'_|‘” 0.2
<o
0 Final iteration of this interesting analysis at DO.

—68% CL
—90% CL

95v% CL. Now working on combination paper with CDF.

|
e ¢
(X}

s & :
N
cL)_IllllllllI\L._I._I.-LyvlllllII|IIII|IIIII

|
e
=
|
N
|
—b
o
—_—
(O
©w

024 (rad)
18
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CP Violation in B.'—J/y¢

Same final states in ‘mixed’ and ‘direct’ decay =
interference between diagrams;

CPV arises from overall complex phase ¢g/¥®
If NP enhancements present: @J/%® = @,
Extract physical parameters including ¢p /%%,

Ar,, 7(B.%), in lifetime-dependent angular fit,
including flavor tagging.

04 é_ Preliminary results overlaid ] po  sfb’ arXiv:1109.3166 [hep-ex]
I [ coF s2fb! Submitted to Phys. Rev. D
- T 9s%CL e [] LHCb 03fb
0.2 %_ ; $ Standard Model
8 005:__; . Final iteration of this interesting analysis at DO.
oo } Now working on combination paper with CDF,
£l RS “\ ]
04
E L 1 | PRI B | ]
-3 2 1 0 1 2 3

19
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QCD & Electroweak
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Three Main Motivations in SM measurements w

Gluon distribution at Q% = 10* GeV/?

Test best available theory predictions

MSTW 2008 NLD (0% CL) A0 o e g

MRST 2004 NLO

e CTEQG.6 NLO

— Explore new kinematic regimes

— provide important inputs to PDFs

Ratio to MSTW 2008 NLO

Search for New Physics

— anomalous cross sections

HE N
— resonances can show up in jets too! %gf%ﬂ Em“g%
&, F L [SSacnsi% ]
— use SM as a guide 3 ¢
Measure important backgrounds to New Physics ﬁ
0 5
— N(N)LO predictions not available for many processes of interest, My [GeV/c?

220F- D@ Preliminary W +2let/2 bD:?ag

L=5.01fb" CIW-et
ot
WbbB/cZ )

[l s-top
[CIDiboson
= WH

115 GeV (x10]

Events

particularly those with large jet multiplicities and heavy flavor
components => data measurements crucial

— New Physics share signatures with irreducible backgrounds that

are currently being pinned down.

— Interplay between fragmentation models, tunes, PDFs and scale
choices needs to be understood to model SM backgrounds

50 100 150 200 250 300 350 400
Dijet Mass (GeV)
. . QCD and EW -- D@ Collaboration Meeting -- September 30, 2011
Gregorio Bernardi / LPNHE-Paris 1



Inclusive Jets w

0.05 0.1 0.2 0.4

1 T ]
proton SenS|t|Ve to @ inclusive jets: Tevatron Run Il
o 08 [ <0.4
luon content 3 | N
gluon content : ol G o
antiproton t Of the prOton 3 L . i
T 04 gq — Jets -
9 i
> 10'E D@ Run I o Iyl<0.4 (x32) g% M
O 108 o 0.4<|y|<0.8 (x16) D : o
= 50 100 200 400
8 .= = 0.8<|y|<1.2 (x8) (GeV)
N 104 0 1.2<|y|<1.6 (x4) T
10 s 1.6<|y|<2.0 (x2) NLO theory is accurate to ~10%
% A 2.0<|y|<2.4 (in the absence of new physics)
“o

steeply falling p; spectrum:

» 1% error in jet energy calibration
» 5-10% (10-25%) error in

central (forward) x-section

central

L = =
-~ 0o I

\Ns = 1.96 TeV
10'E L=0.70 fo
10_2 I:{cone =0.7

10’3 — NLO pQCD benefit from:
104 E- +non-perturbative corrections e high luminosity in Run II
10°E CTEQB.5M 1 =p_=P_ \torward * increased Run.II cm energy.—> high Pt
106 . . L » hard work on jet energy calibration
50 60 100 200 300 400 600
p. (GeV)
PAL 101, 062001 (2008) 22
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as extraction w

Inclusive Jet

proton Cross Section is - o (py) from inclusive jet cross section
_y = | in hadron-induced processes
sensitive to as 02k
antiproton . B = H1
q 7 i A ZEUS
) o u
= 045 |- Lo e
ﬁpa:rt(ﬂsj — (Z “:(:n) ® fl(“sj & fl (“5) B D@
The coupling strength, as, is scale dependent: 0.1 — — o (M)=0.1161 '3 oo4g
as(Hr) Renormalization Group Equation predicts s . (DD combined fit) |
Hr-dependence 014 F —
= 012 bedodid o 44
Extract asfrom 22 (out of 110) inclusive jet ‘gn Ueds = ﬁ* ' é'i’ + AR
cross section data points at 50<pr<145 GeV 01 . .| S
— Exclude data points with large influence on 10 102
PDF set Pr (GeV)
- NLO + 2-loop threshold corrections precise as measurement:
- MSTW2008NNLO PDFs +0.0041
Xs(Mz) = ().
- Extends results from HERA to high p; (Mz) 0.1161 —0.0048

23
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Trijets and R3/2

« Tests of pQCD at high jet multiplicity ag(3jet)/o(2jet)
« Additional opportunities to extract as (future)

3-jet mass

5
Y
)

Eud ren-pawkshe cormkns
ReEEE Bt gl
e B o 128 e B Gk e W R 1E 1D

My [T0V)
4 |
1 b , Differential cross sections measurements:
! oe . : e data are corrected to particle level
S o4 Vol ""."."S |.lrl-gu_ W_ﬂf:ﬂ aunnim sagedid  ® particle level measurements are
' ' B ' ~Arnara A+~ NN Fhaanms
i :: ' | comparead to NLO theory |
. ' * NLO theory is corrected to particle level
ca using parton shower MC
o4 L WAES BybRGH | M2 By bT0MY ]| M<23 Bb 100GV |

muuuihuuuuumumuuuuu
Mhya (T0¥; 24
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W— eVv+jets

Precise measurements of W+(n)jet

1,2,3,4

inclusive cross sections and

n=
Sllfferentla ly as function of nt" jet pr

Small data uncertainties allow detailed
study of NLO theory

10°
10°
10°
10
1
10"

P ev)+=(n)jet (pb)

1.8
1.6
1.4
1.2

ot NeorY ydata

0.8
0.6
0.4
0.25

Cjnfﬂn_1

0.2

R=

0.15
0.1

0.05

W(-» ev)+jets, D@, 4.2 fb” a)
oues,
fewal
Rloee=0.5, p >20 GeV, ly,|<3.2 Ll
p;>15 GeV, |11?|r.:1 1, M*T":-du GeV, p,>20 GeV
b)

b Y

#

= 3 3 T
E 4y ® ? ‘?@ + 7 3
- c)
E_ | 'Thl L i’}- I * ] _E
C d § I { ]
- liii' L
C e D@, 4.2 1b" .
- © Rocket+MCFM LO * Rocket+MCFM NLO
- Blackhat+Sherpa LO + Blackhat+Sherpa NLO 1
0 1 2 3

4
Inclusive n-jet multiplicity
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Data compared

to two indep. NLO

implementations

- led to bug fixes
in MCFM

Differences in
NLO theory
attributed to

choice of scale

PRD in preparation
with comprehensive
set of observables

Uxfnn_m

ol Oy

U:c'r UD.aTa

n:JM;":JDE13

1.8
1.6
1.4
12

0.8

.......

e
£33 MCEM NLO

——
0, 4.2 b7

EIIHIII 300

Wi )1 jet+x

50 100 150

Leading jet < [Ge'u"} (njets=1}

[ T X T
- 80, 4.2 167 EE MCFM NLD

% Blackhat+Sherpa NLO

W+2jets

e e R e e e e R
L e
-----

JJJJII]IIIIIII

b)

E{ICI 250
P, [GeN) (mjets=2)

