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The Tevatron accelerator
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Tevatron Legacy:

% proton -anti-proton data at

S -~ /S =1.96 TeV still interesting
: ‘5‘3& for EWK, QCD, Top
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Low momentum D*
= Current measurement meson prOduCtion Cross

= CDF 2003 PRL 91,241804

— FONLL: M. Cacciari et al. SeCtiOn,
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Extend experimental pp
measurement down to 1.5 GeV/c?
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Inclusive Prompt Photon Cross Section
arXiv:1703.00599 (Sub. Phys. Rev. D-RQ

QCD tests via Parton Distribution Function (PDF) probe

Environment where New Physics can manifest itself
0 110<Ex(GeV)<130

Events/0.1

Signal fraction extracted
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CDF y + X data, L = 9.5 fb

+ Observed signal fraction

Systematic uncertainty

—4— CDF y+ X data, L=9.5fb"

E::] Signal MC

[ Background MC

01 02 03 04 05 06 07 08 09
Photon ID ANN

Signal separated by the QCD
background with Artificial Neural
Network by fitting data in E| bin
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CDF detector simulation

Particle Level

Predictions at particle level can be
compared directly to data measurement.

PYTHIA i1s used to unfold the measurement to
be compared to theory




Comparison with theoretical predictions

—+— CDF y+X data, L = 9.5 fb”
[ ] Systematic uncertainty

PYTHIA 6.216

SHERPA 1.4.1

MCFM 6.8
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Data points centered to 1
Lines: Data/Model ratio
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E| Differential Cross Section
compared to

* Total uncertainty dominated by the
uncertainty on ANN template

MCFM 6.8

(corrected for UE contributions)
MCFM Scale uncertainty
u=0.5E_ and p=2E]
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p beam

Measurement of t£ Asymmetries

> /<

q
anti-top

SM predictions at NLO, A¢,~10%

See Boris Tuchming talk this morning

CDF lepton-+jets, 9.4 fb™
CDF dilepton, 9.1 b’

DO lepton+jets, 9.7 fb”'
NNLO SM, Czakon, et al. JHEP 05(2016)034
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p beam

Tevatron top

anti-top

Tevatron tt Asymmetry Preliminary

tt Ay Asymmetry (A" )
CDF Lepton+jets (9.4 b
oo o P 164 +47

CDF Dilepton (9.1 fb™) 12+ 13

PRD 93, 112005 (2016)

DO Lepton+jets (9.7 tb™)
PRD 90, 072011 (2014) 1 O -6 i 3 .0

DO Dileptons (9.7 fb™)

PRD 92, 052007 (2015) 1 75 i 63

Tevatron combination —_— 128 +£2.5
Lepton qn Asymmetry (A'FB)

CDF Lepton+jets (9.4 fb™) 32

PRD 88, 072003 (2013) —— 1 0.5 i_ 29

CDF Dileptons (9.1 fo') 72460

PRL 113, 042001 (2014) 4
DO Lepton+jets (9.7 fb™) 3.4
PRD 90, 072001 (2014) - - 5 O i 37

DO Dileptons (9.7 fb™) 44+39

PRD 88, 112002 (2013)

Tevatron combination —_ 7.3+2.0
Lepton An Asymmetry (AﬂB)

CDF Dileptons (9.1 fb') 76+82

PRL 113, 042001 (2014)

DO Dileptons (9.7 fo™) 123+5.6

—_—
PRD 88, 112002 (2013)

Tevatron combination —_— 10.8+4.6
NLO SM, W. Bernreuther and Z.-G. Si, PRD 86, 034026 (2012)
| NNLO SM, M. Czakon, P. Fiedler and A. Mitov, PRL 115, 052001 (2015)

20
Asymmetry (%)



Electroweak Mixing Angle from pp - Z/y*+X - £7¢~ + X

At Born level:
= Proceeds through qg >y > ¢ ¢ andqg > 20> ¢ ¢
= The interaction vertex of a fermion with Z boson contains ‘axial (A) and
vector (V) current components, which depends on sin? 6,
 Radiative corrections:
= Born-level couplings = effective couplings sin® 6., iz

Tension between the two most precise measurements, differ by 3.2 standard
deviations

LEP-1 SLD
sin? 6, '?  0.23221 + 0.00029 0.23098 + 0.00026

Interesting measurement possible with the Tevatron data
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Collins-Soper frame:
Forward, f: cos6 = 0

the center of mass frame > & =
of dileptons q / 4 Backward, b: cosf < 0
€+

Electroweak Mixing Angle and the Forward-Backward r A

f(sin26,,)

Angular distribution: o« 1+ cos?0 + A,cos6

dcos6

Forward-backward cross section asymmetry
ol Jf(M)_Ub(M) phi
Afb g o.(M)+o,(M) = f(4,)

40 60 80 100 120 140 160 180 200
M (GeV/c?)
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Leptonic Electroweak Mixing Angle, sinZ @ ef f ’E’})F Piblic Pace
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Asymmetry Measurements

/ — ee

Z = up
PRD 93, 112016(2016) PRD 89, 072005(2014)

0.6~CDF Runll: ee 9 fb™
-+ Data

— POWHEG-BOX NLO

CDF uu 9fb™
+ Data

- RESBOS NLO EBA
First/Last Bin: Underflows/Overflows

underflow
overflow

60 70 80 90 100 110 120 130 140 150

85 90 95
M (GeV/c?)

