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Fermilab Tevatron

FERMILAB'S ACCELERATOR CHAIN

The Fermilab Tevatron delivered >10 fb-1 of proton- NS e
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/ boson couplings

Vector coupling of the Z boson to fermions has contributions from
weak and hypercharge couplings (electroweak mixing)

i 5TV (8v — 84 )f Z, gy =T = 20;sin%y and g =T}
Loop corrections modify the vector coupling relative to axial Z @ Y
f 0"
Couplings can be affected by e.g. dark 2/ X

matter interacting with leptons
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Forward-backward asymmetry of Z-pole leptons probes relative vector and axial couplings
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Capture leading loop effects with the replacements 9 = Ve (T3 —2Qsx;sin6y)  and gy — /peg T

Define sin?6/, = K sin” Oy “Enhanced Born Approximation”
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Forward-backward asymmetry @ the Tevatron

Leptons have more sensitivity to K variations: fix Kq to the SM value and measure sin26esert

Measurement strategy:

Measure number of selected negative leptons in the forward and backward regions as a function of mass
Correct for detector acceptances and resolutions
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Experimental and theoretical requirements:
Accurate simulation of detector response and acceptance
Accurate model of the parton distribution functions (affect detector acceptance & quark couplings)

DO & CDF have performed measurements in € and p channels with complete data sets
Final combination submitted for publication
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Forward-backward asymmetry @ the Tevatron

CDF use an event weighting to effectively measure asymmetry as a function of cosB
Reduces reliance on simulated acceptance
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Forward-backward asymmetry @ the Tevatron

DO have recently completed a measurement in the muon channel using the full data set
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Forward-backward asymmetry @ the Tevatron

Combined results use common PDFs (NNPDF 3.0) and EW corrections (from ZFITTER)
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Tevatron uncertainty a factor
of ~2 higher than all e+e-
measurements combined

Combined measurements
consistent

Applying SM higher-order
corrections indirectly
determines W boson mass

Comparison with the direct
measurement provides a test
of the SM prediction

Indirect measurements
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Direct measurement
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W boson mass
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W boson mass @ the Tevatron

Measurement strategy: o Wy
Measure momenta of charged lepton and neutrino in transverse plane E ool eIdof = 58 / 48
Construct the transverse mass in this plane and fit three distributions for mw < |

g 5000_— \L l

Experimental and theoretical requirements: :

Precise calibration of lepton momentum % 70 s %0 “100
Accurate calibration of detector response to initial-state radiation and underlying event " (GeV)PRD -

Accurate model of longitudinal and transverse momentum of the W boson
072003 (2014)

Tevatron instantaneous luminosities produce <10 overlapping collisions on average
A large majority of W bosons are produced by valence quarks
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W boson mass @ the Tevatron

CDF & DO analysing complete data sets

CDF tracker alignment for mw updated
NIM A 762, 85 (2014)

Azimuthal dependencies removed Polar dependencies removed
0 e—0—00m0 00080 6—O—m0nrgmnc ’ o auiih sk Locations of wires at ends
£ [ > of drift chamber relatively
7 P i = L e aligned with cosmic
= | S5 JRBF L Tt T T ] tracks to a statistical
” A precision of ~1 micron
4 6 -2 :
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0 coti) Mass of the W Boson
Measurement : M,y [MeV]

4.2 million W—lv candidates in complete CDF data set

CDF 1988-1995 (107 pb™) —0— 80432 + 79
. . DO 1992-1995 (95 pb™) —0— 80478 + 83
Potential to reduce Tevatron uncertainty to ~10 MeV (~0.01%)  corz002007 29 "
DO 2002-2009 (5.3 fb™) + 80376 + 23
Will require reduction of PDF uncertainty to ~5 MeV o
World average -‘- 80385 = 15
Important to include Tevatron charge asymmetry
measurements in PDFs R
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W boson charge asymmetry @ the Tevatron
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CDF electron asymmetry with
complete data set ongoing
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summary

Tevatron completing legacy electroweak measurements

The Tevatron’s
proud legacy ...

Fermila e-changing accelerator revolutionized

article physics research.

Z boson coupling final measurements combined

W boson mass final measurements ongoing 0o ' IR T
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summary

Tevatron completing legacy electroweak measurements
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