15l.‘.l
Secord jet

0.6 &

0.4

*D@, 4.2 7" E3 Aocket+MCFM NLO %55 Blackhat+Sherpa NLO

} W+3je

-
I|III|III|III|JIJ|JJJJJJJJJJJ

W )3t o,

L
100

E W ev)tjele

20 30 80 80 i
Third letp, [GeV) (mjets=3)
i S e B A A B
oD@, 4.2 . %‘@Hmmtmcm Lo ﬁ?j’vslachhatﬁharpa Lo

d)

+
&=
]
E IJI.IJJI.IIJI.IJI.IImll.ll]l.l]l

B0 ?I:l
Fu::urtn jetp (Gel) ﬁ*lgtsﬂ}

20 30 40



Z+Db jets

1
Interesting test of pQCD predictions and b-quark E

fragmentation. -
Important background to the SM Higgs search in E
the ZH(—bb) channel. 10°
Probe of b-quark parton distribution function ol
o(Z+b) / o(Z+j)) benefits from cancellations of

many systematic uncertainties 10

= precise comparison with theory

Z+b/Z+jet = .0193 +.0022(stat) £ .0015 (syst)
-- in agreement with NLO pQCD
(which has 20-25% scale uncertainty)

v+b differential cross section vs pr also in
agreement with NLO

new W+b and updated W+c, Z+b, y+b, y+cC
measurements in preparation

Gregorio Bernardi / LPNHE-Paris
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20 40 60 B0 100 120 140 20 40 60 &0

DO, 4.2 fb’ E DO, 4.2 fb™!
- - Dat
(@) uu (b) ee 0 zm?n?
B Z+b
Z+C

tt
Diboson
= Multijet

T

100 120 140

Leading Jet p_(GeV) Leading Jet p_(GeV)

600
=
(]
S |
e | (T4
c I
®400-
Ll |
200 7 —;7
o
| .
=, |
0 0.2

DO, 4.2 fb™’

= Data
- b jets
—— c jets
Light jets
Total
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Inclusive W and Z
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Z/vy* Forward-Backward Asymmetry

Arp = (or —oB)/(oF +oB) where or (08) is 6>0 (6<0)

Interference between Z and y* diagrams leads £.:F

to an enhanced symmetry away from Z pole ok

-- high mass dominated by Z - y* 02|
interference of
-- near the Z pole, sensitive to sin%0efr 2P
o4 Th :!-

Extraction of effective weak mixing angle: 0 M (GoV)

sinZ0err = .2309 +.0008 (stat) + .0006 (syst) N —
- agrees well with world average

=1 Ay’ s 0.23099 = 0.00053
L DO 5.0 b A(P) —e— 0.23159 + 0.00041
L A, (SLD) 22 0.23098 + 0.00026
AD° o~ 0.23221+ 0.00029
— PYTHIA Ap© —e— 0.23220 + 0.00081
.- ZGRAD2 .
Qe ——e—— 0.2324+0.0012
$};‘2,5 L' ,22;:‘.;;’:33'““ A, (DQ), 5.0 fb' ——e—— 0.2309 + 0.0010
| ] ] | | J
0.228 0.23 0.232 0.234 0.236 0.238

| 1 1 | L
50 70 100 300 500 1000 2
Mee (Gew sin ggﬂf
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Z/y* Forward-Backward Asymmetry w

App = (or —oB)/(or +0B) where or (o8) is 6>0 (6<0)

Args sensitive to couplings most precise measurements of these light
of the light quarks to the Z quark couplings to the Z to date!

2-D and 4-D fits are made to u, d vector and axial

vector couplings to Z

68% confidence level contours of gy, g4 and g% gi
compared to other experiments

il (a) T ‘ 2. cor (b)
-0 ' — LEP
i - ! H1 prel. (4-D)
| =~ L ' H1 prel. (2-D)
0.6 ’ N . L _' D@’:2-D), 5.0 f5"
\' _0.2 18 ] D@ (4-D), 5.0 fb i
0.4 ‘ ’;
- '* L ’ .
. 0.4 L'
® SM i "
0.2 - CDF I .
[ — LEP
i H1(4-D) 0.6 N
0 B H1 (2-D) . I
i DO (2-D), 5.0 1b5" 68% C.L. - | | i |68% CI.L.
02 0 02 04 06 08 " 08708 06 -04 -02 -0 0.2 29
A 94
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Lepton Charge Asymmetry in W—lv w

Lepton asymmetry is convolution of W

boson asymmetry and asymmetry from
do(p™)/dn — do(un™)/dn Y y Y Y

A(n) = (V-A) nature of W boson decay
do(pt)/dn + do(u=)/dn
Precise measurement provides
important PDF inputs
> 05¢ 8 ook
8 | py*>25GeV S ofe — l
E 04 £ ok I
5 — ET >25 GeV a -u_mn'— 0.5 1 15 z
3 M
- Data precision better
02 than PDFs
0.1} . ) Excellent agreement
oF —— DOA, (L=731b") between electron and
- —— D@A, (L=0751) muon channels
- CT10 central value
) | e MSTW2008 central value
- CT10 uncertainty band |

1 'l 1 1 'l L 1 | 1 Ll | 1 1 'l
06 08 1 1.2 1.4 1.6 1.8 2
Pseudorapidity

o
a2
=]
oL
o
or
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Lepton Charge Asymmetry in W—lv w

Lepton asymmetry is convolution of W
boson asymmetry and asymmetry from

_do(p")/dn—do(u™)/dn /.
A(n) = do (i) /dn T do (=) /dn (V-A) nature of W boson decay

Precise measurement provides
important PDF inputs

Two bins of lepton Er probe different regions of W
rapidity — finer probe of x-dependence

[ 0'5: o § 05 I - 0SE o EU'
E - 25<p] <35GeV 2 o I E - p2*>35GeV 2
E 04 E 005 F E 0.4 [ E -0.05 I I
= E; > 25 GeV 8 7 - E;>25GeV a8 )
o n ' ’ n < u M
03 0.3
0.2} 0.2} L aapmmooatTIIISSIEERSSEEESAsaaa |
- RS SRR £ - - e T { ]
0.1}~ 0.1}
- —— DOA,(L=7.3fb" = © —— DOA,(L=7.3fb"
o —— D@ A, (L=0.75 b o —— D@ A, (L =0.75 fb)
u CT10 central value : CT10 central value
L MSTW2008 central value 0.1 ------- MSTW2008 central value
T R ic.':-l.--l.nuur“.:gnﬁi.ny.t?a.nq. T - . _CT10 uncertainty band
%% 02 0a 06 08 1 12 14 16 18 2 00204 06 08 1 1z 14 15 18 2
Pseudorapidity Pseudorapidity
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Dibosons - Wy

7

200

Events/0

150

100—

D@ Preliminary, 4.2 fb'

e data - background
— SM Wy MC
..... AC (Ak,=-2, 1,=0) Wy MC

- DO, 4.2 fb™ = 20f
2501 2150
C £ 10
£ 200~ S 5
Q - Wooll | | =
L 4500 80 100120140160180
g : E; (GeV)
Q1 100F  data - background
: == sM
50:_ "“-":: ::: Ac (A](,Y - '0-6, A‘Y = '0-13)
T T s oo e S RIS
00 20 40 60 80 100 120 140 160 180
Er (GeV)
Submitted to PRL
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ma =<

0.15
0.1
0.05

-0.05
-0.1
-0.15

* search for radiation
amplitude zero (RAZ)

* seen as a dip in signed y-I

rapidity difference
* look for anomalous
couplings

- D@, 4.21b"

S T [ T S T N ST TN S [N T N T N SO M |

06 04 02 0 02 04 06

A%y

Results are in agreement with SM
prediction, and we produce

some of the

best AC limits

at hadron collider to date!



