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Tevatron, Collaborations w

Proton-antiproton collider
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from 2002 to 2011 (Run II)
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Samples, Detectors w

Delivered 12 fb-!, Recorded 10 fb-'/experiment < 15B + 9B events total in Run II
CDF Il Detector

Luminosity (pb'1)

|2000:_. s ............... ............ .......... ............ ................ ........... _:

|0000__. .............. ............... ............ .......... ............ ................ ............ ............ ]

3000:_. .............. ............... ............ .......... Ao _

6000

Delivered

:Aclquiredt /
=

.MI:‘I\:II':III\:'\I\EI‘I\El\l\illlll
1%00 2000 3000 4000 5000 6000 7000 8000 9000

store number

2000

4000

in=0 Gt w Run Il Integrated Luminosity |1Mp 2002 20 Someemd 2m‘|

| I “. 1al -, eptember

a8 Muon Scintillators | - 120

_—— [ T 1T 11 [ | /’
51— Muon Chamberd - 10 —Delivered 1o o
18 [ | X 10.0 = £
- —Recorded //
- 9.0
- - 7
i &70 il 10.7
01— T 4 y
i £60 /"
-]
£ E 5.0 ('/ /
3
L 40 /)
=
Pr'd
-5 20 -
e
= | 10
| | I I | 0.0 1 .
Gre gor iol ! - FE ) B = I . - : S [ : =t - I gy By O g T By B P B o ey, O o By, O B, By Do oy By O o ey Do S, oy O oy Py




Tevatron Unique Dataset

= Different collision energy, /s_g

e Cross sections, asymmetries; e._g., top, electroweak

e Different (QCD) backgrounds — Tevatron evidence for
H — bb
(only evidence for direct
coupling to fermion mass)

« pp collisions instead of pp

Tevatron ¢ top LHC 4 top
e Top quark anti-top anti-top
forward-backward m /\
asymmetries:
n n

e is an initial CP invariant state (B physics)

« Complementary! Production processes different mix of G vs.gg
collisions

= {{ spin correlations
« Well understood detector + experis (and their past inputs)
(plus lower level of pileup, only getting worse at LHC)

e VW boson mass (with full data set)

) &
top quark mass (potential of reprocessed data)

« Clever detector operation,
regular flipping of solenoid and toroid magnets

e cancels charge tracking asymmetries to first order

—— competitive CP invariance tests in heavy flavor
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Heavy Flavor physics @ Tevatron

COF Run il Pratisingry L=10%"
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Heavy Flavor recent highlights w

2012:

CDF:

Measurement of the difference of CP-violating asymmetries in DO—K*K- and D%—n*n- decays
Measurement of CP-violation asymmetries in D°—»K.n*n-,

Measurements of angular distributions of muons from upsilon meson decays..

Evidence for the charmless annihilation decay mode B.>—»n*n-,

DZero:

Measurement of the Semileptonic Charge Asymmetry using B® meson mixing with the DO detector
Measurement of the Semileptonic Charge Asymmetry using B.>—~D.uX Decays

Observation of a Narrow State Decaying into Y(1S) + vy in pp Collisions at Vs = 1.96 TeV
Measurement of the A,° Lifetime in the Exclusive Decay A,°—J/wA® in pp Collisions

Measurement of the CP-Violating Phase ¢.//¥ ¢ using the Flavor-Tagged Decay B.—J/y ¢ in 8 fb-1

2011:

CDF:
Observation of the =,° baryon
Measurement of CP-vioIating asymmetries in DO—K*K- and D°—n*n- decays at CDF

P PRy B Py e Ry L. -

Measurements of direct CP VIOIdEIﬂg dsymmetrles in charmless decays of strai

m
-0

DZero:
Measurement of the Anomalous Like-Sign Dimuon Charge Asymmetry with 9 fb~! of pp Collisions
Measurement of the Production Fraction Times Branching Fraction f(b—A,) - B(A,—J/y A)
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CP Violation in Like-sign di-muon asymmetry w

vatron initial state CP symmetric

Easier measurement of asymmetries in comparison to LHCb Study dependence from impact
Magnetic field reversal at DO helps keeping tracking asymmetry Earé‘g;ete:jtgoc“angf_Eeft{S't'V'tY
systematics at 10-3 level 0.02 o and B0s contributions

Y ut
VR o
p‘.+/ F}‘\{i ' \X 0 h

Ab = N;__'_ . Nb__

TNt 4+ N 0.02

a AT,
chﬂ;-i-c al; where a ; = &M tan ¢q 68% and 955 C.1.
an L. regions
Ca(s) is the fraction of B4(B.) events in the data sample. are obtained from
-0.04 | {he measurements with
arxiv.org:1106.6308 PRD 84 052007 (2011) " selections
-0.04 -0.02 0 ﬂaﬂﬂ
4
= (—0.787 4 0.172(stat) = 0.093(syst)) %
e Anomalous Dimuon - 3.90 deviation [a_gl = (—0.12 & 0_52)%,]
from SM expectations
e Split the data (blue band, grey band): ag = (—1.81+1.06)%.

CP violation in interference between decays of BOd,s to same final states with /
without mixing reduces significance of observation to =3 s.d.
Gregorio Bernardi / LPNHE-Paris ~ arXiv.org:1303.0175 !



CPV search in B S5J/pK: &
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Charm mixing in DD system
Study of DD mixing at CDF with full data set

: 10°®  CDF Preliminary (L=9.6fb"
8.10° D*+-> D0 - K n* decays with slow & tag T 9’; v
Repeat fits in 20 different time bins Pure C“*’""‘\.
8-nclude B decays
"No mixing o
7F
364+017 06+40 0.18+0.22 2.0 3.77 +0.09 6;
303+019 97+54 -0.22+0.37 3.9 3.53+0.09 o
3524015 7.2+24 -0.09+0.13 9.1 4.25+0.04 4
351+0.35 4.27+430 0.08+0.18 6.1 4.30 +0.06 3t
’2+’2 b b e e e ey
x
R(t/r) = Bp + (t/7) VERoy + (/7)) *—— vz 4 6 5 10
DCS to CF ratio | | Interference | Mixing - —
o
:1 5__ — Belle
' =xcosdx, +ysindx, mEMz—M1 > | LHCD
r : — CDF (9.6 fb™)
Yy = yecosdg, —xeindp, yEI‘22—rI‘1 1l

Two most precise
measurements _
(LHCb and CDF) °°f
are compatible : NN
and overlap inthe OF e ..............
physics region [

Fit Type y* /ndof Parameter Fit Value (103)
Rop 3.51 £0.35
Mixing 16.91/17 vy 43+43
x'? 0.08 £ 0.18
No-mixing 58.75/19 Rs  4.30 £ 0.06

