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Outline

Diboson Production I

“« WW + jets:
4 Differential cross section of massive dibosons

Precision Z, W Distribution Measurements gm0
- o B@#
4 Transverse Z distribution
¢ A
4- \W production and decay electron charge asymmetries
“ Oy:
4 \Weak mixing angle from forward-backward Z asymmetry
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WW-jets

CDF note 11098

Measurement of the W1~ Production Cross Section and Differential Cross Sections

with Jets in pp Collisions at /s = 1.96 TeV

CDF Public Note 11098

Y B. Quinn La Thuile 3
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http://www-cdf.fnal.gov/physics/ewk/2014/WWjets/cdf11098_WW+jets.pdf

W=W- Production

4 Produced through
radiation from quarks

4 Critical background for H > WTW~

4 Cross section measurement similar to HWW search
4- Extended to include events with 1 and 2 or more jets
4- 1 jet region subdivided by leading jet E

- p Quinn La Thuile 4
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W*W-+jets Analysis Strategy

4 Select events with 2 charged leptons (e, i), significant missing Ey
4 Separate events into 5 analysis bins:

4 0 jets; 1 jet: (15<E;<25 GeV),(25<E;<45 GeV),(E:>45 GeV); 2 or more jets
4 Train NeuroBayes neural net to separate WW from background

4 Extract cross sections using a binned maximum likelihood fit to the WW
and background neural net output templates

CDF Run Il Preliminary

W < Neural net output combined

WW(llvv) Cross Section W Wy

14.0 + 0.6(stat) " +(syst) + 0.8(lumi) pb .'{LZ distribution after fitting for all

4
ZZ data

)
S
o
—
%)
et
c
]
>
w

4 Good modeling of neural net input
variables is achieved for signal
and background regions

0.6 : 1
NN Output
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W-W- Results

CDF Run Il Preliminary

#+ Results unfolded for bin
migration and acceptance
differences

4 Uniformly higher than, but
consistent with predictions

c [pb]

WW(Ilvv)

Production Cross Section,

JetE, (GeV): |

1 15-25, 25-45, >45!
nclusive
Analysis Bins

WW(llrr) Cross Section CDF Run IT Preliminary "L=971b - = =

— y certainty (ph) "ok First differential o
o In a massive
diboson state

> ;

1.26 - 0.16 1.18 &= 0.09 Very Chal Ieng_lng at
0.77+0.10  0.79 + 0.06 LHC due to tt
.03 0.40 = 0.05 0.46 £ 0.03 baC kg round

0.64 =008 0.61 £0.05

Jet Bin
Inclusive 14.0 +0.6 E 0.8 11.3+14 11.7+0.9

247+ 0.18
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Tevatron Precision EW: Why?

4 e.g. Need to understand proton structure better 4 Momentum transfer
4 Kinematics coverage: For LHC, data fixed Q? scale
spans wider x than the Tevatron 4 Q% =~ Mg

Parton momentum
fraction

Tevatron parton kinematics LHC parton kinematics

X, , = (M/1.96 TeV) exp(zy) T X, , = (M4 TeV) exp(zy) M
Q=M 10°F Q=M M =10 TeV - y B Ty
. X s e
| 0.002 < x < 1
D@ Precision  y-irev 4 1o "= Complementary to

central and forward
jet measurements at
Tevatron, and other
scattering expts.

4. Different
systematics,
couplings

4 Higher precision!

M =100 GeV - = g0 M=100G

= 5 Quinn La Thuile
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W Production at Tevatron/LHC

| “ LHC: dominated by
sea quark and
gluon production

4 Tevatron: dominated
by valence quark
production

» || POWHEG MC
o, [ W* rapidity
. W~ rapidity

o— |* pseudorapidity
= | pseudorapidit

] 2 4

W rapidity/leptan pseudorapidity

B. Quinn La Thuile
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PDF Impacts: W Boson Mass

experimental errors 68% CL.: ¢+ GFIFter COI Iabo ratlon
LEP2/Tevatron: today aI’XIVZ 14073792

M =123 .. 127 GeV,

h

measurement

and M, measurement
nimal input

age [arXiv:1204.0042]

SM[M, =127 GeV MSSM, M, = 123.127 GeV
SM, MssM—]

Heinemeyer, Hollik, Stockinger, Weiglein, Zeune '12

0 . _al
80.32 80.33 80.34 80.35 80.36 80.37 80.38 8039 804 80.41
M,, [GeV]

168 170 172 174 176 178

m, [GeV] 4 My, direct measurement:

+ PDF inputs to M,, measurement will (80.385 + 0.015) GeV
contribute the largest uncertainty for M, indirect determination:

the complete Tevatron data result
unless PDF improvements are made. (80.358 + 0.008) GeV

B. Quinn La Thuile
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http://arxiv.org/abs/1407.3792

Measurement of the (;3_: distribution of muon pairs with masses between
30 and 500 GeV in 10.4 fb~! of pp collisions

A6 . Almm 14 TP Agnew, Y G D Alex

30 Oct 2014

9]
J

Accepted by Phys. Rev. D arXiv:1410.8052
03/02/15

= B, Quinn La Thuile
| University of Mississippi March 5, 2015
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http://arxiv.org/abs/1410.8052

¢ ¢* = tan(dcop/2) sin 6
< d)acop = — Ad)ll

4 cosf* = tanh((n_ — n+)/2)
[Collins-Soper angle]

4 ¢* probes same physics as
T, @ ~ar/My

4 ¢” less sensitive to detector
resolution and efficiency

EPJ C71 1600(2011)

4 First measured in peak region
data by DO (7.3 fb!)
+ PRL 106, 122001 (2011)

4 Data used to improve ResBos
and make predictions for LHC
4 Uses angles only (mrad ) _
precision with < 1% resolution ATLAS: PLB 720, 32(2013)
vs. few % resolution on p, E) 4 LHCb: JHEP 1302, 106(2013)

(e==Y B Quinn La Thuile 11
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http://arxiv.org/abs/1009.1580
http://arxiv.org/abs/1009.1580
http://arxiv.org/abs/1009.1580
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.106.122001
http://www.sciencedirect.com/science/article/pii/S0370269313000956
http://www.sciencedirect.com/science/article/pii/S0370269313000956
http://www.sciencedirect.com/science/article/pii/S0370269313000956
http://link.springer.com/article/10.1007/JHEP02(2013)106
http://link.springer.com/article/10.1007/JHEP02(2013)106
http://link.springer.com/article/10.1007/JHEP02(2013)106

4 ResBos: Guzzi et al.
arxXiv: 1309.1393
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7.3 fb' ee data

ResBos
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[ (a)|y|<1 D@10.4fb" - (b) 1<|y|<2 D@ 10.4 fb" |
L} Data 70GeV <M, <110 GeV | Data 70GeV<M,<110GeV|7

All scales

—
||M
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Q

(1/5) (do/ddy)
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—
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Data/NNLL+NLO

Data/NNLL+NLO
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—
T T

4 NNLL+NLO: Banfi
et al. JHEPO1 (2012) 044
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http://arxiv.org/abs/1309.1393
http://arxiv.org/abs/1309.1393
http://arxiv.org/abs/1110.4009

5*% ¢*: Peak Region Results

+ Ratioof (1/0)(da/d¢™) in rapidity bins
4 Theratio (1/0)(do/d¢™) in the central rapidity region to that in the forward
rapidity region can reduce the uncertainty band from QCD scales to the

percent level due to cancellations. It suggests the possibility of a new
variable that is less sensitive to theoretical uncertainty.

y|<2)
ly|<2)

(b) D@ 10.4 fb
70 GeV <M, <110 GeV

(a) D@ 10.4 fb™
70 GeV <M, <110 GeV

e
e
-
—

+ Data

— ResBos
PDF © scale uncertainty

+ Data
— A. Banfi et al.
All scales

-—
S
—
—
F
\
-
S
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: ¢*: Off-peak Region Results

“« First ever low mass e @ _

~F (a)lyl<1 D@ 10.4 fb”" @A Eb)1<lyl<2 D@ 10.4 fb" ]

measurement aF + 30 GeV < M, < 60 GeV ab + 30 GeV < M, < 60 GeV] ]

2 Data 2 F Data ]
4 More sensitive to 5 3F __ ResBos e 3 e Bos

Small-X effeCtS ) _ PDF @ scale uncertainty I ; ' _ PDF & scale uncertaintr] ]

Statistically more F : : : I 1
powerful than peak o of S
forward rapidity SRR S

R |
region ' ' . 102 10"

. LI | LI | LI
[ (b) 1<|y|<2 D@ 10.4 fb"’

[ (a)lyl<1 D@ 10.4fb” ]
' | Data 30GeV<M, <60 GeV -

| Data 30 GeV <M, <60 GeV [

4 First ever high mass
measurement

4- For constraining
QCD ISR In high
mass final states,
but limited statistics -
prevented detailed L U AT ST
comparisons (see 10 10
backup slides)