Dibosons - WW, WZ, Z2Z

Large dataset allows us to measure processes with o as low as~ 1pb

* 100 leptonic WW events in 1.1 fb-1 A
o(pp — WW) = 11.5 £ 2.1(syst + stat) £ 0.7(lumi) 2 .. quheround +

* 34 leptonic WZ events in 4.1 fb-1 10
o(pp = WZ) =3.9732° pb

* 10 leptonic ZZ events in 6.4 fb-1 0 T 0
o(pp = ZZ) = 1.457053 pb e

Coupling relation 95% C.L. Limit

;Pil]l][illl]lil[llll]l

&7
=]
=
=]
=
=]
=
2

S200 o ISP All in agreement AgZ =Akz =0 —0.075< Az < 0.093
& |DO,6.4fE It . . Az =Arz=0 —0.053 < Ag? <0.156
;u I foii'iegata . W|th SM, Stnngent Az = Agf = —0.376 < Arz < 0.686
| w4pData o .- Ary =0 (HISZ) —0.075 < Az < 0.093
150 ic|iiiiiiii A 2u2eData s AC |ImItS Set Az =0 (HISZ) —0.027 < Arz < 0.080
[ioo [ ] Signal+Background.
R e USSR Emim,lml —+ Data - Background
R TR TR R RS E RS I : s “PF I Diboson Signal
oo First evidence (4.20) S — 1 5.d.on Background
ol for WY =i at the 5 100f
e Tevat :
50~ . ... . eva ron 5
] o(WV)=202+45pb[E 2] ¢ P =045
50 100 150 200 RO oH—f = =
M, GeV) fE o, Lrwr T
0 50 100 150 200 250 300
Dijet Mass (GeV)
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Dibosons - WZ, 2Z

Fully leptonic final state Lepton + jets final state

MCFK MSTW2008 NLO 3.2:£049
vaifo'Do  —e— 3.90 '3
v 1.1fb 'CDF  ——e——5.07¢ .
llv 7.9 fb"'CDF prel, —@— 3.9:08 Work IN
vy 8.6 fb DO
eee 5352150 progress!
eel —— 2.97 £1.12
Hue —e— 5.00+1.28
Hpp —e— 467:1.23
combination —— 4.50 + 0.56
v e e b s v by boww v by by by

0 2 4 ] B 10

o(pp — WZ/v*) (pb)
MCFM MSTW2008 NLD 1.3+0.1
Ihv27f'D0  —e— 201097
Iivv 5.6 fb" 'CDFprar—®— 145 05
64t 'D0  —o— 145575
Illl 4.8 fo" 'CDFprel.—®— 1.56 '555
Ivv 8.6 fb 'DO
ee . 1.00 £ 0.51
i —e— 256075
combined —— 1.66 £ 0.45

(I PR AETT FTSTA REETl FETT SEEl FEE T SN i
. 0 1 2 3 4 5 &

o(pp — ZZ/v*) (pb)
Updated measurement uses 8.6 fb1
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Prompt Diphoton Production

«  Prompt diphotons are S g2 (a)
produced directly in hard 1 :}:K g g eV =ss0Gey
scattering or through . Eé: AOE X ~ RESBOS
quark fragmentation %t CPYTHA

« sensitive to energy scale, ‘ ] 10 fmle .
ISR, fragmentation, PDFs .

8"
H->yy currently main channel for SM @ 15 1
Higgs discovery at low mass at LHC %o; R |
Theory predictions: 8 10 20 30 40 50 60 70 80 90 11110

PYTHIA: Parton Shower Py (GeV)

DIPHOX: fixed order NLO calculation 3 | o o
RESBOS: Resummed calculation (to NNLL) g0 SHERPA
= £ — - RESBOS
s — DIPHOX
. . . . jg‘ 102 ---- PYTHIA
In region where SM Higgs and New Physics is of most :
interest, RESBOS gives excellent data description
103 %
Data is not described at lowest D — B e
- --=-gcale uncert.
diphoton masses 5 s -
Phys. Lett. B 690, 108 (2010), § 100 150 200 250 300 350

M, (GeV)
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Diffraction and Elastic Scattering

Gregorio Bernardi / LPNHE-Paris
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Total Elastic Cross Section w

 Fundamental measurement of do/dt t =4-momentum transfer
* Gives information on nucleon structure, non-perturbative effects
* First measurement using FPD, data taken in special runs

« Compare to phenomenological models, other experiments

' a WSE
% 10g DO, L=31mb" Y + D@ (1960TeV)
"-G:- X § 1ﬂ'2_ « ET10 (1.800 TeV)
.E C "'~_~ _______ Cexp{-blt|) E 3 ,  GDF (1800 TeV)
- JF Y, b = 16.94 +0.10 + 023 GeV? < qoL - UMM (0.546 TeV)
=) C h | = 3
g f ‘e —— lslam etal. E g
107 At 1E
F Al :
I '*_.:! 10" :
107 R T B 3 o 2
E . 10°E T
C " t 1% ; "y ! .]
m’“;— 107 Bf88ag@ool gy
R f
s 1“-1 P T B I 2_|_
t(GeV v
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Double Parton Interactions w

Look for two hard scatters 4 Provides complementary .
in same p-pbar interaction information on proton structure Uses y + 3 jet topology
4 May be important background &
for high-pr searches

Yy

By
PT 4

Discriminant:

/ -y ol y )

- ~ 281 eLj.7eLk
Og AN = Ad lp.l.' e : p:'.’ is] )
l‘-\. #,

Yy

A¢ - an azimuthal angle between
two best pT-balanced pairs.

‘g 0.6 D9, L =10 fo

_ I
DP Updates in the works: S 05 0
- unfolding distributions ~P
* triple parton interactions 5 035_ n
Y + b + 2 jets topology [

: L B

« parton x correlations - 02 ; :mm igq,
= provides information for building 0.1 f:z: Py
optimal MPI model i LT

I T B i I BRI
0746 18 20 22 24 26 28 30
P (GeV)
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W mass

W mass is a key parameter in the Standard Model. This model does not predict the value of the
W mass, but it predicts this relation between the W mass and other experimental observables:

O 1
Mw =
W\ V3G sinbw Vi Ar

Radiative corrections (A r) depend on M, as ~Mf and on M as ~log M . They include diagrams
like these:

Precise measurements of MW and Mt
W W constrain SM Higgs mass.
w w

For equal contribution to the Higgs mass uncertainty need: The limiting factor here
AM =~ 0006 AM . will beAMw,notA M !

Additional contributions to Ar arise in various
extensions to the Standard Model,
e.g. in SUSY:
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M,, [GeV]

W mass w

O 1
My =,/ V3G, snbwvi—ar (A1) dependonM, as ~M?andonM_as ~logM_

- | I | | I | 1 I | | | | | | | | I | 1 | | 1 I | o
80.70 __ experimental errors: LEP2/Tevatron (today) | For equal contribution to the
i 68% CL 1 Higgs mass uncertainty need:
: 95% GL : AM = 0.006 AM, .
S0 Y| 1 Current Tevat
- __wreNl - urrent Tevatron average:
i e i 1 AM =0.9GeV
80.50 N MSSM _' = would need: AM_ = 5 MeV
: i Currently have: AM, =23 MeV
80.40 |-
B At this point, i.e. after
80.30 |- all the precise top mass
g SM EEEE 1 measurements from the
MSSM! i Tevatron, the limiting factor
80.20 " both models s here is AM_. not AM .
B I Heilnarneyﬂr. Hollik, lEtﬂck'lngBr. Wﬂbier. Weiglein 107

160 165 170 175 180 185
m, [GeV] 41



M,, [GeV]

Impact of W mass w

I I | 1 I | | I | | | | 1 | | | I | 1 | | || I
experimental errors: LEP2/Tevatron (today)

68% CL
- 95% CL

80.70

80.60 -
hghtSUS"f
| s AM, =0.7 GeV

80.50
AM, =15 MeV

g :
2]
=
|\l| i | I-l ' I I B

80.40

IIIIIIII'IIIIIIIIIIIIII

80.30

m1{  — Higgs discovery at
a large mass

both models [E

Heinemeyer, Hollik, Stockinger, Weber, Weiglein "107
] | | I | l | | | | | ] | | | ] | 1 | | 1 | L

160 165 170 175 180 185
m, [GeV] 42




W mass, nhow and soon w

1 B
Statistics 23 10 8
CDF Run 0/1 —fp——— 80.436 + 0.081
Systematics
D0 Run | =—e—— 80.47810.083 Electron energy scale 34 14 11
Electron resolution 2 2 2
CDF Run I —— 80.413 + 0.048 Electron energy offset 4 3 2
Electron energy loss 4 3 2
+ Recoil model [ 3 2
Tevatron 2007 80.432 + 0.039 H e 5 3 3
2 2 2