2
Gregorio Bernardi / LPNHE-Paris x2 (1079



2013:

— Bc lifetime in Bc—J/yn decays

— Evidence for A"

— A in B>hh'" decays with full sample
— Search for B, j;—pp with full sample

— BR(B.—J/wé) and fragmentation fractions

— K production associated D.*/D* mesons
— B** decays
— Y cross section and polarization

— Charm production in minimum bias events
— Excited baryons (K., AO) in min. bias evts

>2013:

— Quarkonia (x,, X. fractions, Y+X spectroscopy,
fragmentations in Y events, h, searches,

low mass Drell-Yan and J/y studies)

— Doubly charmed and bottom-charmed baryons

— Multiple heavy flavor production
— Baryon polarization
— Heavy flavor in jets

Gregorio Bernardi / LPNHE-Paris

Heavy Flavor: prospects

2013:

B, lifetime in semileptonic decays

Final dimuon asymmetry paper

B, —J/yf, lifetime and CPV

Search for B, —D, puX decays

Search for direct CPV in B*—J/@K* decays
N,—W(2S)A\, branching ratio

W(2S) — MM cross-section

> 2013:

Exotic states, XYZ

J/wp polarization

di-J/w production

CPV asymmetry in Charm (D%—KuvX)
Search for B.* —J1/yD.*

N\(2S) — M cross-section
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BSM: Search for B° —pp decay

PRD 87, 072006 (2013)

<> FCNC suppressed: BRgy = 3.5x107

> E
. i + data
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BSM: Search for top-pair resonances w

PRL 110, 121802 (2013)

El- —— QObhserved limit '% [© memmmna- CDF expected limit
SR = -------- Expected limit N : mfz?u“ EKP‘?CT-@j x J;'J
é Median expected = lo 5 10k S Median:expected =70
o P Median expected = 20 2"" s CMS _cxpccu:d lirmit
. —— Topcolor Z' {I'/M,=1.2%) 2 arXiv:12094397
=] = ATLAS expected limit .
4 | Eur. Phys.J.C 72,2083, 2012 o A RS
] - [_J 1 — PLA AT
= ®= FE s
&
0 E
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tt events selected in the I+jets channel (3j & >4j categories) requiring at least
one b-tagged jet

» Topcolor model Z" excluded up to 915 GeV @ 95% C.L.

> Best exclusion limit below 700 GeV
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QCD recent highlights D

CDF:
Observation of exclusive yy production in pp-bar collisions at v/s=1.96 TeV,
Study of substructure of high transverse momentum jets produced in ppbar collisions

DZero:

Measurement of the y+c-jet cross section and the ratio y+c and y+b cross sections
Measurement of the pp to W + b + X production cross section at Vs = 1.96 TeV
Measurement of the Differential Cross Section do/dt in Elastic pp Scattering at Vs = 1.96 TeV
Measurement of the Photon + b-Jet Production Differential Cross Section in pp Collisions

2011:

CDF:

Measurement of event shapes in pp-bar collisions at Vs=1.96 TeV

Measurement of the cross section for prompt isolated diphoton production in pp-bar
Diffractive W and Z production at the Fermilab Tevatron (2010)

DZero:

Measurement of the Inclusive Jet Cross Section in pp Coilisions at Vs = 1.96 TeV

High Mass Exclusive Diffractive Dijet Production in pp Collisions at Vs = 1.96 TeV
Measurements of Inclusive W+Jets Production Rates as a Function of Jet Transverse Momentum

Gregorio Bernardi / LPNHE-Paris



vy differential cross sections w

arXiv:hep-ex/1301.4536, submitted to PLB

At Tevatron, produced predominantly through qq annihilation and
gg fusion, with gg—yy important at low di-photon invariant mass
and intermediate p_

:I LI T I LB LI I II T 1 II T I T I T LI ||:
-~ CODF Il Diphoton =

9.5 b

— = 1 ﬁ L « [Data
E e DO, L=851 (a) E - E‘:lgﬂnﬂ Eﬂj'u' DIPHOX c:ﬁmu
g 1ﬂ'"_f\ ; gﬁ?ﬂ?ﬁ = Proliminaey QEEQEEETEQ&M
E ™ — 2yNNLO .a-'”:'z'— e PYTHIAyy#1] E
a f -~~~ RESBOS O e FYTHIAYY 3
~102F eeree DIPHOX r O
E’" - DIPHOX scale uncert, - o]
oS i PDF uncert. Ll
3 10F RunnE
-
kil i
E aprgys 400
| +4|.+ o f..--r-i'
s o= e e
E LU S I Wi BT B I -
r 1ps 05 1 15 2 25 3
® 0.5F Jf a9 (rad)
= In low A¢ region fragmentation
= 0 100 200 300 400 500 ahd higher order contributions
o

M, (GeV) important

QCD@NNLO needed to
describe the data
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W(ev) + jets cross sections w

arXiv:hep-ex/1302.6508, submitted to PRD

New comprehensive study of inclusive W+jets production (40
differential distributions), comparison with most recent MC models
and theoretical calculations, important backgrounds for
electroweak/top/Higgs measurements

t — ||l||||||||IIlI[IIII|IIII||III-II .
. 10F -5 D2, 3.7 b, W(— ev)+ets+X E 15
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£ 25f
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QCD@NLO works well
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Z(ll) + jets cross sections

M, in [66,116] GeV/c?, AR=0.7
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QCD: alpha_s from 3jet/2jet ratio @DZero

a,(Q) from jet and event shape data HS Inclnsveder cross sections inp
022 - e DJ R ‘ T RIS ey
| . AR . —e— Jet production at high Ql
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Soft QCD Physics

Data from short Tevatron energy-scan run @ 300 GeV & 900 GeV
combined with 1.96 TeV data to study underlying event:

Pseudo-Rapidity Distribution: dMN/dr(n -ﬂ}l

15
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In preparation or just submitted

— y+b, y+c production with full sample
— vy production with full sample

— W+light flavor cross section

— Observation of W+c production

2013 and beyond:

— Inclusive y production with full sample

— Double parton interactions

— Double pomeron exchange in exclusive hadron

. production

— Underlying event studies with 3 collision energ.
— y+light flavor production with full sample

— Studies of minimum bias events at 3 collision en.
— Diffraction studies (Bose-Einstein correlations,

.exclusive hadron production, pomerons in jet evts])

Gregorio Bernardi / LPNHE-Paris

QCD: prospects

In preparation or just submitted

— Ratio of Z+b/Z+jet differential cross sections
— Rapidity dependence of A¢ in Dijet events