—
T |-|h|

All scales
- o---u =M
Q

- All scales .
"“Q=M } —_

Data/NNLL+NLO
e

Data/NNLL+NLO

I SRS TR TR PSR S : 1 l )
{‘ }- ‘I{_I—I_ -{ { i —————— }.____},_}_}_}.{.H_}_{_{.}_L___l__l_

—
T—T

o
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Measurement of the electron charge asymmetry in pp - W + X — err + X decays in
pp collisions at /s = 1.96 TeV

. Ada

& I'F-']]llf SR, D i 3 T, I]Itll""ll" 15
H.T. Diehl,** M. Dies :_ 45 P.F. Ding,*
A. Da Al A ] . verrin,'? S, IZJuH_”'E; M. IJ Edmunds,*
1. Ellison,** V.D. Elv 1 I11 ari, 14 II Evans,*® V.N. I v lrllttlr L' A. Fa . Feng, i7T T. Ferbel 53
7. Fiedler,2! F. Filthaut,2% % W. Fisher,>™ H. I I] sk,® M. Fortner,'” H. Fox,? S. Fuess,*® P.H. Garbincius,®

Phys. Rev. D 91, 032007 (2015) arXiv:1412.2862
02/18/15

= 5 Quinn La Thuile
~4 University of Mississippi March 5, 2015
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http://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.032007
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.032007
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.032007
http://arxiv.org/abs/1412.2862

~/ T
éﬁ,—ﬁ A: Introduction

4 W charge asymmetry is sensitive to Parton Distribution Functions
(PDFs)

+ In pp colliders, u and u quarks have higher momentum than d and d quarks
4 W+ W) are preferentially produced in the p(p) direction

4 Provides a strong constraint on u and d PDFs

4 The W asymmetry in the leading order parton model is

do* do~ . 4

dyw ~ dyw _ w(x%)d(xp) - d(x,)u(x)

do™  do”  u(x,)d(xp) + d(x,)u(xp)

dyw dyw

AQyw) =

= 5 Quinn La Thuile

L T4 University of Mississippi March 5, 2015
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—5-;& A: Introduction

4 The lepton asymmetry is a convolution of the W production asymmetry
and the V-4 decay: important to measure lepton and W asymmetry

4+ Lepton asymmetry: More straightforward observable, easier to measure than W

4 W asymmetry:

4 Advantage over lepton: Due to convolution, leptons at a specific pseudorapidity
(n) originate from a wide range of W rapidities, and therefore from a wide range
of parton x values, making these asymmetries less useful in determining PDFs.

4 Challenge: With unknown neutrino p,, difficult to determine the W rapidity

(b)

Electron charge asyminetry

W' rapidity

W rapidity
— e pseudorapidity
==== ¢ pseudorapidity

= Asymmetry
[a—y

N

W charge asymimetry

w.
—
=
o0
>
3
=
@
N
ot )
H—
]
—
=
=
c.
7z
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B{Cg A: Strategy

4+ Select W — ev candidates from data
4 Subtract backgrounds: Multijet, Z - ee,W - tv,Z - 17
« Unfold to remove detector effects

4 Use neutrino-weighting method to obtain W rapidity
distributions

4+ Compare corrected asymmetries with theoretical predictions
using different PDF sets

4 Analysis performed in 5 kinematic bins:

EZ > 25 GeV 35 GeV > ES > 25 GeV EZ > 35 GeV

SYMMEUIC: » ' o5 GeV  35GeV > Fo> 25GeV  Er > 35 GeV

35 GeV > ES > 25GeV  ES > 35GeV

i 1A
Asymmetric: Fr>25GeV  Bp>25GeV

(e==Y B Quinn La Thuile
\ { University of Mississippi March 5, 2015
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;7%/ A: e Charge Asymmetry Results

DO. 9.7 fb’!

DO A, (b)
MC@NLO NNPDF2.3
NNPDEL.3 uncertainty
MC@NLO MSTW2008NLO
RESBOS CTEQ6.6

Asymmetry
NNPDF2.3
A,

DO A,
MC@NLO NNPDF2.3
NNPDEL.3 uncertainty
MC@NLO MSTW200SNLO
RESBOS CTEQG6.6

ES > 25 GeV

Fr> 25 GeV

4 These results supersede previous D0 0.7 fbt measurement

4 Old result lacked improved calibrations, e* /e~ efficiency correction, and
additional systematic uncertainties included in the current analysis