[

Backgrounds

Total Exp. systematics 35 16 13
o

Tevatron 2009 80.420 + 0,031

Theory
. PDF 9 6 4| -4
LEP2 average g 80.376 + 0.033 QED (1SR-FSR) 7 b_d
Boson Pt 2 2 2 A
World average s o 80.399 + 0.023
Total Theory 12 8 5
I I L= Total heory 37 18 14
syst+t
80 80.2 80.4 80.6 (if . ) e e
m,, (GeV)
Grand total 44 21 16 |

43
Gregorio Bernardi / LPNHE-Paris



Summary for QCD and Electroweak w

e QCD and EW legacy measurements
— unprecedented precision

— extract fundamental constants like as and sin20w from
measurements

— we will learn more by looking at the full dataset

e Precision physics => this has taken us years to achieve,
techniques have been ported to the LHC experiments

e Our inputs to PDF fits have large impact

e W/Z/y + jets, diboson measurements crucial for
understanding backgrounds to New Physics and SM Higgs
searches

e Anomalous coupling limits are some of the world’s best

o Expect to see several new results using the full 10 fb-1 in 2012
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Top Pair Measurements in All Possible Channels w

T+jets: small rate, large background

alljets:
large rate, large background % 10°-8) D, 1 fb” ;
3400 [ + I:’: 10;
s | -[_)atia,n1 fo! B ti - v ets f
gm : b2 I:Igascfgraolund 1F vov?z'::;mk decays P
[ ||:| Hl.rltljei L L N\
[ e 06 08 1
200 | PRD 82, 71102 (2010) NN,
100 | "alljets” 46% _
; |+jets: good rate,
o - 10 reasonable background
PRD 82, 32002 (2010) : s 150, = 350
T+jets o E- =53 fb""!
£ 3009PRD 84, 12008 (2011) |
2 250
. 200
lepton+T1+jets: small rate, |
u+jets 15% 150

large background

x¢
e+ etjets 15% \100
D@ Run Il Preliminary L=121" "dileptons" "lepton+jets”

g
T

2 [ (©V Do L=541b" 01 02 03 04 05 06 07 08 09 1
g_ﬂ50- + eu+2jet RF discriminant
W

. [ Z(+jets): 30
100" mmwwwzzz:e | dilepton: s

[ Instrumental: 23
B i 102 small background

I T O
P T P T P T 50 prXiv:1105.5384
Lepton p_ (GeV), > 2 jets

Number of events

10

0 5
b-tagging NN discriminant
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Top Pair Cross Sections at 1.96 TeV w
DO Run I July 2011

August 2011

|ept0n+jets+di|ept0ns (PLB) 4019 v057 E _I UL | T 1 1 | T 1T 1 1 | | L | 1 1 1 | T 1 1 1 UL |_
5.3y 740 519 050 PP =2 —NLO QCD (pp) # Atlas (0.7 fo™, prelim.) -
lepton+jets (topo + b-tagged, PRD) Lo 765025 075 op o8 - EtApprox. NNLO (pp) CMS (36 pb”, prelim.)
5.3 fo U025 -057 —NLO QCD (pp)
dileptons (topo + b-tagged, PLB +045 +0.76 102 = ---Approx. NNLO (pT) =
p 5 (topo gge ) HeH 7.27 7032 063 bb C ]
53fb - m CDF a
Iept0|1+track (b-tagged)* 5.0 ﬂﬁi :g:g 103 pb - 4+ D0
1.0 b ~
tau+lepton (b-tagged)* 7.32+134+120 o o op L
02 fort 92 124 -1.06 ¥045P
+j - + + —
taujets (-tagged, PRD) 1 6.30 *115 072 40 40 pb 10 -
1.0fb C
alljets (b-tagged, PRD +1.3 +1.4 -
] _1‘ 9ge ) —— 6.9 17 17 04 pb -
1.0fb
(stat) (syst) (lumi) - i
=175 GeV [ M. Cacciari efal., JHEP 0809, 127 (2008) - ,_;f'f 7'2
mpCTEQS oM [ N. Kidonakis @nd R. Vogt, PRD 78, 074005 (2008) ’.y’ )
’ S. Moch and UWEF,PRD78,034003(2008) 1 n]ll L Lo by by by by by
I L Ll I L Ll I Ll L { Ll { - ‘ 1 2 3 4 5 6 7 8

* = preliminary 0 2 4 6 8 10 12
red = 2011 result \s [TeV]

blue = 2010 results 3] _) t{"' b
° (PP %) PPl working on the CDF-D0O combination

* in addition to the cross section o Blt—wb) | Viy |2

- cross section ratios (limit on t->H*b) CB(t—Wq) | Vu |2+ | Vis |2+ | Via |2

- fit the cross section together with R to extract Vi: . , o
|Vis| = 0.95 & 0.02 assuming CKM unitarity

arXiv:1106.5436

Future measurements will focus on differential cross sections
Only Tevatron can measure them at 1.96 TeV ;)
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Electroweak Top Production at Hadron Colliders w

' s-channel r _t-channel p  Wt-channel w
Vio
q" b \t

o predicted since the 80s

e allows to directly measure Vi

e challenging to measure

e - small cross section and background similar signature than signal

e - not possible with counting only (bkg uncertainty larger than the signal):
e multivariate techniques

500

500

3 4 ota a3 X 3 DG 2.3 fb"
2 B th+tgb D@ 2.3 fb .. - B 5+1gb D@ 2.3fb 2 .
> B Wb > M Wbb >~
e 4001 - wee w 400 . Woe + 100 -
S 'k mze g R oEe” g H,> 175 GeV
i tf—
w 300 = ::':)}ttijets 100 300 - M i l+jets 100 w
B Multijets - B Multijets
200 S0 200 50 50
100 Bs 100
0 - O 02 04 06 08 9 0 |
c 0z 04 06 08 1 - ' ' ' 0 02 04 06 08 1
Boosted Decision Trees Output Bayesian Neural Networks Output Matrix Elements Output
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Single Top Cross Section

s-channe/ . f—c/mnne/ , b W)‘-c/va/me/ w

2 DO 5.4 fb ™
e EI NG - ‘s % C.L.
= discriminate between the single top channels: § —id
- new physics can affect the single top channels differently 3 4 N 95% C.L.
- signal: t-channel, background (other single top, W+jets, tt): 2
* Tevatron: multivariate (Neural Networks, Boosted Decision S
Trees, ...) 2
* LHC: cut-based or multivariate S ® Measurement
..?.. [1] PRD 74: 114012, 2006 - SM . 2]
[2] EPJ C49: 791, 2007 ¢ Four generations
B2R0 63 01018 201 O Top-flavor™
| 0 rFcNc™
Ttqb (pb) for my = 172.5 GeV:  — é SE— tll
CDF {3 9 fb‘l} 0.8+ 0.4 s-channel cross section [pb]
) ’ ) t-channel single top quark production
DO (5.4 fb—1, arXiv:1105.2788) 2.90 £ 0.59 5.5 o - e §
2 @ CMS 38pb” Atlas, 0.7 fb'! prelim. .
CMS (36 pb~ ', arXiv:1106.3052)  83.6 & 29.8(stat + syst) £ 3.3(lumi) 3.7¢ © 102 Y osew -
Atlas (0.7 fb~1) 9053 7.60 F A coRezw ;
10 S —— NLOC QCD (5 flavour scheme) E
- theory uncertainty (scale @ PDF) 5
observation of t-channel Single top in 2011 i Campbal\.Fr&deru‘,Malmm.TramumanD.JHEP|0(2009}0-t2:
1 - I NLO+NNLL |
- T . : lh):e-{:}‘r:gn;::;azn:y (schale @ PDF) E
F e ]
0 2 4 6 8 ‘I
19

Gregorio Bernardi / LPNHE-Paris Vs [TeV]



Single Top Perspectives at the Tevatron

for m; = 172.5 GeV: Ttp Ttqb T
{in pb)
pp @ 1.96 TeV 1.04 £ 0.04 2.26 + 0.12 0.28 + 0.06
PRD 74, 114012 (2006)
pp @ 7 TeV 4.6+0.3 646152 15.7+ 1.4
FPRDEL, 054028 (2010) PRDS3, 0921503 {2011) PRIDN2, 054018 (2010)
° —_— 7
- (] B
challeging at LHE 2 DO Runll
; ging £ th ¢ °C @ 5417 observed — 30 line
- legacy measurement of the Tevatron & [ M 54fb"expected —10fb""
_8 5:_— a priori projection
EE 4:_ ----- \lumi projection .
latest DO measurement 2 st UTITY Sttty
(5.4 fb-1, arXiv:1105.2788): = 3 el
expected sensitivity close to 30 S
£ ‘b ®
=
M | O 2.3 fb™ observed
- [] 2.3 fb™ expected
1 | 1 1 1 | 1 1 1 | 1 | | ‘ | 1 1 1 1 1 |
% 2 4 6 8 10 12

with 10 fb!, should get evidence

Luminosity [fb "]

maybe observation when combination with CDF ?

