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Motivations

® Consistency tests of electroweak and symmetry breaking mechanism
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Tevatron (@ Fermilab

| ® Collider: proton-antiproton

C.m.s energy integrated L
(TeV) (foh)

Runl 1.8 ~0.1
* (1992-1996)

S - R Run II 1.96 ~9.7
source g MgnRL'z]fcclg?r - (2001-2011)

® Experiments: CDF and D0

» General purpose detectors with large coverage and good performance of
vertex, tracking, calorimeter and muon spectrometers

» Physics topics cover B, EW, top, Higgs, QCD and new physics searches as SUSY
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The W mass (@ Tevatron

® Strategy:
» Kinematic variable p;, £ mlT distributions in W-> /v (/=e/u) channels

» Likelihood fits of My -parameterized simulation templates
» Lepton E/p scale and recoil calibration with J(y)/Y/Z-> [/ data
PRD 88(2013)052018

® Results: CDF-0/I ———— 80432 + 79
M (MeY) e e
CDF Run II 80387 + 12 = 15 DD-II ow) -——0—- 80402 + 43
2.2fb1 (I=e/w) CDF-Il 22w -~ 80387 + 19
D@-II @ — 80369 + 26
DO Run II 80375+ 11 20 i
5.3fb! (I=e) Tevatron Run-0/I/1I - 80387 + 16
LEP-2 —e— 80376 + 33
> Dominant systematic as lepton E/p scale and PDF World Average - 80385 + 15
» Tevatron combined with BLUE '
My, = 80387 + 16 MeV l | l
Consistent with the latest ATLAS result of 80370+19 MeV 80200 80400 80600
arXiv:1701.07240 M, [MeV] March 2012

® Status: analysis with full data set of both CDF and DO are being finalized respectively
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The effective weak mixing angle

» Weak neutral current V-A couplings

e f f f )
| gy =1; —20;sin"0
—is Fri(el — ghvs)fZ,
cosGW f f
z gy = 1 M?
o f - sin‘g, =1- —Y
MZ
(“on-shell”)
» High order corrections factorized as enhanced Born approximation(EBA)
2nf .2 1 Re[gf] N
Sin“ Oy = Re(k,)sin“ 0, = ol ; . t
VWVWAARAMA- 72 o
‘Qf‘ Re[g; ] W ZW

» The effective mixing angle: converged to leptonic one

sin 993 /2 sin 92ff — 0.0001,
2 nlept
sin’ 9.';& —sin? 0P ~ 0.0014,

(“effective”, Zfitter) _

(modified Resbos)

Can be directly measured via Parity-violating observables at Z-pole
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The effective weak mixing angle

» The most precise results, LEP b-quark A%"; and SLD beam LR-polarization A
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., differ 3.26
The LEP/SLD Average
0.23153 = 0.00016

A —e—i 0.23099 + 0.00053
A(P) e 0.23159 + 0.00041
A, (SLD) . 0.23098 + 0.00026
Ay° . 0.23221+ 0.00029
A —e—  0.23220+0.00081
Qe ——e——  0.2324+0.0012
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The weak mixing angle (@ Tevatron

» Measure background-subtracted Ay as function of invariant mass in Collins-Soper frame

antiproton
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» Minimal-y? fits between data Ay versus sin?0,-parameterized MC simulations
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The weak mixing angle (@ CDF + D0

0.5¢
0.4; FlTSDH;ZS‘ Bin: Underflows/Overflows DO 9.7 fb" o_sjfirgt;:aastBin: underflow/overflow
0_3:_ - RESBOS NLO EBA 04 : 2ld.0f=1.1 0.4:__P0WHEG-BOX NLO
0.2F- CDF : DO S CDF
oot | Zhu 9! 02 Zee 9.7fb! 0.21- Zee 9fb!
of - 1
- % - Data CC-EC sl
o2k . - PYTHIA CC-EC =
B0 s e es 00 L T
M (GeVic?) M,, (GeV) M (GeVic?)
PRD 89(2014)072005 PRL115(2015)041801 PRD 93(2016)112016
sin’0y, =+ stat. + syst. + PDF Total uncertainty
CDF Zup 9fb"! 0.2315 + 0.0009 =+ 0.0002 = 0.0004 +0.0010
DO Zee 9.7tb"! 0.23147 £ 0.00043 £ 0.00008 = 0.00017 +0.00047
CDF Zee 91b’! 0.23248 £ 0.00049 £+ 0.00004 + 0.00019 +0.00053
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The weak mixing angle (@ Tevatron