B. Quinn La Thuile 19
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A: e Charge Asymmetry Results

DO, 9.7 b’ DO A, (b) DO, 9.7 b’
MC@NLO NNPDF2.3
NNPDE2.3 uncertainty
MC@NLO MSTW2008NLO
RESBOS CTEQ6.6
25 <ES <35 GeV

=
(5]
I
_—
2
NNPDF2.3
A, -A

=

Asymmetry

DO A,

=
[

1
AMC@NLO NNPDF2.3

1
::'
(]

N

=
=
un

NNPDF2.3 uncertainty RS

MC@NLO MSTW200SNLO

-

RESBOS CTEQ6.6
25 < ES < 35 GeV
F; > 25 GeV

0. : ) 15 3
Ml

0. 1 i3 2 15 3
el

|
=
(=

SrTTT

DO, 9.7 b’ DO A, (b)

MC@NLO NNPDF2.3
NNPDE2.3 uncertainty
MC@NLO MSTW2008NLO
RESBOS CTEQ6G.6

= 35 GeV

=]
=
|
_—
=
'

A NNPDF2.3

Asymmetry
=
o

MC@NLO NNPDF1.3

NNPDEL.3 uncertainty

MC@NLO MSTW2008NLO

RESBOS CTEQG6.6

0.5 1 15 2 25 3 1 0. 1 . 2 2.5 3
uy el

b
=
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57/:& A: e Charge Asymmetry Results

DO A, 9.7 fb, arXiv:1412.2862
~. PRD 88, 091102 (R) (2013)

A NNPDF2.3

.3 uncertainty
O MSTW200SNLO

Uncer. Only)

A NNPDF2.3
A NNPDF2.3

2.3 uncertainty
MSTW2008NLO

RESBOS CTEQ6.6 S CTEQG.6

25 <E <35 GeV 0. CES>35GeV
¥, > 25 GeV o ¥, >25GeV

La Thuile
March 5, 2015
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B{C; A: Summary

+ Measurement of W and electron charge asymmetry in
electron channel with D@ Runll full data-set and extended
n coverage to 3.2
4- Most precise measurement of lepton charge asymmetry to date

4- Most precise direct measurement of W boson production asymmetry, and
first from D@ (see backup slides)

4 Of benefit to all hadronic physics analyses

4 Improvement of PDF models in the x — Q? region of interest for W
production at the Tevatron is estimated to reduce the PDF uncertainty in
the D@ M;,, measurement by approximately 30% (2-3 MeV)

B. Quinn La Thuile 22
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Measurement of the effective weak mixing angle in pp — Z/v* — eTe™ events

G. Alkha:
B. Baldi

| Aug 2014

Submitted to Phys. Rev. Lett. arXiv:1408.5016
08/22/14

= B, Quinn La Thuile

| University of Mississippi March 5, 2015
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http://arxiv.org/abs/1408.5016

Bﬁ 6y« Theory

4 Drell-Yan lepton pairs are produced at the Tevatron through

pp - Z/y" > U

antiproton

4+ The weak mixing angle can be measured from the forward-
backward asymmetry of the polar angle distribution of these
Drell-Yan pairs
qq - y" - Ul Born level i 7 > '
f=q S =13 - 2Qsin%0
AN couplings oy 2y

f_ 4 f =1
9= (Flgv + 9ar*)r*lf) L

+ I5, sin*@y, couplings altered by weak radiative corrections
4 Multiplicative factor of a few %

4- Gives effective sinzew coupling — Sinzeleff

(e==Y B Quinn La Thuile 24
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B. Quinn

{ University of Mississippi

4 Measure I'I* angular distribution in
the Collins-Soper rest frame of the
boson. Polar angle, 8%, of the ™ Is
defined relative to the direction of the
Incoming quark

4 Forward: cos8* > 0, Backward: cos8* < 0

ot —o”

Arn =
FB = 6+ + 0

4 Sensitive to sin?8,, through the interference of
vector and axial vector couplings of the Z boson

La Thuile
March 5, 2015
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o 0« Strategy

4 Measure Apg In bins of lepton pair invariant mass
4 Produce Monte Carlo Agg(M, sin?8y,) templates
4 Perform full corrections to data and simulation

+ Extract sin0y, by a y* comparison I
between data and MC generated at J2d.of=14
different values of sin26y, | |

r
= —e— CC-CC events

0.6

0.4 - Data CC-EC

—-PYTHIA CC-EC
0.2
110

0 M., (GeV)

Done separately for events with both electrons

0.2 in the central calorimeter (CC-CC), both in

the endcaps (EC-EC), one in each (CC-EC) ,

90 100 110 120 130 and for Runlla (1.1 fb-! low L;,;) and Runllb
Invariant Mass (GeVic?) (8.6 fb! high L;,,.,) running periods