— Diphoton differential cross sections

— W+jets differential distributions

— Photon+jet triple differential cross section

— Ratios of Z+c/Z+jet & Z+c/Z+Db cross section:

2013 and beyond:

— alpha_s combination from jet measurements
— Single diffraction diff. cross section

— W+c/b differential cross sections

— J/y+]/y cross section

— Double parton (DP) interactions in y+HF+2jets
— Di-b-jet/Dijet mass cross section ratio

— Triple jet differential cross section

— Jet event shapes

— Inclusive jet cross section

— DP interactions in yy+]j - DP in J/w+)/\y events
—v+bb(cc) diff. cross section

— FB asym. In b+bbar(c+cbar) events

19



Top , W, and Higgs

Indirect SM Higgs constraints

March 2012
Recently updated top quark and  ® F 27T rrermo e T r T T
W boson mass measurements [ @ 0% CL by area) M" @012m ™ o x -
from the Tevatron L -
: > 804 K
my, = 80385 + 15 MeV 9 : .
= 80.35 [— -
m, = 173.2+0.9 GeV - -
: H 803 [ —
W W W - ] P 40 T T B R AN
,k aoadlodana 155 160 165 170 175 180 185 190 195
b My (GeV)
The particle discovered at the LHC and seen at
the Tevatron looks like the SM Higgs also from
the indirect point of view.
Tevatron has unique opportunity to check it
20
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Top Mass and cross sections w

oTop mass Tevatron combination Lepton+jets Runll CDF HeH 173.00 £ 0.65 + 1.06 GeV
. . Lepton+jets Runll D@ ho 17494 £ 0.83 £ 1.24 GeV
recently pUb“Shed In PRD (On Lepton+jets Run| CDF HA————— 1761 £ 51 £53 GeV
about half of the statistics), more | ieomes i oo 1 1801 % 36 £39 Gev
precise than latest preliminary Aliets  Runll CDF ot 17247 % 143 £ 140 GeV
LHC Comblnathn (HCP'ZO].Z). A?l]&t& Runl CDF =t 4 H 1860 £10.0 %57 GeV
Dileptons  Runll CDF === 170.28 £ 1.95 £ 313 GeV
Dileptons  Runll D@ == 17400 £ 236 £ 1.44 GeV
TO'D Mass (GEV) Dileptons Runl CDF H i H 1674 £103 +£49 GeV
Dileptons Runl D@ H . H 1684 %123 36 GeV
Tevatron | 1732+ 0.6 £ 0.8 Ejets  Runll CDF +otH 17232 & 1.80 £ 1.82 GeV
LHC 1733 £05+£13 Decay length Runll CDF  k e " 166.90 £ .00 + 2.82 GeV
Tevatron Combination 2012 o 17318 + 0.56 + 0.7% GeV
-New measurements and X’ I dof = 8.3/ 11
combination in preparation weoome w1 Total uncertainty
(2013), with full dataset Mass of the Top Quark [GeV] below 1 GeV!

100%

Moriond update: M,,, = (173.20 + 0.87) GeV -l i i | N | SE——

TO% - |  — | 1 H Statistics

60% Method of mass extraction W
50% Modeling background B
40% Mcdeling signal =

30% Jet energy scale W

= 0.50% precision, more to come

20%
10%

Tevatron top-pair production cross section combina- - S5l S S & == =

tion soon to be released, unique to Tevatron energy &
Gregorio Bernardi / LPNHE-Paris Channels

% of the Total Uncertainty
of the Top Quark Mass
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Expected Top mass precision w

Dzero Top Mass uncertainty (projected and achieved)

: CDF Top Mass Uncertainty Run|l dileptons 9.7 - £1.9 GeV
(all channels combined) (projected) .
10 — Run |l leptontjets o.7 b HH £1.1GeV
. (projected)
- - -1 -1
v f 1707 2fo7 ST 10 fb Runll allits o7 HH £1.7 GeV
>t 3 4 } ‘ (projected)
© r ¥
% i Runll dileptons 53" =@ 173.9 £2.5 GeV
% 1 (neutrino weighting, matrix elements)
< [ ¥  CDFResults Run Il lepton+jets 361 HoH 1749 £1.5 GeV
i N Run lla LJ goal (TDR 1996)
- A[stat) scales as 1NL, A(syst) fixed
TP Aftotal) scales as 1NL Tevatron combination e 173.2 £0.9 GeV
| remmeee AMJM, = 1GeV/c?
11 | | 1 | 111 11 | 1 | 1 L 1111 | 1 I L | 1 I 1
10? 10° 10* 160 170 180

Integrated Luminosity (pb™)

Top Quark Mass [GeV]

With the improvements achieved or planned at CDF (~30% in b-tagged
dilepton channel, 20 and 27% in lepton and MET+jet channels, 10% in all
jets) and at Dzero (~30% in dilepton and lepton+jets, and a new result in
all jets) we expect a ~20% improvement in the new Tevatron combination,

from 0.9 GeV (2011) down to 0.7 GeV with the full sample
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Top physics recent highlights w

2012:

Combination of the top-quark mass measurements from the Tevatron collider
. Combination of CDF and DO measurements of the W boson helicity in top quark decays,
CDF:
Measurements of the top-quark mass and the tt-bar cross section in the hadronic T+jets channel
Precision top-quark mass measurements at CDF
Measurement of the top quark mass in the all-hadronic mode at CDF

DZero:

Measurement of Leptonic Asymmetries and Top Quark Polarization in tt Production
Measurement of the Top Quark Mass in pp Collisions using Events with Two Leptons
Improved Determination of the Width of the Top Quark

Evidence for Spin Correlation in tt Production

2011
CDF:

Evidence for a mass dependent forward-backward asymmetry in top quark pair production
. Search for a very light CP-odd Higgs boson in top quark decays from p-anti-p coliisions
DZero:

Forward-Backward Asymmetry in Top Quark-Antiquark Production

Measurements of Single Top Quark Production Cross Sections and |V,,| in pp Collisions

Gregorio Bernardi / LPNHE-Paris 23



.
~1 ||

@ In the SM, this effect only happens for ¢g initial states
@ SM predicts no asymmetry at LO in QCD, and a small asymmetry at NLO

q t q t

\ﬂ " Effects at LHC are “diluted”
A" by a factor ~10, >more

g — y '

T ~ difficult to measure

q t q t

CDF dil (5.1 fb") } .
Combination of measured asymmetries DO I+ (5.4 fb) —p—
is ~3.30 from NLO QCD+EWK predictior «— A = 18.7£3.7%

CDF 1+j (8.7 fb) ——
kinematics dependence under study\

o .
(invariant mass dependence) NLO QCD+EWK | —re

24
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Leptonic Az in tt—l+jets decays w