» Preliminary combination of CDF Zuu+Zee and D0 Zee results
» Transferred to ZFitter and NNPDF3.0 conventions

sin? 1P = 0.23179 + 0.00030 = 0.00017

—_—

LEP-1and SLD: Z-pole e ,3149:0 00016

LEP-1 and SLD: Az, §F2u000020 [~ € [ 0.23179 £0.00035

SLD: A, o
CMS pp 1 b .

0.23098+0.00026

0.2287+0.0032 extra ~21% sensitivity to the LEP/SLD Average

ATLAS ee+uu 5 — o —
HH 0.2308+0.0012

LHCb uu 3 b —— .
. 0-231420.00107) % M, determination:
CDF up 9 fb T *0.2315+0.0010
-1 .
CDF ee 9 fb 0.23248+0.00053 80.385 = 0.015 (LEP+Tevatron Direct )

CDF ee+uu 9 fb™

—a—

0.23221t0.00046 .
DO ee 10 fb” . ) 80.351 £ 0.018 (Tevatron Indirect)
August 2016: preliminary 0.23137+0.00047

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

' | I | I | | | ! | |
0.226 0.228 0.23 0.232 0.234 FERMILAB-CONF-16-295-E

. 2 lept
sin® 0
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The weak mixing angle (@ D0 Zuu preliminary

® [ast channel (@ Tevatron :

> 8.6 fb! Zyp events, pr>15GeV, n|<1.8; opposite charge, 74<M,, <110GeV
» Modified Resbos + NNPDF3.0

» Compared to Zee result, lower sensitivity and charge g-dependence in p p reconsrtuction

® Muon momentum calibration:

» Corrections for q-n-solenoid dependence raised by residual mis-alignment
» Determined by observing dimuon mass mean

P(nv q, S) — 04(777(1,5) X Pobs(na(b S)

— 92 - . — 92 T ;

> - . Lo > -
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The weak mixing angle (@ D0 Zuu preliminary

® Data-MC comparisons:

> 481,239 events selected in data; dijet background ~0.68%, SM background ~0.20%

» Good agreements of muon p;/n, and di-muon p/n/M/cosf* distributions are observed

10*

Number of Events
=

102

o
©
@

Data/ (Signal+Bkg)
88

x%/dof = 1.1

—e— data

[ SM backgrounds
QCD backgrounds

I signal MC

< 0.5
01|
0.05 |-
: — Ot —— :
: E —0—+_x__x_‘ —— data
) EE— e o S B — o signat MC-—
B I+—><— g2
_ +-_ o 5 —— §in°0y, = 0.2255
b —+— — in20,, = 0.2372
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80

dimuon mass (GeV/c?)
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> The effective sin®0yy is extracted from Agy distributions in a mass region of 74<M, ,<110GeV
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The weak mixing angle (@ D0 Zuu preliminary

® Result: sin?6Z = 0.22994 + 0.00059(stat.) + 0.00011(syst.) & 0.00027(PDF)
0.22994 =+ 0.00066

<«— LEP and SLD Average
0.23153 + 0.0001

sin? 08, 0.22994
Statistical uncertainty |0.00059
Systematic uncertainties Ay o 0.23099 + 0.00053
Momentum calibration|0.00002 A(P) 1 ¥ 0.23159 + 0.00041
Momentum resolution |[0.00004
Backeround 0.00010 A, (SLD) ” 0.23098 + 0.00026
Efficiencies 0.00001 AP e  0.23221 + 0.00029
Total systematic 0.00011 A?.;° 0.23220 + 0.00081
PDF 0.00027 iy
Total 0.00066 be —— 0.2324 an 0.0012
A (CDF), 9 fb -+ 0.23221 + 0.00046
. 2 A% (DO), 9.7 fb o~ 0.23117 + 0.00047
sin® 0 = 0.23002 £ 0.00066 N
e AL (DD), 8.6 fb™ o 0.23002 + 0.00066
My = 80441 + 33 MeV/c? | | | | |
0.22 0.225 0.23 0.235 0.24
a2 nl
New! Do Note 6497-CONF SIN" Ber