= 5 Quinn La Thuile 26
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1
N 0, Results

CC-CC CC-EC EC-EC Combined

sin” Gy '] ‘?‘)14‘? ] 2 )14 3 ] 9?‘_, TT 0.2 )l )‘)
Statistical 0.C
Systematic 0.0C
Energy Calibration 0.0C
Energy Smearing 0.0C
Background 0.C
Charge Misidentification |0.00002 0.00004 0.C
Electron Identification 0.C
Fiducial Asymmetry 0.0C
Total 0.0C
sin*0y, = 0.23139 + 0.00043 + 0.00008 + 0.00017
(stat) (syst) (PDF)
In SM context, with on-shell renormalization scheme, modified ResBos NLO correction
(thanks to Willis

sin?0,;; = 0.23147 £ 0.00047 |Sakumoto for help

World’s Best From Hadron Collider & from Light Quark Interactions

Y B. Quinn La Thuile 27

University of Mississippi March 5, 2015



~/ T
BN 0,c Summary

< LEP and SLD Average

+« D097 fb-l : 0.23153 +0.00016
sin*0,:r = 0.23147 £ 0.00047 8 0.23099 + 0.00053
4+ World’s best from hadron 023139 +0.00041

collider A, (SLD) 0.23098 + 0.00026

4+ PRD with full AFB and AS® 0.23221 + 0.00029
coupling details in
preparation

4 Including indirect My,
determination AZ, (CDF), 2.0 fb” e 0.2328 + 0.0011

—e—i 0.23220 + 0.00081

Qe ——e——  0.2324 +0.0012

A.. (CDF),9fb"! +—e—— 0.2315 + 0.0010

Az: (D@), 9.7 fb ——i 0.23147 + 0.00047

S I I N I
0.228 0.23 0.232 0.234 0.236 0.238

22 Al
sin® 6,

= 5 Quinn La Thuile 28
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Y~ 4 .
g Conclusions

4 WWhjets : First differential cross section for massive dibosons

4 ¢": New high-precision observable, first ever transverse
momentum results in off-peak regions

4 A: Highest precision W and e charge asymmetry results
extended to higher n, Tevatron data consistent and discrepant
from many models+PDFs

4 0y World’s best result from hadron collider and light quark

Interactions

For more analysis detail see backup slides and
11/11/14 Fermilab Wine & Cheese

4 More to come!
4 ¢.g. Tevatron combination of full data sin?8,,, in electron and muon channels

B. Quinn La Thuile 29
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http://theory.fnal.gov/jetp/talks/WandC_111414_Quinn_Final.pdf
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The Tevatron

: AN
< = = :
#+ Great thanks to ;},:;__ e 1K

Accelerato
for all the

luminosity!!

I Division &= =

19 April 2002 -30 September 2011

L e

I Ax
e T AA T
T AAT

lllllllll‘lﬁ'll

-

,-:....illlll

- -llllllllll
"-."._d_ gy iy g, e ."fa.. _."-.l.;‘,:,__‘h-_l.“’ﬂ
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W*W- Data, MC

+ Signal regions

CDF Run Il Preliminary j L=9.7fb" CDF Run Il Preliminary j L=9.7fb" CDF Run Il Preliminary

F 0S 0 Jets Wajets rd [ 0S 1 Jets Wajets 7z E OS 2+ Jets Wajets yrd

E WW(Ilvv) Cross Section mwy DY [ WW(Ilvv) Cross Section mwy DY E WW(Ilvv) Cross Section Wy DY
Wit Ooww Wit Ooww = Wit Oww
\\'r4 - Data Wz - Data WZ - Data

+

L |||||||_’_| P

20 40 60 80 100 120 140 160
E; (GeV)

20 40 60 80 100

COF Run || Praliminary JL 07 COF Run || Praliminary JL -0 COF Run || Praliminary JL - 07 i
i I

[ Dvall-Yan Wejots > - Same-Sign Wijets WIZ

F WWiIlh) Cross Section Wy oy L Wik} Cross Section Yy Ly

o ; M e - M e
WiI = Dot WEI = Daln

Syst. Unc. Sysd. Une.

L] Wijats

WW{lk~) Cross Section Wy il
M I
Wi = Daln

Syst. Unc.