Gregorio Bernardi / LPNHE-Paris
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- coupling to the Higgs boson close to 1:

Top Quark Mass

the top quark is the only “natural” quark:

special role in the

electroweak symmetry breaking ?
together with Mw, predict the Higgs boson mass

how to measure the top mass ?

- template method:

* compare an observable in data with MC generated

different masses
- ideogram method:

with

* event likelihood computed as a convolution of a Gaussian
resolution function with a Breit-Wigner (signal)

- matrix element method:

* build an event probability based on the LO tt matrix element

using the full kinematics of the event

mass extraction from the tt cross section

- using the experimental and theoretical cross sections vs.

mass (well defined renormalization scheme): method first
used at DO to extract both the pole mass and the MS mass

(PLB 703, 422 (2011))

ICvukawa = — MV PR

Atﬁﬂl!!
My > My

IlT.‘lIIIIT

T 17

T

[Illllll

DO, L=5.3 fb

-
------
..
P
. L
.........
------
.
o

.
-
-
-,
LI
LT
.....
......
-~

-
...........
...........

—e— Measured o(pp— tt+X)
—— Measured dependence of ¢

—— Approximate NNLO
NLO+NNLL

160 170 180 _ 190
Top quark pole mass (GeV)

1 1 | 1 1 I I
150



Top Quark Mass Measurements

discovery:

- lepton+jets: £30 GeV (50 pb1)
first DO Run IT measurement:
- lepton+jets: 4.5 GeV (0.37 fb1)

latest DO measurements:
- lepton+jets (3.6 fb1):
mt = 174.94 + 1.49 GeV
- dilepton (5.4 fb1):
mt = 174.0 + 3.1 GeV

PRD 84, 032004 (2011)
1.06 = -
1.05

max

tot

DO 5.4fb™

Liot/L
Kes

PRL 107, ,
082004 1084
(2011) 1.035 :
1.02F ¥
0.5} 1 101F N
i
0.99f

| s ' L | :A..l..ll.l.l...l..
160~ 470 180 ~ 190 09870 172 172 176 178
m, (GeV)

180 182
m, GeV
new Tevatron combination (arXiv:1107.5255):

- uncertainty below 1 GeV

- all channels give consistent results

- still working on decreasing the systematic uncertainties

Gregorio Bernardi / LPNHE-Paris

Mass of the Top Quark

August 2011 (* preliminary)
CDF-I dilepton 167.4 +11.4 (+10.3+ 4.9)
D@-1 dilepton ¢ 168.4 +12.8 (+12.3+ 3.6)
CDF-II dilepton —w 170.6+ 3.8 (xt22+31)
D@-l dilepton N o 174.0+ 3.1 (=18+25)
CDF-I lepton+tjets ¢ 176.1+ 7.4 (+51+53)
D@-l lepton+jets _.__180.1J_r 5.3 (£3.9%36)
CDF-Il lepton+jets 173.0+£ 1.2 (£06+ 1.1)
D@-1l leptontjets o 1749+ 1.5 (+08+1.2)
CDF-I alljets 735‘(] 4+11.5 (+10.0+ 5.7)
CDF-Il alljets * n | 1725+ 2.1 (£ 14+ 15)
CDF-II track ¢ 166.9+ 9.5 (+ 9.0+ 2.9)
- -

CDF-Il MET+Jets *

Tevatron combination *

Atlas lepton+jets *

CMS lepton+jets/dilepton *

172.3+ 2.6 (+ 18+ 18)

1732+ 0.9 (+06+08)
(= sfat = sysi)
¥2dof = 8.3/111 (68.5%)

175.0+ 2.8 (+09+27)

1734+ 3.3 (£19+£27)

150 160 170 180
My, (GeV/c?)

190 200
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Top Pair Spin Correlations

in the SM, the spin of the top and of the antitop are produced correlated
- correlation preserved in the decay products
- very sensitive observable to search for new physics

T

= qq B t
q —_— q
= Z = 6 196 Toy o o gQ_Q_Q_Q‘_L!y’Mg
t 3G, pp @ 7 TeV 15 % 85 %

measurement method:

- latest measurements use a new method based on matrix element: measure f, fraction of events
with spin correlation using a template fit of R

P, (H=c
dilepton channel R= sgn )
. . . P.‘;B’T‘l(H=u)+PF:D‘ﬂ(H=C)
usina ME 4\_A{I:;tilrjout sbin corr. using ME with spin corr.
= 0.74" ;47 (stat+syst
Fmeas “0a1 ( yst) ljets channel: .., = 1.157 017 (stat + syst)
PRL 107, 032001 (2011) £ 140 -
Sl D@, L=5.4 fb” § ] —Data DO, L=5.3 fb
5 100-{ —— Data T 120 — tt SM spin corr.
2 — tiSM spin corr . 1 oo tt no spin corr.
g0 = tt no spin corr,(f=0) |

w 100-] ™ measured tt
1 I Other
4 W+I|ets
807 mmm Mu

] - measured tt
1l Background

60 tijet
40-

20-+4=

03 035 04 045 05 055 06

R 0.4 0.45

Clyeas = 0.66 = 23 (St&t—}—sygt) - R
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Perspectives for Spin Correlation Measurementsjs '

Z

ERIES RSN FLS BN EN T BRI B
* complementary measurement at the LHC sata  Dilepton channel.
_ mainly gg_> tt .}% B ATLASPTE"H’IIH&FY:
- - . - ingl -1
- ATLAS dilepton: A=0.34+%1541; (helicity basis, Asm=0.32) ngletop [ Lar-o70m’
itivi 1ib [T 1
- also ~ 3osensitivity ke foptons A
Ad = |¢I+'¢I-|
(in the lab frame) ool T
* at the Tevatron, still statistically limited ook f
- using the full dataset should at least improve the error by V2 i ]
- possible analysis improvement [,ad_-_u_._-_.._._..—-dl
(c-tagging in the lepton+jets channel) R A
- combination with CDF
E. 10 T I
_ = | Spin Correlation Strength Uncertainty |
tt spin correlations cbea_m § + DO dilepton template 1
c + DO dilepton ME
&%Sﬁfgﬂmp,ate) 0-321:0.'75: E Run | (s=1.8TeV gg Ieptobrtu+jl§[$nl':1E o
D@, 5.4fb™ * 0.5010.45 = ' combinafioniprojection
(dilepton template) ’
D@, 5.4fb” =1 057033
(dilepton ME) i
CDF, 5.3fb™ T 0.7210.69 I
(I+jets template) _
D@, 5.3fb" H* 0.89:0.33 T o——
(I+jets ME) I
D@ combination, 5.4fb™ e 0.6610.23 \
(dilepton + I+jets ME) W.Bernreuther et. al
| _ _ | INuc‘I. ths.B‘BQOI, 81 | | 107 ('} é . 1|ﬂ
-4 2 0 2 4

Integrated Luminosity (fb™)
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Searches in the Top Sector

only a few examples

. B R
2 D@, 5.3 fb
s 1 arXiv:1104.4522
§ - Mt’ > 285 GeV
wn
m L
4
O10'
- — theory
| — 95% C.L. observe
| = 95%C.L. expected
- B, | . |
107200 300 400 500
t’ mass [GeV]
. Mz > 820 GeV
S102s () D@, L=3.6 fb"' = Data
o F relim. [ ]Z (650 GeV)
g [ ._tf
§ 10 E— ' W-jets
w E Other MC
3
107
0 200 400 600 800 1000 1200
M; [GeV]

No sign of new physics so far, but....