M (GeV/c?)

0.23248 + 0.00049(stat) + 0.00019(sys) 0.2315 + 0.0009(stat) + 0.0004(sys)
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Asymmetry Measurements

PRL 115, 041801(2015)

D2 9.7 fb™

x%/d.o.f=1.6
/ — ee

E; > 20 (25/15) GeV

-+ Data CC-CC
- PYTHIA CC-CC D2 9.7 fb™

x?/d.o.f=1.1

DO 9.7 fb"
x’/d.o.f =03

-+ Data CC-EC

-~ PYTHIA CC-EC

110
M., (GeV)

-+ Data EC-EC

- PYTHIA EC-EC

0.23147 + 0.00043(stat) + 0.00019(sys)

M, (GeV)
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Combination of sin* 8, '*» Measurements

DOusedZ/y »>e e’
0.23137 + 0.00043(stat) + 0.00019(sys)

CDF combination
0.23221 + 0.00043(stat) + 0.00018(sys)

Use Best Linear Unbiased Estimate (BLUE) method to

Source CDF Inputs | DO Inputs

Statistics +0.00043 +0.00043
NNPDF PDF +0.00016 +0.00017
Uncorrelated +0.00007 +0.00008

Correction +0.00005

Result:
sin? Heff lep = 0.23179 + 0.00030(stat) + 0. 00017(sys)
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LEP-1 and SLD: Z-pole
LEP-1 and SLD: A’y

SLD: A o
CMS uu 1fb”

* 0.23149+0.00016

-
0.232210.00029

0.23098+0.00026
0.2287+0.0032 Phys. Rev. D84 112002, 2011

ATLAS ee+uu 5t — o—— J. High En. Phys. 09 (2015) 049
H 0.2308+0.0012 - ys: 0295

1
CDF uu 9o % 0.2315+0.0010

-1 ——
CDF ee 9 fb 0.23248+0.00053

-1 —
CDF ee+uu 9 fb 0.23221:0.00046
DO ee 10 fb™

=—{—
August 2016: preliminary 0.23137£0.00047

TeV combined: CDF+DO ——
August 2016: preliminary 0.23179+0.00035

0.226 0.228 0.23 0.232 0.234

. 2 _lept
sin® 0
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r 1 Inference of W boson Mass %
AU T4

2

In the SM sin? 8, =1 — 11‘\’142w from which the W mass 1s inferred

Z

Assuming:

- M, =91.1875 % 0.0021 GeV /c* LEP-1+SLD
and obtaining sin? 6,

° sin?6,..'*» = Re[k,(M?,,sin*6,,)] sin?0,,

~ 1.037 from ZFITTER
It depends on SM parameters, most

Results sensitive to
Top Mass: 173.2+0.9 GeV/c?
Higgs Mass: 125

sin? 6, Mw
CDF 0.22400 £ 0.00041 4+ 0.00019 80.328 + 0.021 £+ 0.010 GeV /c?
DO 0.22313 £ 0.00041 4+ 0.00020 80.373 + 0.021 + 0.010 GeV /c?

- CDF+DO0 0.22356 %+ 0.00029 + 0.00019 80.351 + 0.015 £+ 0.010 GeV /c?
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Indirect measurements

LEP-1 and SLD (m,) .e= 80.363+0.020

NuTeV 80.135+0.085

CDF uu 9 fb™ — o—.80.365+0.04
CDF ee 9 fb ——  80.313+0.02
CDF ee+uu 9fb"' e 80.328+0.024
DO ee 10 fb” —— 80.373%0.024

August 2016: preliminary

TeV combined: CDF+DO 80.3510.018

August 2016: preliminary ~*

Direct measurement

TeV and LEP-2 - 30.385+0.01

80 80.1 80.2 80.3 80.4 80.5 80.6
W-boson mass (GeV/c?)
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Conclusion

CDF and DO collaboration are still producing interesting results some of
them competitive to the LHC measurements

For CDF further results are still expected on :

- Z — bb cross section measurement and b-jet energy scale determination

- Limit on Higgs in the MSSM framework

- W mass, direct measurement with significant sample increase (current
measurement is with 2.2 fb1)

- Top polarization

- Tetraquarks

... and Tevatron combinations
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