4 % B 8 8 &

-
L=

La Thuile
March 5, 2015




Events / 0.05

220

CDF Run Il Preliminary
0S 0 Jets

200F Ww(llvv) Cross Section

%

0.8 -0.6 -0.4

Events / 0.05

W=W- Template fits

4 Neural net output distribution fits for each bin

J L=9.7"

- Data WH+jets
BW+y
Wit

wzZ

ZZ

DY
Ooww

06 08
NN Output

CDF Run Il Preliminary
OS 1 Jet E; > 45 GeV
WW(llvv) Cross Section

Events / 0.05

- Data

CDF Run Il Preliminary
0S 1 Jet15 <E; <25 GeV
WW(llvv) Cross Section

L=9.7 "

W+jets
W W+y
mti

74

Events / 0.05

NN OQutput

La Thuile

March 5, 2015

- Data WH+jets
Wy
Wit

WZ

zz

DY

Oww

0.6 1
NN Output

CDF Run Il Preliminary

0S 2+ Jets
WW(llvv) Cross Section

Events / 0.05

CDF Run Il Preliminary
0OS 1 Jet 25 <E; < 45 GeV
WW(llvv) Cross Section

- Data WH+jets
Wy
mtt

wzZ

1

—--Data W+jets
Wy
Wit

74

Al
02 04 06 R 1
NN Output
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W+W- Systematic Uncertainties

+ Systematic uncertainties for the 0 jet analysis bin

WW (llyr) Cross Section 0 Jets CDF Run II Preliminary [ £ =9.7 fb™!
Uncertainty Source Ww Wz ZZ tt DY W W+jet
Cross Section 6.0% 6.0% 6.0% 4.3%"

Acceptance
H+ Modeling 19.0%"
Higher-order Diagrams 10.0% 10.0% 10.09%*
tt QCD 2. 7%
Conversion Modeling 6.8%
Scale 3.8%
PDF Modeling 0.8%
Jet Energy Scale 4.7% 6.4% 3.5% 26.8% 10.2% 3.5%
Lepton 1D Efficiencies 3.8% 3.8% 3.8% 3.8% 3.8%
Trigger Efficiencies 2.0% 2.0% 2.0% 2.0% 2.0%
Jet Fake Rate

Luminosity 5.9% 5.9% 59% 59% 5.9%

* indicates uncorrelated systematic. (—) indicates anticorrelated systematic.

- La Thuile
4 University of Mississippi March 5, 2015




Source

Impacts of PDFs

Public. 2009 Public. 2012
(1.0 fb~1) (4.3 fb~1)

Proj. Proj. Proj. 10 fb~!
10 fb~' 10 fb~ ! [improv.| improv. +|EC

Statistical

23

9 9 8

Experimental syst.

Electron energy scale
Electron energy resolution
EM shower model

Electron energy loss
Hadronic recoil

Electron ID efficiency
Backgrounds

Subtotal experimental syst.

—
H

10

b = Q0 s s b

—
o)

W production
and decay model

PDF
QED
boson pr

2

Subtotal W model

13

Total systematic uncert.

22

Total

B. Quinn
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¢*: Peak Region

4 First measured by DO with 7.3 fb-!
+ PRL 106, 122001 (2011)
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¢*: Peak Region

4 First measured by DO with 7.3 fb!
4 PRL 106, 122001 (2011)

(@) lyl=1
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“leeupn)

DO 7.3 b
uu data
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PDF @ scale uncertainty

o
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2
L
©
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Figure: M, € (70,110)

4 Data used to improve ResBos and make predictions for LHC
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¢*: Event Selection

4 Select events with two good quality muons (isolation, track
segments, vertex)

4 Tighter quality cuts for low mass region to control backgrounds

4 Peak region
“ M, € (70,110) GeV:
4 645k events with 99.84% signal
4+ Low mass region o B
“ My, € (30,60) GeV M, e
4- 74k events with 89.5% signal

i ] 95 100 M105G \1/10
4 High mass region Tl

4 M, € (160,300) GeV: 1.7k events with 72.8% signal
“ M,, € (300,500) GeV: 0.2k events with 56.6% signal

Y B. Quinn La Thuile
{ University of Mississippi March 5, 2015
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ééfﬁ o*: High Mass Region Results

4 First ever high-mass region results (2k events)
4- Constrain initial state QCD radiation uncertainties for high mass final states
4 e.g. top quark physics
4 No detailed comparison can be made due to limited statistics.