Gregorio Bernardi / LPNHE-Paris

ﬁ‘ 1Dg,L=10fb" PLB 682, 278 (2009)
c 100~
80 ,
4 v
60
40_: AN no-mixing scenario
» Theoretically inaccessible
20 — Expected 95% CL limit
1 EJExcluded 95% CL reglon
BOI B 190I B 100 I 110 120 130 140 150 160
M H* [GeV]
_ 1
2L excluded at 95% C.L.
08 m, = 175 GeV, o . = 6.90 pb
: 87 = Viez = 817 =K, =0
0.6/
§ DG, L = 4.1 fb"
0.4 PLB 701, 313 (2011)
B |-3 B(t—Zq) < 3.2%
CCDF i T
B & ey
- g /////
% 0.1 0.2 04 05
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Top-Antitop Charge Asymmetry

At NLO, QCD predicts an asymmetry for tt produced via qq initial state - the
top quark is predicted to be emitted preferably in the direction of the incoming quark
- the exchange of new particles like 2’ or axigluon could modify it

q Q
100 600
000001 GO00001
q 0

Tevatron A top
anti-top

.

n
forward-backward asymmetry

: N(Ay > 0) — N(Ay < 0)

R T
] >fm@"m< +
40000000 $——

positive asymmetry

LHC

A

negative
asymmetry

top t

anti-top L/ //I.ri

q | q 4 % g

| \

A® = N(Ay > 0) + N(Ay < 0)
Ay =yt —yz

Gregorio Bernardi / LPNHE-Paris

P M reference frame

n

Lah reference frame

central-forward asymmetry
N(AlY| > 0) — N(A]Y] < 0)

smaller at LHC since

C = N(A|Y| > 0) + N(A]Y| < 0) low qq fraction
AlY| = |Yi| - |Yi
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Tevatron Top Charge Asymmetry Results

CDF measurements
ljets, PRD83, 112003 (2011)

Az ljets ljets (M, > 450 GeV)  dilepton
unfolded data 0.158 +0.074 0.42 = 0.16
SM prediction (MCFM) 0.058 + 0.009 0.06 = 0.01

3.4 o difference

DO ljets measurement
- unfold the reconstructed distribution to correct for
acceptance and detector effects

Ars (%)
Reconstruction level Production level
Data 9.2+3.7 19.6 +6.5 ~ 2.4 o
MCE@NLO 2.44L07 2.04+0.1 .
AL, = Maw >0) — Ngy: <0)
Nigy >0 +N(@u <0 4L (%)
Reconstruction level Production level
Da,tf:, 14.2:|:.3.E‘: 15.2+4.0 > 3 o
MOGNLO 0.5x+0.6 2.1+0.1
£ 900 ' DO, 5.4 b [ (7 MC@NLO %m DO, 5.4 fo" [ £f PYTHIA ISR off
(a) E ::"':ll;j‘:t w 5 800 (b) [0 W4jets
. Data I Multijet
+ Data

30 40 50 60 70 80 90 100

10 20 30 40 _50 60 70 BO 90 100
Reconstructed tt transverse momentum [GeV]

Reconstructed if transverse momentum [GeV]

Forward-Backward Top Asymmetry, %

Reconstruction Level
mg < 450 GeV
—e—
D@, 5.4fb" 7.8+4.8
—e—
CDF, 5.3fb™ 2.2+4.3
mg > 450 GeV
D@, 5.4fb™ 11.5+6.0
—e—i
CDF, 5.3fb™ 26.6+6.2
S.Frixione and B.R. Webber,
JHEP 086, 029 (2002)
‘ 1 L 1 1 | 1 1 1 1 | L 1 1 1 | 1 1 1 1 | 1
-10 0 10 20 30

Forward-Backward Top Asymmetry, %

Production Level
CDF, 5.3fb™ 15.8+7.241.7
DO, 5.4fb™ 19.616.0',¢
S.Frixione and B.R.Webber,
JHEP 086, 029 (2002)
I L 1 L L l L L L L | L 'l L L
0 10 20 30

Statistically limited measurements, need better understanding of the predictions
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Top Charge Asymmetry Prospect

°
LHC results -N(A <0)_ ptlas: AY = |y| — |ysl
- different observables -N(A <0) '
- iti i n = - t
not yet sensitive to a potentiel Tevatron excess - CMS: A" = || — |7
2
./ — — A -
o AV = (y — yg) (¥ + ¥)
§ [ ATLASPreliminary pezdjetsbtag) | ¥ “cmS Preliminary 2 (MadGraph) -
“1200- | L=0.70 10" Sitmc 1 3 0-15-—1'0? o atvs = 7 Tev — data ~ E Top-Antitop Charge Asymmetry %
N viﬂet[a ] - IHjets CT-;,{ 3
1000 :E.'égf::"::“,"ﬁc - S% 0‘1:_ Wl
- macD 1 < 0.05 3 Production Level
300_— EZUncertainty ] o B
- % 8 0F t l ' = HeH
' W o —t+— 1 ] Atlas, 0.7fb" -2.4+1.612.3
-ci.osE E (I+jets) Y A, . =0.6%
_01_ = 20
E = e
0155 3 CMS, 1.09fb™ -1.6+3.07;
- : (I+jets; m) _
0300 300 400 500 600 700 800 900 1000 1100 1200 Atpeo=1-3%
My roc [GeWc%

Currently no deviation from the predictions

* Tevatron perspectives

- DO dilepton result with 5.4 fb-1 soon in review :
V2 improvement

- combination with CDF: another V2

- we have to conclude on the effect with the full dataset:
is it realiy new physics ?
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Searching for the Higgs Boson w

The Higgs mass is not known from theory
but we can set experimental constraints

e Indirect limits:
Electroweak precision measurements

Cross section (pb)

Constraints from top quark mass,
W boson mass R e te = Ril%

Excluded by LER

my = [47,159] GeV@95%CL

100 120 140 160 180 200
my (GeV/c?)

e Direct limits: .
LEP: my;..s> 114 GeV @ 95% CL '
TEV: my.qs% [158;173] GeV @ 95% CL (3/2011

Branching ratio

e Combining Direct and Indirect Limits (2010)
GFITTER : my;,, = [114, 157] GeV @ 95 % CL

Data from LHC start to confirm that if there is a 2o A '\
Ao ~ |
SM Higgs, it has a rather low mass (<~ 145 GeV) | 1=V 120/ - \lﬂ% H)

2
m (GevV/ics)
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What did we learn so far on SM Higgs? w

Tevatron has already shown that the “high mass” part of the electroweak-
favored range is excluded = SM Higgs is between ~115 and ~150 GeV.

This summer, LHC has confirmed and extended these limits: it is also
starting to confirm directly that higher masses (> 180 GeV) are not
possible for SM Higgs (work to be completed with more LHC luminosity).

= Higgs has a low mass and is in a region where its Branching
Ratios vary rapidly as a function of its mass

Challenge: we need to combine all decay modes to find it, but we also
need individual measurements to identify it as the SM Higgs boson!

= Remind Tevatron strategy, starting from the high mass channels, then
moving to the H->bb search, where Tevatron has unique capabilities
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Higgs Search Strategy @ Tevatron w

Optimize all channels individually, based on production and
decay properties.

Select inclusive candidate samples maximizing acceptance to
potential Higgs signals (different masses probed)

Separate further these channels into multiple analysis sub-
channels of different S/B, to improve the sensitivity.