0.5
— ALPGEN  —— OctetA —— OctetR 03— POWHEG + r+jetsData  —— Fit.A@y,)
04— POWHEG —— OctetL  uuu |gy|=1.25 | Uncertainties: *1c(stat. +sys.) W +1o(stat.)
Generator-Level . CDF Run Il Preliminary [£ =9.4/fb
. . 0.2 L
+ —
- 0.1 - | —
o B ————
0.0 ——1
-0.1 ‘
0670 0.5 10 15 2.0 25 30 %60 02 0.4 0.6 0.8 1.0 12
lay,| [ayel

Partially correlated with Ag(tt) (if tt production polarized), essentially free of
event reconstruction uncertainties

> Measured total Arg®® = 0.094 + 0.032, % 0.029,

> SM@NLO Agg'*P = 0.036 CDF public note 10975
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PRD 87, 011103(R) (2013)

—1 T ] T T T T 7 T T T T T T T T T T T T

L B ™ L I B ]
200 D@ L=5.4fb —— Data . 150 D@ L=5.4fb" —— Data 5
(o B ; ' B :

12 i Il Background 2 100} Il Background

- I i - . -

Q 100} % i

i i L] i

; 50
50} i
. 0— 2 0 2 4
Qxn AM

» Measured total Ag'®® = 0.058 + 0.051,,, + 0.013

syst

» Combined with DZero lepton+ijets result, Aig'®? = 0.112 £ 0.032

> SM@NLO A = 0.047

Results in all channels on full statistics from CDF and DO soon available

Gregorio Bernardi / LPNHE-Paris

Leptonic A in tt—dilepton decays w
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Expected s-channel single top significance

TeV: 1.04+0.06 pb 2.1+=0.1 pb 0.1 pb
LHC8: 5.6+0.2pb 87+3 pb 22+2 pb
9 : t q —q’
>_ W < >
q B b t
Kidonakis, MSTW2008, NNLO approximation, for m =173 GeV
o °F
o . D@ Runll
g 7: 8 2.3fb':observed — 3o line
o — o . — 2.3 fb™ expected — 10"
Difficult channel at LHC (dq annihilation) § .- ® 5417 observed
Important channel since BSM effects may H < — 2 priori projection
manifest differently in s and t channel @ F i projection .
) - -
£ 3f
© =
S 20
w
S
= A R R DR R

g 10 12
* * f f — ‘Luminosity [fb
We expect ~40 s-channel significance from CDF and Dzero separatelyl"m"mI yltb~]

(combining lepton+jets and MET+jets decay modes using full data sample)

QQ
N
S
(=1]

With Tevatron combination a 50 significance (observation) is within reach
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Top physics: prospects

In preparation or just submitted In preparation or just submitted

— Top charge in |+jets channel with full sample
— Top mass in MET+jets channel

— Top pair cross section in dilepton channel

— BR(t—>WDb)/BR(t—>Wq) in |+jets channel

— Top pair cross section in e/u+T channel

— Top mass in dilepton channel (palitz-Goldstein method) 2013 and beyond
— Top pair cross section Tevatron combination

- FB asymmetry in dilepton channel
— Top pair cross section Tevatron combi.

- differential ttbar cross sections
- inclusive cross section

2013 and beyond: - I+jets ME top mass
_ _ _ _ - s-channel single top
— Top pair differential cross sections in |+jets - top charge
— Agg in dilepton channel - all-jets top mass
— Agg in high-p; bottom pairs - ttbar spin correlations
— Spin correlations/top polarization in dileptons — Combinations (Mg, Oy, Ars, Single top)

— Top charge in dilepton channel

— Single top x-section in |+jets channel & MET+jets
— BR(t—>WDb)/BR(t—Wq) in dilepton channel

— Top mass in dilepton channel (¢ -weighting method)
— Top mass in all-jets channel

— Top pair cross section in [+jets channel

— Combinations (M, Oy, Ags, Single top)
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Electroweak physics recent highlights w

2012:

CDF:

Precise measurement of the W-boson mass with the CDF II detector
Measurement of ZZ production in leptonic final states at Vs of 1.96 TeV at CDF
Search for the rare radiative decay W—ny in pp-bar collisions at vs=1.96 TeV

DZero:

Limits on anomalous trilinear gauge boson complings from WW, WZ and Wy production
Measurement of the WZ and ZZ Production Cross Sections using Leptonic Final States
Measurements of WW and WZ Production in W+jets Final States in pp Collisions
Measurement of the W Boson Mass with the D@ Detector

2011:

CDF:
First measurement of the angular coefficients of Drell-Yan e*e~ pairs in the Z mass region
Limits on anomalous trilinear gauge couplings in Zy events from pp-bar collisions at Vs=1.96 TeV

DZero:
Wy Production and Limits on Anomalous WWy Couplings in pp Collisions at v's = 1.96 TeV

Measurement of the sin?0'; and Z-Light Quark Couplings using the FB Charge Asymmetry in pp—Z/y*—e*e-
Measurement of the ZZ Production Cross Section in pp Collisions at Vs = 1.96 TeV
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(a) D086 T - Data (e'e’)

10°} . wwit
[ Dijet/W+jet
104 zzwz

Bz

1
1.6

o 14 Syst. uncertainty

= 1.2

P 1 e Tagerr,, LU S PR ¥ +++ + 11

gn.e Sea g TTRT L T
0.6 UiF
04060 80 100 120 140 160 180 200

M, (GeV)
(b) D0 8.6 fb™

"+ Data ()
l wwitt

[ Dijet/W+jet
zzwz
mz-

1
1.6
o 14 Syst. uncertainty
S 12
= 1 wwmw-*-www" *?LT#
& os {1
0.6
04660 80 100 120 140 160 180 200

PRD 85, 112005 (2012)

olpp— Z7) = 1.32F

-0.

0.29
0.25

R N R
\ s 1 Qé TeV
MCFM MSTW2008 - - 3.21+ 0.19
CDF, 1.1 fb" e
v = 507,
Do, 4.1 b 106
mv — 3.90 0
Do, 8.6 tb™
eeev R amm— 40 +156
eeuv [ — 3.04 111131
1.32
—.—
up ev 501
. +1.26
puuy —_— 4.72° .28
v — 4.507 50
L1l I L1l | L1l I L1l I 11 | | Ll I 11 | 1 I 11 |
0 2 4 6
a(pp — WZ) (pb)

0.3 1(Total)

28

CDF: ZZ-llll: counting experiment; ZZ—llvv: NN fit

o(pp — ZZ) = 1.38 £ 0.19(stat.)