DO
|

0
o
e
"
)
14
—
S
©
o

= B, Quinn

2.9F (a) 160 GeV < M, < 300 GeV

10.4 fb
Data

— ResBos

PDF @ scale uncertainty

3 (b) 300 GeV <M < 500 GeV
D@ 10.4 b

2 — ResBos

Data/ResBos
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A: Introduction

+ Asymmetry vs. X : the lepton asymmetry comes from a larger
range of parton x values compared with the W asymmetry

4+ The W asymmetry is more sensitive to the u/d ratio
W Rapidity vs. @

L 1
80000 H

70000
60000
50000 0.6
40000

0.4
30000
20000 0.2
10000

0 0 -

Electron

25000 o3 1 25000
20000 0.8 20000
15000 0.6 15000
10000 0.4 10000
5000 0.2 5000

2 3 - - 2 30
e Pseudorapidity e Pseudorapidity
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A: Selection and Backgrounds

4 Event Selection (full data, 9.7 fb1) 4 Backgrounds

4 Electron: 25 < p; < 100 GeV 4 QCD: 4.0%
4- Missing transverse energy > 25 GeV 4 7 - ee: 2.6%
4 W:50 < M;< 130 GeV “ W - 1tv:2.2%
4 Track matching 4 7 - 171.0.2%
Eﬁl'::'l: tron/Po lf;‘i}r]l E;(Ge \1' j'l:l 0
- : Electron/Positro : : : * : ]T:I".-[ {Gﬂ@]}
= 5 Quinn

La Thuile
March 5, 2015
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1

y

T

A: Unfolding

1. Migration matrix: used to remove detector resolution effects
4- Electron and positron are expected to have same detector response
4 Study migration matrices for all events (e~ + e™): no input bias

2. K fff: relative efficiency for positrons and electrons

4- Use Z — ee events to study K;—}f track bias from alignment + solenoid
polarity

4 Only study K;—}f for track cuts, do not expect calorimetry cuts to have such
effects

3. Acc x Eff: to remove kinematic and geometric cut effects

Y B. Quinn La Thuile
University of Mississippi March 5, 2015
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A: Neutrino weighting for W

A. Bodek, et. al. PRD 77, 111301(R) (2008)

+ W rapidity:

4- Massive particle rapidity: y = %ln Etpz

E-pz

—> — 2
“ Fix My, to 80.385 GeV, M7, = (E; + E,)> — (P, + P,)
4 Obtain neutrino p7 solutions, with given mass of W:

« |f there are two complex solutions, which means £ is not measured
properly, we scale the ﬁ‘T to set the imaginary part to O

4 |If two solutions, give each solution a weight factor, according to W pr,
Collins angle, and rapidity of W boson:

Py ({na 0% . yw . p%l) — (1 F cosf” —|- Q) (*’!’H ] (1 & cos 6*

P + (c:"l::_)h: Hlj .2, j..J.T ] r[ g {,__ ﬁjl‘gj
Py (cosby,y1.py) do* (y1) + Py (cos 03, ya, py ) dot (y2)

La Thuile
March 5, 2015
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A: Closure Tests
+ Half of MC used for input, half for pseudo-data

&
(3]
TT[TTTIT]

{

yHd.o.f=12.8/13

We get out
what we put in

r

Asymmetry
(=]
[—y

0

0.3F 4
=

Default asymmetry ==
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=

1
=
[

Unfolded Asymmetry

1
(-]

1

=

o
c:DIIIIIIII

e
o

(b)

+

~ - Unfolding

5% suppressed asymmetry__ COr-reCtIOI']S
» Predicted Asymmetry Val |d for range

o Unfolded Asymmetry Of aSymmetry

Asymmetry
e
[

Asymmetry

——

5% enhanced asymmetry¢

Predicted Asymmetry
——

Unfolded Asymmetry

Q."'I""I""I*'
SprTTTTTTTT Y
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Asymmetry

A: e Charge Asymmetry Results

DO, 9.7 fi” , (b) DO, 9.7 b
LO NNPDF2.3
NNPDEL.3 uncertainty
MC@NLO MSTW2008NLO
RESBOS CTEQG.6

[ ]

=1

NNPDE2.3 uncertainty _
LO MSTW2008NLO ¢ &
RESBOS CTEQG.6
<ES <35 GeV
<y <35 GeV

=\ B. Quinn La Thuile
| University of Mississippi March 5, 2015
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Asymmetry

A: e Charge Asymmetry Results

DOA,
MC@NLO NNPDF2.3

NNPDIL.3 uncertainty

Y B. Quinn
| University of Mississippi

DO, 9.7 fb*

A NNPDFL3

La Thuile
March 5, 2015

(b)

\LO NNPDE2.3
NNPDE2.3 uncertainty
MC@NLO MSTWI00SNLO
RESBOS CTEQG.6

E7 > 35 GeV

DO, 9.7 fib
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A: W Charge Asymmetry Result

>
—
S
<V}
Pt
s
[
=
<
wn
=
=
]
N
]
=
5

DO A,
CDFA,1fb!