Model all backgrounds using simulation and data, with detailed
verifications on independent control regions in data

Use advanced multivariate analysis tools to separate signal from
background based on the full event kinematics

Derive systematic uncertainties from independent measurements,
both in normalization and on the shape of their distributions.

Use standard statistical approaches and constrain the systematic
uncertainties to the data, to obtain the best search results.
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CDF/D0 H>WW-slvlv Limits DO

,,,,,,, izt wies High Mass Expected o

: . HighMass+ 1o .
: D High Mass + 2¢
' T T T T T T T T T T T T I T T T T T T I T T T T T T T T T T T T T

— Obsierved imi
-- Expected

i e High Mass Observed

xpected =

..Standard-Model.....5..cccocioornrnsf,
||i|l|li!lli|lil|i||

110 120 130 140 150 160

170 180 190 200
Higgs Mass (GeV)

Both experiments exclude SM Higgs boson around 165 GeV =» combined yield:

Tevatron Run II Preliminary, L < 8.6 fb™' CDF + DO Run II Preliminary, L < 8.6 !
=20 pr 7/t T
*10° | ] 2 —4— Data-Background
- v ] - ]
= A 1 2150 —— #1 s.d. on Background -
104 .--..... July 17, 2011 . 5 g Tl s.d. g :
103 Bl 7 =100 - |_|_'_ ]
2 el 50 | + -
10 T -
- ] 0F
10 =¥ ] g :
& - 1 -50 3 i
1 = u ’
-1 ] -100 4 I -
10 * E _150 3 m=165 GeV/c™ ]
10~ i : July 17,2011 |
é _200 S P T P R B L [ L1 I BT T
10 -3 . L] . 1 . 1 . 1 1 —4 ‘3.5 '3 ‘2.5 ‘2 —1.5 '1 '0.5 0
-4 3 > 2y 0 1 log, .(s/b)
log,,(s/b) g0
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Low Mass Higgs Searches w

WH—Ivbb
Increase lepton Understand 9
reconstruction and background X

selection efficiencies

Specific to low mass analyses:

Optimize dijet mass resolution ) V(—lv)+2 jets, 2 b-tags
= needs precise calibration and §9°°§_ D@ Runll, Preliminary + Data
resolution for gluon and quark ~ &800F L =7.5'b —
jets separately §7oo;— W0 Vahi
= new techniques explored 7600 -‘T’?’P
(NN, tracks + calorimeter cells) -§5°°§— CIVH (x50)
we are not done yet! 54001
- al re= = y - 3005—-
- Improve the efficiency for St
tagging b-quark jets ) wog

- separate b,c,light. . 50 100 150 200 250 300

Di-jet mass, GeV/c?
Double b-tagged events
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From Dijet mass to Multi Variate Analysis w

V(—lv)+2 jets, 2 b-tags

0900
S

S D@ Runll, Preliminary —+-Data
3300 L =7 51fb - Multllet
. _— int ] V+lf
- To improve S/B => utilize full 8700 Vet
. . . . - T
kinematic event information Z600 —h
-gsuo []VH (x50)

[ =
400
* Multi Variate Analyses are 300
used to maximize search 200
sensitivities 100

JIII|I||||IIII|IIII|I||||IIII]IIII|TIIT|II|I|

0

200 50 300
Di-jet mass, GeV/c?

— Neural Networks
— Boosted Decision Trees

- - V(osv)+2 jets, 2 b-tad
— Matrix Element Calculations x10° VOhp2] A

S D@ Runll, Preliminary + Data_
g L =7.5fb" I Multijet
o int V4if
| ] [ [ [ ] E -V'|'hf
* Visible gain obtained E . Top
vV

(~20% in sensitivity) CIVH (x50

1 08 06 -04 02 0 02 04 06 08 1,
Gregorio Bernardi / LPNHE-Paris Final Discriminant



ZH-Ilbb  [Ldt=8.6 fb!

120

’2' L Double Tag D@ Preliminary, 7.5 fb -
] N o— Dat
@ 100 [~ — Z:LaF
= | Z+bb
= B 7ict
80 [ Top
P Diboson
60 Em Muitijet
40
20
0
0 010203040506070809 1
RF Qutput
[ o e ——— e —
%\ Pty Dﬂ Prellrnlnary — (Observed L|m|t o
£ " ”.' ................................. e Expected Limit - ;
E H H H : H
o
£
N 10¢
T F
(=%
j=1
St
)
-
=
£
=

100 105 110 115 120 125 130 135 140 145 150
M, (GeV)

95% CL Exp (obs)
Limit 4.8 (4.9) xSM
@ MH=115 GeV
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Results from DO

WH-Ivbb  [Ldt=8.5 fb!

10°  V(—lv)+2 jets, 2 b-tags

*

8 1 4:_ D@ Runll, Preliminary -+ Data
2k -1 Il Multijet
i L =751
8 1.2 Ink Va4t
0 I V+hf
s — Top
s 1
2 | .Y
0.853 [JVH (x50)

02 04 06 08 1
Final Discriminant

1 .08 -06 -04 -02 0

= - DO Preliminary, 8.5 fb’
= | = Observed Limit

E -+ Expected Limit

O | mmm Expected Limit + 1o
- Expected Limit + 2
O 10

2

un

(=]

1k
100 105 110 115 120 125 130 135 140 145 150
M, (GeV)

95% CL Exp (obs)
Limit 3.5 (4.6) x SM
@ MH=115 GeV

~10% gain on sensitivity

ZH->vvbb [Ldt=8.4 fb!

. ZH—w—bb Anal¥5|s samgle (two b-tags}

LB '| TTrT
e 800 MJDT > 0 0 Do Prellmmary (8.4 fb )_
- o)
B 700 -: :,r.wv
£ 600 it
= CvHx 10

| m—Cbsarved Limit
=== Expected Limit

100 105 110 115 120 125 130 135 140 145 150
m, (GeV)

Limit / o(pp—(W/Z)H)xBR(H—sbb)

95% CL Exp (obs)
Limit 4.0 (3.2) xSM
@ MH=115 GeV

(i.e. on top of gain due to luminosity) 65



Dibosons with Heavy Flavor Jets w

_MET + HF jets

VZ Analy5|s sample (two b tags)

Benchmark of H->bb searches with real data. ™ 4500 DO Preliminary Run 11 8.4 fb"
) o = S+B Fit Run Il 1+2 b-tags ~+-Data :
VZ->leptons + heavy flavor jets @ 4001 3 E
§3505— B V+hi/WW C
w 300 Va+l.f. —

I Multijet _;

For m,,=115 GeV Replace H with Z E
WH-—Ivbb: 0 = 26 fb WZ—Ivbb: o = 105 fb E
ZH— vvbb:o = 15 fb ZZ —vvbb: 0 = 81fb =
ZH— 1ibb: 0= 5fb ZZ — libb: 0 = 27 fb S 70F Do proimminary run N8 A 5T dewoda | ]
= 50% S+B Fit Run Il 1+2 b-tags E:rf"‘ é

Total VH: o = 46 Total VZ: 0 = 213fb 5 aof E
b +
Z->bb yields is 5 times larger, but more W+jets, and also e _ T =" _
background from WW. 08 06 “0a 0z 0 02 04 06 08

Final Disciminant

Apply similar analysis as low mass H->bb analysis,

and check sensitivity. Cross-section measurement:
o(WZ+Z22),,.c/0sy= 1.5 £ 0.5

2.8 s.d. from BG-only hypothesis
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CDF/DO Limits D

CDF Run Il Preliminary, L <8.2 o™

=
n
- :
E c% e DﬂPrehmmary 1.=4.3-8. 6fb o r___f_—Observed
" = s SM nggs Combmat:on § - == Expocted - ,
g [ _ ’0 [ Expected +1c
- = If [:|Expect£:d
o
o @)
10 o
o =N
- 4——LEPExclusmn
DF Ex U - DQ) Exclusmn ... ,”: S ——
. \lq | cﬁu\ | - \\|\291\1\ e L fERE TN EE T m IIIIIIII | IIIIIIII
100 110 120 130 140 150 160 170 180 190 200 100 110 120 130 140 150 160 170 180 190 20C
H(GeV/c ) July 17, 2011 my; (GeV/c?)
Cimilar chanac: cmall Aaficritr halnw 1185 (Cal/
SITHIIdAdl ol |C||.JCD SDITIAIT UCITIVIU DUCUIVVY L LJ \JCV,