* The DO Z->ee/up channels differ ~1.4 o
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The top mass (@ Tevatron

® m,: the heaviest for Yukawa couplings, and affect W mass at NLO

Grm?
Ariop = —7-—5L‘—3 x m? W/V\AQV\/\/W
2 t
To 1 81274 tan” Oy

W= V2Gpsin? fw (1 + Ar)

11GgM (4 .
Arrtgg ~ BEREF T ) AR

® Measure from top pair production with Br(t=>Wb) ~ 100%

"alljets" 46%

1+jets 15%

Onr o~ 0.7 pb .
NLO p ¢ e+jets 15%
"dileptons™ "lepton+jets”

» “leptontjets” channels : 1/(/=e/un), 4 well isolated jets, b-tagging, MET; Br~30%
» “dileptons” channels: 2/(/=e/w), 2 isolated jets, b-tagging, MET; Br~4.5%
> “alljets” channels: 6 isolated jets, b-tagging; Br~46%
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The top mass: leptontjets (@ DO

» Event Probability Density :

Poyt = A(X)[fPsig(Xsmys, kjgs) + (1 — f)Pye(X: kigs)]
N\ N

I+4j’s signal signal  background overall JES
vector probability fraction ~ probability  in situ calibration
W-=2qq’

» Matrix element (ME) of signal probability:

| R o
Y J[ dqldqu(qllf(qz)(zn) | Ao dd W (X, V: kjgs)

Pyio (Xsmy kjgs) =

Opp—ti,obs (H’l; 5 kJES) quark i1 2g,uvqﬁi q5
» Likelihood fits: ©1.05
w D@ 9.7 fb”’
Contribution e+jets w+jets x 104- =~ I+jets
tt 918.1 &£ 3.6 8249 £ 3.5 I S P~
Other backgrounds 97.8 &+ 0.5 79.2 £ 0.9 [
W +ht 126.0 =+ 2.1 162.2 =+ 2.8 1'03_5
W41t 779 &£ 2.1 101.0 =+ 2.9 T 18D
Multijet 1444 & 242 482 L 161 1.02° >sp
Expected 1364.1  + 247 12155 + 17.0 - 3SD - .
Observed 1502 1286 1-01?mt =174.98 + 0.58 GeV -
ies = 1025 + 0008

172 173 174 175 176 177

174.98 £ 0.58 (stat.) £ 0.49 (syst.) GeV m, [GeV]

* Dominant syst. as S/B modeling and JES residual PRD 91(2015)112003
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The top mass: dilepton (@ D0

» Under-constrained for m, :

3x(eTb+u'v,b)=3x(ewj) - Ey(x,y) my (€7,) = m, (u'v,) - (m, = m,)
=3x6-3x4-2-1-1-1=18-17=1

2 on -eData -1
. i ) g% DG, 9.7 tb
» Neutrino weighting (NW) method: S e f— 2v'v'bE
5 6oL~ [T.m=180GeV ., (b)
1 N ( %alc . %bs)Q v - D:;ilrumental
- . j,1 j d>-" _ [ Diboson
W = N Z H exp 20‘%11’ w 40
i=1 j=x.,y T -
20
v" Event o(m,) distribution calculated with m, points e
R N S, S
\/ The ﬁrSt 2 moments [umpcm] as eStlmatOrS fOI' LH ﬁt E 13 S S N s U S A

05 . ; ‘ ‘
120 140 160 180 200 220

b, [GeV]
> Results: —
m, (NW) =173.32+1.36 £0.85 GeV
PLB 752(2016)18 173.50 + 1.31+0.84 GeV
m, (ME) = 173.93 + 1.61 + 0.88 GeV DO Note 6484-CONF
PRD 94(2016)032004 * Dominant syst. as JES and signal modeling;