Next step: combine CDF/D0 measurements = Legacy

Gregorio Bernardi / LPNHE-Paris

+0.20
—0.19

(syst.) pb = 1.38%

0.28
0.27

pb

WZ & ZZ cross sections

T ] T T T T T T T | T | T T I T T T
Ns=1 .56 TeV
MCFM MSTW2008 & 130+ 0.10
CDF, 1.9 fb" .

N
iif and fivv —_— 1475
CDF, 6.0 fb" i
1 and Hvy _— 1647,
Do, 2.7 b
livv —_— 2.01+0.97
Do, 6.4 tb™'

1 +0.52
1 _ 1.30 ;o0
Do, 8.6 fb™ o3
eevv —_— 098" 050

e +0.79
vy —e—— 2527
fvy B — 16470

| | I | | L | I 1 1 1 1 | 1 | | 1 | 1 1 | 1 I | 1 |

0 2 4
o(pp — 22) (pb)

-WZ-IvIl & ZZ—llvv: measured relative to Z—ll, then normalized to theory

- DZero Combining ZZ—llvv with just submitted ZZ—1l1(9.8 fb1):
(stat) £0.12 (syst) £ 0.04 (luml) pb

CDFRunHPre\lminary Ldt=9.7fo"'
‘!‘:‘60 T T T T T | T
= [ * Data
140
~ | | |smzz
20~ SHE .
E, : B Fakes
© n
doof .
£ [
=] 22
@ ool ]
Eso:
[ *
a0 .
20 | L |
%0

100
M, leading P, Z [GeV/c’]

i B BN
120 140 160

30



WWZ & WWy anomalous couplings w
PLB 718, 451 (2012)

I—VWW v ﬂv
uv uv + vp . _ _ Z _ _ _
IgVWW—glcNWW”V WWW )+KVWWV +|\/|V2VWP”WVHV SM: A _ZZ =0 o _Ky_KZ =1
e e . _ . Z _ N2
Dww =€ Gzww =—ecotf, i :W@_+Ky+,17) C =W(ﬂy _K;/) ATGC: AK'V = KV 1 Agl = gl 1
w w
0.15
5 10t @ DO, L=43f" +Daa £ 35~ (b) DO, L=38.6fb" +Daa = 7F DB.L=070-86f" O Standard Model
o C nimum
E ..... A=0.1 EW/Z+HL @ - E‘g‘? 0.1 () =—95% Contour
LE 103 I Top .. LE %% Uncert. 0.05-
[JMultijets |~ <V, | [l . A =-0.05, i
#% Uncert. A glZ =-0.06 =
U
10 -
ol 0 DT R T e EU Bl teo I [y pemmeezatich
p”(GeV) ol (GeV) 03 02 01 0 01 0203 04
Ax
O D@, L=070-8.6fb"' O Stand ;Mdl % 0P D3 1=070-86M" o Stand delV
. . ,L=0.70 - 8. - ar ode = , L=U0U./0 - 0. O Standar ode
WW+WZ—lvjj 4 sask ® Minimum < 02E g ® Minimum
WW—Iv . © —95% Contour - —95% Contour
—> VIV o1k 68% Contour 0.15 68% Contour
B 0.1
WZs vl ok o
Wy—lvy o B .
A= 2 TeV . 05— o
-0.05F |EP parameterization -0.05F- LEP paramctcnzatlon
PR [T TR T NN N S TN AN TN SN TN T TN SR TN NN TN ST TR T SR SO T N E= 1 PSR S TN T ST N S T N N N S
-0.06 -004 -002 0 0.02 0.04 0.06 03 -0 2 —0 1 0 0.1 0.2 0.3 0.4

A Ax,
LEP: Ak, =0.04877¢ Ag/ =0.022705 A=0.0077%3, a4 =2.012705 e/2M,,  q, =-0.995700 e/ My,

Equal couplings: Ax =0.037"00s: A =0.008"700 u, =2.016700e/2M,, q, =-1.00970"e/M}
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sin?0,, (or M,,)

PRL 106, 241801 (2011) W _1_sin%Q
¢ 2 W
CDF public note 10952 7
80.4 E TeV+LEP2: direct M,, LEP1: All Z pole | .23153 + .00016 TeV/ILEP2 - 80385 + 15
< LEP1: light hadrons o
0 2320+ .0021
E LEP1/SLD/m, -e- 80365 = 20
— 80 3 .............. a1l DO: D-Y Afb Py
23 2309 .0010
CDF Il Prelimina CDF:D-YA, —e— 80297 £ 55
0.110 £ 0.008, L=r¥.1 fb™! CDF:D-YA, ——— CDF I Preliminary
PRL 106, 241801 (2011) 2328+ 0010
CDF Il Preliminary
L A P [
L1111 | | I | | R O I |I | I | | | O I | L1111 111 | 111 | 111 | 111 | L1 1 1 | 111
011_ 012 013 0.226 0.228 0.2 0.232 0.234 8u000 80100 80200 80300 80400 80500 80600
A Sin?0 W boson mass (MeV/c?)

<~ Measured A, (V-A interference) from cos@ term of the angular
distribution of e*e~ pairs with M., in [66,116] GeV/c?

< Derived sin?6'°? and M, from A, and ResBos prediction
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Electroweak physics: prospects

2013:

— WH+jets differential cross sections with full sample (CDF)
— Search for Z—yy with full sample (CDF)

— W Charge asymmetry (DO)

— Z boson angular coefficients (DO)

— Z boson Forward-Backwards Asymmetry (DO)

— Z boson rapidity (D0)

>2013:

— W mass with full sample

— W width with full sample

— W mass Tevatron combination

— W mass with forward electrons (DO)

— Search for rare decays (Z—J/wy, W—ny) with full sample (CDF)

33
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Expected W mass precision

f:. it =221t
> 15000] ™ | T | ]
E L g \ 50 ]
; .}_: My, = (80348 = 18, ) MeV *CDF :
E | ..+.' %- 0 ID[I __
§ 10000 ; y2/dof = 54 /62 = -
e - ; i
/ | W30 .
P : g Run2(e)
i i o _
=_‘ " 0 Run2 (g+u) |
5000— L : X B
1 S i
[ 1] -
- | : | E
% 4ﬂ ﬂ | L | | |- "]3 | L L Ll 1[}4
Integrated Luminosity (/ph)
Assumptions:

— The red curve starts from the 200 pb! total uncertainty and scales all
uncertainties (except the theoretical ones) down as VL
— The theory blue line is from the most recent analysis:
— 4 MeV from QED and 10 MeV from PDFs

it is expected to go down, and is lower for forward leptons
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W-mass projected systematic uncertainties

CDF projected uncertainties (MeV) DZero projected uncertainties (MeV)
¥ Source Published Projection Projection
Soure R — | Powesen ) P
- .ﬂmu.lm .U\ o reduchion (Unit in MeV) 43 for 10 fbt 10 fbt
Lepton energy scak 23 ] 3 » in BC-NBC and cc cc CC+EC
i . QED/energy loss Statistical 13 0 8
Lepton energy resolution . ! ! incertaintes ——

. J lectron energy scale 1s 11 10
REW”EHEFQ{ Sk d 4 ! , Assume the same scaling}  Etectron enerpy . . )
Lepton removal 6 ) | Sk iy _ _ h

ectron energy 4 - -
nonlinearity - -
Batkgmmdb 6 3 2 d and Z electron energy 1 ~ -

; Ao 1/ J 1 conling loss differences = =

pT(W) model i ) .  Asume IV Lsealng 1 g ot model 5 3 2

. - Assume 50% reduction f Glectron efficiencies 1 1 1

PDEs 1 1 ! - in PO uncertainty Backgrounds 2 2 2

ED rditon 0 | | s deanegep [omsmom L0 1w .