MC@NLO NNPDF2.3
NNPDF2.3 uncertainty
MC@NLO MSTW2008NLO
RESBOS CTEQ6.6

2 2.5 3
W boson rapidity (|y_ )

+ Erratum to PRL 112, 151803 (2014) arXiv:1312.2895
4 Now employing corrected K;—}f determination from e charge asymmetry

4 < 2% difference from original publication
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4 Measure I'I* angular distribution in
the Collins-Soper rest frame of the
boson. Polar angle, 8%, of the ™ Is
defined relative to the direction of the
Incoming quark

4 Forward: cos8* > 0, Backward: cos8* < 0

« dN/dQ « 1+ cos*0* + A,cos0* ot —o- 3

4 All coefﬁcien_tsT bu-t Ay v-anish as Pr— 0 App = ot + o — §A4
+ A, cos0*: parity violating, from

Interference of vector and axial vector currents

4 Sensitive to sin?0y, through Z self-interference:
(1 — 4|Q,Isin?0y) (1 — 4|Q,|sin?6y,)

'@ NLO QCD: dN/dQ =1 + cos?6* + Ag(1—3cos%6")/2 + A sin20*cosp + A, (sin®0*cos2¢)/2 +
A3sin@*cosp + A,cos0* + Agsin?0*sin2¢ + Agsin20*sing + A,sinf*sing

fem Quinn La Thuile
{ University of Mississippi March 5, 2015
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0y« Event Selection

4 Full DO Runll dataset: 9.7 fb 4. CC-CC: both electrons in the central
4+ Two high-Py electrons: Py > 25 GeV calorimeter

« Central and endcap calorimeters (CC,EC) 7 (EIEEE. e eleei 1 s el

_ _ calorimeter, the other in an endcap
¢ Tlght track requirements 4. EC-EC: both electrons in the endcap
4 Mass distribution: M > 50 GeV calorimeters

—
o
©

DOete™ —e— CC-CC events

4 sin@;; from 75 < M < 115 GeV
MC: PYTHIA

4 85090 Increase In statistics
4 Extendto|n| <1.1,1.5< |n| <3.2
4 Include EC-EC events

4 Include electrons near calorimeter
module (phi-mod) boundaries

4 Track reconstruction improvements
560,267 events T T R
+ Low QCD backgrounds (EW negl.) nvaran Mass (Gevic)

4. CC-CC: 0.4%; CC-EC,EC-EC: <4%
+ MC:PYTHIA, CTEQ6L1

B. Quinn La Thuile 49
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6,,: Energy Calibration

4 Global energy scale modeling in previous analysis
4 Shape dependence inadequate for different detector responses of extended

acceptance regions

4+ New method corrects energy as a function of L;,; first, then n4,.;

4- Z mass peak scaled to LEP value (91.1875 GeV) in each bin

4- Separate calibrations for data and MC

4 After calibration, mass peak L;,; dependence negligible, 174.;
dependence reduced from 2 GeV to 100 MeV (data), 10 MeV (MC)

DO 8.6 fb-?

= B, Quinn

w0
(4]

data
—8— CC-CC events

(1]
S

—8— CC-EC events

©0
w

—8— EC-EC events

c<"\
3)
~
>
()
O
N—r
X
©
)
a
N

0

Detector n
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DO 8.6 fb-?

data

—8— CC-CC events
—&8— CC-EC events

—8— EC-EC events

Detector n
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6« sin“0y, Extraction

4+ Raw Ay measurement is compared to reweighted MC Agp

templates corresponding to different sin?8,, values

+- Different sin?8,, predictions obtained by reweighting generator level 2D
(Mz,~, cos@™) distribution of default MC (sin®6y, = 0.232)

4 Done separately for CC-CC, CC-EC, EC-EC events, and for Runlla (1.1
fbt low L;,¢;) and Runllb (8.6 b high L, ;) running periods

D@ 9.7 fb” ! D@ 9.7 fb™ DD 9.7 b

¥2/d.o.f=1.6 s ] x2d.o.f=1.1 x2/d.o.f=0.3

-4 Data CC-CC - Data CC-EC - Data EC-EC

= PYTHIACC-CC |, L —~ PYTHIA CC-EC - PYTHIA EC-EC
110 110 95
M., (GeV) M., (GeV) M, (GeV)
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