Gregorio Bernardi / LPNHE-Paris

small but broad excess around 130 GeV,
exclusion around 160 GeV

67



New Tevatron Combination w

Tevatron Run Il Preliminary, L < 8.6 fbo™

5  LEP Exclu5|on| ~ Tevatron
E-‘-ém wc/ ------------------------------------------ s ........... Exclusmn
1 : ........... [ . +1c Expected. _____________ ______________ ____________ :
- IR S [ 1 *2cExpected . SR S S R A _
O : : : g | : : : |
>
Ty}
o
1 .
________ f::—T%evatronlEchUSIlon_____é_____________?___._____‘MW 2(:?11
100 110 120 130 140 150 160 170 180 190 200
mH(GeV/c )

Observed Exclusion : 100-109 and 156-177 GeV
Expected Exclusion: 100-108 and 148-181 GeV

Gregorio Bernardi / LPNHE-Paris
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H->bb D&y

Tevatron Run Il Preliminary H—bb Combination, L < 8.6 fb

95% CL Limit/SM

. July 17,2011,

100 105 110 115 120 125 130 135 140 145 150
m,, (GeV/c?)
H->bb channel provides best sensitivity in the mass
region just above the LEP bounds

Evidence/observation of this decay mode is important
for establishing that a Higgs-like signal found in other
channels is in fact the SM Higgs. It will be best done
at the Tevatron in the foreseeable future.
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Conclusions and Outlook on Higgs w

Tevatron exclusion has been extended at high mass

Tevatron is reaching exclusion sensitivity at lowest mass (~115 GeV)

On track to reach 95% CL
exclusion sensitivity over

expected m, range, i.e. __ TevwonRunlPrefimney
from 100 to 185 GeV ‘

Y
o
T I

—— Nov 2009 5.4 fb™ o
Projection:

—— Jul20106.7fb" ----- 10 fb”/exp + improvements|
—— Jul 2011, 8.6 fb™

Best sensitivity to H->bb,
= Tevatron will remain
complementary to LHC
at least until 14 TeV Run

—t

95% CL Expected Limit/SM

‘ | ‘ ‘ \‘7._ Lot duly17, 2011
100 110 120 130 140 150 160 170 180 190 200
(GeV/c )
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Publications %

32 publications in 2010

Very good first part of 2011, already 34 publications,
Aiming at breaking the year record of 46!

247 total
D@ History of Journal Submissions
By N

—= Run |: 133 total
mmmmm Runll: 245 total

26 papers in the first six
months of 2011, Best ever
# of papers/6 months.

Number of publications

20 A

\

il Year Future is in front of us !! ;)

Gregorio Bernardi / LPNHE-Paris [
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A,—3J3 /@A Branching Fraction w

= [ N(A)=314129 D@, L=6.1 fb"
Particle properties (masses, decay BRs, lifetimes = 150 Signal
etc) sensitive to different models of non- S 1ol
perturbative QCD. @k
0
Measure BR relative to topologically similar, well- : f"f} o |

measured reference channel B'—J/yK°: L sdlsﬁtsa{]?sw.:%z
nvariant mass (A, e

f(b=A)RAI/YAT) _
f(b-B°)R(B°-]/UK)

DO, L=6.1 fb"

Normalization
channel

N(B?) = 2335 + 73

48 49 5 51 52 53 54 55 56 5.7 5.8
Invariant mass (B%) [GeV/c?]

Factor 3 improvement on previous W.A. precision.

PRD-RC 84, 031102 (2011)

73
Gregorio Bernardi / LPNHE-Paris



Dibosons - Zy

! "5'02 ALBARE AR LA AL AR AR R R AR
S10° =
! Z 2 [ ¢ DOPreliminary,6.2fb" ¢ Data :
z ©C [ i
¥ Y < L —— MCEM ]
é 105 g ------ Scale uncert. 3
g q ¥ S - %% PDF uncert.
o B e -
3 T, _
B 1= =
e Zy couplings not allowed in SM T ¢ - E
* search for anomalous ZZy couplings i ]
: 10'1§— * 3
.! . ]
n_']‘\!\\l? \A-< 10’2-|JIIIIIJIl]IIIIIJIIlll]lllllllll]lllll
> : A LN -
“ I e {
4 g Ly e 05— E
00 20 40 60 80 100120140 160 180 200
D.DDB[ D@ Preliminary, 6.2 fb" 1 | popreliminary 62" UnfOIdEd p'y [GEV/C]
0.006-  ,_ispoGev . ~ ] . T
o.004f e ] E FU”y unfOIded reSUItS.
u.uuz?'"'" """"""""""" . ax B [pb]
w¥ooof
.n,m:f_ ........ eey Data 1.03 £ 0.06 (stat.) £ 0.06 (syst.)
-0.004}
0008f _ uuy Data 1.16 + 0.06 (stat.) + 0.07 (syst.)
0O%iE o1 508 0 a0 a1 o 00%1s a1 005 ';i"d-ﬂ'-""ﬁ'-i os lly Combined Data 1.09 + 0.04 (stat.) £ 0.07 (syst.)
NLO MCFM 1.10 + 0.03
74
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Z/y* transverse momentum

« ZIy* kinematics provides colorless probe B A DEY B e e b
of underlying collision process E‘“’E? -
E m"r E | e ey |
* Z |ly* pt is excellent probe of ISR £10F +ooLomr 18 Pyt l
m.:-;_ -.p‘.-'"HIAPremginﬁ- = 0.7 .
* results are presented at particle level T A MRV & N
_f; ol e ,f,'ff“‘aé"l’" ---Egs%g?; ‘g -2-" DE.@.STFQ‘ ---ALJ+HEFIaW|e
d Pythia Perugia6 gives best description Of § :Scauﬂf{;DFunc:_ :chafc;PDFunc. ; _::"I-:;Iphﬁscalcunc_ --::_J:z:-l:r':::ggﬁﬁ
data over entire kinematic range E o §
S . . A SR |
* pr distribution uncertainty dominated by g, ] N & -3
detector resolution and efficiencies
0.5t L p 0.5¢ )
. 1 1C mepsteaw 1 10 .D';IfGBV}
- alternate approach: _ _
1.1;— (a) Iyl <1 HI ‘— (b} 1<lyl <2 l ,
T m : ﬂrq# - * ]
where Eu.gn:— By = 25128 - K = 27728 e
cos O* = t&ﬂh[{’f}(—) — n(“i—))/g] :g 1.2 (©) Iyl > 2 _ D 7am’
® [ I LI e ;aednta
ngm P " - " a [l i o ._* - Pl 1 [
* sensitive to same physics, but much 1 T 1 (0 ResBos
reduced detector np yrt inti —— Y “If | pesson et
educe etector uncertaintues ﬂ.ﬂ-' { I ' POF & scale uncertainty
B N I
o, o,

Data are compared with resummed calculation:

small uncertainties allow for detailed comparison ResBos cannot reproduce

data everywhere

7/
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Z/y* = Il + jets D5

- Z provides colorless probe of collision and hard scale — study kinematics of
hadronic recoil

- Extensive set of measurements carried out in electron and muon decay channels
which examined jet pr (1,2,3 jets), Z p1, angular correlations

- Novel techniques employed for unfolding, thorough study of systematics
- Careful studies of different theoretical effects: NLO corrections, PDFs, MC tunes

- Techniques have been carried forward to other V+jets measurements

= L[ DORunll, L=1.04 fb | —— Data at particle level = Data == PYTHIA SO s F Do, L=1.00" - = ™+ Data - FYTHIA Tune P
3 W = MCFM NLO ==HERWIG+JIMMY =+ Scale unc. £ [ +raa S| E o — HERWIGMMY - - PYTHIA Tune W
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SM and Fermiophobic Higgs in yy final state w
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