OrEtICcal 5§51,

Total systematics M I3 B o . ) ;

W 513[i5['u:5 bt 12 t’ — Assume 1/ VL sealing Boson pT 2 2 3

Theo. Syst. Subtotal 13 12 6

T"‘tﬂ] 4H ] q » ]-[] Systematic total 22 17 13
Total % |Ep D EY  15)

Limiting factors: 1), PDFs (and QED)

l
2), BC-NBC difference Electron channel only
3). QED/energy loss modeling
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W-mass : how far can we go? w

= BD-E‘ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1
- B | I | I Bl ]
\ ] = 68% and 85% CL fit contours mjir Tovatron avarags = -
[f we use the measured mass of the ) [ ™ oM, and m, messursments 7
) . i ; z " . -
Tiggs-like boson to constrain the W = 805 F o e ]
boson mass based on SM, we get: [ M, world averags = 1o 7

80.4 .
mw = 80.359 = 0.011 GeV - ' ]
80.35 — —
Comparing with the current world sk s ]
average directly measured value: r .
- - - T B | n
mw = 80.385 = 0.015 GeV 8025 [ 5" I
_-"i.. [ | I T N | -1'-.'| 11 :".ri I T T R B R ]
140 150 160 170 180 190 200

m, [GeV]

With a world average around 10 MeV dominated
by the Tevatron, and no change in central values,
test direct and indirect Higgs mass values.

test SM consistency

vVviam. m. M.
W top Higgs

at > 2 sigma level
N

Significant anomaly could be detected if central
value would slightly move apart, while
reducing uncertainties .

Currently we have good agreement !!!
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. . Channel Luminosity mpg range
Combination: wis (fb=1)  (QeV/c?)
arXiv: hep_ WH — £vbb 2-jet channels 4x(5 b-tag categories) 9.45 90-150

WH — fvbb 3-jet channels  3x(2 b-tag categories) 9.45 90-150
ex/1303.63416; ZH — vibb (3 b-tag categories) ] 9.45 90-150

i ZH — £Y€7bb 2-jet channels 2x (4 b-tag categories) H — bb 9.45 90-150
submitted to Phys ZH — £747bb 3-jet channels 2x (4 b-tag categories) 9.45 90-150
Rev. D WH + ZH — jjbb (2 b-tag categories) 0.45  100-150

ttH — WHbW bbb (4 jets,5 jets,>6 jets)x (5 b-tag categories) 9.45 100-150
H WIW- 2x(0 jets)12x (1 jet) L1 (>2 jets)+1x (low-rmez) 9.7 110-200
H—W*W~™  (e-Thaa)+(k-Thaa) 9.7 130-200
WH - WWTW~—  (same-sign leptons)+(tri-leptons) H-WTW- 9.7 110-200
WH - WWTW™  (tri-leptons with 1 Thaa) 9.7 130-200
ZH — ZWTW~  (tri-leptons with 1 jet,>2 jets) 9.7 110-200
H— 1t~ (1 jet)+(>2 jets) H—7trr™ 6.0 100-150
H— vy 1x(0 jet)+1x(>1 jet)+3x(all jets) H — vy 10.0 100-150
H — ZZ  (four leptons) H—ZZ 9.7 120-200
All SM channels
Sed rChed Channel Luminosity my range
,_ (M) (Gev/c)
WH — fubb (4 b-tag categories)x (2 jets, 3 jets) 9.7 90-150
ZH — vibb (2 b-tag categories) H —bb 9.5 100-150
ZH — £t0-bb (2 b-tag categories)x (4 lepton categories) 9.7 90-150
Full luminosity used in E=WTW- = &ufFv (0 jets,1 jet,>2 jets) 9.7 115200
! H+ X ->WW~ - pFvrs v 7.3 115-200
aImOSt a” Channels H— WtW~ — £fujj (2 b-tag categories) X (2 jets, 3 jets) H— W 9.7 100-200
VH - etpt + X - 9.7 100-200
VH — i+ X 9.7 100-200
VH — ¢ojjjj (>4 jets) 9.7 100-200
VH — ThaqThaapt + X 4 8.6 100-150
H+ X077 jj A= 9.7 105-150
H — vy 9.6 100-150

=7

Gregorio Bernardi / LPNHE-Paris 37



« Tevatron Run Il (2002 - 2011, 2 TeV):
- First post-LEP 95%CL exclusion (july 2009)
- First evidence of a Higgs-like particle decaying to a pair of b-quarks (July 2012)

« LHC (2011 -2012, 7 -8 TeV):
- Excluded wide mass range (111 — 122 GeV and 127 — 600 GeV)
- Discovered the new Hiqggs-like boson mainly through vv and ZZ decays (July 2012)

j. IO_— T T T T T T T T T T Ir‘l'_ m 1 [ 1 s
s + ATLAS 2011-2012 Ext 2 B I
— - > o ~ =
T | ws=TTev: [Lat-agap’ [Jt2o a 1027 v \\W L7 T
5 | \s=8TeV: [Ldl-5859m' — Observed i g \\\7/
| ----- Bkg. Expected o 10" - =p
&) - AT d —
o RN\ 10° " \/ .
ﬁ) - Ao 750
[o>] F
LI o Il i . 756
1 | —H-w .
10’107— -2z * |
10° CL, L|m|ts — i B
1o 80 e ate a0 506 B . W —— i
m, [GeV] 10 5 120 128 130 135 40 145

my, (GeV)

o LHC (“full 2011-2012 dataset”):
- Since July 2012 progress in each channel, Observation confirmed in bosonic channel
- ATLAS: m, = =1255+ 0.2 (q’ra’r\ + (0.6 (qvq\ GeV, CMS: m, = =1258 + 04 (q’ra’r\ + 04 ( )(‘e\_/