— Stat. correlation between NW and ME by BLUE
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The top mass (@ DO

» Full DO combination of Runl 0.1 fb-land Run2 9.7 fb lresults

» Systematic uncertainties and correlations among channels have been taken into account

DO *=preliminary July 2016
|_|_._|_| DO combined values (GeV)
me 174.95
Run | Dileptons i " i 168.4 123 3.6 GeV [Tn situ Tight-jet calibration 0.41 ]
Response to b, q, and g jets 0.16
Run | Lepton+jets 180.1 3.6 3.9 GeV Model for b jets 0-09
I-I_._H Light-jet response 0.21
Out-of-cone correction < 0.01
Run Il Dileptons * [ 173.50 1.31 0.84 GeV Offset < 0.01
Jet modeling 0.07
Runll Lepton+jets “ 17498 0.41 0.63 GeV Multiple interaction model 0.06
b tag modeling 0.10
DO combined * (uly2016) gy 174.95 0.40 0.64 GeV Lepton modeling 0.01
Signal modeling 0.35
Background from theory 0.06
Background based on data 0.09
H Calibration method 0.07
- . Systematic uncertainty 0.64
Run lI tt cross section I—.—I 172.8 3.3 GeV Statistical uncertainty 0.40
1 . 1 . 1 ! 1 . 1 . 1 Total uncertainty 0.75
150 160 170 180 190 200
Top Quark Mass (GeV)
174.95 £ 0.75 GeV
D0 Note 6485-CONFK
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The top mass (@ Tevatron

» Combination of 12 CDF and DO results, with the same uncertainty and correlation definition

July 2016 (* preliminary) -
. o >
CDF-I dilepton 16744114 (£103= 49) \ﬁﬁ“o‘\
06 & July 2016
DO-1 dilepton 168.4412.8 (:123= 36) g Preliminary
E
. [
. | E Red box: positive weights
-1l di * . ETH Grey box: absolute value of
DO-II dilepton 1735041 56 (1.31:0.84) ; 0.4 negative weights
. B — [
CDF-l lepton+jets 1761+ 7.3  (£51= 53) 2
= 0.3
. _——— oy =
DO-l lepton+jets 1801+ 53  (£36= 39) 2
z
. [ -
CDF-Il lepton+jets 172.8541 12 (:052+0.99) W 0.2/
// 5@%
. e =
DO-Il leptontjets 174.98+0.75 (041 063) 5 o4 N R &
g * I
. o= - s by o oy
CDF-l all-jets 186.0 115 (£100+ 57) AP & * c.°§'\
.D_ K - = —_
. B W i
CDF-ll all-jets 175.07 +1.95 (+119= 155) Analysis
CDF-Il Lxy ) 166.90 £9.43 (-9.00= 2.80)
= m
CDF-Il MET+Jets 173.9341.85 (+126+135)
T L
Tevatron combination 174.3020.65 (035 0.54) 1 743 0 + 065 GeV
(t stat + sysf)
¥*/dof = 10.8/11 (46%)
arXiv:1608.01881

150 160 170 180 190 200
m, (GeV/c?)
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Summary

® W mass:

» The current Tevatron combination, 80387 + 16 MeV, the most precise direct measurement

» Analysis of full CDF and DO data are in progress

® Weak mixing angle:

» Preliminary Tevatron combination of 0.23179 + 0.00035 with CDF Z(ee/pw) and DO Z(ee),
and Tevatron indirect W mass result of 80351 + 18 MeV

» The preliminary result of 0.23002 £ 0.00066 for DO Z(up) measurement

» The final Tevatron combination will be done, and expected to significantly contribute to
the sensitivity of direct Z-pole measurements as the LEP/SLD/Tevatron Average

® Top mass:
» The full Tevatron combination, 173.30+0.65 GeV
» The latest DO combination update, 174.95+0.75 GeV, submitted to PRD
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