_— &= Wi

- H->bb, W|th ~18 fb! : data def|C|t at Atlas and ~2.2 G excess at CMS
- strong indications (2.9 o)of fermionic decays at LHC from CMS H->1z (full stat) but low ATLAS

signal (1.1c0, 1.7c expected, 18fb-1)
= While it “is” a Higgs boson, the fermionic decays are not yet firmly established.
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Higgs Production and Decay at the Tevatron w

9 10 ' ]
g - Production “High” mass (my,> 135 GeV) dominant decay:
IS, 99— :
g HoWWY gg > H-o>WW — /vy’
S 0.1p W
v N
£ t
ks | | | . g l W
100 120 140 160 180 200
my (GeV/c?) Low mass (my < 135 GeV) dominant decay:
g —— _ _
g Decay { |H —bb b jet WH — /1bb
§ H/ND Jet T
o1 q ZH—/"0bb
’ A 'ep‘°“ ZH —>vvbb
10-2f Iepton
use associated production modes to get better S/B
10_3;?/ fﬁ . \\ | These are the main search channels, but there is an

00 Rl 1:10 {;Ewca 200 extensive program of measurements in other
H

channels to extend the sensitivity to a SM Higgs
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Cross section*BR measurement for WH/ZH with H->bb w

€ gop [ TevatonRunll, L, <10fb" === Measured
= - SM H—bb {:nmbmatlﬂn [ +1sd.
3 c00 | B Predicted [] +2s.d.
= L Expected if m,=125 GeV/c® (g,x1.5)
(a1 - .
* 400 | =un  Expected if m, =125 GeV/c” (g,x1.0)
FZE B
E 300 :
R
=) [
200 |
100 |

9 100 110 120 130 140 150
m,, (GeVic?)

=

(owpy +0z5) x B(H — bb) =0.19 +0.09 (stat + syst) pb

SM Higgs @ 125 GeV: 0.12 + 0.01 pb
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Full Tevatron combination w

—r
o

G| Dbserved Tevatron Run II, L <10 fb”
= [ e Expected w/o Higgs evatron L!n v int =

E [ P Expected +1 s.d. SM Higgs combination
- | | Expected +2 s.d.

] *  Expected if m, =125 GeV/c®

)

~0

L)

(8]

700 120 140 160 180 200
m,, (GeV/c?)
Significant excess, 2-3 sigma for 1155140 GeV

« Expected exclusion: 90 < m, < 121 GeV, 140< m, < 184 GeV

Observed exclusion: 90 < m, < 107 GeV, 149 < m, < 182 GeV
« 95% CL limit at my=125 GeV: 1.09xSM (expected), 2.49xSM (observed)
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Quantifying the signal: Best Fit Signal Rate w

4 r
E " Tevatron Run Il, L, , <10 fo'  SM Higgs combination
©3.5 | = Observed | ) 204l )
 oi1sd Expected ff m,=125 GeW:z (o,x1.5) % . : b) Tevatron Runll,L <10fo m, = 125 GeVic?
3 - ioeg Expected if m =125 GeV/c® (o, x1.0) 2 i — Combined
: .'é\ 06 B LELLLNY = Y ﬁ
25 [ E B
i E —-H>WW
2 g_O.4 = Ho1T
; . A Ho 1y
15 .% 2
: 5 02 N
1 : g : \f.\
05 | e e
L 0 2 4 6 8 10 12 14
d | | (6 % Br)/SM
0 100 120 140 160 180 200
my, {GEV}FGE] Tevatron Run II, L, <10 fb’'

m,, = 125 GeV/c?

|| combined (68% C.L.)

« Maximum likelihood fit to data with signal
rate as free parameter.

— —{ll— Single channel

- Best-fit signal rate at m, =125 GeV: H=vy - -

A myg (GeV/c?) 125
|og, =1.44+0.59 A el
Ot/ Ogy =145 V. ) Ro(H - WHW=) 091705
H% T+fc T +0.69
. . i Rg(H — bb) 159705
Consistent with SM Higgs. _ | Rl = 7) 5074
VH— Vbb Ree(H — Hr7) 1.68%3-38

Reasonably consistent across channels.

1 |
6 8
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Probing Higgs Boson Couplings w

« Several production and decay mechanisms contribute to signal rates per channel
=> interpretation is difficult
« A better option: measure deviations of couplings from the SM prediction (arXiv:1209.0040).
Basic assumptions:
 there is only one underlying state at my~125 GeV,
it has negligible width,
« itis a CP-even scalar (only allow for modification of coupling strengths, leaving the
Lorentz structure of the interaction untouched).
Additional assumption made in this study:
« no additional invisible or undetected Higgs decay modes.

« Under these assumptions all production cross sections and branching ratios can be
expressed in terms of a few common multiplicative factors to the SM Higgs couplings.
Examples:

2_.2
K Ky,

c(gg —»> H)BR(H >WW) =0,(99 > H)BR,, (H >WW)

2

[}
m

K
2

o(WH)BR(H — bb) = o, (WH)BR,, (H — bb) Xw’s

2
H

x, = f(x,x,,M,)
x, =1'(x,x,,kx.,x,,k,,M)
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N

. | With simplest scenario of measuring one coupling o
deviation at a time assuming SM values for the others,
results consistent with SM

- When both k,, and k, vary independently =>
- K¢ integrated over
- Best fit: (ky, k,) = (1.25,£0.90)

« The point (k, K,) = (0, 0) corresponds to NO Higgs
boson production or decay in the most sensitive search
modes at the Tevatron and is not included within the
95% C.L. region due to the significant excess of events
in the SM Higgs boson searches @ 125 GeV

. Probing Higgs Boson Couplings (I)

[ Tevatron Run I, L_ <10 b’
3 [ . Local maxima A SM
[ [ 68 C.L. . |95% C.L.
2+ K; floating
1
0 =
-
_2 i 1 1 1 1 | 1 | 1 | 1 1
0 0.5 1 1.5 2 2.5
Kw

Probe SU(2), custodial symmetry by measuring the ratio A=K, /K,

Measure 6,,, =tan"(k,/k,)=tan"'(1/A,,,)

—
&)

Q+0 21 N\

n —N £Q+40.21 A

|
—
N
AN

-0.42

Posterior probability density
o
(8]

o
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—
T

I~ ===+ Best Fit
[ Wlss%cL
- [ ]95% CL
| — SM=m/4

OFIII

Tevatron Run I, le <10fb"

K; floating

0.5 1 1.5
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Probing Higgs Boson Couplings (II) w

« Measure simultaneously k, and k; (assuming A,z=1).

* o[ TevatonRunll, L <10
« Asymmetry comes from the excess in H — yy P sl Inesms A SM
| [eswcC.L | 95%C.L.
« TWO minima: 4r -
(ky K:)=(1.05,-2.40) and :
(k, k) = (1.05, 2.30) of ‘
" A

« The integral of the posterior density 0
in the (+,+) quadrant is 26% of the
total, while the remaining 74% of

the integral of the posterior density
is contained within the (+,—) quadrant i
4 |-
« Good consistency with SM [
0 0.5 1 1.5 2
Ky
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« Latest Tevatron results based on full Run II dataset in all
major search channels are now submitted to PRD.

« Previously published evidence for WX/ZX production with
X-=>bb, where X is consistent with a SM Higgs boson of
125 GeV, as the newly discovered particle by ATLAS & CMS
is so far the only evidence for fermionic decays of the Higgs

« The H->bb channel is unlikely to be seen at the 5 sigma
level before the 2015 LHC Run, except maybe through
combination of all results available (Tevatron and LHC)

« Signal strenghts in 4 decay channels, and results on Higgs
couplings to fermions, W & Z, are consistent with the SM.

« Despite the impressive progress on Higgs physics at LHC,
the Tevatron has still some valuable information to provide
(spin-parity results under preparation, targetting LHCP).

Gregorio Bernardi / LPNHE-Paris

Higgs Summary and Outlook

H— vy
H— W'W
H— t*t

VH— Vbb

Tevatron Run II, L, <10 fb™
my, = 125 GeV/c?

[ combined (68% C.L.)

—ll— Single channel

— =
| | | | | | | |
3 45 6 7 8 9 10
Best Fit (¢ x Br)/SM
r TevatronRun I, L <10 fb"
I e Local maxima A SM
L M es%C.L. 195% C.L.
Az =1
[ T
5 .
| 1 I | | 1 1 I L | 1
0 0.5 1 1.5 2
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Future w

Priorities: Tevatron-relevant measurements with full luminosity,
including combinations of results (CDF + DO and
LHC + Tevatron, when appropriate)

BSM: Relevant searches where triggers/backgrounds
favor Tevatron vs. LHC

SM: Exhaust precision limits of legacy measurements

Flavor:  Exploit advantage in production with CP-invariant

inirial ckata
IN1TICICA]l OLQILlU
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Conclusions w

The CDF and Dzero collaboration keep producing milestones results
and are exploiting this unique 10 fb! proton-antiproton dataset,
with optimized reconstruction, simulation and analysis methods

Major results are world best (Top mass, W mass, H->bb significance) ,
often with only a subset of the full Data sample, progress in front of us.

Anomalies (Top Afb, Dimuon Asymmetry..) uniquely studied at the Tevatron
need final results on complete dataset

Looking forward, there are several important achievements to be realized,
including for each collaboration ~50 publications and ~40 theses.

We are writing the legacy of the Tevatron, and contributing to answer
several open questions of high energy physics
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CDF Milestone papers to come w

— Photon production (y inclusive, y +light or heavy flavor, v v)
— Diffraction studies at 3 collision energies (300, 900, 1960 GeV)
— Double parton interactions

- Heavy Flavor
— CP violation in the charm sector (D*, D, A )
_ BR(B>hh)

- Top
— Forward-backward asymmetry, differential cross sections
— Single top observation in s-channel combining |+j and v+j decay modes
— M,,p, With all data in all decay modes (all-jets, |+jets, v+jets, II)
— Combinations (CDF, Tevatron)

 Electroweak
— W+jets differential cross sections
— 0,y with all data
— M, with all data, combination (Tevatron)

- Higgs

— Couplings, spin and parity determination, combinations (CDF, Tevatron)
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A Dzero Milestone papers to come w

— di-b-jet/di-jet cross section ratio
— V+Heavy flavor differential measurements
— Double parton interactions
— Jet event shapes
e B Physics
— Final dimuon asymmetry measurement (DO)
— Search for direct CPV in B* 2j/Psi K*
e Top
— Mass with full dataset (Tevatron combination)
— Forward-Backward asymmetry (combination of leptons and |+jets, Tevatron comb)
— Observation of single top s-channel (Tevatron combination)

e Electroweak

— Forward-backward aymmetries (PDF constraints, 6,,)

— W mass (~10 MeV precision), tests of the Standard Model (Tevatron combination)
e Higgs

— Measurement of Hbb couplings, determination of Spin-Parity

— Tevatron combinations 51
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ZZ cross section

CDF public note 10957

CDF Fun 1l Preliminary J- Ldt=97f"
T T T T T T T T T

60— T T T L T CDF Run Il ereliminary December 2012
L cData | 3 FTTTTTT L e TE U L R Y
8 a0l 2 . J-L dt=9.7 B W jets — ks &EZEU{IL%ataset 12 1.38+0.19 +,%4
N | | |sSmzz ] @ . Wy . zz Cor e 12 . 1.48 10344017
%20 - B Fakes E D" 4 eplons 12 0.99 +048 4011
EOD _ B ‘(}L[if;fzoomg;ned 11 I 1.76 032 4056
E_SOE EERERE ] (CLEFS‘ﬁ I?é_);;ms .2.18tﬁ‘2§t0.30
=" 1.32 5580
ﬁ_g;_’g"f’ﬁ P 0.51
60 _—* = ?L():té:?{r)nﬁig)ed 11 . 1.40 tg:§t0.14
a0 - E D0 ¢ tore 1.26 124710.14
L : o - ::' ; ; ; ; : ; ; ; CDF 4 lepjons 1.56 tg:ggiOES
23_| o L s e oy ey sy ] - |+ ke . : _|_+ +| _{_ o |+1 : IJ_ -I. (L=4.81b ) @ oo
0 40 60 80 100 120 140 160 B e e CDF (4 leptons + livv) 1.40 1740
M, leading PTZ [GeV/c?] BT - _J;' ' !; ! ;_! ! o} T (L=1.91) @ o
u : : e ] : — ‘[)L(i(;l._lreﬁ}q)ns + Ivv) ° 1.60+0.63 £,
| | | | | |
" I l . " i 0 0.5 1 1.5 2 25 3
ZZ-llll: counting experiment; ZZ—llvv: NN fit o ot
— 0.45 0.11 0.45
> ZZ%”” o(pp — ZZ) = 0.99:0_35(Stat.):0_07(Sy5t.) pb = 0.99:0_35 pb
> 77>llvv o(pp — ZZ) = 1.48%% (stat.) = 0.17(syst.) pb = 1.48*%%, pb
H — 0.20 0.28
> Com b | ned o(pp — ZZ) = 1.38 + 0.19(stat.) "o (syst.) pb = 1.38" %7 pb
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